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Anti-cancer Effects of Oldenlandia diffusa, Cremastra appendiculata
and Fritillaria thunbergii on MCF-7 Cells

Myung Ho Jin, Sang Hoon Hong, Cheol Park‘, Yung Hyun Choiz, Sang Eun Parkx

Department of Korean Internal Medicine, College of Korean Medicine, Dong-Eui University,
1: Department of Molecular Biology, Dong-Eui University,
2 Department of Biochemistry, College of Korean Medicine, Dong-Eui University

Oldenlandia diffusa, Cremastra appendiculata and Fritillaria thunbergii are widely distributed in the Korea, China
and Japan, and has been used in traditional medicine for various diseases, such as pharyngolaryngitis, tonsillitis, goiter
and stomach ulcer. However, the anti-cancer activities in human breast cancer have not been clearly elucidated yet.
In this study, it was compared the in vitro cytotoxic effects of single and complex treatment of O. diffusa, C.
appendiculata and F. thunbergii. We treat human breast cancer MCF-7 cells with O. diffusa, C. appendiculata and F.
thunbergii. And we evaluated viability, growth inhibition, morphological changes, apoptotic bodies formation,
measurement of the cell cycle and formation of DNA fragmentation of these cells. It was found that single treatment
of O. diffusa could inhibit the cell proliferation in human breast cancer MCF-7 cells. However, complex treatment of
O. diffusa, C. appendiculata and F. thunbergii is weakly or not affect the cell proliferation of MCF-7 cells. And
anti-proliferative effects of O. diffusa in MCF-7 cells was associated with G1 arrest of cell cycle. These findings
suggest that O. diffusa may be a potential chemotherapeutic agent for the control of human breast cancer cells and
further studies will be needed to identify the molecular mechanisms.
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MCF-7 A ek A A Fifihe &

dsta e A7 Al Yebe

G e $A8S H28T 5 dE A7 B A9

A2 AT TS BU A G, L, KR g
a3 dia] B d7e dou ATt ofF BHein 4
kA7t dAHo R fukel N SLEHAE Sty BAP
ATE A 9 A, welrd B A7l 9A 4%
HAEFY MCF-7 AEE tFo 2 sho] fifbled e, iz,
WA RS gEAE B BEEA gE ?}%34 glstr] 9
gto] Z47Zhe] AR 80| fdsle AESA AEE Flsigon,
ol F NERA a7 Hold AS7} apoptosis el o
3 JIFe e AS 2AE O

Aw R gy
1. A5 & % HPH

B A48e sty Foetn F<& ol ATe
FIERE SR, (HEERG, W RS ofdjel 22 e s &3 &
AT B Aol ALSE Stk s, L, WS A
At ETES AAT $ A2 712 B34 249 247
o) NBREY FES A8t [qfthen i, (L, W HAE 100 gol
ZH{4 1 LE H7bste] 180-200C & 3217 7€ 8 & A4 88t
o AAZNE AAS b5 5w B2ttt 28 454e
Whatman ZE(No. 2)& ©]&3t] Zejdl thg $HZs9 11
FAES AAth FEF BfEE TR, LR, WA 148
L 3 e DEAA 75C ALY FuY BHsAnt.
fEREE 5] 4$-100 g B 10 g, 1h&hEE 100 g B 7.1 g, Wi A}
o] B9 100 g T 85 g9 1FAAES AUk AVt e W
03 dojx nFPAFEL AY Al 33 FHF 549 100 mg/ml

Aol 247te NBE FHOR de s A7
2 A Bstel Mol A elselek

B AP ARES A FuY AEFA MCF7 AE
(American Type Culture Collection;ATCC, Rockville, MD,
USA)t 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] 3235 RPMI-1640 (Gibco BRL) Bl A& ] A Z A}-§-3}d,
5% COy, 37TC8 x9] Wjd71E A&t migatAer, vt
AL WA A F 0% Jre Bx =2edS BF 0.05%
trypsin-ethylenediamine (trypsin-EDTA,
Gibco-BRL)E A 2Jste] MEE FHAI thE AAF] AZE
EFato] Al Fak At

tetraacetic  acid

14
Y
32!
o
N
o
Lo,
N
o

3. Trypan blue @45 ©]-&3

s, WA RS et &t

Fet AEF MCF-7 A A e &5, L, g 2
REe] B=AE] 2 BE3Aed mE Axe JE&s els
3t trypan blue FAH S ARE-sto] S48kt WA MCF-7
AEE 1X10° A/ml A EF3 oh 72 A7F Bt vl Fsl it
72 At A F A mE it FEAEE 0.05%
trypsin-EDTAE A glate] AZE F{AA dAREE o] &3
o AFds AAT AxT 2 1
phosphate-buffered saline (PBS)E MEE HHAIZAH. o
<] 0.5% trypan blue solution (Gibco BRL)< *
2t EAMAIZ) T hemocytometerS o] 83t d4o] ¥ 2] o
doldde Mz £% =§ dvH(inverted microscope, Carl

Zeiss, Germany)< ©]-&3}o] A48t Aot

4. MTT assay g ©]&3¢ A X viability 53

FIiElE &, LG, AR 5] 3 B3 b&
MCF-7 Al AEE a 84S AGA7] st MIT
assayS |83 AE9 viabilityS <13}t Viability <1-&
Azt 719k TS o2 HMEE 6 well plated] HF 31,
AR F A7) A RE At 72 A Tk ek
o kel g F WS AAS T A e} g4t 05
mg/ml ¥E2 TS tetrazolium bromide salt (MTT, Sigma
Chemical Co., St. Louis, MO, USA)E A 2] O]-_T’_ uS Adsie
37CTAA 2413 Tt WHAIAH T §hE-o] ¢ & MIT Al9&
AAsL A" HA9  insolubledt MTT formazan<
dimethyl sulfoxide (DMSO, Amresco, Solon, OH, USA)e] =<1
th& ELISA reader (Molecular Devices, Sunnyvale, CA, USA)E

o]-83to] 540 nmol M FHEE A

)

5. Mo 4l g Fewste] A4Hd B

FIERE G, LR, 3T ake] 9548 9 BeA e e
HAE 44 2 Fewsie =9 A7 % (inverted microscope,
Carl Zeiss, Germany)< ©]-&3}d AlZtH oz &1ttt WA
AE W FE 6 well plated] MCF-7 A ZZ 1 X 10° 7H/ml 4 &
Fokel AAFER Astch 72 AE F A7) AR =
SN o AR AZAA Aok FeiHst A=E 200 B
o W& 2 #H3I US Axio Vision ZEZIH-E 0|83} AR

92 s Aoy Hm A

ry

,‘?_
=
Lo
o

6. DAPI @45 T3 A3 Ju) #32
Apoptosis fr 4F5 AT F de WY F s
4',6-diamidino-2-phenylindole (DAPI) & el
WSS ZAFSLY] 8t @fbke i, (L, @ H R AE Al
EE RS Ug AN AASIL PBSE 1: 99 HIEE 34 €
37% formaldehyde &0 2 vh& f1x1ng solutions 2]l 30
ok 3T o] Ek F 2,000 rpmS 5 B AR
‘6‘}@] fixing solutiong | Ast HET 22 thg A PBS
S HA7kste] Bopzl AEE FHAH T AE7F 2FE ] 9
00 ul®] PBS & F 60 ulE slide glass 9o "ol x

T

[e)
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fr op W A
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N
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cytospin (SHANDON, UK)&o 24 ¢4
MZE slide glassoll F2stivh. A=E7L 28
PBSZ AM|#3lx 0.2%<2] Triton X-100 (Amresco, Solon, OH,
US.A)g Hrrete] FolA 10 & B2t ¥HEAIZ] o 2.5 ng/ml

=2] DAPL 942 Aejste] Azl 312 20 & - A4
‘:1r Aol Ed & F7H4 9 PBSE o] &3ty Mol HA #e
DAPI &9 AAS T FE3] T ths mounting solutions

Aelsta FF @r)Ad

slide glass =

(fluorescene microscope, Carl Zeiss,

Germany)& ol &3] Az sle] He) wW3lE e
Y3 Go)AL o83 o] PFe 400 ) WS AN FPO,

Axio Vision ZZ21H & o] &3} AL &9 S 3

7. DNA flow cytometryE ©]-&8 M XF7] 9 apoptosis f+'2e
4% By

DNA flow Cytometry‘g‘ o] &g MExFrIo ws o
apopt051s F 5 ZRl87] At riftleE R s A
g A e A 7‘}"4' ‘ﬂiee ddEgste B v 4Sds
AAsIT A 05 mle] PBSE A 1ste B&AZITh o7
ethanol 0.5 ml& #7138l 4TAA 3 AIZF 5 THAIZ] O
IAD NEES 939 vialol ¥olM 1,000 rpmeE 5 B3t
A4 Bt FFAE AATY o]FA o AT 1%
bovine serum albumin (BSA, Sigma)©] ?J"‘r’rﬁ PBSE ©] &3}

AFetn daelete oA Axe 2o
3k PBS 0.8 mlZ FfA]7]3
propidium iodide (PI, concentration, 50 ug/mi; Sigma)ﬂ— 0.1
mg/ml¢] RNase (Sigma)S A &|3te] ¢H4l, 4T Z7eA 143F
ok GAS AT PIZ GAE A ES PBSS o] &-3to] AlH
o] g3t v NEE £

& 1% BSAS
DNA intercalating dye<l

3}l 35 um pore size®] nylon meshs
ZA1Z1 & DNA flow cytometry (Becton Dickinson, San Jose,
CA, USA)E ©]&3lo] &3ukgo] W& Cellular DNA content
9 histograme  CellQuest software®} ModiFit LT (Becton

Dickinson) ZZ1 & o] &3] EA314 0

o d}

R A1

8. DNA fragmentationg &3 apoptosis & 4

Apoptosis & 41% 0] 93l &35+ endonuclease
9)3te] P4 == DNA fragmentation®] £243-& 9135t 3l ¥

ol A Ahgt Azl Rz A E AN Ad AEES
B2E g& AT E o8t BdS AASAT Z5 el
AAR AEol 850 ul® lysis buffer [5 mM Tris-HCl (pH 7.5),

5 mM EDTA, 0.5% Triton X-100]2 *2]3}le] 4T~ 30& 7+
HH-SA1 7] T 14,000 rpmell A 2027 € Sho] AFZol 750
ul% e O}Od"/} e Ao diAE A AT st
mg/mle] proteinase K (Sigma)E *]2]d}e] 50T ol A 343t
1F-8-A17] T} phenol : chloroform : isoamyl alcohol &%
H(25: 24 : 1, Sigma)S FH< 750 ulE H7ista 308 7 3
dadk A Z ok g™ myke] 1 3 14,000 rpmoll A 1027F LA
2% vk DNASH RNAZE £8H 0] 3le 459 600 uls &
g3ty 300 ple] 100% isopropanol (Sigma)@} 100 ule] 5 M

e

= 7‘47]—*3}57_ 4T A 24 Al

2 WA A DNASH RNA
. Wk 249 F 14,000 rpm, 4CollA 30%&3F
T FFAE AAT 2 pellete] RNase A7}
ul¢] diethyl pyrocarbonate (DEPC) waterg
3l pelletE =o]1 6X DNA gel loading dye (Bioneer,
Daejeon, Korea)E #7}3l4 DNA samples THESITE o2 A
wH50]%l DNA samples 1.6% agarose geloll loading3til 50 V
oA 2 A1 AE ANYGF A7l F ethidium bromide (EtBr,
Sigma)Z A3} ultra vilolet (UV) 3fellA ALzl & Q3
DNA fragmentation o5& &<18} ot

o A

oo

°]

>
ofj
oll

d719] g A¥ Aies SPSS ver. 180 A4 T2IWS
o] 83l Hi(mean) + EFHHSD)Z YelWTh 7k A9
24 gEdE 5A9 {94 AFLS BAHEHY(Analysis of

Vatiance, ANOVA)S gt
range testg ©]-&3to] p<0.05

Student t-test®} Duncan’s multiple
FEANA AFsA

2 3
1. MCF-7 Al28] A&&el v X& AfErEE 5, L, #r AR
L

Al AYEE ou g IS VWA= ANE A ARE
Fig. 1] Yehd vle} 2ok 2745 AR EA &L i His
MCE-7 Mz &g & 4TS A4 X3te ¥ Aafte .
HE MCF-7 X9 AEES TAAAHL, 1L i HiE X
e A= HAErEEF7F 2k

o AEg o

Cell number (X10%/ml)

0 01

0.2 0.3 0.4 05 06 0.7 08 08

A: O. diffusa, B: G. appendicuiata, C: F. thunbergii (mg/ml, 72 h, MCF-7)
Fig. 1. Viability of human breast cancer MCF-7 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.

2. MCF-7 AlZ¢] FAo A= [fthe S5, L, #r 2R
Y

o] &3t A AdE Fig. 2014 YER} )
E& 0AES Ao visestA ighhier Wi il 7
FEAA MCF-7 A2 245 A
283 24 2%S AL 9

B

fr
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MCF-7 1A et AEol A itk s, (hi&ht, wifAreel et fxt

TE RS ¢ QNOH, L R WHRE TR 7}
A3 Qe FAA ERE ABTE AL 4T 5+ AT
120
100
- 80
&
E
E 60
:
40
20
o

0 01 0.2 0.3 0.4 05 0.6 07 0.8 0.8 10

A: 0. diffusa, B: C. appendiculata, C: F. thunbergii (mgiml, 72 h, MCF-7)
Fig. 2. Growth inhibition of human breast cancer MCF-7 cells after
single and complex treatment of O. diiffusa, C. appendiculata and F.
thunbergii. Inhibition of cell growth was measured by the metabolic-bye-based
MTT assay.

3. MCE-7 Al 39| Fejastell W& Fifhe s, 1L, 4 AR
o 9%

SRAVAS AHESte] AL 3
o vehd whst Quh PR W
=9 F7b) meh FAEL Yu i
A GRAT AAHQ A Y= 2
Dol Felwsisk tehdeh A o) IS B Y2
% 2PARTAAE AL ARolE A Met YA, A
Z9) Fest= vehtd g

Ji ot

A
A

X

0.5

LA

7
/.

s

/i

0.5 B 4

1.0 ~

A+B A+C A+B+C

A: O. diffusa, B: C. appendiculata, C: F. thunbergii
(mg/ml, 72 h, MCF-7)

Fig. 3. Morphological changes of human breast cancer MCF-7 cells
by single and complex treatment of O. diffusa, C. appendiculata and
F. thunbergii. Cell morphology was visualized by inverted microscope.
Magnification, X 200.

4. MCF-7 Al 23] fejwsto] n| x| A{Ehe® &, 1Lighs, #H
e 9%

DAPI €45 & § 3o Fewists A 27 = Fig 4
o e upe} o] itk SR AT e HA A
o2 g9 Uxy} A3 A ZAsA Tk =3 apoptotic body ¥
/3 B DAPIS] T34 7 we e Z= F71 @42 ot

)

A eI, FifErg G $3E Bgx g Tee We 7
7t @2 A e skt g4 il

=X 2 ERAGTAAE 9 2x 2 Heof o}
7F veuA gt o3 s AWE W HiikefE}
MCE-7 Al A frdste S8 4, 44 3 deise
apoptosis fridel o3 Fdo] ol w t& gdle] Rt
= A5 94T + AU

T M

p—

0.5

0.5

o
.l. ll

A+B+C

A+C

>
+
[

A: O. diffusa, B: C. appendiculata, C: F. thunbergii
(mg/ml, 72 h, MCF-7)

Fig. 4. Apoptotic bodies formation of human breast cancer MCF-7
cells by single and complex treatment of O. 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.

5. MCE-7 Al |t fiiiol o AE57] W}

DNA flow cytometryZE ©o]&3}o MEF7]9] W7} A&
& Fast AAAAd BoAst=A Q"Jfﬂ A= Fig. 5 % 6°]
Aot 2ok Aftie T EE YA Al Gl7ld dgEts
AxEe] BE7t AAEHA Z7}5]91°”4 ghe] 571 8 G2/M7]
o Fste AT WEE 7HAastlal, mepa] MCE-7 Al oA
Fifihe S el st fFakEE AEE Th, A8Y9A 1 e
3t 59 22 o8 7HR] @AELS GL71A Y MEFT] A9

o

WP Bl Yo AL

sub-G1 of| & 0.2 0.4
s
l G2M
¥
0.6 0.8 1.0
T
O
E
=
=
o
&}
DNA content O.diffusa (mg/ml, 72 h, MCF-7)

Fig. 5. Measurement of the cell cycle by single treatment of O.
diffusa in human breast cancer MCF-7 cells. The cells were fixed and
stained with CycleTEST PLUS DNA REAGENT Kit, and analyzed by DNA flow
cytometery.
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AHs - T4F
A)
« 100
w
o
=
[=%
-
o
)
E
=
!
=
o
k]
= 1
0 0.2
O. diffusa (mg/ml, 72 h, MCF-7)
B)
. Number of cells(%)

0. diffusa o S o
0 4851 23.79 27.70
0.25 71.12 13.73 15.15
04 73.24 13.70 13.06
06 70.16 13.73 16.06
08 66.61 16.73 16.66
1.0 6691 17.20 15.89

Fig. 6. Measurement of the cell cycle by single treatment of O.
diffusa in human breast cancer MCF-7 cells. Cells grown under the same
conditions as Fig. 14 were collected, fixed, and stained with CycleTEST PLUS DNA
REAGENT Kit, and analyzed by DNA flow cytometery.

6. MCF-7 Mol A bk & #7F sub-G17] FAl vlxE F&
DNA flow cytometryE ©]&3}4 sub-G17]9l| 3F3st= Al
EE 343 Z3+= Fig 7Al UER vkl Zo] fiftip SR E
A stA &s AL E sub-G1719 W7} o 1.11%E e}
$oH, 0.6 mg/ml e AAE & Wyt JehA ghokAul,
0.8 mg/ml, 1 mg/ml®] FfLiEHEE AZaAS Afole
sub-G17]9] W=7} 742t 45%, 1225% 2 e 5% A 2T
ol A oFetAl sub-G1719] M7t S7H3the AS &+ U
A= Fig 19 ffbieh i Ao AE YEE H 0}04
2]o]H, Fig. 5, 62] DNA flow cytometry 2% A}
AL UFE G719 MEF7] AR #dol
FifEhe ke B AE o] AES] F3sHA 7
ml FEAXE apoptosis®to] F#F-L w kit
aw MCF-7 AlZ A Efbhe i ofste] fI
tae, YA 4 Fews %—TJr 2,
£ apoptosis & Ho= Gl7]o| A9 HEF
HA Z&3te 2S94 & F Aok

2 9
@ 52 o 12
o 4y et
{E» 47

3

g/m

3o
=
a g

1y

o
i
o
N

o=
m

ofN B M omk R ¥ iy

o b

of

7. MCF-7 Ao A Fifthg G 57 DNA 9338l {2 vx]&=

0_8,
oo

endonucleaseoﬂ 9|3t DNA ©#3 d4e &
7Bl 4] UEHA ue} Zo] A A o2 DNA ‘?lrfﬂi]r
UA o, 4EE A7 8¢ 1 mg/m
7} e @] et AT 1 A=7} okt 34\
webA A7) A e TFAEAE b S iE MCE7 Al X
o) A apoptosis 9] FIFHTI= Gl7|oA e AEF7] JAE

1o OH

B
=

FUFOEN AEE B FHA 2 Feasie) Bolgnke
A% ¢ 5 990

HAH - e
A)
60
=
=
o 40 L
o
L
3
w
s 20+
Ea
o ) e ) ey R I—I—l ’—E|
o 0.2 0.4 0.6
O. diffusa (mg/ml, 72 h, MCF-7)
B)
n 0 02 04 06 08 1.0
0. diffusa (mg/ml, 72 h, MCF-7)
Fig. 7. Induction of sub-G1 phase rate and formation of DNA

fragmentation by single treatment of O. diffusa in human breast
cancer MDA-MB-231 cells. (A) Cells were collected, fixed, and stained with
CycleTEST PLUS DNA REAGENT Kit, and analyzed by DNA flow cytometery. (B)
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.

LEEZLIE Jam>ol A " INAS /M, sUIBHLE T, SRR
i, IaémzH{xE’rk, WS FiAT, TR, SN BRI, KRG, L
IFIREEAS, S, 4 HgLE, B2t stk 2Ll WwiN
S WA, SHE, AR E Y & Joy, WIAY LR,
53] MRS, Mg #8902 HAH 2EHYLE W] A2
VB A @47t BxE o F2 HTMLTe] 71l HH, il
WEE Aol A Threl A BB E fikinkE fIo. £33 U
o], 47Tl wet o= A Bgredl G * sl A
ol A “h NFLEE, PUHEUT, ISR, B, Tk,
SUREHE, FBULEENE <ER>, “I ALLE, & 562, (R, TS
Py, BSEION, TRHEE, M6 HASRE, R {EROLE th<) T 0> 2
o].o:] tﬂ—o]— ;(]E_oﬂ ;d—ﬁfg- l:r]—o].]q_

#HZ A+ TFE RY
asperuloside®] 4 &, W&& 52
7b om, o A Al E el A A3
MEDAL, AE A A2 59 7%
R ghtel thE Aol 9P MREER LA B0l 7k
L7 B3 AS A B &, o
L L FEE9 Z3]40] Calu6t MCF-79] Al AbE 2
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MCF-7 A ek A A Fifihe &

AZ F2 94 a5 Holu 8 ek EZo Wi A7t o
2oL AFA Hps BAE AT FFOBE KO 9
G EF] DNAC Fofug 43S nHths o] AFHUL
B9 HR7F SolzE Hifagol HL-60 A X9 AETAL &3}
7b doke ATk B FEAES verticinone ©5Fo Bt
Eahagukel i Hio] HL-60 M EE3 a3 foud Z7171

AAT= ﬂ?ﬂ AT, SRR ek fERE T, LR, Wi H Rl
e 712 A7t o BEe 53] 7] ko] il vl
Ae GE A Oﬂ?& 7%4 %iL *‘@O]E}.

e %’ﬁﬁﬁ b el A

ko= 5-/‘]’01'93\5-’ apoptosis % 9 AEF7]9] ¥}
1317] f3te] &l FejH3}, DNA flow cytometry S
257] W3}t 3 sub-G1719] Hl& Ql3} HEo] DNA
% ZAFeF AT

trypan blue &A1&
A Afthe e &
-

2 82

o
R O )
>~4

av

ARgBte] Ao HES WSHE &
SA TR AEE A Fio

5] 913 (Fig. 1), MTT assayE ©]-8-3to] M9 viability S
Qg A3 vPIMA R Gfbie G EEA oA A7t
E]'(Flg 2). °l E%f‘& BES o B AFAA d4ol A
o ou g FHFE WA= AE A 2} AFEY
s YT NEEE 7249} s Fe st

ol foh
o

ol
o

e

A apoptosis

o
=
AR5 ZAMG A [k EP%'JE] g Bx 7ZAadd
o] fiH )\/\X]t\!l— apoptosis 2] FA7F A9 YEA A=
oz &

1 (Fig. 4), DNA flow cytometryZ A EF7]¢]
3} 9 apoptosis % FEE AT A G17]9M 9] MEF
7] A7+ YehE A2t apoptosisE A% X FollA oFatA Y
E} 5t Th(Fig. 5, 6 2 7A). DNA flow cytometrydl] &j&}e] <l
apoptosis fr'&& A 213} 7] 95te] DNA @33t @44 =
ZAEY ek AEFo A DNA @383 d4o] A
UERA e SkTh(Fig. 7B).

1o r&ﬁ

go a9 708} A suagon, ode ade apoptosis
FRUTE F2 IS AEF 1 °*Xﬂ°ﬂ olahe Qojytey.
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