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Ethanol Extracts from Astilbe chinensis (Maxim.) Franch. Et Savat. Exhibit Inhibitory
Activities on Oxidative Stress Generation and Viability of Human Colorectal Cancer Cells

Jong Hyun Nho', Ji Hun Jang', Ho Kyung Jung, Mu Jin Lee, Mi Ok Sim, Da Eun Jeong and Hyun Woo Cho'
National Development Institute of Korean Medicine, Jangheung 59338, Korea.

ABSTRACT

Background: Astilbe chinensis (Maxim.) Franch. Et Savat. is a plant belonging to Saxifragaceae family and contains various active
ingredients including astilbin and bergenin. It has been used as a traditional Korean medicine to improve fever, pain, and cough.
Recently, a number of Korean medical resources have been studied for cancer and inflammation treatment, but A. chinensis
(Maxim.) Franch. Et Savat. has not yet been investigated. Consequently, this study investigated the inhibitory effect of ethanol
extracts from A. chinensis (Maxim.) Franch. Et Savat. (ARE) on oxidative stress and colorectal cancer using RAW264.7 and the
human colorectal cancer cell line HCT-116.

Methods and Results: In total, 500 xg/m¢ ARE reduced cell viability by 38.96 + 1.32%, and increased caspase-3 activity by 133.08
+ 3.41% in HCT-116 cells. Moreover, TUNEL signaling and the early apoptosis ratio (34.56 + 1.67%) increased by 500 yg/m¢ ARE
treatment. H,0,-induced oxidative stress and cell death were diminished by 500 yg/ml ARE treatment through decreasing ROS
(reactive oxygen species).

Conclusions: The inhibitory effects of ARE against human colorectal cancer cells is mediated by apoptosis and caspase-3 activa-
tion, and H,O,-induced ROS generation and cell death are decreased by ARE treatment in RAW?264.7 cells. However, further study
is required to explore how ARE treatment is involved in the signaling pathway to decrease ROS.
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M A Hong et al., 2015). @A ¢&E7 vHIE, =FF Wehe F&

B2 Q7 A ATl tig 4 AAEIE /A QL

=T Q5% [dstilbe chinensis (Maxim.) Franch. Et Savat]& = A2 ¢4EA U B UE A gl &) Bxad
Mol (Saxifragaceae)l] &dh= thdx=2A] 2K, W7, & AT A7} ok (Hong et al., 2015).

A& 235 tiehil=; Aol AR, Hxe] dol= 70 cm 4L (colorectal cancerye FAHo =z 7P &3] ¢ERl

7R Apeby 9l sAjo =z Zhale 71 ¥ 7EA| AL Qi Jis} o= ofof thet 71T AL WRle]l & dHA IS W

= F2 7 93 8 € Alelo] dojdt} (Lee, 2003, 2007). g oz}, 7PE & 54U F9lol /A BRI e =

R0 Fe BEl= Aenl (FhiEal s dxe 9 2] Zhol] zhgo] Ehlsle] kst HolE sk tEAR

AR (R BRlom d2RE gkeldtx HY, A3, oot} (O’brien et al., 2007; Ogino et al., 2011).
A= 2 AZFLES TR E AER AREEAT (Kang, 2008; olgfgt ol h2 27| HAANHOZRE o} =
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Ze Bl AA o8] FR2 Holy]7] ol X|gZelH, &
8] Sl WY Eo] F&5s Skt Jvkal A
St} (Disibio and French, 2008; Kim, 2013). o] wg} <&+
Alxe] Mol Be 27] WAle] 43S dAlske IS i
& A5 Fog IS & Ao AlEHY

Caspase-3 THlA- Al 271 A2 of E2dste ez
EABA T M QJH U Y FolA B4 AlEZAPE T2 27}
GA3}t =W Asp®/Ser” T2 Asp'P/Ser'”® Fate] ofH|i-
A Aol HuxEwA 493l vt (Han ef al., 2015). 84
3}E caspase-3 TP L A|Eof|A] apoptosis (MEAFEAL) T
8l necrosis (MIEIAHF Lojul= Fo DNA FE1E ©95
= poly (ADP-ribose) polymerase-1 (PARP-1)2 JA|A]#
MEAFE el FolstA 2 Wb o}l thekgh Aol A
AZANE Ao #EE S8 FAXE o] §H I Utk
(Nikoletopoulou et al., 2013; Ko and Lee, 2015).

Reactive oxygen species (ROS, &/4t40F )= AW Al
2o Ak Fal EE EEE AR (071 4 709 AAE
womA H,08 TeE Fol AU F4HEolt)h Superoxide
9} hydrogen 732 EZo] o]d] &3hH, ol#fgt S AT
o] Al Al WiHelld] DNAS A7) AW A8 S 4

=22 v
A7l Wt lipid peroxide 52 A TOZE A XfHoA 54

S frabel wiok o} i M Ee] B3 fesl Aol o
ZHkS-S f% ) (Kirkham, 2007; Lee ef al., 2015).

wEhA] AEW AR &3S AAISHAY oA ze] A
A AAlsks a9E 7R AR ES 27 SlE) AES 1
gt on, nke2 thalMEQ MEF H0,S2 st 4

SpREYAE filelar, FH tidYd MAES]l HCT-116 A2
of e FEES ABlsld dHE JA aFHE

T2 O0=

=R
selsieict,
Mz o
1. & M=
2 dyo)| AMES =F9F [dstilbe chinensis (Maxim.)

Franch. Et Savat.]e] AZxE 20159 8240 e 4T =
34.5323°N, % 12691°59“EylA AFsIH o™, tghql=
°Fd (KPyS 7= sl Hxdistuw el 73] wg
ANA elFlate] AEEH TS AR F ARSI A
AR Al B0 Bt (TKM-2108)y HepRl- gl ghefat
YKol HAsIT Ut

ERoES WFSFE FAT 5 50T
A& 100 gofl oleFE-S 500 me 718k F 100
7+ 3 3] wbgste] & FEE A
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(Thermo Fisher Scientific Inc., Waltham, MA, USA)E ©]
&ste] oAFetal, oAHfA S T4 7Axste AEE PBS

(phosphate buffered saline)oll =91 % AR&-31S3t}.

2. MIZuHQt

I2]3 HCT-116 AlX5= =223 (KCLB, Seoul,
Korea)ol| /] & tol A1-83}4TE  Dulbecco’s modified
Eagel’s medium (DMEM, Thermo Fisher Scientific Inc.,
Waltham, MA, USA)°l 10% fetal bovine serum (FBS,
Thermo Fisher Scientific Inc., Waltham, MA, USA), 1%
penicillin/streptomycing 7}t ARE3IA3L. 37C, 5% CO,
Z710A] mFataL ARg-skSAT.

3. MZMEE 24
M EZAYEEL CellTiter 96° aqueous one solution cell
proliferation assay (Promega Co., Madison, WI, USA)S A}
Bk AZALlA AEEE protocolel] wt S XA
HCT-116 AIZZE 96 well platedll 5 x 10%cells/m &=7}
HEE EF51, AlEE 96 well plated] 2 x 10° cells/md &
=7t HEE B3 37C, 5% widlelr 24 A7 wjget
oele FEES 7H7} 313, 62.5, 125, 250 L
23l 500 pg/mb =R 24 A7 F9E ARSI e, MTS Al
F 20 E WA 2 A7 B9t Bl FH microplate reader
infinite® 200 PRO (TECAN, Mannedorf, Switzerland)S ©]
g3t} 490 PN FHEE S
A ZAEEE ol ek AEES %= EASIAL
Uehd Aol wet FEEE HE APEEe H0, A
2ol dig AZAEES 4

J

4. Caspase-3 &= A

Caspase-3 Tl FAHEE
detection kit (Enzo Life Sciences Inc., Farmingdale, NY,
USA)E ©]83l] 4313t HCT-116 Al 2}7}-¢- PBSZ
AlZ3F 5 Pierce™ protease and phosphatase inhibitor mini
tablets (Thermo Fisher Waltham, MA,
USA)7} 23¥ RIPA cell lysis buffer 2 (Enzo Life
Sciences Inc., Farmingdale, NY, USA)Z 4ol 1 A|7k
& Balsiaint.

A ELs]oe QAR 7IE 4T, 13,000 x g Z7A 20
7 dAEE e9a, @A F%=E bradford assays
SIATH T 20 g o] DES ARES A=A
EEREER L

caspase-3  colorimetric
T

S N

Scientific Inc.,

caspase-3 THEe] FH-S

A3ttt



=2ozo| pstrEA

5. MZAIEHHIZ 53

A FEAPEH]E 24L& annexin V-FITC apoptosis detection
kit (Enzo Life Sciences Inc., Farthingale, NY, USA)E A}
3 HCT116 Al X0 =F05 ek 328 A2 & &
L=+ apoptosis ¥ necrosis®] &S 317] f18l A=A
2] A F3E protocoldll Wl annexin V-FITCS} PI A]efo 2
A on, JAME M IEE CytoFLEX (Beckman Coulter
Inc., Brea, CA, USA)E o]&3] #4313t}

6. AT FH

ME Yo EAdakiaFe] v]E XS DCFDA cellular
ROS detection assay kit (Abcam, Cambridge, England)E A}
|3tk A2l H0, Aol e B4 S gkle)
7] $18l DCFDA (2’7’-dichlorofluorescin diacetate, H2DCFDA)
Alefo g dastgl o, GAE AEE CytoFLEX (Beckman
Coulter Inc., Brea, CA, USA)S ©]-83l] 21315

7. TUNEL &M

TUNEL ¥2& DeadEnd™ Fluorometric TUNEL System
(Promega Co., Madison, WI, USA)S ©|-835}%.01, #|=A}
oM AFE ZEEF wEbA FYUT

HCT-116 MXEZE 12 well plate®llA cover slip #]ol 5x
10°cells/mt F=7F H=E 253 ), 37C, 5% wjd7]olA
24 A7+ W) vl Al EE 500 gl FER =T FE
qehE FEES 24 A7 St AEEth 2 F 10% NBF
(neutralized buffered formalin)® 4CollA 30 & =< 743}
%3, 7Fe- PBS (phosphate buffered saline)@ 2 * o]
FAUT T2 02% Triton X-100 in PBS &2 10
B2F T3l gk § A7k PBSE 2 W Aotk ElrE
ol83] e oY} SIS BE AASL SN AFH
equilibration bufferS 5 &7+ X392 ™ 100 £ TdT
incubation buffer® *23}aL 37ColA 60 & T wjks
Ak 2 F AFE 2xSSC buffers 10 7+ #2512, PBS
2 2 H AL 9 Prolong” Gold Antifade Mountant with
DAPI (Thermo Fisher Scientific Inc., Waltham, Massachusetts,
USA)Z MEE vl$-E3] epi-fluorescence microscope (Carl
Zeiss, Oberkochen, Germany)sloll #2393 DAPIS}
TUNEL®]| &3-8 77t dgke apgox Hgsiqith

8. Sl

EAAEE Hd + E2HA (Means + SD)E BAISIHAL, A
g 7+ #94dS AAs] $181 SPSS (Statistical Package
for Social Science Inc., Chicago, IL, USA) B4 ZZ2I1#S
ARSI Y AHEHEA] (One-way ANOVA)S A5k, &
ool Ude AF p<0.05 =94, Duncan’s Multiple

AT

al
=

CHERE M2 SAXEt
A8k

Range Test (DMRT)$} Tukey post-hoc tests

Ay o HE

b=

1. £

=
=
==
=
=

OIEIS FE20| TRMT M

=5 Q= [dstilbe chinensis (Maxim.) Franch. Et Savat.]
Nere FEEo| UM ETR] HCT-116 AlxEe] tisf 4374
A g HE UeRl =R o] $J8] MTS assays 3351
T} HCT-116 Al¥o] =F0F oeke FEES UUs 5.
(313, 62.5, 125, 250, 500 pgm)Z 24 A7+ 52t X5}
S o 500 pg/mlell A M ZAYEEC] 3896+ 1.32%2 7AE

A 120%

100% | b

80%

Cell viability (% of control)

313 62.5 125

160%
140%

—

3
s
3

[
(=
=]
3

80% |-
60% |-
0% |
20% |-
0%
ARE (ug/ml)

Caspase-3 activity
(% of control)

250 500

Control ARE (500 pg/ml)

Fig. 1. ARE increased caspase-3 protein activation and
DNA fragmentation in HCT-116 cells. (A) HCT-
116 cells  were treated with ARE for various
concentration. Cell viability was measured by MTS
assay, (B) caspase-3 activation was measured b
caspase-3 activity assay, (C) HCT-116 cells treated witl
500 pg/m¢ ARE, TUENL fluorescence analyzed by
TUNEL assay. *Different letters are significantly different
at p < 0.05 by Duncan's MultiEIe Range Test (DMRT).
Representative images were taken from at least three
independent experiments.
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=55 - g - S - 0IF% - Hnlg - HO2 - =6
A A
. Control . ARE (500 pg/ml)
=155 x| 1= e 120%
- o] £ 100% |
=
= | e =% e
< * w 80% r
2 2 C
e
- Q24 - e Qs < 60% r
o fo183n g8 373% <] 3 337% .
ERSeEe S 2 £
1025 10¢ 0% 0% 107 10 102 10¢ 10% 10 107 1088 =
s —— — 2 40%
Annexin V Annexin V =
B = 20% |
50 o
0%
- ARE (ng/ml) 313 62.5 125 250 500
S 0 b
2 B
Ei
2 7 120%
8 = a
I 2 100% |
g 2t = 100% b
N e b b
=z < 80% | .
S 10 | °
= S
2 < 60%
z
0 =
ARE (pg/ml) 500 2 40% [
Fig. 2. ARE increased early apoptosis in HCT-116 = 20% |
cells. (A) early apoptosis ratio was measured by S
annexin V and Pl staining. Data represent the 0%
means = SD  (n = 3). *Different letters are ARE (ug/ml) 125 250 500
significantly different at p < 0.05 by Tukey post-
hoc test. Representative images were taken from H,0, (500 M) + + + +
at least three independent experiments. § .
P P Fig. 3. ARE prevents H,O»-induced cell death and ROS
production in RAW264.7 cells. (A) RAW264.7 cells
o} (Fig. 1A) were treated with ARE for various concentration,
’ ) 1o B _ _ B (B) After pretreatment with ARE for various
Caspase-3 THill 22 ThFgt QhA| 3ol A] Al EAPE o) Zodgict concentration, RAW264.7 cells were treated with
T A YRS F st dEA Itk (O'donovan ef dl., 500 uM H, O, for 24 h. Cell viability was measured

2003; Choi, 2007). ©]oll W&} HCT-116 A|3ENA caspase-3 ©F
W GATE RIsNE A3 500 pg/ml =F2F olEHE F
=5 Aol s AR (100%) thE] 133.08 +3.41%
2 Z7HEAY (Fig. 1B). 125ugml % A2+ 10897+
1.81%, 250 ug/mb & A 117.69 +3.84%= A 2|0

EOLE TS caspase-3 T E ST FUFSIATH
ol MTS assay A3} ¥ w3I3S w, 500 pymld S0l
Al HCT-116 AEe] AEES 3896+ 1.32% 74 AR
213} W]l caspase-3 THA ST AT EECiH] & A
o7} YERFA] QFol, caspase-3 TR T olu]E} M E A}
Hol| #Hst= o8] TlZE9 BAX (Bcl-2-associated X
protein), BID (BH3 interacting-domain death agonist) %!
XIAP (X-linked inhibitor of apoptosis proteiny& 742

gRlaljoF & R0 AlRHL

FOR =FQF JdErE FEEo] WA e sl
X+ necrosisg YO7|=A dolrr] 98, HCT-

-

apoptosis
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by MTS assay. *Different letters are significantly
different at p < 0.05 by Duncan's Multiple Range
Test (DMRT). Representative images were taken
from at least three independent experiments.

116 AlEFel 7P 237t FA vebd 500 g/mt w22
24 AI7F B9k A3l TUNEL 9412 A A3 =3¢
& e FFE AgFolA TUNEL &#e] S7Hee 2
gelsksdtt (Fig. 10).

TUNEL 2 apoptosis®] 54% 3h1Ql DNA ©HSIE A
Z¥slele o g 4R 9o (Kyrylkova et al., 2012),
ol ZA3tq NerE FFES HCT-116 AEF|
I8l apoptosiss YOoA LHEE APEAIT= AL=Z Bl
TH3© 2 annexin V and propidium iodide (PI) E4< F3i
FAEEX 7S o] &3l apoptosise] H]E&S IS A}
500 g/l F=5-2 early apoptosis (Q2-HE 34.56+1.67%
7] ST 71 AR UERITE (Fig. 2A and 2B).
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| ; l|
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| \.‘ A
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1023 108 108 1077 1033 109 108 1071
DCF DCF
H;0; (500 pM) + H;O0; (500 pM) + H;O; (500 pM) +
ARE (125 pg/ml) ARE (250 pg/ml) ARE (500 pg/ml)
g g g
. ‘ l
&1 5 g
- . _ 7 . = o .
E 2 M2 v M2 E 8] M2
a '| sti0n & g , wge § 31.84
. | ' |
2 |
. | 2] |
. "lx, [ - wJ‘\,ﬂo S G
1033 10% 0¥ 1071 1033 108 108 1071 1033 109 0¥ 1071
DCF DCF DCF
120
_ e
= 100
o
wr
o
g 30
=
v
g‘ 60 d
-
g c
40
=z b
©
Z 20
~
a
0
ARE (pg/ml) - - 125 250 500

H;O; (500 ph) - + + + +

Fig. 4. ARE prevents H,O,-induced cell death and ROS production in RAW264.7 cells. (A and
B) After pretreatment with ARE for various concentration, ROS production was measured by
DCFDA staining using flowcytometry. Data represent the means = SD (n = 3). *Different
letters are significantly different at1p < 0.05 by Duncan's Multiple Range Test (DMRT).
Representative images were taken from at least three independent experiments.

EFOFE e FEES 500 eyl FEE Asle W 2. £ERRE OEE FE29| itet gt
late apoptosis (Q2-2)7} 2.10+0.53%=2 A dthZ2] late LR olekE FEEo] rheL thAA| Q] AlEoA 2}
apoptosis (Q2-2)7} 1.34+0.46%%] AL HLsIRS W 571 AHA AESALS 7R T AEAE A S A2
o] o7} AA Qe ALE Hol kFQFE oEe FEE  AMEE fEskeE H0AE] tg FEES MEHIEAE
< apoptosis 8 F early apoptosiss FXIAIE ZAoR ERISH] 98] MTS assays T 3I3T)
Ats Tt Az =F0F JEe FEES Tt ¥ (313, 625,

125, 250, 500 pg/mb)= 24 A|ZF &<t ALjsidle vl FHale
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CAXE - H5A

o

ro
A

E21 500 g/l oA M EAEEL 90.70 £ 1.27%°.2 HA4H)
o Hal 4%l 2fol7t AR Ml HFA o= o
S WA Aro] A EHAFS UYERA] 49kt (Fig. 3A). ©]
o} FZES 125, 250 and 500 ug/ml o] FEE 30 E 5
o A H2lg H, 500 M H,0,5 24 A7+ 59 A23e
o, H,0, A= Adthzwat vlasie] AlZAIEE0] 64.81
+4.84%= Yol W =2 0% deke FEE A Al
EAEE (125 wgml F=oA 75.96 +5.12%, 250 ug/ml &
ToA 7816 +4.95%, 500 ug/ml FE=ONA 84.78 +3.5%)°]
38 At (Fig. 3B).

H,0, Aol tgt =F9F ek FE2E2] A XRs gy}
= 125 pg/mle} 250 pg/mie] oA F zfo|7F YERA] &
AT 500 pg/ml FEANA AERS G TA SRS
), o]& 500 ug/mb oo FEFH MERS AT} F43]
F7H Zo2 ofdErt

th=C2 DCFDA 9415 538l H,0, A 2lol 2Jsl S7ke=
ROS gk =F o5 dghE F5&2] ROS JAES Bt
22 21FS o, 500 uM H,0, SEA S AA T 279
vl 97.50 £3.11%7F S7FAAA T ol 500 pug/ml =F Q%
ek FEE Aol 23] 27.11+£5.01% 74 A=Ak
(Fig. 4A and 4B).

DCFDAE AlZUHollA A€ ROSE S8 + =
W 5 SR ABREE X dH AF F AT AEEHE '
o]t} (Eruslanov and Kusmartsev, 2010). iz} -l w=m
ROSE thekeh AWs) AFu-golx mi7iRIAtR 2gsle= ¢l
o7 dEA ol w2t Brieger er al, 2012; Hsieh et al,
2014), =F-05F ollehE FEE°] FAEPSS 7= A=
A sk 7ol Ao QZIHA|NL o] = ksl T
H AsHALe] FoIsl= superoxide dismutase, peroxidase,
catalase % glutathione-S-trasferase®] Hitsictiize] g4 2
il A gS S7MR7IEA LEFeFE ek FEE
FEAsHE o8] AE-E9] retinol, ascorbic acid, a-tocopherol 7+
< AT A3 AEskeAol gk o1 Adgde] st
ol AzZbET) Bk gejlolA] =R e Eme Y (AFS 1
Fote] dAg 7718 it SEARE (AEVEE)S 25
g 7138 NsETF= dllg (E)AE-S she BleE dEA
A+Ed (Kim, 1984; Oh ef al., 1992), A8 Az}ojA
FEEo] MRS JskiE A 9 HFHES vl
ROSE Alsh= 285 vehddl wef, d5vh3ol

Hefis oz A7,

H

O

i)

(AN
AT

-
EE

=7

A7
Sk

ML S oy

AL =
B ATE HANAR 87 EEAUS SR TEA
& Aol 23 ol Fola Az olo] BAR=HLLh,
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