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Herbal medicine In-Jin-Ho-Tang as a potential anti-cancer drug by induction of

apoptosis in human hepatoma HepG2 cells.

Hyun-Joung Yun”, Byung-Wan Kim, Chang-Hyun Lee, Jae-Ha Jung
Sook-Kyung Heo, Won-Hwan Park, Sun-Dong Park’

Department of Prescriptionology, Collage of Oriental Medicine, Dongguk University

ABSTRACT

Objective: Hepatocellular carcinoma is the most common primary malignant tumor of the liver worldwide.
In-Jin-Ho~Tang (IJHT) has been used as a traditional Chinese herbal medicine since ancient time. and
today it is widely applied as a medication for jaundice which is assoclated with inflammation in liver. In
this study, I investigated whether methanol extract of JHT induced Hep(G2 cancer cell death.

Methods: Cytotoxic activity of UHT on HepG2 cells was using XTT assav. Apoptosis induction by Kos
A in HCT116 cells was verified by the induction of cleavage of poly ADP-ribose polvmerase (PARP),
and activation of caspase~3, -8 and ~9. The release of cvtochrome ¢ from mitochondria to cvtosol, the
level of Bcl-2 and Bax and the expression of pb3 and p21 were examined by western blotting analysis.
Furthermore, MAPKs activation was analvzed by western blotting analysis.

Results: [JHT induced apoptosis in HepG2 cells. And treatment of IJHT resulted in the release of
cytochrome ¢ into cvtosol, decreased anti-apoptotic Bel-2, and increased pro—apoptotic Bax expression.
UHT markedly inactivated extracellular signal-regulated kinase (ERK1/2), and activated p38
mitogen—activated protein (MAP) kinase. Sodium orthovanadate (SOV), a phosphatase inhibitor, to
reverse IJHT-induced ERK1/2 inactivation and SB203580, a specific p38 MAP kinase inhibitor efficiently
blocked apoptosis of HepG2. Thus, JHT induces apoptosis in HepG2 cells via MAP kinase modulation.
Conclusion: These results indicated that 1JHT has some potential for use as an anti~cancer agent.
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Table 1. Composition and contents of Injinhotang (1JHT)
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Dulbecco’s Modifide Eagle Medium (DMEM),
fetal bovine serum. (FBS), streptomycin-penicillin
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Island, USA)elM, wi%kx= CorningAt (Rochester,
USA)ellA  pdsteh. Ao A" A &
sodium dodesyl sulfate (SDS), acrylamide™
Bio-RadA} (Hercules, USA)ol A F¢3stH1, NP-4
0, CAPS, protease inhibitors %< Sigmarl (St
Louis, USA)A A 93ttt A¥ol A8 14 &
#¢! anti-caspase-3, anti-caspase-8, anti-caspase-
9, anti-Bax¥ Santa Cruz BiotechnologyAl (Santa
Cruz, USA)SlA, anti~Bel-2¢} anti-cytochrome ¢
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anti-PARP, anti-phospho-Raf, anti-phospho-ERK1
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horseradish peroxidase (HRP)-conjugated antibody,
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(Santa Cruz, USA)YIA 7-l8bgch XTT assay-§
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assay reagent® Bio-RadA} (Hercules, USA)olA
TUSIHT, Aol A" BE Al 44 F
Toldo g Argsich

2. %

1) MIZEBR2F
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3) Trypan blue exclusion assay
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5) Cytochrome ¢ release analysis
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§) Western blot analysis
CAUlES 9@ vud Amel F3e Ag 2
7V 8 A EE ice-cold tris buffered saline (TBS
;20 mM Tris-HClL, pH 8.0, 137 mbM NaChez
38 A8t & lysis buffer (TBS, 1% NP-40, 1
mM sodium orthovanadata, 10 u/nl aproptinin,
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sodium dodecyl sulfate-polyacrylamide gel
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$18to blocking buffer (5% non-fat milke} 0.1%
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ng/m A 667%7 A FAHAT (Figure 1(A)).
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Figure 1. Effect of In-jin-ho-tang (IJHT) on the cell
viability of HepG2 cells by XTT assay

HepGZ cells (1x106 cells/plate) were treated with varous
concentrations (0, 005, 0.1, 02, 03, 05, 0.7, 1 mg/nl) of IJHT for
24 b {A) and 05 mg/nl IJHT for varous time 3 h, 6 h, 12 h, 24
h, 48 h). Cell viability was measured by XTT assay as described
in materials and methods. Data were chosen from five independent

triplicate experiments.
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Figure 2. Effcct of IJUIT on the cell viability of HepG2 cells
by trypan bluc exclusion assay

HepG2 cells were treated with various concentrations (0, 8.05, 0.1,
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0.3, 05, 0.7 ng/nt) of UJHT for 24 h. After 24 h, the cells were
stained with trypan blue (04%, w/v} for 5 min at room
temperature before the cells were examined under the microscope.
The number of viable cefls was determined by trypan blue
exclusion, and the results were expressed as live cell number.

Values are mean+S.D.
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Figure 3. Morphological changes of HepG2 cells by IJHT

Hep(G2 cells were treated with various concentrations (0, 005, 0.1,
03, 05 07 me/m) of IJHT for 24 h IJHT exposed cells
undergoing apoptosis are shown by their characteristically
shrurken celhillar shape. Morphological changes were observed by

microscopy at <400 magnification,
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Figure 4. IJHT induces apoptosis in HepG2 cells

HepG2 cclls were treated with various concentrations (0, 0.05, 0.1,
0.3, 05, 0.7 mg/nl) of IJHT for 24 h. Equal quantity of proteins of
the total cell lysates was analyzed by 10% SDS-PAGE. The
cleavages of PARP and the reduction of procaspase-3, -8 and -9
were detected by Western blot. b-actin levels were used as

internal markers for loading variation.

4. Bl cytochrome col &3}
Bel-2 familye] wd W 3lell w2 dgk

EEER 93 SEHE apoptosis7t AT o
3 AZHAGE B8 dojuwr| Yol ¢ty
AZAEe AE & 3] mitochondrial apoptosis
of #oddhe Bel-2 family9) ¥ %7 mitochondr
ja2BE AZEZ cytochrome 7t WEEHE AEE
grolm ettt 1 #¥, AHElswst Z g wle}
cytochrome c9] ¥&do] Hx Zrpstglct (Figure



32 K8 A E B & % — Vol 22, No. 3, 2007

5(A)). =3 cytochrome c7} mitochondria2 %€ Al
242 WEse Ag Asiste 9yAQl Bo-2v
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(Figure 5(B)).
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Figure 5. Effect of IJHT on cytochrome ¢ release from
mitochondria to cytosol and the expression of Bel-2 and Bax
in HepG2 cells

Cells were treated with various concentrations 0, 005, 0.1, 0.3,
05, 0.7 meg/m) of IJHT for 24 h. Equal quantity of proteins was
analyzed by 125% SDS-PAGE. Cytosolic fractions were isolated
andd analyzed by Western blot using an  anti-cytochrome ¢
antibody {A). Western blotting analysis was used to assess the

prolein expressions.

5. MBE G 28 Mitogen-activated
protein kinase (MAPK)®9l &4 w3}

Mitogen-activated protein kinase (MAPK):= A
o] 4 B3}, a8a AxY AEH AIZAMES
FEehe ookt 4E8H J)l5g 20D U
A Utk HepG2 AXo EBEBES Ay A%
MAP kinase®] W#o] ojyg 9&g vlxjeA ¢
oli7]  93led  anti-P-ERK1/2¢}  anti-P-p3g,
anti-P-JNK& ©] 43 western blotg S8}t
1 ¥, P-JNKE detection®] A $49k3, P-ERK1/2

7t & gFHoE ZFide AL B £ ddd
(Figure 6(A)). ¥V8, P-p38 MAP kinase® ¥% 9
#Hoz Zrtske AL A8t (Figure 6(B)).
whE#EE A2 A MAP kinases®] #4o] ®sE
Yelhdes Aoz Mol o]Hg 849 Wsrl Axe
AgHEe #HHol g RoE AAHATE ofY
z}zFe] MAP kinase9] activator ¥+ inhibitorE
2g & EHEEY A8 FEE<E HepG2 AX A
&9 Hsisl AT ojmE YA FEA ¢
olBgitk 5 pM SOV (sodium orthovanadate ;
Na3VO4)o} ERESS 87 AMelstd sEREEol
2% ERKIZ 8Ad Z4AE AHNAE AS,
PARP cleavage’t #43l83 HNE AELY 24
7t JAHUTH E=8 p38 MAP kinased] E0}3
AA <l SB2036I0S HREET I A @\
BEgpol o8 SUise pRY 4 AR %
2% PARP cleavage?} 7431 AT W&
o] 7247t dAEHE Aoz el (Figure 7). ©)
A3 Zfsg Kol WEESH i fFEEHe
MAP kinase @49 W37} HepGZ AxY
apoptosis®] AHHog H¥gg FE HAoT B #
Ak

(A)

Con £05 0.1 03 0.5 0.7 (mg/m}

P—EHKV?[W T - —— ]

cowre | = B

120

100

% of control
2

(B)

Fold inciease (relative 1o control}

Figure 6. Changes of the activitics of ERK1/2 and p38 MAP
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kinasc during IJHT-induced apoptosis

HepG2 cells were incubated in the absence or presence of various
concentrations of IJHT for 24 h. MAPKs activation was analyzed
by Western blot.
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Figure 7. Effect of activator or inhibitors of MAP kinases on
1JHT-induced apoptosis and cell viability of HepG2

Hep(G2 cells were cotreated with IJHT and 5 1M SOV {ERK
activator) and 5 M SB203580 (specific inhibitor of p38) for 24 h.
The cleavages of PARP were analyzed by Western blot. Cell

viability was measured by XTT assay.
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Ras/Raf/ERK pathwave g Al &
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pathwayol] oW s H4Fg F& A do} B} 1
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P-Raf, P-ERK¢] #&o] 7+438t4t (Figure 8).
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Figure 8. Effcct of IJIIT on Ras/Raf/ERK pathway in HepG2

cells

Cells were treated with various concentrations (0, 0.05, 0.1, 0.3,
05, 0.7 me/ml) of IJHT for 24 h. Equal quantity of proteins of the
total cell lysates was analyzed by 10% SDS5-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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of oJ¥A FLsh=rle] Wi Hiue HolA gt
t}.
HI st 7 g BANEEE )
AFEE 98 Axst geu 538 wHFmEEY,
BB IR S, BRI A, B A
Fies™ So e 243 4802 1§94
< gasigen, B3 o Axe] AT
TGF-B1 induced apoptosisd] #adste SARES
ZAgo2A THAZELS dARd T sg

B dpiXe HES a%< Hrkshr] g%
wel d#oz HepG2 AFe 84 2 4,
apoptosisdl] vll= 9L RAVEIYI, 2 EXA)
84 713& #ebstrl 93 cell cycleo] #dd)
B AZAYA Y vHEe 9% #2ed e g
> A7E dck

HA, HEESol 1Y AEFS HepG29 A4
A EQ Chang celle] B&Ego) ojH3 Q&g +
= A go} Hoprl 0.05~1 mg/nl EEZ 24417)
48A12F Bt A#sled XTT assayE F3shgrh
1 Az}, HepG29 7% 24417 2] A, 1C50%k0)
ok 0.5 mg/mo}c}. ¥hd Changdl ZAS-oE 0.5 ng
/nle) FEAR AE HEL A G ujx)x
okateh IC50 39l 0.5 meg/wl AMeldbed A7k (O~
48AIZDE AE AEE viAe dEE ol A
o}, A Az EHoE HE AR A

S Jehiddh. %3 trypan blue |3 &En|AHL
53 Fe Wsls FEAS B WHEEY &
74 2713l wel dolgle AT 7 FA #a
e 2 A% & Aok oj=g 2AE Hol,
BB 0.5 m/uo FX7MA A4 7 ARy
AESAE A9 %S F4 Fouy g AxF
3l HepG2¢] A&&& Zarite 22 ¢ + 4
Act.

o2, HRER o8 Arse AX AEg
o} 747} apoptosise] &3 QY A Lopr YTt
Apoptosise WA 0 2 necrosis9 FEEE Ao
Z programmied cell death& 70,
Apoptesis7k necrosiss} FEHE: FHF £
Aol Z7]0) Yojihe cell blebbing 84, & 4
ao) $E5ol Wete) AR 24T Be
g BysAt Aus]a, DNA fragmentationo] o
ojub= Hojrt oloja MEEHo] Byso] iy
A71¢] apoptotic bodyE& HASHA Hi, olgL
FH M 5 23 | i X s ©aly
o} ¥FHE flo] AARY. BAHY A9 B,
apoptosis®] ZAd] oj4te] A7|A HE AR F
23 AlEe] F¥o] AoXA gozH G FTYo
2 9399”. gely AT apoptosisE 219]
Aoz FEFOZH AXY FAS JAT F A
th. Apoptosis®] AE7} =i PARPO] @¥ s
capasese?] W3E z}zte] A B ALEE western
blotting 3-8 Bdte dolugitt. 2 A, W
B wxd 9&FH0oE procaspase~3, -8, -9
o] wgo] Z+A3IY 3, 0.3 mg/nl e E5olx PARP
cleavage7} #AH 7 AFstd 0.7 mg/nl A %
EHZ FUEE AL B & ATk

Apoptosis7} Yolu= A Ee| 7-¢ mitochondria
1 membrane depolarizatione} 27131, mitochondri
ale] cytochrome c7b AEde w2 mE
#iHS A F cytochrome co] W& olo &
&3he Bel-29F Baxe] @S AR B
BB FErt S71gel wet MEdE wedHe
cytochrome c9 <ol Z7}8}451, anti-apoptotic
Bcl-29] 2d 7+A ¢ pro-apoptotic Baxe] Wd
Z7bh BEEAC olzH &R
apoptosis7t mitochondria® ZA{3IE AL <
g A%

MAP kinase family (MAPK)¥ serine/threonine
kinaseo]™ extracellular signal-regulated kinase
(ERK), p38 MAP kinase, c-jun N-terminal
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kinase (UNK)Z 274 TRt MAPK 7AR_4E
& HE 4, BE Tein AX9 YA N XA}
g e o AEEH Vg 2R
A Q. AEE ATy AdgwHe o3
AT e AE ATUE 2UA 2o 238 A
T MG M FF & UxEHY A2
MAPKZF 9&8ta 9lok, MAPKe] &AL M3
Aikzbo] o) |1t @Astd MAPKse d&
protein kinaseS3 & gtz mE HARRIAE &
AAA AzE AEsiA #Hoh o]Ed MAPK9
G4 wEY A3t $4H Wl vgd 5
UEZ 3 Foh WA, ERKe 4% 8989 ¥
of 23] dAslEeH, o5 BA4sl= tyrosine
atslel g ettt ERK1/2w= A2 oA %
ekl EEED, §ARRER BEEde 24,
postmitotic 7159 Fodshe, A cytokine,
vpolg} 2 7+, PHAAS 3, carcinogen S 2
& we 22 o8 @43IF?. ERKl/2E
protooncogene?! Rasol] 2ls] @-gsidu. 43}
¥ Ras?] EdHole B2 dAFXAY T5H &
Aoz 42A Yo, dHFEMe] Rase ERK1/2
ARE BT GHEY FHEE gole d
o 7legt}. weba ERK AR Ase ZAH o
2 Y 89 targeto] F £ A& Aol tE
0% p38 MAP kinase: 4| 7}49] E9E4LE 7}
A3 e stress, heat shock, radiation 3 2
< Yy AFd i EAsiHo EFuk,
apoptosis, AX F3 T kg AETH g s
fEGD e AR meM, EEEsl
MAPK®} &4 ojug de& F= A dolrt
t}. 1 A=}, phospho-ERK1/2+ &5 o&&e 7
A2 HY3, phospho-p38 MAP kinasexs 715
9t} HipEHC) Ras/Raf/ERK pathwayel] ©]w3h
GBS Fv A Yol F3, % 4EFHOZ Raf
¢t ERK &4jo] 74 =, MAP kinase?] ojejgt
g4 W38 Hol MAP kinased] SAAwsis} mibk
HEol o8 apoptosisel] J&E 2 Aoz A7y
o] p389 specific inhibitor¢l SB2035803}
phospho-ERK1/22] activator¢] SOVE w5}
cotreatdt & PARPS} procaspase 39 & okAtal
AZAEEY WSE 2ARRINtE 1 3, p3dy
A€ AHalg A WEHER 2% apoptosis7t
Fade Ao Jehdy, HRESA s Za

+ HRK1/2¢] 848 3B AZlo2x apoptosisy}
ZAEGen AEZAESE =3 IJEFHUL o)

ADZ Hol HEE#ESHA o8 HalEe MAPKS &
3ol HepGZ A E 9] apoptosisE F-Edl= o #H&
e Ao A4 4 Ut

o] g ANy Hol HEEES A 7 AX
Z0} HepG29) AX AELS ZAA712, mitocho
ndrial pathwayZ %3} apoptosisZ §:8 ¢ ¢
on, m3 MAP kinased AL ZEYoBH
apoptosiso] ¥ & A0F HAH. o|2H, B
BEsgol ¥y xgd anForw &34 £ Qe
Ao g HoAo}, ¢o 2 HEEH FFE VA=
Agy B2F 7zt @3 ¥ ge A e
oo} & Aolx, in vivo AFEE T o|Fo|Ack
& o)tk

4 &
A, AF, ge A HEERC) AR

o AEF] HepG2el AEAPE FES 1 7120
29 A7 P39 T3 g NS AU

2

1. HgEEel AX A28 vAs JFE Yot
Byl 9&ked XTT assay® trypan blue exclusion
assayE 3§ ZAn, 2442 AHEA 0.5 me/m 9
¥ 5744 Change] AX A&ESl= A9 90| gl
21, HepG29] 74 5% &2 MIEAgEEo|
ZAaEQdch AuES o838 AT HEE AsE
EHAE FE dEHQ AFAPL HFEHAT

2. EHERN 43 MTA7L apoptosisell olgh
1914 #4187 Y8k} western blotg 433 u},
T oJlEHo g procaspase-3, -8, —-9¢] o]
149} PARPY] cleavager} #&E}ith

3. HiBE#EEo] mitochondrial pathwayd] i3}
Bel-2 family$} cytochrome c&] w#d) v]x)
de AR Fd, TRt FUHg e
mitochond

riad| A AEFE WEEE cvtochrome ¢ o)
Z7}8}9 3, anti-apoptotic Bel-29] 94 7h4 s}
pro—apoptotic Bax2} &&o] =753t

4. HBEEE *2lA MAP kinased] 844l ojw
3 Walyh ger) dolry] ¢t anti-P-ERK1/2
9} anti-P-p38% o]8% western blot-& 88315
ot 2 Ay, A EEEEY 54 dEHez
P-FRK1/29} 7+4 %} P-p38 MAP kinase&] 717}
#EHA

5. MAP kinases?] @4 Wizl HepG29 MX

off i

N

i or
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Al 5ot Bio] 9lg Aoz AZEHY. ol
Z}zZre] MAP kinase®] activator i+ inhibitorZ
A2gt ¥ HepG2 MX¥e A&g wslel AFZAY
o ojm3 A¥S FA Bolmgith ERK1/29)
activator9} p38 MAP kinaseE AZ]3l& o &
ES o8} F=5+ apoptosis7h AT Al

T &L ZAE A=Y

6. BB ol Ras/Raf/ERK pathwaye] o]w g
FEFE FE A Yol B ul, & &30 Rafs}
ERK &4o] 724U

AEAoE, FMEBS AR g AZF
HepG29] A% ABEEL 741913, mitochondrial
pathwayS 23} apoptosisE #E8 4 Jon,
MAP kinaseo] #Ag ZA3IoZ A} apopiosisd
FYgE £ Aog A4,

Aae 2

2 A47E FRU%E G4A49 Alule ool
W =29,

B A7E | /AHRAT 7)20) ek
FAH §4499 Adez FAHAES (FAM
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