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Effect of Dangguibohyultang and its combinations

on apoptosis in human colorectal adenocarcinoma HCT116 cells
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Chang-Hyun Kim, Sun-Dong Park™

Department of Herbal pharmacology, Collage of Oriental Medicine, Dongguk University

ABSTRACT

Objectives : The purpose of this study was to investigate the effect of Dangguibohyultang (DB) and its
combination (DB-1; Astragali membraneus BUNGE : Angelica gigas NAKAI=51, DB-1I; Astragali
membraneus BUNGE:Angelica gigas NAKAI=1:1, DB-1l; Astragali membraneus BUNGE:Angelica gigas
NAKAI=15,) on apoptosis in human colorectal adenocarcinoma HCT116 cells.

Methods : To study the cytotoxic effect of methanol extract of DB-1, DB~ and DB-II on HCT116
cells, the cell viability was determined by XTT reduction method and trypan blue exclusion assay. To
confirm the induction of apoptosis, the cleavage of poly ADP-ribose polymerase (PARP), a substrate for
caspase-3 and a typical sign of apoptosis, and the activation of procaspase-3, -8 and -9 were examined
by western blot analysis. Furthermore, DB~induced apoptosis was confirmed by DNA fragmentation. The
release of cytochrome C from mitochondria to cyvtosol, the level of Bel-2 and Bax, and the expressions of
Raf/MEK/ERK were examined by western blot analysis.

Results : DB~ Tand DB-1I reduced proliferation of HCT116 cells in a dose-dependent manner. DB~ I and
DB-1I decreased procaspase-3, -8 -9 levels in a dose-dependent manner and induced the clevage of
PARP. DB-1 and DB-H also triggered the mitochondrial apoptotic signaling by increasing the release of
cytochrome C from mitochondria to cvtosol, decreasing of anti-apoptotic Bcl-2, and increasing of
pro-apoptotic Bax. DB-TIand DB-TI decreased the activation of Ras/Ral/MEK/ERK cascade in a
dose-dependent manner.

Conclusion : These results suggest that DB~ 1 and DB-1linduce apoptosis via mitochondrial pathway in
HCT116 cells. Furthermore, Raf/MEK/ERK cascade is involved in DB-induced apoptosis. These results
suggest that DB is potentially useful as a chemotherapeutic agent in human liver cancer.
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Table 1. Composition and contents of Dangguibohyultang
(DB)

DB- | DB- ! DB-1il
I
(Astragalus 400 g 250 g $0g
membranaceus Fisch.)
gA
(Angelica gigas 80g 250 ¢g 400 g
Nakai)
&Y 480 g 500 g 480 g
*= 8 25.8% | 18.5% 29.9%

2) Aok

Dulbecco’s Modifide Eagle Medium (DMEM),
fetal bovine serum (FBS), streptomycin-penicillin
So AFujks AFEL Gibeo BRL (Grand
Island, USA)AboA, vj%¥z=E Coming (Rochester,
USAVAlA 73Tt d8d ALEE A9 F
sodium dodesyl sulfate (SDS), acrylamide™
Bio-Rad (Hercules, USA)Atoll A 0319 NP-40,
CAPS, protease inhibitors & Sigma (St. Louis,
USAAA ettt Agdl A8 13 A
anti-caspase-3, anti-caspase-9, anti-Bax+¥ Santa
Cruz Biotechnology (Santa Cruz, USA)AIA,
anti-Bcl-29} anti-cytochrome C¥ BD PharMingen
(San Jose, CAYAIA, anti-PARP, anti-P-MEKI1/2,
anti-P-Raf, anti-P-ERK1/2, beta—actin®  Cell
Signaling Technology (Beverly, MA)olA 915+



ERAIGS el w2 g MEF HCTI6S MEAd 25} 39

ot 2z @49l Anti-mouse IgG  horseradish
peroxidase (HRP)-conjugated antibody, anti-rabbit
IgG  horseradish  peroxidase (HRP)-conjugated
antibody+ Santa Cruz Biotechnology (Santa Cruz,
CAAA detdel. XTT  assay®  kiteE
Amersham Pharmacia Biotechnology (UK, USA)A}
A FYs¥YL  Enhanced chemiluminescence
(ECL) detection kite Oxford, UK, protein
assay reagent+ Bio-Rad (Hercules, USA)A}oll A ¢
Ptk Ado] AHEE RE AL BAL =30)
Ao g Agstrt

2.

1) MI=Hf2F

HCT116 (human colorectal adenocarcinoma cell
line, KCLB)2 10% fetal bovine serum (FBS)¥ 1%
penicillin-streptomycin® E 3= DMEM Hj Ao} A
5% COy, 37C wiEzoll M w3t

2) XTT Assay

2} Awre) FZEo] HCTLI6O] ek MEEAL
e A golry] 98] XTT assay WS o] 831k
Welld 110749 cellS 96 well plated] 23E3ha
serum free media® 16A17} starvation A7) &, 2z} &2
5 2= Aulsle] U7 sikstdth Welld 100
9] XTT (Roche, USA) labeling mixture (5 ml XTT
labeling reagent + 0.1 ml electron coupling reagent)Z
Aejeted 4A1Zt WAl ¥, micro plate reader
(DYNEX, Opsys MR)E ©}83}9 450 nmolX 34
o] H3lE &3k tlRTol i NEAEES HE
2 AT 4 sl AU e F3EE B
A7) 5k AEES W RS 2o] wjdsle iR
T AT FAEE Hlw BASY NE JEg
< BEE2 FAFYL)

3) Trypan blue exclusion assay

60 mm wWjze] 1x10° celly/nZ HEES A
serum free media® 16A17HE<t starvation A2 ¥,
7 FEES TTHE Asl 24A7F wikslgd
Trypsin-EDTAS A3 F 44 2t NS
< HEolM trypan blue dye (04%)2 GA3}
hematocytometer& AREsRA AE3E AX 9
counting 5}tk

22
=

4) DNA fragmentation analysis

1x10° cells/nl &) AEE 1,000xgoNA 1087+ 94
Pasle] 2om 4T PBSE 23 FAF uhg,
lysis buffer (1% NP-40, 20 mM EDTA, 50 mM
Tris-HCl, pH75) 2 AEZ lysis$ ¥ 1,600xg, 4T
oAl 5837 AARsAL. AEAE BoM 1%
SDS9} RNase (5 we/nl)E H7F8td 56°ColA 2412
=9 WHAIF13L, proteinase K (25 we/m)E H7}s}
o] 37CoAA 2A WAt & R T3
PCI (phenol:chloroform:isoamylalcohol=25:24. 1) 3
7bete] £ Fo] EA= TiAR AL AAS}
i1, 12000xg, 4ATA 1083 AR 354
Ao} 10 M ammonium acetate®t 99.8% ethanol®
DNAE HAAA 1% agarose A719F2E DNA
fragmetationS &<13tch

5) Western blot analysis

A7195S A% 9d A8 FE2L& A A
72 MXE ice-cold tris buffered saline (TBS ;
20 mM Tris-HCl, pH 80, 137 mM NaChez 33|
M3 F lysis buffer (TBS, 1% NP-40, 1 mM
sodium orthovanadata, 10 wg/ml aproptinin, 10 ug/ml
leupeptin ¥ 1 mM PMSP)E Yo 4ColA 3083t
HHS-AIFIAL 12,000xgol A 1083 94 Bl 4%
A& =gtk FUS %o T AE sodium dodecyl
sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)Z £Z|AZ1 ¥, A S nitrocellulose
membranedl] transferd}th. ©] membranes A2
H5old AZS A7) At blocking buffer
(5% non-fat mitk®} 0.1% Tween 20& 3H#3 TBS
Sdyell A 1AZHES vhEAIZ F 7 A g
ek FAE 7ste] 1~247EES AR o]
A} 01% Tween 202 /3 TBST §qoz 40%
7+ M8 the, peroxidase-conjugated anti-mouse
IgG && anti-rabbit IgGE secondary antibodyZ
gAY o]oJA ECL system@ & ¥H3- Aj7l &
X-ray film’dolld @9dS AF34Ach 7 Az
Dl g AES pradford protein assay kitS ARE}
o 56 nmolA FFE=E A3 HAEAT

3. SAIA
A ARE HEH 532 HiE Bz o4

AL Sigma Plot 2001 (Window-& version 7.0)%
o5} unpaired t-testE AASHh
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< WAY AEFQ HCTL6 AT F2o} oludt
gL T A g} BI] HIg gIe % (0,
005, 0.1, 02, 0.3, 04, 05, 07, 1 mg/ml)E 24X+ A
2}t XTT assay 9 trypan blue exclusion assay
E 84tk XTT assay 27, 29 379 v
42 152 T EEMMBI A A 04, 05 meg/nl
B0 2zt 55.6%, 498%71A] AFEe] Falo] oA
Hox, 1112 3 EE#0nE IS A3 Z$de
04, 05 mg/nl 9] FEN 42} 76.8%, 67%7+A %A
He AL 30 4 dick 9y, 3L} 319 v
&8 518 @ gEaE 02 A Fsds
HCT116 AT ZF4o & JIFL FA oo}
(Figure 1). Trypan blue 942 £3] AX A&8S
Yo} B Ay EEMNE ]IS B 720 71
ghof w2} AEEol 243U 03 me/ul ] FEONA
5279%7 A AEgo| ATt Emwng 19 4
Fox &7t S71ETE HELSY FLE HYAT
ERENE I W Zidhe AEs ¥ Yt
ok 9t EFEELE IE AZdE Ade AES
o] wigle] Ao d8S vlxjA &Ut (Figure 2).

—+—DB- | -*-DB-1I

DB-It |

3

8

Cell viability (% of control)

o B8 & 8 8

con 005 01 62 03 04 05 07 1 (mg/mi)

Figure 1. Effect of Dangguibohyultang (DB) on the
cell proliferation of the HCTI116 cells. HCT116 cells
were treated with varions concentrations (0, 0.05, 0.1, 0.2,
03, 04, 05, 0.7, 1 mg/nl) of DB-I, DB-II, DB-TI for 24
hrs. Cell viability was measured by XTT assay as
described in Materials and methods. Data were chosen from
six independent triplicate experiments.

»DB-1
il g oDB- i
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Figure 2. Effect of Dangguibohyultang (DB) on the
cell viability of the HCT116 cells. HCT116 cells were
treated with various concentrations (0, 0.05, 0.1, 0.2, 0.3, 04,
0.5, 0.7, 1 mg/ul) of DB-1, DB-1, DB-H for 24 hrs. After
24 hrs, 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 resulis
were expressed as the % of control. Data were chosen
from six independent triplicate experiments. Values are
mean+S.D.

2. BEWHLE ¥ HCT1169) AlEA2

Eipmng I, Tol <3 AXAT apoptosisol
o3 RAYA A3l Adte] HCTL6 AR 55
gz sl AEAPEY Ay FEE Goprdd.
AEE AZANE 34§ 38 7)15E FEsH &
=6, 97)9] £83 polymeraseZ} poly(ADP-ribose)
polymerase (PARP)¢]t}. o] PARP9 cleavage: Al
FAPd S #lg & e e ARyt "ok
Caspasest cystinyl aspartate-specific proteaseZ Al
FANM pro-formeE  EABL 53 A9
proteolytic Il ojsf &93sidt). o] U3 AX
o] DNA Exl 2 #4z 437 #dg d9d ¢
o] 12 FA, Ax 44 44 S #dd @
MAss A 7IAY BEE 9NES FAINNA
apoptosisE FE3H "ot old] western blotE §
8} procaspase-3, -8, -902] W& EYI PARPY cleavage
2 #3194 2 A3, Figure J(A)oA BRo] EE
mHI A A 006 me/nl ©13e FEolM PARPY
cleavage’t #25 131, procaspase-39} procaspase-9&
% gEHoE HA Aide AL B & A% &
wmng 0 A2 A 3%/t 715l %2t PARPY
ceavage?t F2REU procaspase-39} procaspase-97}
Zasig et EEmng Lo vsl 24shke A=) o
3 e (Figure 3(B)). W, EEmMLBT A0S
739de  PARPY  deavagert WERA @t
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procaspase—3%} procaspase-9 FolE Aol =gy} ¢
At (Figure 3(C)). &3 AXAIE Y 714 & E49)
DNA fragmentationo] fr=HEx gelsj 2 Az,
EEMANLE 1S Mg 3¢ 5 9EH0Z DNA
fragmentation®] FRNHNL, EHEMNE Q) Ao
€ 0.3 mg/nl o4 FrAA o EEMML
Hl g3Xe F=A &kt (Figure 4).
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Figure 3. Dangguibohyultang (DB) induces apoptosis
in HCT116 cells. HCT116 cells were treated with various
concentrations (0, 0.05, 0.1, 0.2, 0.3, 04, 05, 0.7, 1 mg/ml) of
DB-1(A), DB-1(B), DB-I(C) for 24 hrs. Equal protein of
the total cell lysates were analyzed by 10% SDS-PAGE.
The cleavages of PARP and the reduction of procaspase-3,

-9 were detected by Western blot. b-actin levels were used
as internal markers for loading variation.
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Figure 4. DNA fragmentations byDangguibohyultang
(DB). HCT116 cells were treated with various
concentrations (0, 0.05, 0.1, 0.2, 0.3, 04, 05, 0.7, 1 mg/m) of
DB-I(A), DB-1I(®B), DB-IC) for 24  hrs.
Internucleosomal DNA fragmentation was analyzed by 1%
agarose gel electrophoresis in the presence of EtBr.

3. Mitochondrial pathways &3 A =A4
ERHNEY 93 Frse AEAPE AxY

oAujdt AeALg Fa dojueA golrr] st
AxEApdel A2 F 314l mitochodrial apoptosis®l

' Bodshs Bel-29} Baxe) 234} mitochodria® B

B AlE¥Z Zcytochrome ¢/} WEHE ASE golr
ek 2 A3 EEHE T A Al 02 ng/nl o)A
9 FLo|ARE cytochrome ¢ W&3o] HA &
VAT F% gFHo g Bel-29 2ol HAHo
2 ZA%Ea Baxd] wdo]l A FIIA. B
WGl e Ade 03 m/u o9 FxoA
cytochrome c®] W&ol A F7MHE % 9
EHo2 Bal-29] 749 Baxd 3715 B F U™
o 9 EEHOBNE A2 Ffde Axd U
cytochrome c7b A9 detection® A 29t Bel-2
o} Baxe] #dd Aol Wyt gldth (Figure 4). ©]
ol Adz Rol EFWMmE ] EHEMLBI o
3} apoptosist= mitochondrial pathwaysS 7A#-3}=
Ao F B 4 o
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Figure 4. Effect of Dangguibohyultang (DB) on
cytochrome ¢ release from mitochondria to cytosol and
the expression of Bcl-2 and Bax in HCT116 cells.
Cells were treated with various concentrations (0, 0.05, 0.1,
02, 03, 04, 05, 07, 1 mg/nl) of DB-I(A), DB-1(B), DB-
IO for 24 hrs. 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 c¢ antibody.

4. Bl Ras/Raf/MEK/ERK
pathwayell vjx]& g

Ras/Raf/MEK/ERK pathway+ 322 4734
At 852 downstreamO 2 A X9 MET A
3, 3248 & 2383 o g5F9 AsAg
AA o). EEHimEB o] Ras/Raf/MEK/ERK pathway
o owg JFE F+= A Yol ¥YY. 1 AR, &
FHOEIS ALY 3¢ 55 JdEFog P-Raf,
P-MEK1/2, P-ERK®] '#d0o] FxFgog 7idhe

O 2 Hol Raf/ MEK/ERK &4o] #Z4sdl= A&
& 4 YT (Figure 5(A), ERHLBTS a3
AE Ho= 22 A9E VeElIAT EEHnE I o
He] 1 7249 Fxrb F (Figure 5(B)). ¥,
EFMOBOE A3 Zde

Raf/MEK/ERK &
Al Aol 9L mAA g AL iyt
(Figure 5(C)).
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Figure 5. Effect of Dangguibohyuitang (DB) on
Ras/Raf/MEK/ERK pathway in HCT116 cells. Cells
were treated with various concentrations (0, 0.05, 0.1, 0.2,
03, 04, 05, 07, 1 mg/nl) of DB-1(A), DB-L(B), DB-II
(C) for 24 hrs. 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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western blotg 433 Hch. A EEHnE [, 1
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Syt B3] EEming- 19 98 apoptosis7t
EgHog FEHAUT
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