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Anti-cancer Effects of Oldenlandia diffusa, Cremastra appendiculata and
Fritillaria thunbergii on MDA-MB-231 Human Breast Cancer Cells
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ABSTRACT

O. diffusa, C. appendiculata and F. thunbergii are reported to possess many pharmacological activities including anti-oxidant,
anti-inflammatory, anti-hypertension, anti-diabetic and anti-cancer effects. However, their anti-cancer activities in human breast
cancer have not been clearly elucidated yet.

Objectives: In the present study, we compared the in vitro cytotoxic effects of single and complex treatment of O. diffusa.
C. appendiculata and F. thunbergii in human breast cancer MDA-MB-231 cells.

Methods: After we treated human breast cancer MDA-MB-231 cells with O. diffusa. C. appendiculata and F. thunbergii
we evaluated viability, growth inhibition, morphological changes, apoptotic body formation, measurement of the cell cycle and
formation of DNA fragmentation of these cells.

Results: We found that single treatment of O. diffusa and F. thunbergii could inhibit cell proliferation in human breast
cancer MDA-MB-231 cells. However, complex treatment of O. diffusa, C. appendiculata and F. thunbergii had weak or no
effect on the cell proliferation of MDA-MB-231 cells. The first, anti-proliferative effects of O. diffusa in MDA-MB-231 cells
was associated with G2/M arrest of cell cycle and apoptotic cell death. The second. anti-proliferative effect of F. thunbergil in
MDA-MB-231 cells was associated with apoptotic cell death.

Conclusions: Taken together, these findings suggest that O. diffusa and F. thunbergii may be a potential chemotherapeutic
agent for the control of human breast cancer cells, further studies will be needed to identify the molecular mechanisms.

Key words: 0. diffusa. C. appendiculata, F. thunbergii, human breast cancer cells, apoptosis
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2. M|ZHHQF Bt

B Age] AHEE A frket Al E5< MDA
-MB-231 Al % (American Type Culture Collection:
ATCC, Rockville, MD, USA)+= 10% fetal bovine
serum(FBS, Gibco-BRL, Grand Island, NY, USA),
2 mM glutamine(Gibco BRL), 100 U/ml penicillin
(Gibco BRL) & 100 pg/ml streptomycin(Gibco BRL)
o] %35l DMEM(Gibco BRL) ®iA] & A&l A =
AREste], 5% COp 37 T2 2719 w7 S A
stod wioFaiol om, wioFg Al AA WA F 0%
Aze] Uxo] =S A$ 0.05% trypsin-
ethylenediamine tetraacetic aad(trypsm—EDTA Gibeo
-BRL)E Azt HE2E HHA7 o5 A5
o] AN ZE EF3te] Aot

3. Trypan blue HME 0|Est M=E HEE2 £F

MDA-MB-231 AlZE 1x10° H/ml¥ £53 o
= 12N Fok wiekslsi). T2A17 AR F AR
2 w7 By 2 EE 0.05% trypsin-EDTA
£ At AN2E BHAA dAEEE o] $3le



Azl g A A A ERE 22 oS 1 mle) phosphate
-buffered saline(PBS)E M E£E R-H-A1Z ) 7]
Sk (5% trypan blue solution(Gibco BRL)<
Aglste] 2% 7+ 9 A7l ok hemocytometerE
o] &35te] GMo] HA ¢k Aol HE £F
=3 #u)A(inverted microscope, Carl Zeiss, Germany)
< o] &3t A3l

4. MTT assayE 0|28t ME MAK =X

AAAA A Fol& Hste] A9} FLst
oz AEE 6 well plateo] HE3sl1, A3}
A7 & Zb7re] A BE X%ﬂ?f}ﬂ 7227k &<t )

ckataiet. wiaFel B £ wiAE AAE AR
wjx] ¢} 3]Asle] 05 mg/ml FEZ T tetrazolium
bromide salt(MTT, Sigma Chemical Co., St. Louis,
MO. USA)E Aelsta W& zdkste] 37 TolA
A7 ot WA Hbse] B 3 MTT Aok
S AAsZ Y B insolubledt MTT
formazans dimethyl sulfoxide(DMSO, Amresco, Solon,
OH. USA)el 4 o} ELISA reader(Molecular
Devices, Sunnyvale, CA, USA)Z o]£3}e 540 nm
A FEE=E A

5. MZQ| MANK 2 HENHSIO| A|ZHQl 2E
29 AA 9 ezl =3 30]7 (inverted
microscope, Carl Zeiss, Germany)= ©]-&38}e] Az

Aoz Zalslat) HA AE wioFE 6 well plate
o] MDA-MB-231 A ZE 1x10° 7}/ml¥ 233}
Agsee A 7247 B 449 A=
of 227 Bg AR ARl Azt Ju)
W3t AEZ 200002 mj&=2 A3 oL Axio Vision
Z2I3E o] 43l ARl Fedg 3 AelHE

Jo
oy
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rdo
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>
Mol
1z
M
B
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3|M 5 37% formaldehyde £ °=2 & fixing
solutions A dted 308 FeF yAsIA 1A o
B3 = Yga)Eested fixing solutions A7 3k
L A R D}n oA PBS &85 A7lete] Rof
A AEZ B4 AE7F 2385 o] 9= 200 ul
o] PBS £ 2 60 plZ slide glass $oll "ojx=g]
2 cytospin(SHANDON, UK)gezA dA=EHS
o] &3l TAH M EE slide glassoll F2s}gich.
AZ7F 229 lide glass® PBSE Al A38la 0.2%
] Triton X-100(Amresco, Solon, OH, USA)< #7}
3lo] Aol A 108 F<t wHSAIA B 2.5 pg/ml
22 DAPI 495 AHste] Az d& 20%
7t gAY 9] B & SR 9 PBSE
]B.g}o;] JAlo] HA ¢ DAPI AL A3}
] %3 o2 mounting solutions * 2|3}
% 3w 7 (fluorescene microscope, Carl Zeiss,
Germany )& o]43te] HH xS e el WIE
WA % Av)AE o83t 9o A 400
&2 AA s

%

7. DNA flow cytometryE 0|25+ M=
0uro| x-latx-l l=lA-|
AfeieEE, #iE7E S5z A edA =}
g AZES AR 22 b5 ASdE Al

Astz oAl 05 mle] PBSE A7lste] RfA71

o}, 047] o] ethanol 0.5 ml& #H7k8te] 4 TellA g A

7F ol IAAF) e 7AE AETES Y94 B

ﬂﬁ}"% JEAE AAT o]FA Fopxl Alxoj

1% bovine serum albumin(BSA, Sigma)e] &%

PBSE o] &3l AAsta dilEelste] oA Az

o 22 o0& 1% BSAE 3t PBS 0.8 mlz ¥

1712 DNA intercalating dye$l propidium iodide

(PI1, concentration, 50 pg/ml: Sigma)%} 0.1 mg/ml

©] RNase(Sigma) & Al3ted 44, 4 T Z7el|A

A7 59k GAe AAg. P12 945 HEE

PBSE o] &3}e] A3} 35 um pore size2] nylon

meshZ o]-43le] &t A z2 E2A7l & DNA

27| & apoptosis
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flow cytometry(Becton Dickinson, San dJose, CA,
USA)E o] 43le] 3gub-go] w Cellular DNA
content ¥ histograms CellQuest software®} ModiFit
LT(Becton Dickinson) Z2 TS o] &3l £A

s,

8. DNA fragmentationg S8t apoptosis & &4

A A A ARt A E9} FIEREEE, W B}
Ad A A= NEEE B2 o AR
2 & o83l ASAE A Aol A7
= A=zl 850 plel lysis buffer [5 mM Tris-HCI
(pH 75), 5 mM EDTA, 05% Triton X-100]&
Aelsle] 4 CollA 0% 7F ubsAIZ] o Ale
gteo] A 750 ulE FEslth e A
A whlA S A A7) Y8te] 0.5 me/mle] proteinase
K(Sigma) & #elsled 50 CellM 3AI7F 53t ub&

< phenol : chloroform : isoamyl alcohol
Sol(25 : 24 : 1, Sigma)& Tl 750 pE
b 3wt A Fek s ake] £
Al EE8 o5 DNASH RNA7ZH
A AEN 600 plE E&lske 300 ple
100% isopropanol(Sigma)3} 100 w2 5 M NaClE
A7Fsta 4 CollM 24417 5F WHA1A DNASH
RNAE w83} AjZd ubgo] Ed 3 3087 94
2] A7 F A3 AlAsIL F2 pelletell RNase
A7} 235 o] 9= 20 9 diethyl pyrocarbonate
(DEPC) waterE o]-8-3te] pellet= ]2 6X DNA
gel loading dye(Bioneer, Daejeon, Korea)ZE A7}
3] DNA samples RHESiH o227 BHEe12 DNA
sampleS 1.6% agarose gelell loadingdtx 50 VellA
2XZF Ax 271995 A7 % ethidium bromide(EtBr,
Sigma) & G A3}te] ultra vilolet(UV) 3ol A ARA
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9. EAIEY

4719 BE AY A3 SPSS ver. 180 £4
z2 8% o] 43le] HF(mean)+tEFHAH(SD)E
vehdeh ZF Ad o] 4 5 A9 §2o4
7d&2 BEAFEA (Analysis of Vatiance, ANOVA)

< 8 &, Student t-test®} Duncan's multiple range
testE o]-&-3ke] p<0.05 FEellA AFsact

m. # =

1. MDA-MB-231 M|Z2| MZEZ0]| 0|X|= ATEREEE,

iz, HERS IE

Trypan blueZ 94-& 3 ¥ hemocytometerE
o] 4-35to] Aol M E £F A3l Fol gt
A3 Fig 1ol vehd nhe} 2eh giemen . i
Hfpel dEAe e FEEHCE AEE
of A Frasle Aoz epytA R (LEL
SEAE LY ASele BfEeEE, $ERE A=
ol vlEiM AEE A" o] T ou) oA o3}
A Jepde Aoz Qe =3t E3hA T
o] A% LER7E 238E AT AEE T4

Aol ofshAl vehtes Aoz vepdoh(Fig 1).

2. MDA-MB-231 M|zZ2| ZAlo| O[Xl= BEMEE

B UEh, RS dE

MTT assayS ©]8-3te] ZAFSH A= Fig. 240
vehd wbel 2ok (ielsEE, dERE S5 e L
o] Afele vEd A4 37 AdsdAEL
W SsxeLds Al EE, WEE A
23 vlaste] FAAA &3yt B2 Alog &
A=t EgAEFAME A7 AEE A
A3t Bl SsHAl e e (Fig. 2).
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A: O. diffusa, B: C. appendiculata, C: F. thunbergii (mg/ml, 72 h, MDA-MB-231)
Fig. 1. Viability of human breast cancer MDA-MB-231 cells after single and complex treatment of O.

diffusa, C. appendiculata and F. thunbergii.

The cells were trypsinized and the viable cells were scored by hemocytometer counts of trypan blue-excluding cells.
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A: Q. diffusa, B: C. Appendiculata, C: F. thunbergii (mgiml, 72 h, MDA-MB-231)
Fig. 2. Growth inhibition of human breast cancer MDA-MB-231 cells after single and complex treatment
of 0. diffusa, C. appendiculata and F. thunbergii.

Inhibition of cell growth was measured by the metabolic-bye-based MTT assay.
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A: O. diffusa, B: C. appendfcufata, C:F. rhunbergrf
(mgiml, 72 h, MDA-MB-231)

Fig. 3. Morphological changes of human breast cancer
MDA-MB-231 cells by single and complex
treatment of O. diffusa, C. appendiculata and
F. thunbergii.

Cell morphology was visualized by inverted microscope.
Magnification, %200

4. MDA-MB-231 M|zZ=Ho| HEHEHS}0f| D|X|= BTE

EE, L& FERS IE

DAPIE Al X Azsle] 3] JepHsts =
ARgE A= Fig 4ollA vebd vhe} 2 Gkl
HHE, fiER A LdME AAA 9 "Er}
Zrastgl o, 53] dEAe|elA A3 i
Abo] fatelth= A& & 4= 31siTh Apoptotic body
37 9 DAPI® FHA F7kel wE W 7=
b e gost A LE S5 b
Eit7 239 B3A oM apoptosis e
EAE] A9 el A dRAEE HIEREEE, §f
A} 452 53dA 2o apoptosis
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o] EAS] Yepddl 53] A d5He
Al apoptotic body A & Hle J—‘T‘— %‘7} £
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ol WA S5 H]-u—?f}"“] o|2|gt 3
o 4:3}71] vrebskot(Fig. 4).
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(mgiml, 72 h, MDA-MB-231)

Fig. 4. Apoptotic bodies formation of human breast
cancer MDA-MB-231 cells by singe and complex
treatment of 0. diffusa, C. appendiculata and
F. thunbergii.

Cells were stained with DAPI solution. After 20
min incubation at room temperature, the cells
were washed with PBS and nuclear morphology
was photographed with a fluorescent microscope
using blue filter. Magnification, x400
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W32 gl A= Fig 5 % 79 Aex] &
4 9150 G17], 971, G2/M7)el| s dat= Al 22
=7 A W3t $isiek(Fig. 5, 6, 7).
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L

DNA content
Al s
&1 l G2m
¥

DNA content

gﬂ*
=k

liffusa
(mgiml, 72 h, MDA-MB-231)
B)

Sub G1

-
s

F. thunbergii
{mg/ml, 72 h , MDA-MB-231}

Fig. 5. Measurement of the cell cycle by single
treatment of 0. diffusa and F. thunbergii
in human breast cancer MDA-MB-231 cells.

The cells were fixed and stained with CycleTEST
PLUS DNA REAGENT Kit, and analyzed by
DNA flow cytometery.

A)

% of cells In cell cycle phase

0 1 2 3 4 5
O. diffusa (mg/ml, 72 h , MDA-MB-231)

B)

Fig. 6.

O. diffusa Number of cells (%)
(mg/ml, 72 h,
MDA-MB-231) G1 5 G2m
0 60.04 16.43 23.53
1 60.20 15.96 23.74
2 63.20 13.98 22.82
3 59.68 12.88 27.43
4 49.76 11.21 39.03
5 43.70 11.80 44.40
Measurement of the cell cycle by single

treatment of 0. diffusa in human breast
cancer MDA-MB-231 cells.

Cells grown under the same conditions as Fig. 5
were collected, fixed, and stained with CycleTEST
PLUS DNA REAGENT Kit, and analyzed by
DNA flow cytometery. The percentages of cells
in each cell cycle phase are presented.
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F. thunbergii (mg/ml, 72 h, MDA-MB-231)
B)

F. thunbergii Number of cells (%)

(mg/ml, 72 h,

MDA-VIB-231) G1 5 Gam
0 61.59 16.36 22.05
1 62.63 168.37 21.00
2 63.26 15.73 21.01
3 60.71 16.64 2265
4 59.92 16.84 23.24
5 57.69 17.89 24.42

Fig. 7. Measurement of the cell cycle by single

treatment of F. thunbergii in human breast
cancer MDA-MB-231 cells.

Cells grown under the same conditions as Fig. 5
were collected, fixed, and stained with CycleTEST
PLUS DNA REAGENT Kit. and analyzed by
DNA flow cytometery.
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6. MDA-MB-231 M|ZO|AM B7EHEFE, #ERIt

sub-G17| &0l ojxl= H&

DNA flow cytometryS ©]&3}ed sub-G17]el
st M2 34T Ad+= Fig 5 2 8 o
el wlel 2o AgE ARd GiEkEETEE
MDA-MB-231 Al Zel|A G2/M7]el A N EF7]
A} k3t apoptosis el st AEE A
Y AR S il e, WiEE 74t apoptosis
fridel] 9Jsle] AEE A W AAGAE s}

AoH(Fig. 8).
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F. thunbergii (mgiml, 72 h, MDA-VIB-231)

Fig. 8. Induction of sub-G1 phase rate by single
treatment of 0. diffusa and F. thunbergii
in human breast cancer MDA-MB-231 cells.

The percentages of cells with hypodiploid DNA
(sub-G1 phase) contents represent the fractions
undergoing apoptotic DNA degradation.

7. MDA-MB-231 MIZO|M BIEtEEHEE, #HERI}
DNA cHHst Fabof 0[Xl= Pt
Endonucleaseell 23t DNA <13} &Abo] ik

e NS AR A3 Fig 9ol vebd vie} 2

o] FfblEEEE ke apoptosis E 34 G2/M
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Eg A
AqA 2 geists st E s 4 &
dom, WrEbE MEF7] Aok Aatgle] st
apoptosis el 2ete] AEE o, FA A %
JefH3E fuddE AE 4 4 ek (Fig 9

A)

M 0 1 2 3 4 5
0. diffusa (mg/ml, 72 h, MDA-MB-231)

B)

M 0 1 2 3 4 5

F. thunbergii (mg/ml, 72 h, MDA-MB-231)

Fig. 9. Formation of DNA fragmentation by single
treatment of O. diffusa and F. thunbergii
in human breast cancer MDA-MB-231 cells.

The cells were collected and DNA was extracted.
The DNA fragmentations were separated on 1.6%
agarose gel electrophoresis and visualized under
UV light after staining with EtBr.
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71§13k % el *ﬂ“-zr‘{ MDA-MB-231
o] §-3te] HfEMEER, LHLh 2 WrEES] S5H
g 9 B3txe] w2 Az JE2& g FA4
nAE ek o wE epHIE i"}ﬁ A
apoptosis i @ M EF7)9] W3 RS '}
7] 938ke] o] HefwHsl, DNA flow cytometry=
o] g3 MEF7] Wzt 9 sub-G17]¢] ®|E ¥l
# vlEe] DNA @93}t 34 55 A
@A trypan blue FHAPoE HE] HEE W
3t5 gelgt A3 pieEE, ;AN d5AEE
oA AEE 7R FAfe] ZheHA EE R (Fig. 1),
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MTT assayZ AZ5A 2 AAGA HAEE gl
3 A3 vp7IA 2 Qe EE, drER g5
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