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The Effects of Saengkankunbi-tang and Its Composition
on Free Fatty Acid-Induced Lipotoxicity in HepG2 Cell

Sung-in Hong
Dept. of East-West Integrated Medicine, Kyung-Hee University Medical Center

ABSTRACT

Objectives : The aim of this study was to investigate whether the effects of extract from Saengkankunbi-tang and its
composition that Artimisiae capillaris Herba, Crataegi Fructus, Alismatis Rhizoma, Hoelen and Raphani Semen could protect
HepG2 cells from palmitic acid-induced lipotoxicity through lysosomal and mitochondrial pathways in an in vitro model.

Methods : To examine the effects of the extracts from Saengkankunbi-tang and its composition that Artimisiae capillaris
Herba, Crataegi Fructus, Alismatis Rhizoma, Hoelen and Raphani Semen on palmitic acid-induced lipotoxicity in HepG2 cells,
we measured the contents of cell viability, cytotoxicity. Then to investigate the effects of the extract from Saengkankunbi-tang,
Artimisiae capillaris Herba and Raphani Semen, we measured that triglyceride, reactive oxygen species, ATP levels, glutathione
levels, cytochrome ¢ and cathepsin B.

Results : The extracts from Saengkankunbi-tang and its composition had a cell-protective function. The extracts from
Saengkankunbi-tang, Artimisiae capillaris Herba and Faphani Semen controlled triglyceride over-accumulation in cells and
reduced overproduction of reactive oxygen species. The extracts from Saengkankunbi-tang and Raphani Semen increased ATP
and glutathione levels which had been decreased by lipotoxicity. The extracts from Saengkankunbi-tang, Artimisiae capillaris
Herba and Raphani Semen reduced leakage of cytochrome ¢ and the extracts from Saengkankunbi-tang and Raphani Semen
reduced leakage of cathepsin B in lipotoxicity.

Conclusions : These results show that the extracts from Saengkankunbi-tang and its composition that Artinisiae capillaris
Herba and Raphani Semen have cell protective effects on palmitic acid-induced lipotoxicity through lysosomal and mitochondrial
pathways.

Key words : Saengkankunbi-tang, Artimisiae capillaris Herba, Raphani Semen, lipotoxicity
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Table 1. Prescription of Saengkankunbi-tang.

o gg

Korean Herbs Amounts
name (g)
B Artimisiae capillaris Herba 1500
IE Alismatis Rhizoma 15.00
it Atractylodis Rhizoma alba 750
(ANt Crataegi Fructus 750
& Hordei Fructus 750
it R  Aurantii nobilis Pericarpium  3.75
I Hoelen 375
& Poylporus 375
JE kb Machili Cortex 375
e Agastaches Herba 3.00
WRIT Raphani Semen 3.00
ANy Ponciri Fructus 3.00
= B Scripi Tuber 3.00
& Zedoariae Rhizoma 3.00
B Aurantii Pericarpium 3.00
AT Saussureae Radix 3.00
w 1= Amomi Semen 3.00
o Glycyrrhizae Radix 3.00
& B Zingiberis Rhizoma 3.00

Total 9750
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Table 2. The Total Yields of Dried Exiracts from
Saengkankunbi~fang and Its Composition.

Weight (g) Weight (g) Total

Herbs before after yield
extraction freeze-drying (%)

Al (SKT) 200 1376 6.88
W Bl (AC) 200 9.639 482
¥ (CF) 200 33.80 169
¥HET (RS) 200 12.88 6.44
B (AR) 200 1858 9.29
FHiE% (HO) 200 0.2548 0.127

SKT : Saengkankunbi-tang, AC @ Artimisiae capillaris
Herba, CF : Crataegi Fructus, RS : Raphani Semen,
AR : Alismatis Rhizoma, HO : Hoelen
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Hep G2 A|¥3F+= American Type Culture Collection
(ACTT)(VA, USA)AA TU3tAT) Fetal bovine
serum(FBS)2 Welgene Inc.(South Korea), PS
(penicillin-streptomycin) 2k DMEM(Dulbecco's Modified
Eagle Medium)2 Invitrogen Corporation (NY,
USA), Carboxyl-H.DCFDA< Invitrogen Corporation
(OR, USA)elA FY3tdch &doz whsolzl
RIPA buffer= PIERCE(IL, USA), Tris base™
Bio-Rad laboratories, Inc.(CA, USA), ECL substrate
+ INtRON Biotechnology, Inc.(South Korea),
BODIPY 490/503= Invitrogen Corporation(NY,
USA), 1 ¢ A¢&L Sigma-Aldrich Corporation
(MO, USA)oIA 438t T}. Primary antibody <t
Second antibody, Bovine serum albumin(BSA)-&
Santa Cruz Biotechnology(CA, USA)ollA +43}
Hom western blotd ECL #AZE A Film
AGFA(Mo, Belgium)ollA 933t Tubuline
Santa Cruz Biotechnology(CA, USA)dlA 18]
cathepsin B ¢} cytochrome c= Abcam(Cambridge,
UKol A sttt

2.2
D AZeE 2 gkekEe) Al 2Ae

21 HepG2 cell lineS 10%
fetal bovine serum(FBS), 1% penicillin-streptomycin
< E33F DMEM(Dulbecco’s Modified Eagle Medium)
ajFelol M wiFetaiek. AEE 10 cm AE9
Ul FHA A 37 T, 5% CO, ZAOE A Euj ok
T(NU-4750G, NuAire Inc.(MN, USA))d|A A
gk A wiFstaom 2739zt v ¥ EFstdd
o 2 AYdME, Axd 7 geFES

skl AlE 7} 7} welloll &5 a1 244)3F 52 ¢k
7(4§}1\] SlokE 5o z)ubalo] 3HG-E wj okl

[o 3R 4

Human hepatoma A3

N

ol

24A17F 3 palmitic acidE ]2 3F3th

2) Cell viabilityMTT assay) =74

AE AT =42 Molecular Probes(OR, USA)
7} &3 MTT assay(3-(4,5-Dimethylthiazol-2-
y1)-2,5-diphenyltetrazolium bromide assay)& ©]-&
StAth A S ] Meshd, AEE 24-well
plate(2 cm?)oll well B 10° cells®] HE2 E33}
I 24N S AR & AR 9 SRR A
gl T A AREsAY wMgds AAFEY
palmltlc acid7} ¥3te 1 mLe] wjd oz WA

I 24A7F Fol MTT assayE A8kt olwf
W FHE AL AE7} ol Y= wellell 7247
100 pLe MTT stock(® mg/ml)< A3t & 24
b Bt EFHE IR US Ads Ao
ol A WAIZH 1 s &S AASA
Z} welloll Fo} = M) 500 pLe] DMSOE Y
sto] Al UellA] Atsldd EaEd o8 349
formazang -&3a8Fal ELISA reader(VERSARMAX,
Molecular Devices(CA, USA))Z o]&3f 570 nmol

A BREE 2R3t AR YxTe ARy
7t FFAA e 1At olwf opfd A E §1A
Lo NEE o]g3le] dojF FTHREE 100%2 8}
17 ARANEY FREES AdHER Tl
olo] tist FAATIRS cell viabilityz} A< 0}"1
Ao A e A

3) Cytotoxicity(LDH assay) &%

AEEA A AE wfgAo|A 9l lactate
dehydrogenase 84 4ol 7|9tste] A S A
Roche(Mannhein, Germany)ol|A] #|&¥ LDH assay
(Lactate dehydrogenase assay)s ©|-&3}9t}. 7+2F
3] Aahd 1x10709) AEZ %6-well platee] 2
welloll B33} 2447t Bt obel 3 A3 o] A}
B3ttt sHoFE 52 Ak A F 24413t
o] 50 L9 wjFlg #H3ste] LDH assayol A&
slAth o] Al8E Eppendorf FEZ 7)1 50 ul
o] &5 ¢tk (+) control T ZE HiYAS
AAZ wellol 10% Tween 20 &4 50 uLE AR
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&} IYSiSaJ"’— olo] 50 uLe] =& Hg AIRE AL
23193, (<) control2= AM¥®7F $l& 50 plY
DMEM Hjeyeel] 50 pLo] &< st} ol
Aoz FHE Agd 100 LY ¥HAIEE U
T g0l 3027t ¥HEAIZ] AL stop A Tlske
8-S F$AAATE ELISA reader(VERSARMAX,
Molecular Devices(CA, USA))E ©]-83}4 490 nm
oA o9 FHFTE SA3A cytotoxicity= T
w3 2 Ao g Fofsgith

Cytotoxicity (%) = [A1&29Y §3= - (-)control
o] FF=/[(+)control®] FF%E - (-)control?]
F3E] < 100

4) AIE W tn'glyceride(TG) =5 A

Paimitate A2 $ MX W ¥ triglyceride
(TG)E= confocal microscopy®ll &gt A &
ARl AR FFA SR o] AHEH U

(1) Triglyceride(TG) confocal microscopy

24 well plateol] =819 A|EZE 1.0 ml PBS(11.7 g
NaCl; 55 g NaZHPO4-7H20; 1.35 g NaHZPO4;
pH 74)2 22 7+d3] A& % BODIPY 490/503
E X &A5 g3k 37 T, 5% CO, 2AA
10 min 7+ wjekslleon ol &3t g BODIPY
9 FF FxE 1 pg/mlE ¥ °1F 1.0 ml9
PBSZ 3H A& & HAH PBST F& Ao
] Confocal Microscopy(LSM 510 meta, Carl Zeiss
(Jena, Germany)Z 3335 &It o]dfl excitation
wavelength= 488 nmZ 3}$3 emission filter=
505530 nm bandpass filterS Z}7] AR&-3Fith.
BE YBAELE Hagy Wnt 5837 St
ol-a g]-ﬂ~ 401§ H]E ;(].1‘:_}3].93\1:}_

(2) Triglyceride(TG) 7 #&-4]

A XY triglyceride®] %S BioVision Inc.(CA,
USA)ol| A A &3F Triglyceride Quantification Kit
& Agste] AEstal 2k Qoksid v
2t} 510789} AIEE 6-well plated]) HjFste] 4
Pz wet Astal AEE sk ol
Eppendorf HHol| 433t Z+ Al5o] 05 mlY
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5% Triton-X100Z ©38}a, 100 coﬂﬂi
B o7 HHS] A3h HA &

_?L

1A

AAsH7] A8t 1000 g 2404 5
st Aedwt sjasta o] 3it
50 pL2 =HA sttt o]ef] 2 uLe hpase
0 7t F2olA Ag & & J
= ZH)H reagent mix 50 pLE TlSHT) o]
] o] ZpdhE el A 1A S 2ol A
i % ELISA reader(VERSARMAX, Molecular
Devices(CA, USA)Z 570 nmollX §F=E =4
St Tth A8 Y triglyceride 42, A3 2] 7+ welldl]
A Foizl TS FJAblA AT EF triglyceride
of o3t FFHFAH vlaste] Ptk

5 AEW reactive oxygen species(ROS) &7

ZH)5 AXo| carboxyl-H.DCFDAE HZ£Fx
7F 10 uMe] EA Helsta 37 TolA 1417+ F
HjFsldh. o] & MEE Eppendorf FHO| 48
3lo] RIPA buffer2 M¥E =0]a, PerkinElmer
(MA, USA)A}e] VICTOR? fluorometerE ©]-&-3}
o] 530 nmellA FFS =439 (+) controlZ
+ 100 uM hydrogen peroxide *12]3F & 37 CollA
IAIZE &3 v eFet A5 E ARS8

6) AEW ATP B #FEA

BioVision Inc.(CA, USA)A A|&3 ATP
Colorimetric/Fluorometric Assay KitE AF&-3}o]
st zheFs] Qofebd ta¥ 2ok FHlE
AEE 200 pLe] ATP Assay Buffere] &o]at 15000
goll 287t 7ts] dAEE st H2] ¥e 4L
AASAH. 45 50 uLE 9% well plateZ &7 &
At A AlFe WHE8AS Hrleta Wol e
el A g 3087 AT ol F3EE
570 nmo|A] ELISA reader(VERSARMAX, Molecular
Devices(CA, USA)Z ZA439th SHE F4&
e AlTE ATP L%% dog AFd kE 5
= 019“0}04 < 5‘} =3

AE Y glutathlone A
*ﬂ_:_ W total glutathione(GSH) level 2 Dojindo
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(MD, USA)A AFzH F3= AL assay
kit(the total Glutathione Quantification kit)E ©]
£33, free glutathione(GSH) level Anaspec
Inc.(CA, USA)A #A&s §3= =48 assay
kit(Thiol Quantification kit)& AH&-3}F T} AF<]
AAgE B 7 3|Atol| A AT E S wEith
Well & 3x10°¢] A EZ 6-well plated] E33ko] 3
ml DMEM medium®.2 wj 34Tt

8) Western blot(cathepsin B, cytochrome c)

ARz whe} Agsta 2447 WY $ Loy
Z} M35 homogenization buffer(0.32 M sucrose,
10 mM HEPES, 10 mM 2-mercaptoethanol, 20
ug/ml PMSF, pH 7.4)Z homogenize 3t}
samplesE 1000 g, 5¥7F YAETEY
supernatantE 15000 g, 2087+ thA] AR &
o] pellet AEIZ crude organelles LAt 7
sample 30 ugS 12% SDS-PAGEE o]&-3lo] £
St transfer buffer(39 mM glycine, 48 mM
Tris-base, pH 8.3, 0.37%(w/v) SDS, 20%(v/v)
methanol) A1 semidry transfer ##H](Trans-Bolt
SD, Bio-Rad(CA, USA)E °]-&-38t] 02 mm PVDF
(polyvinylidene diflouride) membraned] transfer(15
V, 30 min) 3%t} PVDF membraneg 5%
non—fat dry milk(in TBS-T)& 147t &<t A0
A} blocking 3+ % Z} antibodyZS tubulin (1:500),
cathepsin B(1:250) Z8]al cytochrome C(1:100)2
2 31438t 4 Tl A overnightdt$ith. Tris buffer
saline(TBS; 0.2 M Tris base, 1.37 M NaCl, pH
76)9] Tween 207} A7MH(HEFE 01% (v/v)
LA (TBS-T)S.2 washing ¢+ ¥ 1:10000.2 3]
3l HRP-labeled secondary antibody®ll 1417t A&

o5 Ko
i=
A
i

flo rlo

Of
-

o) A} incubation A7 ¥ tHA] TBS-TZ washing
% iNtRON Biotechnology, Inc.(South Korea)ol| A
A58 WEST-one"& o83t bandsE detection
Sttt

3. SAXE

Student’s

t-testE o]-83tHaL, pgtel 0.05 Wvl A9E F
] o

1. Palmitic acidZ} HepG2 M|=ZF2| cell viability2}
cytotoxicityOl| O|X|= J&k

EAA &S A7837] 43k, HepG2 Al
IFE L AL palmitic acidE T3 F=
2 st AE F wjgdo) - MTT assayo©l
A formazan®] BAE+ cell viahilityS 243 4
7 05 mM¥ 1.0 mMelA ZH7] 83.8%9} 735%9
cell viahilityE HGh 28] LDH assay=
cytotoxicityE A 23} Palmitic acid®] =7}
Z718 9] wa} HepG2 M X9 cytotoxicity= A=}
Ao 7 F7hstal AAte]l A2 %A 22 normal
ol Mt 0.3 mM oA+ palmitic acid # &)t
qAe ot AT AEFAo] FFEUSH
ARl 9F 52%9 cytotoxicityS Hol ¥hA, 05
mM2} 1.0 mM9] palmitic acid A g]lFdA = Z7]
148%, 379%<] cytotoxicityE R HTHTable 3,
Fig. 1.
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Table 3. Dose-dependency of Palmitic Acid (PA) on Cell Viability (A) and Cytotoxicity (B) of Human
Hepatoma HepG2 Cell Line.

PA  Cell Viability (%) Standard error p value Cytotoxicity (%) Standard error  p value
(mM) (A) (A) (A) (B) (B) (B)
0.0 100 36 - 5.2 0.1 -
0.1 86.2 4.2 0.0375 6.4 1.0 0.2410
0.2 36.4 6.0 0.0867 70 1.0 0.1308
0.3 834" 2.7 0.0064 11.0% 15 0.0135
05 83.8* 39 0.0157 148 2.0 0.0041
0.7 34.1* 3.8 0.0169 214" 0.8 551E-07
1.0 735" 40 0.0012 379 04 2.37E-11
#*p<0.05 judged by Student’s t-test
p<0.01 judged by Student’s t-test
Normal : without any intervention
PA : palmitic acid treated
(A) ' 2. AfTERSot O U5 Y stk=E0l HEE, #
R . . ; B LM, a%E, EEF 229 10 mV palmmc
20 dme & & f acidofl ofst X|H= 2of cist F1f
£ ATFEIRINSKTI? 2 9% 24 Hopge] @
S ) AEEd B HEEN}E 2 46}04
2" 15 ATol 27500 pg/mie] I FER F
1 J3}a 2447k F 1.0 mM9] palmitic acidE 2]
A R T atod 24A12F F-o] HepG2 ME 9] cytotoxicity & &
[Palmitate](mM) Aatded 1 A3, AFEEE(SKT) & EF
B ) f T 9EHOF palmitic acidZ7} AHEE AEQ
@ i cytotoxicity = ZO]% AOZ YesT. A
z 1 ; %(SKT)S 100 pg/mle] % o]dolA fost 4
| T2 AERSEN} BRELCH 50 pg/mld
3; Lol A= palmitic acid 2]zl ®Iste 35.0%
© 10 4 742 BAth EEHAOL 20 pg/mld F%
, ﬂﬂﬂﬂ ool A Fo3 AMTRIEFHI} JEREOH 500
o4 05 o3 1o ng/mle] FEoAE palmitic acid Azl Ha)
[Paimitste)(mM) eytotoxicity7} 58509 74 RATL HHE(AR)

Fig. 1. Dose-dependency of palmitic acid on cell
viability (A) and cytotoxicity (B) of human

hepatoma HepG2 cell line.

*p<0.05 judged by Student’s t-test, *p<0.01 judged
by Student’s t-test

20

+ 50 pg/mle] % o)dollA fFost MEIHTE
7 YERste ] 500 pg/mle] F=olA = palmitic
acid Aol Hl3] cytotoxicity7} 21.1%2] ZAE

Btk 1HECF)E 100 pg/mle] 5% o]AdlA
Frolek AxRsaa7F Yehg o 500 pg/mle &



TAM = palmitic acid #2]7tell BIS| cytotoxicity o ZAE B HETRS)E 200 pg/mle F
7} 26.3%9] A4S BT [P (HO)S 500 pg/ml T ool A Fodt AxRIaI} Yehgorn
9o FroAut fod AERTEII} eSO 500 pg/mle] FE ol A+ palmitic acid &<l H
palmitic acid 2]l BI3)| cytotoxicity 7} 40.3% 3l cytotoxicity7} 66.6%] 7AES HTHTable 4).

Table 4. Dose-dependency of SKT and its composition on Cytotoxicity of Human Hepatoma HepG2 Cell
Line Induced by 1.0 mM Palmitate.

Cytotoxicity levels

Larezs SKT AC AR CF HO RS

Normal 79:10 05+13 03:17 10217 0723 68:3.1

Control 07:08 53129 %506  289:14  %58:23 314426
20 209124 I81+13  242:24 282619  237:15 303415
50 63410 13306 2020+ 871 2WE:ll 31724
100 N9:160  1LA0T 246124 244207+ 238:14 203445
200 WELA 109504 20103 0707 26:11 15823
500 193:04°  105:04'  209:06 20307 154:04°  105:05'

*p<0.05 judged by Student’s t-test

*p<0.01 judged by Student’s t-test

Values are expressed average cytotoxicity * standard error.

Normal : without any intervention

Control : 1.0 mM palmitic acid treated

20, 50, 100, 200, 500 : 1.0 mM palmitic acid treated

+ (20, 50, 100, 200, 500) pg/mL herbs treated

SKT : Saengkankunbi-tang, AC . Artemisiae Capillaris Herba, AR : Alismatis Rhizom’, CF . Crataegi Fructus, HO :
Hoelen, RS : Raphani Semen

9 F= 5Aske kitE AHEst 1 AFE 10

3. £, Wit EET 22 XE=Ho

[¢]

0|X|l= g2t mM9] palmitic acid®] 7Z-$ AAHrtel Hlsf oF 2.11
Confocal microscopic study= AEW FAAW Y TGE 7HA 1 Qe Aoz Bk A 4hf
o] FAgo Mt §FS Hol= Bodipy 98 [EM5(SKT), HBHAC), #ETRS)E 44 A
= ARSSHY 249 TG 5 SAAYNS B9 4 g3t 2% 1.0 mM9 palmitic acidZ =28t 2%
R (SKT), WEE(AC) 283 #EFRS)E of nlste] Z}7) 26.7%, 2715%, 21.71% #AE HY
Zzy A2 e HepG2 AlEe %9 10 mM o} olgldt e Gl Hlste] oF 15v) H2
1S dAlst= Ho| A gt palmitic acid g vlstd TGE

palmitic acidol]l <]t AZU] A=2
F3e HOFATHF. 2). 99, o A w3t o3 A ZAAFATHTable 5).
AFEAE AAI87] 915k triglyceride?] glycerol
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LIE X} (200pg/mL)

(E)
Fig. 2. Effects of herbs in confocal microscopic
images on TG accumulation by 1.0 mM
palmitic acid in human hepatoma HepG2
cell line.

Normal (A) : without any intervention
Control (B) : 1.0mM palmitic acid treated
SKT (C), AC (D), RS (E) : 1.0 mM palmitic
acid treated + (SKT 500 pg/mL, AC 100 pg/mL,
RS 200 pg/mL) treated

SKT @ Saengkankunbi-tang, AC : Artemisiae Capillaris
Herba, RS : Raphani Semen

UF =Y pretEol g1t

Table 5. Effects of Herbs on TG Accumulation by

1.0 mM Palmitic acid in Human Hepatoma
HepG2 Cell Line.

Average Standard Standard

Gty TG (nmol)  error deviation "
Normal 83 0.3 05 3
Control 186 09 16 3
SKT 137 0.7 15 4
AC 13.5% 0.3 06 3
RS 14.6x 05 1.0 4

*p<0.05 judged by Student’s t-test

Normal : without any intervention

Control : 1.0 mM palmitic acid treated

SKT, AC, RS @ 1.0 mM palmitic acid treated

+ (SKT 500 pg/mL, AC 100 pg/mL, RS 200 pg/mL)
treated

SKT : Saengkankunbi-tang, AC . Artemisiae Capillaris
Herba, RS . Raphani Semen

4. £RHEES, mot #5F 222 MEW ROS

2ol 0|xX|l= g1t

Mitochondria®] 7] ©]delAl 7]Q1gh Aoz
A2 =)= reactive oxygen species(ROS)2 Z7h=
A ZAL Aol A F83F 4E-S itk oo wA|=
SorEol aRE FARH] f8le] SFES T
32l palmitic acid9) —’—ZH slol| 4 ROSE 3]
o}, Palmmc acidZ o A ATl vk

]

]
st ROSY w55 Yn|stAle AR )
2 EGS W 794 e FUHE HoFE A
FETh HEo| SeFES Tt & 247 Fof
palmitic acid® F93t¥9S 7% palmitic acidE
Fofgt Fo Blste] ROS a2 M (SKT),

ki(AC), %’Eﬁ% RS)7} 242+ 22.5%, 30.3%, 36.0%
FAHTable 6).

BFf
8
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Table 6. Effect of Herbs on the Level of the ROS
of Human Hepatoma HepG2 Cell Line
Induced by 1.0 mM Palmitic Acid.

Growp Average Standard D value
(au.) error
Normal 11100 600 -
H:0, 23500 1700 -
Control 17800 1300 -
SKT 13800+ 600 0.0468
AC 12400+ 1000 0.0310
RS 11400 800 0.0120

*p<0.05 judged by Student’s t-test

Normal : without any intervention

HO» : hydrogen peroxide treated

Control : 1.0 mM palmitic acid treated

SKT, AC, RS : 1.0 mM palmitic acid treated

+ (SKT 500 pg/mL, AC 100 pg/mL, RS 200 pg/mL)
treated

SKT : Saengkankunbi-tang, AC . Artemisiae Capillaris
Herba, RS © Raphani Semen

5. TS, Hikot BET 249 Mz=Lf ATP
of D0|X|= g0t
Palmitic acide] AX54¢] yepd o ER
stress®} TJE-9] mitochondria®l 7|5 °]4te]
sit}, o] Ao AWake] B-oxidation T4 5Ol
UERARE A3HA 0 2= ATPY] Ao] oAt
B A A= lipotoxicity7} FrEE AlE o)A 3t
oFE-o] X ATP leveldl| P]X= &35 ZALS}
=4 1.0 mM palmitic acidE HepG2 A ¥
Agshd ATP levele welld 6.62 nmolZ24 A4
o 3A%E ZAsAT AENFEMY(SKT) 3
HETROE 47t Ags AgFolM= palmitic
acidE A g|sh ol uvls) 1.868] 2 2.038) 24
UA(p<0.06) S7HE Fs 44 BAF3h 3814
T EEHAC)S AAE S 2 242 nmol/well2
lipotoxicityol] 23+ ATP ZHao] & d9S FXA
254t Table 7).

Table 7. Effect of Herbs on the Level of the
ATP of Human Hepatoma HepG2 Cell
Line Induced by 1.0 mM Palmitic Acid.

Group Average Standard D value
(nmol/well) error
Normal 6.52 0.27 -
Control 2.24 0.42 -
SKT 4.16% 0.39 0.0289
AC 242 0.38 0.7742
RS 4.54% 0.65 0.0414

*p<0.05 judged by Student’s t-test

Normal : without any intervention

Control : 1.0 mM palmitic acid treated

SKT, AC, RS @ 1.0 mM palmitic acid treated

+ (SKT 500 pg/mL, AC 100 pg/mL, RS 200 pg/mL)
treated

SKT : Saengkankunbi-tang, AC : Artemisiae Capillaris
Herba, RS . Raphani Semen

6. £ @IS HEL EET
2ol 0|X|l= g1t

Palmitic acid”} HepG2 M¥EFo]| of7|st= 4ks}
A EAS ZAVE A olo] H]HE shebRe FuE
ZAFel7] sk dhekE &8 palmitic acid E7)
Sloll A glutathione®] £y SAH free FEj9
glutathione & =439t} Glutathioned] &2
AR 739 welld &F 40.6 nmol ] total glutathione
AZHEReH 1.0 mM¢ palmitic acid’} *8]=
AS AT 216 nmol/wellE °F 46.8% 7FA 3}
A oF Anto g ZAAEUTH AN
(SKT), WEi(AC), & TRSE 2tz HAest
o 247 Fet wiFs & 1.0 mMe] palmitic acid
£ Agg Aeolle o] ghol 77+ 285, 223, 299
nmol/wello] ATt o] F AJFEIME(SKT) 2 fif
F(RS)e] 93+ F7}= palmitic acid 2]l H
3 247) 31.9%, 334% 71 foA Qe Z71E B
FHRoH HEACY A5 7T4 W7t #5517
oottt datsla ol S9¥ Fejol glutathione
level B3 v-¢- F83 QAZA HdTAe 1
#hol 24.7 nmol/wello]ATH 1.0 mMe] palmitic

Z2+2+9|  glutathione
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acidE Ag3+ 7% 175 nmol/wellZ °F 29.2% A 74 s E¥ou oL AR HERT
T FoA dE 7AE BTk A (SKT) RS)E AAEZ Z$ 214 nmol/wellE palmitic
I HEHAC)E At 749 Higk2 199¢ 194 acid?t A PS AFHY oF 223% A= oA
nmol/well 2 palmitic acid?t A 2]3+ 7-¢-He} ozt AT F7FHe B YHTable 8).

Table 8. Effect of Herbs on the Level of the Total Glutathione (A) and Free Glutathione (B) of Human
Hepatoma HepG2 Cell Line Induced by 1.0 mM Palmitic Acid.

Group Average Standard error p value Average Standard error  p value
(nmol/well)(A) (A) (A) (nmol/well)(B) (B) (B)
Normal 406 01 - 24.7 15 -
Control 21.6 1.0 - 175 1.1 -
SKT 28 5% 1.1 0.0103 199 1.0 0.1793
AC 22.3 2.3 0.7717 194 1.0 0.2783
RS 29.9x 18 0.0147 214 04 0.0326

*p<0.05 judged by Student’s t-test

Normal : without any intervention

Control : 1.0 mM palmitic acid treated

SKT, AC, RS : 1.0 mM palmitic acid treated

+ (SKT 500 pg/mL, AC 100 pg/mL, RS 200 pg/mL) treated

SKT : Saengkankunbi-tang, AC . Artemisiae Capillaris Herba, RS . Raphani Semen

7. £ EES, Wl EEF 24242 MZ crude V2 A7 AAgste] 2447 FF Mg
organelle mixture LH cathepsin B, cytochrome ¢ 1.0ml\/H palmitic acidE 2|3t Aol 4k
levelol| O|X|= o 1% (SKT), 5 RS)o1A palmitic ac1d‘:’}~
Palmitic acid7} HepG2 HXFo] of7]e= o 5} iloﬂ Hl8] 247 oF 47%, 71% S7VeFAaL

lysosomal leakage®} mitochondrial dysfunction & (A o514 A tHFig. 3). Cytochrome c

S B3 AE=A et Gda} oo W& T ) leve% 2ol ¥la] 1.0 mMe] palmitic acid

oFE ol FHE A7 Y8te] cathepsin BS} 7} A8 E UL A9 Band Intensity 7} <F 43.0%

cytochrome ¢9 A|E crude organelle mixture sk RS (SKT), Bis(AC), HEIT

levelS western blotS. & ZA}FsAth Cathepsin B RS)E Ztzt Axgste] 24A7F Fob wjoks =

9] level& Aol BlE} 1.0mMe] palmitic acid7} 1.0 mM¢] palmitic acidg *2]3t 74-%-ol= palmitic

2] ¥ HE = Band Intensity7} &F 43.0% 7+ acid?HS £t ol vls] ZHzh oF 49%, 59%, 5%

AStTh AN (SKT),  PRk(AC), FEHIT S 7k tH(Fig. 4).
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Fig. 3. Effects of herbs in band intensity (A) and
western blot images (B) on the level of
cathepsin B in the crude organelle mixture
of human hepatoma HepG2 cell line induced
by 1.0 mM palmitic acid(*p<0.05 judged by
student’s t-test).

Normal : without any intervention

Control : 1.0 mM palmitic acid treated

SKT, AC, RS : 1.0mM palmitic acid treated +
(SKT 500 pg/mL, AC 100 pg/mL, RS 200 pg/mL)
treated

SKT : Saengkankunbi-tang, AC © Artemisiae Capillarts
Herba, RS : Raphani Semen
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Fig. 4. Effects of herbs in band intensity (A) and
western blot images (B) on the level of
cytochrome ¢ in the crude organelle mixture

of human hepatoma HepG2 cell line induced
by 1.0 mM palmitic acid(xp<0.05 judged by
student's t-test).

Normal : without any intervention

Control : 1.0 mM palmitic acid treated

SKT, AC, RS : 1.0mM palmitic acid treated +
(SKT 500 pg/mL, AC 100 pg/mL, RS 200 pg/mL)
treated

SKT : Saenghkankunbi-tang, AC : Arternisiae Capillaris
Herba, RS : Raphani Semen

Iv. 1 &

7ol AEAZ $98 A4S Boxidation® 2
ATPE 3438 AY, XA s =Hedl, ¢
= diacylglycerol(DG)olY acyl-CoA7} Astst
triglyceride(TG)E F4stA ¥t 44" TG=
AIE W AdAKlipid droplet)E ©]1F3 B100 &
7 z3sto very low-density lipoprotein(VLDL)
o FAET AT 92 Wagiy APEHL ol
23t g dR7t dgskA Kste] dAgita
ARG AWEAL FIA A0l B
Akl HIg) Aettta delA Jom EEW sk
EXSAY A ZIARLY 54 A

FE @zt e A Qo e AR

of BstA B A TGE AE Yo Y4B =73}
© @Ao] Yehua, RO ZE apoptosisE ©F7]
sto] 7tdoz APAT

NAFLD%E lipotoxicityS A 7t
SEAY T § UASFToR J g 5
U dA7AE a4 A5E S AF 2%
$AASlaL eFE R metformin, thiazolidinediones
s = oA, statin AIEY FaA A M
Helthe Ryt 9 7HE BEA, s 5
& SollE AT RS ABAAES T4
& Fed 1 52S Fi1 9lo] NAFLDS] A4 7

BE FAH A= a4 gyHe & 4
QA ekpey ¥ ) 7hzo] AEQl glyeyrrhizing
1 8 thAMHECl 18B-glycyrrhetinic acid”} HepG2
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cell, NAFLD 2doj A %Wlt'moﬂ ok A =
I

A3} apoptosis WA EF7L Athe A7 ARy
QA" TS EF AL UF FEE

3 BgE Hux Yo ofd B AT
ZHA| 39 Z]%%*éﬂ] v = AL 1
B 2A Sl pnk, LK, EEE, IS, HEE
9o 72 A1) 98t HepG2 cello] o5

A28k palmitic acid®] A=Al thak B
T 898 ZARIAT

HepG2 celle s, dejstaoz 7hA|E 9
EAo] @i tx A9l long chain E3HAHHFI
palmitic acidel] &J3] H5 AF=do] TAAdT=
237k glon Ao 2 Awzte f4S o
AZFO ZhA|E S} ARG X]Ho}%*é AT ZdZ A}
o] 7hsdted” destglth. B AFolA palmitic
acid®] %7} 1.0 mM7ZHA cytotoxicity7} @5
1 10mM € W "3k 4 34 AlE AERTH
71—/\3].1:4/\1 E}H_O_ oloﬂ‘:_ 74_0_ % 2= 01311;}
LDH assayS 53 & ul AJFEMs2 wik B,
ik, RS, WRTE A 242 palmitic
acidol] &3 N EE5Ao] BF FE EHoFE UAa
e RS & ANTE ALY 500 pg/midl
A 36%, e HiE= 2471 100 pg/mlat 200 pg/ml
oA oF 50%°] 53] Ad AERT SHE K=
b SHE¢ " Wik d9ole st Eobd
TE HAa 22 AZEIERE HAN T
100 pg/mi7ZkAE= SolskAl &th7h 200 pg/mlolAl

E2 RoadE EATE ERe kY] Bee B
a3} 247 21.1%9F 263% = AF o7 Sk
, MERY] 4 500 pg/miMTt 23S B3
o wEbA F39) AH-e AN, DU, G
Foll Ak st Hih

NAFLDE insulin 2843, 7+ W A2k )
sy, AstiEY 29 A Aste] WE ROS
AA 2 AZEA cytokine®Hl §o2 dUFI AH
37 AP e AR d4EA Jded, TG 7+ W
AAES giREs AR s AWzt s 94

tlo <N e rr

=
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2 oJu]7} i B AL A confocal microscopic
study$} AFEAoZ TGE 243ty 93 &
BE AA=ul AMENE, Wi BRI FEE
palmitic acidol] 93+ AT AL=ZS o
H2aAe EHE BRI oA L o5

I #4548 TGE fdd AYSASZEH A
X H3ERE Yedte As AARR.

Y=gk AR ZFAE U mitochondria®]
At Z7H2 ROS7F S7bs oL Aske Al A4k
317} tHA] respiratory chaing £4A7|= oF<edt
S Yo7t vk mitochondria®] B-oxidation©]
¥3}50] peroxisomed| A B-oxidationo] YA
74 243 FEAkarvE A Ees ST
o, JFEA S B ROS B FS SHolA /&
FFIEER S, PRk, #E%) T+ palmitic acidell <3 3}
T3 ROS levels E5F ZHAAA F= A2 Y

chkont o) SEdl2 2 AU ol

AZW ROS AA Z7}2 mitochondria®l 7%
ol’d ATP level®] ZHA7F o= AL AL IFE
Vs, ARk, $EFEIT7F B2 ROS levels 7ZHAAIA
7] wiZell ATP levele F7HA71€A ATP 4 4
BAS ok AL aTe fost
TR e 2 9 FA Radled,
= I lipotoxicityol] &g+ ATP 74
Ashs &35 7HAY olol FEHIT7E Bl
o Zolgke AL AAbeta 9l
34, cytochrome P4500] AHHe ®-38sh= 2}
BANE Frejatar7t dA s A dZiks)
Aol A A teEEl mitochondria W]
glutathione 2

rlr olX

N S X o&;‘,
12

oo

superoxide dismutase(SOD), glutathione



peroxidase(GPx), catalase 59 &4 ROS %
pre-oxidant®}e] & o] B2 A3 A=H Glutathione
< glutathione peroxidase, glutathione S-transferase
(GST) & o8] a&d F23 2842 A8
H23LE T} free radicald] AA, AA o] EZo =
3 AA, @A) -SH7| 4], At A ofr|ie
e B Y F83 7SS dte Ao E 4HA
ATF. A181A ke WAE kB EHE 2ALS)
7] $1ste] AEU glutathione®] E93 SAE free
Fe) 2] glutathione Y= =438t} glutathioned]
THS ALY EET7E Y S U
BRI PR frofgt Wbt #55A oot
Glutathione®] ZF#o] Z7l9 AL glutathione?
S STHITIE EA7L AL o,
o| A PRk KBt} HETY 7199 B o] US
Aot} 18|11 gAitsta oA SUH free FE
glutathione?] level & wj-¢- F 08 Q4008® A
(et e Ast 39 ot F7ksk oy
oL gl ETE AAES Bed fF9
3l 2715 HYth o]2A total glutathioned)] A<}t
FAFSHA, free glutathione®] %ol= [Hpk Hol=
WHET7F B% 9% 988 & 310 AZ9r
SHAIRE LI A 7Y oleldt ERE FEls)
A HolA 7] Wil dAAA Fod ARE
FA7e ofEe AR AZHEnh 18AT total
glutathionedl] VIX|= #isj -9 &= MG
o] o] AA 7ldstEE FAsta A 9fn|
7} A& Aot

%Y mitochondria®l Al th#e] ROS AAdell
w2 ‘mitochondria hypothesis ¢} lysosometl] hydrolytic
protease®] &l cathepsin BY A|XE §30]
mitochondria dysfunction®] @21¢] Hth= ‘lysosomal
mitochondria axisdo] # tiFdx e
B 7oA M E crude organelle mixture Y cathepsin
B¢} cytochrome ¢ level& ZAFsE A3} palmitic acid
o 93} cathepsin B9} cytochrome ¢ 25 A3t=$1
O} cathepsin B AN, #EiTox 42t

izl wlsl fFojstA F7hE AT HEE cytochrome
o ANFEMYS, Bk RN BT oSt
71 AT ole AWEAHLZ lysosomed] 99} 3}
Y2 Q18 cathepsin BY MEZA W frEo] AN
Wi, g#E 1ol o) 22 WA ¥ 13l mitochondria
o] ojut w3 & Q1% cytochrome co M¥ZA W
Zo| NP, FEHok T s 2 WA
HASS AlAbet

ol Fe] Axfel| X ANFEEMLZE Pk, FRE, Ik,
FIRSS, HETS AEAe Bs 395 B
W oA g dEETE 53] e anE
RN, Bk, R AIEW TG
I 2 ROS A4 Al T &3E vA1
o NZEW ATP leveld| e AT
WHET= st S7HNAAT HiS
A B3t AIXEY glutathioned &
IR, MR 7Y rels Al SR
free FENY glutathione & Fis 1ol
A S7FetATt. Eok, NN,
Y cathepsin BY #&S 7AAIAL £
IR, paBE, #ET= AIZEW cytochrome ¢
&S 2N gebs St B Al E
TG S48 W& AsAdd Lol a2t
Jom A Sk F 53 wpd AT A
A19] mitochondrial dysfunction®Z 213} cytotoxicity
o ool o3t EHE Ho|a gEHT7F Absts
Eg 2 WA 9} lysosomal leakage® 913 A HHEA
of oo o3k Ao ® et NAFLDY A=
o 434 Yzt s Aol 7Yt 5 o
TFolMe AP, ok R FEAE
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Z50] HepG2 cellol A palmitic acidZ <!
=X e §PE 2ABNY el 2
o

—_

AN B, R, LIRS, RS, HEET
& A=A o8] ZAH cell viabilitys 57}
AZAL, cytotoxicity S 7HAaA| ZiTH

2. AR ARk, ¥R = A3 triglyceride
o FAE FaATlE A3 AU

3. ARG pEe, R AEEAdel 4RE

5= ROS A4S SAIsth

4. ENFERG T T AEALE HAE A
EW ATP & S7H171= E37F AL ek

< Wt frostAl Futh

5. ENHEPT = ADE=s/3 AdEelA glutatlnone

Fs M EFe UJAT HEE St
Al71E &37F /i

6. AP ik, R = 2]

A cytochrome co AEW F5& ZAA7

B3} ST S, RTINS, TS

W= 2dejoll A cathepsin B AlXW 7=

A7l 237F AT

X

N
to XN, r =

]HOLE/\

o4

¢

ozt o] AN ik, ¥E = HepG2
/‘ﬂi-’_FE’J b AREA BN AE H3EHe}
TG &4 74, ROS A4 YA, mitochondria®l A
cytochrome ¢ & A @37} Ao} &=k ARFE
s #EiTE ATP %9 glutathiones S A4
°ﬂ 7VAA 3E-A)7)3L cathepsin B7} lysosomed] A1
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