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The Effect of Angelica keiskei Ethnol Extract on Proliferation, Apotosis and ROS
Accumulation in Human Breast Cancer MDA-MB-231 Cells
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Abstract

The anti-cancer effects of Angelica keiskei ethanol extract were evaluated in human breast cancer MDA-MB-231 cells. The
concentrations of extract were 1, 2, 3, 4 and 5 mg/mL. Dose-dependent reductions in the number of cells with altered cell
shape and pyknotic nuclei were observed at 48 h after treatments. MTT assay also exhibited a similar dose-dependent reduc-
tion in mitochondrial reductase activity (p<0.05), in particular, with a rapid reduction in the activity of the 5 mg/mL group.
Analysis of cell death with propidium iodide (PI) staining revealed only a slight increase in cell death in the 5 mg/mL group.
Analysis of bromodeoxyuridine (BrdU) incorporations also showed a dose-dependent reduction in cell proliferation (p<0.05).
Finally, increases in total radical oxygen species (ROS) accumulation in cells, as revealed by DCF-DA staining, were observed
in the treated groups in a similar dose-dependent fashion (p<0.05). These results indicate that Angelica keiskei ethanol extract
exhibiting anti-cancer effects in MDA-MB-231 cells causes multiple changes in cell shape, enzyme activity, and ROS accumu-

lation, thereby inducing cell death.
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0] AFs s HAskal Yt Romeo ef al 1999, Nkond-
jock & Ghadirian 2005, Giovannucci et al 2005).

A EZo] F-5-2 M EAPE (apoptosis)Z} Al EZ| A necrosis) =
v = e, AMEAPE S APEE AETE Y RS do
A FHAIE] 5t glo] A= Fagh Al 71He
B2 A|lEe] F4 Al g A 22 dido] R b,
ol21gt TFA 2 A FAl ofell doldth(Clarke &
Clarke 1995, Lee & Kang 2010).
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(Roovers & Assoian 2000, Chen et al 1996).

2 Z(Angelica keiskei)= ©}E ) A|HoA A= U
vg]de] &l thdA 2Eow Ao BAmoA —Zri
Auje 1, $-lvatels 19703 Dol 2S = E o] e
d, AaE, bz 2, d25Y oA, ek, 4

A 5 N IR ALEF ol ghtkBaba er al 1998). A4 %
o] AR E-& Frio] 88.75%, AW 2.75%, THElE 2.53%,

33 2.0%c] 2 HIERR CE HI 23 245 vepla) 24, 2
' 2, vkl 59 #71Ee] FH6HA EHrEel JtHKim
et al 1992). 53| 57|1A2v}&, chalcone, coumarin, saponin
59 %7 flavonoid 57 #-& A EZ ] Eof 3o
2] 2|(Toyoda et al 1997), &(Kwon et al 2006, Akihisa
et al 2003), 4+3} 3K Okuyama et al 1991) 9 7v)s g
F 9 X F(Ogawa et al 2007)°l] EFAo|H Q& BH|E
=28l= S50 o] G X E(Enoki ef al 2007)01] ALE-
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gelol-> 2173 A e} HYIAE L Lewis lung carcinoma(LLC)
cell line®} Human umbilical vein endothelial cellstHUVECS)

| A apoptosis®] & B ¢+ F2 3 Al A3 E YERNI S
™(Tabata et al 2005, Kimura & Baba 2003), Kwon et al
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At ok A Al 7142 Fote] FAkst 3 FH=A
< vedcka Bad k9o
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2. MEHidn 5= 23
olA] 1<t MDA-MB-231 Al (3= A 2523, A 8)e=
10% fetal bovin serum(FBS; PAA, Exton PA, USA), penicil-
lin- streptomycin(Sigma Chemical Co, St Louis, MO, USA)=
-2 dulbecco's modified eagle's medium(DMEM, high glu-
cose, invitrogen)oIA] Al E F%EE 2x10° cell/mLE 10 mLe] HY
Fholl Alisda, Alz7E 2, S35 Al v dst
of A8
A EZ A8 951 MDA-MB-231 H|XEZE gelatin-coated 96-
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Atk A2 55 Aefatel tigh tjxw(Control) 2=
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== ] 02 1,2, 3,4 % 5 mgmL, 48A|3F | &4
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F et MDA-MB-231 A|229] AEES MTIT Ao R =
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FER 100 LA BFe 3 37T vlg7]olA] 18413t 2417
ARz FE2ES1, 2, 3,4 2 5 mg/mL 2| SFATE 48413
& T MTT 89(5 mg/mL, phosphate buffered saline: PBS,
pH 74) 10 ¢LE 37kt 37°C mF7]elA] ¥-gA1 7T vk
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cejo} Bl I HEE AAstsii e, 243 vk
ol vy S A AL dimethyl sulfoxideE 100 gL 3
7}, dokle AlXEe olal Add Hebdo formazang &4l
AAY 2+ ?:%]'%]'Eﬁl(Molecular Devices Spectra Max) 550

==

, ME AEES U=

A

ru

:T }/\1\——
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°U'°ﬂE°1 PI(Slgma USA)E 01%5& 3 AAHS Bl A
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5. Bromodeoxyuridine(BrdU) & HAIHS E5t Al
Iz EAI _l?_M

Alaze] S22 A=g gelslr] flste] D
A& S7] M=o thymidine F714< EH

DNA 5417} o] %]
BrdUE incorpora-

tionA|A 21 A ETS AN 3“ rdU 3 ‘é’—‘ﬂ‘ﬂé-‘-" o]
2313 ti(Nagamine et al 2009). A1 3_ —5,‘— 2 1,2,3,4 %
5 mg/mL Ag]gt = 4247k A& T AJ2 4 EE= DNA thy-

midine tH4! 10 nM2] BrdUZ u7]-'0‘]-°4 6A1%t &<t incor-
poration*]7] 11, anti-BrdU antibody(1:200 84, Sigma, USA)
£ Aglste] Al x5S A8t 9Ae A1Asksb] st
o] &33-5Z(fluorescein isothiocyanate, FITC)S H-2}5}o] 14|
A sk o de] vl A 10 pg/mL PI EFE Y
o2 Frsted 379 widrlelA 1083t vEgAIATE 1 &

HA S FAlsko], Zﬂﬂfzﬂu]ﬁOE 2o O}MJ_ -]
AE Au| Aloke] BrdU GAA|EE 7|23 & g2y
v wale] FAAEE WE-& (%)= ﬁ/\]‘&}ﬁ’aﬂ—

6. Radical Oxygen Species(ROS) &4

A 4o Agate ISR Ao A ME &4
7H4 2= ROSE =4317] $1sked 2',7-dichlorofluorescein dia-
cetate(DCF-DA, Sigma, USA) FEHRE 0|83t} Hanks ba-
anced salt sloution(HBSS)Z <Al® Aol deaeration A|Z!
800 nM©] DCF DAE #7Isle] 2047 37°C] v F7]o A wh
SAZATE 2 3 ZA] HBSS9F PBSE HA3] A8l o,
g Foz #F gl %"35}9«35’_ TR A e Anld
Aloke] DCF-DA GAAIEE 7158 & A2l HA AlX
o & DCF-DA QA LS ﬂ%} (%)= EASFIT

rO\

7. EAIEA
Zi7e] gL EPF oz 33 AAE o, dojzl Axte
B FEAR e %2 FABSIT AA T o] F94

Z}o]= SPSS program=- ©]-8-3}¢] Duncan's mi
B p<0.05 FEolA HSSHh

Az e FEEY] FE wet A 39 MDA-
MB-231 A|Ee] F23} Apdel m|A|= Ja&FS Pt o

HOMAo} B R EEE

n|x] B AE AZEMTT £4), 3 J4H(PI), BrdU 4
AN S Esle] BAElg] oM, ROSS 42 DCF-DA 44
< B3l B43 Axte o2 2k

A Y MDA-MB-231 AlXe] A% 555
W12 03,4 25 mgmLE A2slay 48417 A& & AR
Pejshde] wistel 1 on|AE #wely] flste] FFdn
7Zd2] Aok DIC filteroll A AR 2d& 3} tHFig. 1).

T2 A B3 SR B AEsrt dEE
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Wolu7ta UAAT, Ae]dES 7t skl whel 1 2ok
I} Fe] Wyt dojyith. Ad% 1 mgmLE H7HgE e
%%h i zw3t Hlwste] 2 2ol 7h YEhA] E3AIRE 2,
3,43 5 mgmLE H7IRE o) A5 o] 5 B Wgem
013t geehite] mofo] Mt Wt Q) 53] 49} 5 mg/mL
£ A7k 7o) A= ol tivlste] M 7t A48
n—/l\—ol'/\iq’.
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Fig. 1. The effect of Angelica keiskei extract on cell mor-
phology shown by visual inspection after 48h exposure to
various concentrations in human breast cancer MDA-MB-
231 cells.
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Fig. 2. The effect of Angelica keiskei extracts on mito-

chondrial reductase activities revealed by MTT assay in hu-
man breast cancer MDA-MB-231 cells at various concentra-
tions.
(A) Cytochemical visualization of mitochondrial reductase acti-
vities in MDA-MB-231 cells at different concentrations of the ex-
tract. (B) Quantitative analysis of the enzyme activities by the
identical MTT assay. Values with different alphabets in treatment
groups are significantly different at p<0.05. The values represent
the meantS.D. of three independent experiments.

AT A% Heo er al(2009), Hsu et al(2006)2] A2} A
g A¥s Yehfglth

3. Pl Aol o5t MZALH 4

QA FEIAIE MDA-MB-2319] Al AP Z13)o] H3
AEA] 7] fste] PI= G A¥) MM x FE2E 5
mg/mL *2]o| A Pl(merges} 2} Moz wjaloz e}
) G A7) Zn|skAl 71 AckFig. 3). 41432 xan-
thoangelol > A7 A e} HALAME 2 LLC cell lined}
HUVECsl|4] apoptosis®] & B ¢F 5213} thAl A8 & Vet
W Aoz Hud v} °‘E]-(Tabata et al 2005, Kimura & Baba
2003) SA e F2E A Al AEAPES dod]e 717

S AEF7|0 JTFSE F2HA G0/Gl7]el arrestS L 07
Al =3 s712e] Fegg 9| Frk o] 2 <18, DNA 3ol
Al eo] Alxxe] 5, Mol dojubr apoptosisZt Yot
A He Ao® delA AtkSun & Liu 2006).

4. BrdU & dMEIS E5I ME Z4A EAM

AR Z F28 22 93 MDA-MB-231 A|%£o] 2] &%
A= %’a‘dﬂ fste] BrdU & A4S o] &3ttt 1 2
I M E S ¥ FEE WU s ue HapEe s
7‘*5421031 2T 1, 2 mgmLT 2 3, 4, 5 mg/mLT Ab
olo] froldS Hm izt the] 74 vlE&S YERATHp<0.05)
(Fig. 4B). +=%& A2l 3 Fele FAHEE S Hole tix
ol Hlgte] F5u 1 shishE A FEE ESATkFig 4A).
Brandi et al(2005)2] Aol|A ZHe]Ee}9](Brassica oleracea)

ZZdl S o1 SHkel A3 MCF-7 = MDA-MB-2319l] *]

Fig. 3. The effect of Angelica keiskei extracts on cell death
in human breast cancer MDA-MB-231 cells, revealed by PI
staining merged with bright fields, followed by subsequent
adjustment of the original color to grey scale.

Some of Pl-positive cells are marked with circles with an
arrow which appears as white dots.
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5. ROS &4

ROS= A AE2E FAz ] A d3 A a4hS 11y
sta, ofe] 7HA] B4 7] Adliste] b 22 A
AN w3tE Fgrha BaE o] gltk(Sahinoglu er al
1996, Nakamura et al 2003). MTT<} BrdU #-232] Z z}of A
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Fig. 4. The effect of Angelica keiskei extract on cell pro-

liferation revealed by BrdU incorporation in human breast
cancer MDA-MB-231 cells at different concentrations.
(A) A representative merged images of BrdU and Pl-stained cells
in different treatment groups. (B) Quantitative presentation of the
similar cell proliferation results by BrdU incorporation in the cells
of different treatment groups. Values with different alphabets in
treatment groups are significantly different at p<0.05. The values
represent the mean+S.D. of three independent experiments.
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275 AE & Aol S AAI7E vekskem, PI A
A= 5 mg/mL Aol Anlek AlZAbd 395 ERIs)
Atk oo} 22 Ay} AE Yol 5 == ROSY 42 o
AEe] A=AE gelstr] fdste] ROS F42 4 23,
N x73} Blwete] A% 23,4 2 5 mgmL A2TolA &
T oJEH 2R ROS F40] foH oz F7kE ATHp<0.05)
(Fig. 5B). 53] 5 mg/ mL *g]T*l| 4] = DCF-DA positive(+)
279 H,0, A2l ET) ¢ B2 ROS £4& Hol F4
3t 2712 YeEIQIth(Fig. 5A). F252] X8| & 213 ROS
AT SV Y] T4 B Al oY AkshA ~EY s
W gl Ao 2 A MEZAPES 78 A Ftk(Schumacker
2006). Lee & Hwang (2002)& SAFEol M FAA 22 T
shetAQl W o g Qlste] A FA AV FEHAS 4
$- ROSE A5, 4ksld &35 opr|ste] =3} o] U
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Fig. 5. The effect of Angelica keiskei extract on total

ROS accumulation in cells revealed by DCF-DA staining in
human breast cancer MDA-MB-231 cells.
(A) Typical ilmages of DCF-DA-stained cells in different
treatment groups. (B) Quantitative analysis of the ROS accu-
mulation in the cells with different treatment groups. Values
with different alphabets in treatment groups are significantly
different at p<0.05. The values represent the mean+S.D. of
three independent experiments.
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