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Anticancer Activity of Ethanol Extract from Peel of Citrus junos and Poncirus trifoliata on MCF-7
Breast Cancer Cells. Ji Eun Kim', Joon Hee Park’, Byoung Won Kan§3, Min Jeong Seo', Yung Hyun
Choi4, Hak Seob LimS, Kwon 11 Seoé, Jeong In Kim’, Woo Hong Joo’, Bok Kyu Lee® and Yong Kee
Jeong">*. "Department of Biotechnology, Dong-A University, Busan 604-714, Korea, “Department of Molecular
Biology, Dong-Eui University, Busan 614-714, Korea, *BK21 Center for Silver-Bio industrialization Project,
Dong-A University, Busan 604-714, Korea, ‘Department of Biochemistry, College of Oriental Medicine,
Dong-Eui University, Busan 614-052, Korea, 5Depm’tmsz Bioinstitute, MILLENNIUM PROMISE CO., LTD.,
Gijang-gun, Busan 619-962, Korea, 6Department of Food and Nutrition, Sunchon National University,
Suncheon 540-742, Korea, "School of Food and Life Science, Inje University, Gimhae 621-749, Korea,
*Department of Biology, Changwon National University, Changwon 641-773, Korea - In this study, anti-can-
cer activities of peel of Citrus junos (CJP) and Poncirus trifoliata (PTP) on MCEF-7 breast cancer cells,
and anti-proliferative effects of cancer cells induced by environmental hormones were investigated.
The ethanol extracts of CJP and PTP inhibited cancer cell growth and induced apoptosis at the con-
centration over 300 mg/ml treatment for 72 hr. Morphological change of MCEF-7 breast cancer cells
were observed treated with the CJP and PTP of 500 mg/ml concentration for 72 hr, and apoptosis
was induced by activation of caspase-3. The proliferation of MCE-7 breast cancer cells was decreased
in a dose-dependent manner treated with various concentration of CJP and PTP, when compared with
the control at 300 mg/ml, the proliferation of the MCF-7 breast cancer cells of both extracts was de-

creased over 70% and 80%, respectively.

Key words : Poncirus trifoliata, Citrus junos, MCF-7 breast cancer cell, anti-cancer activity, anti-
proliferative effect
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RPMI 1640, FBS (fetal bovine serum), trypsin-EDTA
(0.25% trypsin, hybri-Max, SRB (sulforhodamine B), TCA
(trichloro acetic acid,), RNase, marker, agarose gel, PI
(phosphatidylinositol) 5 Sigma (USA)elAX TY3t532H
Tris-HCl buffert= AldrichAtZ#€] T35}tk Caspase-3/
CPP32 Colorimetric Assay Kite BioVision (USA)ZH-E T
H3}32. ™. Bisphenol A, RPMI 1640 Medium modified+
Sigma (USA), Sterile fetal bovine serum charcol stripped
(cFBS)= Valley Biomedical Inc. 121 (Germany)oll Al %43}
At} CO, incubatore VisionA+2] VS-9108MSE AH&-3}191 2.
™ microplate reader (Titertek Multiscan Plus, Finland)Z,
Hoechst @41 ogt sjo] 2 Fgdn| % (BH2-BH2-
RPL-T3, Olympus optical CO. Ltd. Japan), A EF7] &4
flow cytometer (EPICS XL, Backman Couter, USA)E A}-§-
S

Mz Bt

Ao AHE-gF MCF-7 (human breast cancer) A& ¢
N 223 (Korean Cell Line Bank, KCLB®)0. 2 H-¥] #-oF
o} 10% FBS7} 3 7Hel RPMI 1640 ¥ A1 S A-g-3hed 37°C,
5% CO; incubatorel| A 7t wjFate] Aol AR-&-3}4iT.

Al

SRB assay0f 2|st M= H& X g1t

Monolayer® 2+ QFHEZF MCF-7 NI ZE 0.25% tryp-
sin-EDTAG 02 #2sto] single AEE 50| 5x10*
cell/mlZ ZA3}4 48well plated] 33l 37°C, CO; in-
cubatoroll A 24| 7t B 3t STt Wl & platedl] MEZ 9] F
A& gQleta Pk PTPE s =2 H7bsto] 242k 24, 48,
72X RESAI AT kg0l $RE &, wjFdE AAS AL 7

gl

wello] 12% TCAE 100 ml % 7} 4°Cell A 1213t &<k 2
AN F FHSE 53] AAst] Adxsih 2 welld 1%
ZAke] =91 04% SRB &8 50 ml 2 7}5}e] Ao A
B A3 3 1% acetic acidZ 4~53] A H st 7AxA]
2 10 mM Tris buffer 100 mlZ F¥#3] £EA17 5§ 4%
< 96well plate§ microplate readerZ 540 nmol A &%

=435,

Hoechest ME E6t aHo| izt

CJP¢t PTP7} MCF-7 A2 9] Gt &A4dol SloA] A EAE
o] FAARE F3l7] 98 bis-benzimide (Hoechst
33258) A & o] Fewsts #AsH T3] MCF-7 Al X
£ 025% trypsin-EDTAS- N 0.2 2|3} single M X2 THE
T HAE NEEET}5510° cell/ml HEE 3435} 50 mm
Disholl 53} Tt} 37°C, 55% CO, incubatorol] A 2447} Y
Fetack. 28 A Zel| Pt PTPE 242 300 mg/migt 500
mg/mlZ A2 3te] 48A]7H5 2 WHEAIZ] & PBSE Al A 5t1
0.25% trypsin-EDTA &< 0.5 ml¥} 8] #] 1 mlS 37}t Al
& 3t ¥ G4=22 hoechst &4(0.5 mg/ml)E
100 mig7bate] 307 A8kl PBSE 23] Al#ste 44
N 74g ol &3te] Ao Fewsts AT Hlas

DNA EHE3}

Monolayer& 2tgk MCF-7 A|£& 0.25% trypsin-EDTA&
Ao g #gdle] single M EZ w50 HF A TEE 5x10°
cell/mlZ 2447+ wj3te] CJPS} PTPE 2+t 300 mg/mist
500 mg/mlE A 2]ate] 48A]7F = 72417 F3F HhE- AR
T DNAS 2834tk 45 9S 343 § PBSE A 43}
I trypsin EDTAE A3t AZE 34 5 d4&e 3o
OAl AEES 35atgth o] AlE9) 20% SDS 125 mlE 37}
8L 55°Cel| Al 4A1%E 0] k- A1A 6 N NaCl 675 ml 27}
ato] W3S AAAZ H 45 H phenol buffer 2.5 ml<
A7kt 1A17F &<k shakingdle] 4F A& RO phe-

S 4°ColA 9,000 rpmo.Z 2087 YA E 23}
AAEE 34 F 1272 F TE buffer 20 mlZ =
t}3 RNase 1 mlE #7}ste] 37°C, 1A17F WA AlZl & x6
dyeS 4 ml #7}ske] 1.5% agarose gelollA] 100 V, 24|t
loading3ted UV “efl A &3t ATH4].

HEF7| 2

Monolayer2 2t&t MCF-7 | £ & 0.25% trypsin-EDTA&



HoZ At single HEZZ e $ HF AEE=rt

5x10° cell/ml H| & & 3]A38}e] 7} 50 mm dish & 2 ml &

B3 o2 37°C, 5% CO, incubatorol A 24)\]7P 223519
CEFE AEE WAE AA F FEEE 4 P

PTPE Zt7} 500 ml & 7+ welldl #713t9 & EF 5 mlo]

HA g & 47 4847 o BREAIA WAE AAT the

PBSZ 23] A A 3t 0.25% trypsin-EDTAE-H 0.5 ml2} H] =]

1 ml& #7ete A2E 353 358 AlEE cold ethyl

alcohols HF EF9 70%7F H == 3l AEZE LAHAT
31,000 rpmol A 5E7F A EE }04 BEds

PBS 1 ml& 3718l wwt &, 4AE& W Al

3tAtk. PI €9 40 mi9} RNase 2 mlE PBS 1 mlo] &4}

o 7t FEEE UM F 37°C Aol A 3087 1

flow cytometerE o]-&3ste] A X F71E5 EA5tHTH17].

~
(=}

Caspase-3 &M =
A ZAME o] F=E

g MEE 357381 cold cell lysis buffer
50 mlE H7beta dgol 1087 WAS F 1,000x goll A 1
B AR 4 AS 3451 cold cell lysis buffer
50 mlE 3Att 10 mM DTT7F H7FE reaction buffer
50 mlg} LEHD-pNA 5 mlE #7}ste] 37°Cell A 1~2417F
A F 405 nmA XN FREE SH AT

OD of test sample-OD of blank
OD of control-OD of blank

Caspase-3 activity =

sas==0] ol FEl Mz 84T AN 21t

Monolayer® 2-¢k MCF-7 AI£E 0.25% trypsin-EDTAS
Ao 73l single ALE ¥HEIL 5x10 cell/mlE 24
3ol 48well platedl] #5331 37°C, CO; incubatordl| A 244]
b kst CJpst PTPE A 2lsh7] 1~2413F Aol v
g A WAE SRS 1% FBS7F S01%F wiAlZ w&
Atk o719 ml2] Fo FHIS bisphenol A9} esreadiol
7+ 25 ml¢} CJP} PTPE 247} 25 mlY &3sle & EF o]
250 mi7} EA 5 F 37°C, CO; incubatorel| A 724] 7}
%3}l SRB assayE ©|8-3t] 540 nm oA FFEE SA 3}
SATH7.

2m 9 o

AME 4 oM st

£ A7 A<= SRB assaym[18]% 1%’8}04 MCEF-7
& Ao e f R =

HH 4Tt SRB assay- A|E Tl g ol A o A
SHoIY 245 S AP oE, vud FASA &
Rzkste] S diAbtEd 9%S WA ¥e ¢ end
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points A& F= A 1TH20]. CJPSt PTPO
)8+ MCF-7 xﬂ“Z«l A% AIE Fig. 19 JeERS
ok MCF-7 A2 CJP<} PTPg 747} 1, 5, 10, 50, 100, 300
mg/ml H7}s}al 24 hr, 48 hr, 72 hr v} st A7}, 2447 H)
&3 Aol= P PTP7F 1~50 mg/ml7}A|= 10% vk
o 4% oA a%E BHoH 100 mg/ml o] Fell A= 20%
olde EIHE EAoh EF 8A0 wFF B§, 1~10
mg/ml FHANNE TEo vt JEHOE FA L
345 dABE e 3], PTPE 300 mg/mlZ A2 3}
< EH\_ 60% 1] e AE 4% °Wl a3E Yehh
o =%, PTP7F OJPEY O Holdt &g a3h5 AyaL 9l
e €U Yoo T[24]2 A —%% of A dHEF
! DU1459} LN-Cap®] AZ 4% A 23& i“ﬂ-"’ =
13ta glom olHe YHE Al EaFdE Ak FHE A
$4 8 584 Ba50 P A8l A A szuroﬂ
& A4S Yee Aoz Huslay Yok B,
Jayaprakasha 5[9]2 #®7 F&E2ZFH g3 HPCME
(2-hydroxy-1,2,3-propanetricarboxylic acid 2-methyl ester)
7 7AE @ke s A A 2 HT-299 tsj = A
2t wE dEHo g YMEY AAS At B}
it ®&, Kawaii 5[13]7 Johnson 5[10]& #4 of
g8 £84 7154 E2< flavonid} epigalloacatechin
gallate, quercetin 5o &g FME A 5IE FEIL

o, B ATelME FAg B #9) 222 FFE A
&4 2 T84 AR 2724 240l MCF7 A2+
A% AR &3t ol AoR AlgETh

o ¢4
g o
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Fig. 1. Inhibition of the cell growth viability by (A) CJP and
(B) PTP in MCEF-7 breast cancer cells. The results repre-
sents the meanstSD and averages of triplicate
experiments.
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Hoechest %&.'% Est E_HQ| 2z

B AN fA9 84 g1 2589 Hrtel e
MCF-7 A 29| ZAAA a3}71 A A 9 #HseAE 3
18}322} Hoechest E41& A] o] XA 2 4 719 o
& o B AE AFEA F4S #EeFg 2). Pt PTP
€ 27} 300 mg/mi¢k 500 mg/mlZ A 2|ste] 48417F wl o
A3, CJPE 500 mg/ml A& MCF-7 Al PTPE 3007}
500 mg/mlE F7}F3k MCE-7 Al X & A Egto] u}3] 5 v
AZAER Qe @5 e AE AFEAE FAT 5 gl
o|# g @4-& CIPRT PTPoI A T i) $2-5 o] PTP7}
AT

Lo&%
02,—-—'—|—'

AZAES ¢ 58802 FES &

&

Fig. 2. Nuclear fragmentation was induced by CJP and PTP in
MCE-7 breast cancer cells. @: Control, ®: MCF-7 treat-
ed with CJP 300 mg/ml for 48 hr, ©: MCF-7 treated
with CJP 500 mg/ml for 48 hr, D: MCEF-7 treated with
PTP 300 mg/ml for 48 hr, (E®: MCEF-7 treated with PTP
500 mg/ml for 48 hr

DNA Eheis}
P} PTP7F A ZAME S F2 80 9lojA DNA ©# s}
g F4ste AE #FES7 A8l gpret PIPE A

=

MCF-7 AlZ2%8 DNAS £e]stef DNA @33t 34
A9 H ok th(Fig. 3). L 2%, (JP9} PTP =5 300 mg/ml
Z A3 4 F513 DNA diss 303 5 qisloy
500 mg/ml * 2] % DNA ladderingo] A H= A&
#2e £ 9lden, Hoechest 449 AxAY CJP Bt}
PTPeA © W& DNATHS7 #25At). Jayaprakasha
%—[9]9] bromide stainings 3 Poncirus trifoliata (L.) Raf
9o FEES A3 A M EF(colon cancer, HT-29)l
M A EAEel #FEHE A Yi 539 B4 & 5 FF
EZHE vx S7b w2 AI5H 98y Axy Ax

34 37k DNA @8k 571 5o g3 A7
AAREr B AT 2 S Yehlof #Akek ’A

&

o] S ¥ DNA T3S fusts e

Fig. 3. DNA ladder pattern formation in the MCF-7 breast can-
cer cells after treatment with CJP and PTP. M: Marker,
A: Control, B: MCF-7 treated with Citrus junos 300
mg/ml for 72 hr, C: MCF-7 treated with Citrus junos
500 mg/ml for 72 hr, D: MCF-7 treated with Poncirus
trifoliata 300 mg/ml for 48 hr, E: MCF-7 treated with
Poncirus trifoliata 500 mg/ml for 48 hr

MZF7| 24

CJPe} PTP7F MCF-7 Mo AEANES firghe] glo]
AEF7]O o] od dA o #Hst=AE Fotr 7] 93t
of 77t wxEE At 48A7 Mgt F, PL
(propidium iodide) staining3t®] flow cytometery 2 A|Z 5
712 BEAsd. WA, grE F:HE F7ME 4w,
sub-G17]= Fxdl 9Edt] Frhstdern wiE G17)=
g Fag Baon, AEEFe] dojus S7l= 500
mg/ml"ﬂ A ZAE BGorn, G2/M7IE 500 mg/mlolA
23] $718HS Itk (Fig. 4). £3, PTPE v EHE A
d A3, sub-Gl7]E s=ol JEste] F4T F71E BAL
™ G17]= 100 mg/ml7HA = F7H8 Beolt} 300 mg/ml%
Bl a3k 500 mg/mldAE F4% 74 YERTE S
719} G2/Mell 91014 E 100 mg/ml FEol A 28 A& e
e BAa o] ¥ #4-2 300 mg/ml<} 500 mg/mlo] A =
B=HAtkFig. 5). o)t Az CJPs} PTPE MCE-7 #
ek A EFl A2 A5, FE GEHOE sub-Gl77t F
b & e &, Py A%, fET9t Hlaskd]

500 mg/mlo] A& 20w} XgE FAY F7HES YE R
PTPE 500 mg/mlol A= 1008 o9} 715 Ho 355
A7} w=el wEt F23] sub-Gl717F 374 & U
E]' Yi 0[23]—1— ng} A+ '711%% @%')r\‘}‘é ljlllt'ferltlg,q]_]_oﬂ
A Fxd v slte sub-G17]7F 718929, 500 mg/ml
ol M= 88.66%] sub-G17]7} eI sub-G17] S 7t <&
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Fig. 4. Effects of CJP on cell cycle distribution in the MCF-7
breast cancer cells after incubation for 48 hr. The re-
sults represents the means*SD and averages of tripli-
cate experiments.
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Fig. 5. Effects of PTP on cell cycle distribution in the MCF-7
breast cancer cells after incubation for 48 hr. The re-
sults represents the means=SD and averages of tripli-
cate experiments.

AEAPES Hausta ok £ AFAM T CPet PIP7}
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Caspase-3 &4

CaspaseT A FZAPE A EAstH = o3 dld 238
AE o] 34F FAs AZMPEY RS 9otd 5 9l
o Caspase 3E4E SAse B AZWAA A7HAL
o] frso] TR airt A8 =W, caspase-3E A
= *1]4144-4 p-nitroanilide®}2] 7]& ZA¥A <l LEHD-pNA
& E3fste] F249 pNAS LEHDE 343te s o) &
SFATHS,22]. CJPeF PTPol| o3 Al EAbE o] fr=% MCE-7
Mol X ] caspase-3 €4S Fig. 60 YER AT CIP9}
PTPE H7} 39S A% BF T JEHOZ caspase-3 &
ol F71stg.2em, Pl A= 300 mg/mld| A= dj=
9] 3uf °]’d2] caspase-3 &-3°] UEFGI PTPY SlojA =
300 mg/mlo| A= 118]ol] 7}7h¢ caspase-38743 F7H8 Y
Efj o], PTP9] caspase-3 &-do] CJPel| B38| 31 ] =
caspase-3 84 A4S =TS ¢ F UdTh O]I— Cjpe}
PTP7} MCF-7 Al 52 AA st NFAEE FrEF

AoJA O caspase-3 B30 oEHO R %_‘01 34s g
A F AT

ZAL o
o 1=

2320f| oo FrEl AMEZS HF M St

AFEAZ 47 bisphenol AS} estradiolS
d T2ER estrogen BAHCZ AF s} progesteron

5849 WAL FEAE A0 FA JOW, MCFT &
W AES 248 fEaE EA2 QoA AT 2
ATl A= CJPe}F PTP7} bisphenol A%} estradioldl] <] 3l -
T MCE-7 AE9 F4 A axo) tate] gopry 1
4
3 .
?2 -
0
Control 100
Concentration (pgfml)
12 r (B)
10 +
s 8
£ 4
2 | I
o LI
Control 10 100

Concentmuon (pg/ml)

Fig. 6. Effects of (A) CJP and (B) PTP on caspase-3 activity in
the MCF-7 breast cancer cells. The results represents
the meanstSD and averages of triplicate experiments.
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Fig. 7. Anti-proliferation effects of CJP and PTPT on MCF-7
cells treated with (A) 0.ImM bisphenol and (B) 0.1
mM estradiol. The results represents the means+SD
and averages of triplicate experiments.

AH}E Fig. 791 YN ATE MCF-7 A9l 1% cFBS$} bi-
sphenol A E=% estradiol T 713 4, F3=7F 44
0533 05022 Ve thEzT9 vl wste] MCF-7 Al ¢

20 o AE F4E YEo] o]F SF s 2] Fie Al

ZE SANIE AR YEnt. a8y o #4sEE
of CJPe} PTPE T E F718le] AX F4]9) EH’B‘M z
}f& ZAxl, F A8 BT 55 gFEHOE MCF7 AE 4

qA &

_p
il

I} vehfith &, JPE A2 49, 50 mg/ml
011*1 747} 0,059} 0.060.2 F2A3] 7aHo] BAF 22 <
&) Z2 5= MCE-7 A9 A E24L oA3ts o 2= 9
on, PTPo| 916141 10 mg/mlo A} 0199} 0172 LR
o] 73 AE ZAL AFHFS & & Y. ®
QP Ho 452
IA G JE AL
PTP< estrogen frAMEAZ U4 wg EA<I bisphenol
AS} estradiold] 93] WAE 4 Y= o

Al #AaAZ S BAT & Ul @A), Cpel PTPY) 4
AR t A7 1 Folth

£3 PTP7}
ol 9 MCF-7 Hl 4% o 25

(PTP) #}3] 559 o+ &4 s s2 &4 93 fr=d
°Hﬂ§591 2 A B tiste] AT CJPS PTP

£ 300 mg/ml F=AA 72712 A8t A& AF, GAE
A4S Adstda AEAIES =59t MCF7 +9<
AZ9 Fejsta Wate P9 PTPE 500 mg/ml 5 =0 A
72X 7 A2t 78‘—?* HEE A3 A EAPE S capase-39]
gAste] st FEHAL FAZT=E JF FE
MCF-7 et AlxEe] S22 CJpsl PTPY A2 A3t
T EHoE zji—s}aiguﬂ, 300 mg/ml =AM E o
Z73} vlastd S W 27 70%9F 80% ol #AstA)

[\

dAe =

o e

S

FoljstiL ATl Ao el A7
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