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ABSTRACT

Effect of Yong-dam-sa-gan-tang on apoptosis
in human hepatoma HepG2

Hyun-deong Yun., Han-Seong Kim. Sook-Kyvoung Heo, Seong-Goo Hwang,
Won-Hwan Park, Sun-Dong Park

Department of Prescriptionology, College of Oriental Medicine, Dongguk University

The purpose of this study was to investigate the effect of Yong-dam-sa-gan-tang (YST) on
apoptosis in HepG2 cells. First of all, to study the cytotoxic effect of methanol extract of YST
on HepG2 cells, the cells were treated with various concentrations of YST and then cell viability
was determined by XTT reduction method and trypan blue exclusion assay. YST reduced
proliferation of HepG2 cells in a dose-dependent manner. To confirm the induction of apoptosis.
HepG2 cells were treated with various concentrations of YST. The cleavage of poly ADP-ribose
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polymerase (PARP), a substrate for caspase-3 and a typical sign of apoptosis, and the
activation of caspase-3, procaspase-8 and procaspase-9 were examined by western blot analysis.
YST decreased procaspase-3, procaspase-8 and procaspase-9 levels in a dose-dependent manner
and induced the clevage of PARP. YST triggered the mitochondrial apoptotic signaling by
increasing the release of cytochrome ¢ from mitochondria to cytosol. Furthermore, YST also
downregulated the anti-apoptotic Bel-2 and upregulated the pro-apoptotic-Bax. Therefore, this
result suggest that YST induced HepG?2 cell death through the mitochondrial pathway. Sustained
activation of the Ras/Raf/MEK/ERK cascade in cells results in a cell cycle arrest and has
been implicated in the differentiation of certain cell types, in many cases acting to promote
differentiation. YST decreased the activation of Ras/Raf/MEK/ERK cascade in a
dose~dependent manner. These results suggest that YST is potentially useful as a chemo
-therapeutic agent in HepG2.
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Table 1. Composition and contents of Yong-dam-
sa-gan- tang (YST)

Sz Gentianae Radix

3} Scutellariae Radix

22} Gardeniae Fructus
g} Alismatis Rhizoma
e Akebiae Caulis

A 2} Plantaginis Semen

A2 B Rehmanniae Radix

= Angelicae Gigantis Radix

A% Bupleuri Radix

7z Glycyrrhizae Radix 30 g
23 375 g
~g 176 %
2) Al o

XTT assay® kity Amersham Pharmacia

BiotechnologyAF (Arlington Heights, USA)o\ A +

(DMEM), fetal bovine serum (FBS), streptomycin-
penicillin 59 M Zu] kS AFE2 Gibeo BRL
Al (Grand Island, USA)elA, wjekz2E= CorningA
(Rochester, USA)ellA F4istsdch, Aldel A=l
Ao} 2 sodium dodesyl sulfate (SDS), acrylamide
= Bio-RadAF (Hercules, USA)elAM _'°‘5}31J-
NP-40, CAPS. protease inhibitors 5= SigmaAt
(St. Louis. USA)ellM Fabsich, Algel b€ 13}
834l anti-caspase-3, anti-caspase-8, anti-caspase-9,
anti-Bax. anti-Bak. anti-JNK/SAPK. anti-p38<
Santa Cruz BiotechnologyAl (Santa Cruz, USA)
o)A,  anti-Bel-2%F  anti-cytochrome BD
PharMingenAt (San Jose, USA)ell A, anti-PARP.
anti-P-MEK1/2.  anti-P-Raf,  anti-P-ERK1/2,
anti-P-JNK/SAPK. anti-P-p38. anti-beta-actin< Cell
Signaling TechnologyAF (Beverly, USA)ellA ¢
atsict. 22F 8]l
peroxidase (HRP)-conjugated antibody, anti-rabbit
(HRP)-conjugated
antibody® Santa Cruz BiotechnologyAF (Santa
Cruz. USA)elA  F8dabdeh.  Protein  assay
reagent™ Bio-RadAl (Hercules, USA)el A 4] 5}
grk Agel] AM-E 2E AR EAE FHol
oz ARl

[

anti-mouse IgG horseradish

IgG  horseradish peroxidase

Zukm
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1) Azl oF

HepG2 (human liver cancer cell line, KCLB)+
10%  fetal bovine serum (FBS)+ 1%

penicillin-streptomyeing £&3k= DMEM vl Aol
X 5% COy 37°C wiek7]ell A vl fatoict.

2) XTT assay

BEMEEFS ol HepG2ol st ANx5AE
2] oro}w 7] 98 XTT assay HHHe o] 43}
Well 110709} cell& 96 well plated]] FZ3}
serum free media® 16A17F starvation A% &,
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130 =Y, oY, 5%,

EEINGS T2 Agste] 24A17F wjokatyl
o Welld 100 w®] XTT labeling mixture (5 ml
XTT labeling reagent + 0.1 =l electron coupling
reagentE X e|3te] 4A17F WHS-A1Z] &, microplate
reader (DYNEX, Opsys MR, USA)S o] 43}
450 nmell M FHE HIE SAsle dz el
t}]%L} NZEAAZEL HE g ZAFL 2 e

WA 7) e FREZ WA Y8t AES
WA S o] wikate] A AFEY
EE 0 BAS A LS WEER T4
biss

3) Trypan Blue Exclusion Assay

60 mm @l eFzel 1x10° cells/m 2 HEZZ
serum free media® 16A17HE<k starvation A
T RIEEGS s5H2 HEstd U7 v
31w} Trypsin-EDTAS A2 = YA E]?f}
o JZEE ZolA trypan blue dye (0.4%) 2%
Aste] hematocytometer2 AHEajA] A) =3} "ﬂ—*—
9] 4% countingstgio.

4) Western blot analysis

A719%E A% SBA Ag9 F&22 Az
AlZbEz AEE cecold tris buffered saline
(TBS : 20 mM Tris-HCl, pH 80, 137 mM
NaClhe2 331 A8t % lysis buffer (TBS, 1%
NP-40. 1 mM sodium orthovanadata, 10 wg/nl
aproptinin, 10 we/nl leupeptin ¥ 1 mM PMSF)
£ 9ol 4TAA 3087 vgAI7) 2 12,000xgel A
1087 94 Felete A2AE Toe $U7 %
o] whAS sodium dodecyl sulfate-polyacrylamide
gel electrophoresw (SDS-PAGE) 2. 28)A7] 3,
A& nitrocellulose membranes]  transfers}<i
o}, o] membraned A9 u]Eo|H AL At
8}7] $13ked blocking buffer (5% non-fat milk$}
0.1% Tween 20& ¥-#-3 TBS £d)oA 1A 7HE
b WA & 4 A Ao gk 34 F 7}
gte] 1~2A17F Sob wREAIFT oJoM (1%
Tween 20& 3-8 TBST £4oz 4027 54

:-:«_,ﬂz
o2 M |

o

3 o2 secondary antibody®Z WHEAIZH. o]e]
A} ECL system© & HF2 A7 & X-ray filmAtell
A s AZEd. A4 ARe] A A
< Dradford protein assay kitE AH2-8te] 595 nm
oM FIEE FAst A

3. EAIXE]

AgAste g3t 23 932 2A%T f9
X 7% Sigma Plot (Window% version 7.0)%
o]-&-3te] student’s t-testE: AAsHTt.

., EESHEE

. BEMERRT 50| HepG22t Chang MIZZS| ZA
of DjRI= A&

REMEIEATS ) 9 A EFQ HepGoet
M Z3<) Chang® Ao ojujdt &
gdol H7] 93] ek =
0.7, 1 mg/m)Z 2447t AHelste] XTT assay &
trypan blue exclusion assayZ $#3ldet. XTT
assay 23 HepG2 A28 AL= 0.3, 05, (.7,
1 me/m®] sxollA Ztzt 88.7%, 62.4%, 55.7%.
321%7 A FAe] A=, Chang M EE 07
1 mg/ml8 FxelA 27 89.2%. 75.3%74] &4
o] AdEg ot ¥ x| HEEMES A
Y& ol HE FA & g3 WA 4
o} (Fig. 1(A)). Chang M2 A= A9 o
3ol AT HepG2 AZY A& A 50%7HA
A 55 (IC0) ¢ 0.7 me/ml& Halsled A
ZPHE A ZY FAel olufdt W3t gleA 24
st 7 23 Fig. 1(B)olA] B%o] 1247}, 24
Az A W HepG2 AMEY FA)o] Z7
772% 53.9%7+A A= ek Trypan blue 94

£ 53 Ax AEEE A6 ¥ A, EEET
%4 TR &M AE JEEY A #F
== (Fig. 2).
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Fig. 1. Effect of Yong-dam-sa-gan-tang (YST)
on the cell proliferation of the HepG2 cells.

HepG2 cells (1x10° cells/plate) were treated with
various concentrations (0. 0.1, 0.3, 0.5, 0.7, 1 mg/ml) of
YST for 6 h, 12 h and 24 h Cell viability was
measured by XTT assay as described in materials and
methods. Data were chosen from six independent
triplicate experiments.
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Fig. 2. Effect of YST on the cell viability of the
HepG? cells.

HepG2 cells were treated with various concentrations
0. 0.1 0.3, 05, 0.7. 1 mg/m) of YST for 24 h. After

24 h, the cells were stained with trypan blue (0.4%,
w/v) for 5 min at room temperature before the cells
were examined under the microscope. The number of
viable cells was determined by trypan blue exclusion,
and the results were expressed as the % of control
Data were chosen from six independent triplicate
experiments. Values are meantS.D. ** © P value < 0.001

2. BEREEIT S0 28t HepG2el MIZALE
sEEEaT e 93t MEAL apoptosisel 218 7
7] galst7] $iste] HepG2 MEe] sz A
gled AzAPE A8 ALE oolH . Apoptosis
Aol AZ7t HE PARP  (poly(ADP-ribose)
polymerase) ¢} capases®l ¥ & 4744 3§
A2 AHE3le] western blottings 3 stgdet.
Az, Fig 3olA B5o] Adl #EEEhES 5
=7} Z7hsbel ok} procaspase-3. 8. -09] W o]
Axp 7haske Aoz Jepda, =8 0.3 mg/m o
x%o|M PARPY cleavagert #2H7] Azhetsd
om 7 oY ¥EeME FE EAHOF

F
cleavage”} 2718l & B 4 stk

YST {ma/ml)
c 01 03 05 07 1

Procaspase-3 {M A w S o jo— 32 KDa

v
Procaspase—8 [“ W R SR peEe mﬂ +— 55KDa

Procaspase~9 I:mmm _.j — 47KDa

<« 116 KDa
s s e | < 85 KDa

PARP

p-actin [wﬂmmmwj'r— 45 KDa

Fig. 3. Apoptotic effect YST in HepG2 cells.

HepG2 cells were treated with various concentrations
(0. 0.1, 0.3, 05, 0.7. 1 me/nml) of YST for 24 h. Equal
protein of the total cell lysates were analyzed by 10%
SDS-PAGE. The cleavages of PARP and the reduction
of procaspase-3. -8 and -9 were detected using
anti-procaspase-3, -8 and -9 by Western blot. B-actin
levels were used as internal markers for loading
variation.
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Woolmst AzAEE B8 Yolpex] olny)
fste] MEAPES AZ F s}l mitochodrial
apoptosisell FeddH= Bel-2 familye] L3 kAt
mitochodria 2 38 MZAZ cytochrome ¢7} W&
He ASE 449 FAE AFET western
blottin < B8 dotrsivh I A Fxot 271

+E nEZcg oz oY cytochrome co W&

ol Axt Ztebslch. =3 Bel-29] 749t Bax
9] 7PF dAE o Bake o= A W
3p7F #AHA dsiel (Fig 4). o123 A7z ¥

o}, FEMEEH G <3 1£A}§~ mitochondrial
pathwayE 73t Ao 4 Qe
YST (mg/ml)

C 01 03 05 07 1

CYLOCHIOME € | mers ot saum & eytosol

Bel-2

Bax

total

Bak |*m~mw~;

B-actin

Fig. 4. Effect of YST on cytochrome ¢ release
from mitochondria to cytosol and the expression
of Bel-2, Bax and Bak in HepG2 cells.

Cells were treated with various concentrations (0, (.1,
0.3, 0.5, 0.7, 1 mg/ml) of YST for 24 h. Equal protein
of the total cell lysates were analyzed by 125%
SDS-PAGE. Western blotting analysis was used to
assess the protein expressions. Cytosolic fractions were
isolated and analyzed by Western blot using an
anti-cytochrome ¢ antibody. b-actin levels were used as
internal markers for loading variation.

4. BEMEERTS0| AT 22t Ras/Raf/MEK/ERK
pathwayoll O|X|= A&t
AKTs= serine/threonine kinaseZA A2 A
& #3h FA AA elycogen WA F B
AETHA el Fodse 2ARA insulinelvt

o} ARAAES o B4 =3

Ras/Raf/MEK/ERK pathways o2 A#ela
$4452 downstreamoE A EZE /‘B-"*‘—Jﬂr A
3} gAAS 5-& 2AsH 49 AlzA
A A o]}, BEMEISHTL & HEd A% AKT 24
3} Ras/Raf/MEK/ERK pathwayel ojw3t &
& Fr A %o} B4 I A, HEEEFEY
S o&How P-AKT, P-Raf. P-MEK1/2,
P-ERK1/29] %3o] 4stdrt (Fig 5(A))

(A)
YST (mg/ml)

o] 0.1 0.3 05 0.7 1

P-AKT

P-Raf m s e we R |

P-MEK1/2 [‘fm‘?i? G i o

P-ERK1/2 —— A ——— " i

,mw i vie | i ;

B-actin |m~mm mml

(8)

YST (mg/ml)

C 01 03 05 07 1

P-JNK

JINK

P-p38

p38

B-actin

Fig. 5. Effect of YST on AKT, Ras/Raf/MEK/ERK
pathway, and MAP kinases expression in HepG2
cells.

Cells were treated with various concentrations (0, 0.1,
0.3, 0.5, 07, 1 mg/ml) of YST for 24 h. Equal protein
of the total cell lysates were analyzed by 10%
SDS-PAGE. Western blotting analysis was used to
assess the protein expressions. b-actin levels were used
as internal markers for loading variations.
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b. BelEElT%0( Mitogen-activated protein kinase
(MAPK) &0l O|xl= H&
Mitogen-activated protein kinase (MAPK)&
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d=iA gio) FEREERTS A2lAl MAP kinase
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anti-P-ERK1/2, anti-P-JNK1/2,  anti-P-p38&

o] 53] western blotS PHEUAS. T Az}
P-ERK1/27} % 2 (Fig. 5(A))
&1, P-JNK1/29 P-p38 MAP kinase™ At
Z7tda (Fig. 5(B)). FEIESATES MAP kinases
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A2l A) MAP kinases®) Aol #
Aoz Rl olzjgt FAJel Wer}
AES AHdHE9t H3lo] slE Aoz PAHI
o} olell 77+ MAP kinase®] activator
inhibitors A2s F HEEFGN o8

o 2=
AT

T HepG2 ME ZAwizlel A zAbdo) ‘4‘515}
des FrA dolEdth 5 uM SOV (sodium
orthovanadate @ NaVO) 9} BEMEERSHS 4
Aelste] FEEEME o8 ERK1/2 &A49 7t
A% AAAE A% PARP cleavagert 748}
Aal A EZAe] A sf7) “xilil‘ziﬁ}. p38 MAP

kinase®l Eo|& AsjAlel S
o] As|lel SPE0125E 7z
A H2lste]  FEEEAG
INKe] 4SS 71271 AL

cleavage’t ZastA R HEFA L] Adzt A5
T Aoz et (Fig 6). o3 AdEz
Yol HEMEEANSS o8 fE%% MAP kinase
Ao W37} HepG2 A2 apoptosisell 244
07 g Fr oz B $ 9ld

203580+ JNK9 =
7 BRI 3
s $7hsE= p3st

ol = PARP

ok

,q
7
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8

T,
Cell viability (% of control) %
8

o ¥ & 8 8

0.7 mg/ml YST - + + + +

5 1M SOV - - + - -

5 uM 58203580 - - - + -

10 pM SP6O0125 - - - - +

Fig. 6. Effect of activator or Inhibitors of MAP
kinases on YST-induced apoptosis and cell
proliferation of HepGz.

HepG2 cells were cotreated with YST and 5 pM SOV
(ERK activator). 5 uM SB203580 (specific inhibitor of
p38), and 10 uM SP600125 (specific inhibitor of JNK)
for 24 h. The cleavages of PARP were analyzed by
Western blot. Cell viability was measured by XTT
assay.
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A, FEIEES ] HepG29 Chang Az =
& MEEQE ZHeA] dotrI] 9Fted XTT
assay$9} trypan blue exclusion assayS 433hsl
o}, 7 A3}, Chang MEAE FA 35S Fx
oront, 7t A EFQ HepGlME Bx 9=
Moz MEY AEE #amEdd (1050=07
mg/ml). B3 0.7 mg/mld] ¥EF M A$ A
ZHll 9)&H 07 HepGz MEY A& 7ar}
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711, mitochondriath®] cytochrome c7} AlEA 2
FEA giEginge st 218es
mitochondria 245 W&5= cytochrome ¢ <
o] Ax} Z7}8}91 T, anti-apoptotic Bel-29) 4
¢} anti-apoptotic Bax®] Z7l7} #AHE 7oz
Ao} mitochondrial pathwayE %3] apoptosis’}
FEHYE AE ¥ Sldoh

AKTE serine/threonine kinase2A AlZ A
23} 22 A4 glycogen HANLA 5w

B ubgol Fedsle E42A insuline|v
o] AAAdAEA o8] FAsEd. xg
Ras/Raf/MEK/ERK pathways olg] A#elzt
4452 downstream o 2 A F A& Ak
3, (AR 5g A=Y 24 AlsA
A A o] HEETE S Mo 4% AKT &
A @ Ras/Raf/MEK/ERK pathway® MAP
kinaseoll ojwldl ojef-& F& x| oo} & A}
ety oo 9g&dozm P-AKT. P-Raf
P-MEK1/2. P-ERK1/28] do] 7H4dkgdal
P-JNK1/2%} P-p33 MAP kinase:™ A3 2749
t}. MAP kinases®] Ao wH3lsl MEAPEF%
2} Fe] glE Aoz AAHGT. oo 47t
MAP kinase®] activator ¥ inhibitorZ #2|3
& FeNEEATE o8 F=EE HepG2 A2 £
AMuglel N ZAbEo] wX= gk obelrivt
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