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Prunus mume, also known as maesil, is a popular fruit consumed in East Asia (Korea, Japan, and
China). It contains high amounts of organic acids, minerals, and polyphenols and has been used as
a medication for fever, vomiting, and detoxification. In this study, the anti-proliferative and apoptotic
effects of solvent fractions from maesil were evaluated using sulforhodamine B (SRB) assays, morpho-
logical evaluations, Hoechst 33258 staining, and western blotting. Addition of the maesil methanol
fraction (MMF) and the maesil butanol fraction (MBF) significantly and dose-dependently decreased
the cell viability of HT-29 human colon cancer cells. Colony-forming assays confirmed that the MMF
and MBF treatments decreased colony numbers when compared with untreated control cells. Treatment
of HT-29 cells with MMF and MBF caused a distortion of the cell morphology to a shrunken cell
mass. Treatment with MMF and MBF also dose-dependently increased nuclear condensation and the
formation of apoptotic bodies in HT-29 cells. Treatment with MMF and MBEF significantly and dose-
dependently increased the expression of Bax (a pro-apoptotic protein), caspase-3, and poly ADP-ribose
polymerase (PARP) and decreased the expression of Bcl-2 (an anti-apoptotic protein). MMF sig-
nificantly and dose-dependently inhibited cell proliferation induced by bisphenol A, an environmental
hormone. Therefore, MMF may have potential use as a functional food and as a possible therapeutic

agent for the prevention of colon cancer.
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2 AU £33 Uﬂ o= g4 23S dod £& Qo
[9,17]. AL A mEZE ol YiRoA T A FH
ZFQl p53el] 40}04 anti-apoptotic proteinql Bcl-29] % o]
<7}, pro-apoptotic proteing] Bax9] L& 7HA ¥ muta-
tions & apoptosisgl s YodE A4S 53 A4S
A &3k71e 4 ATE YA E apoptosisE FE3HE 71H
& AFsE Zo] BR3[5]. ol % apoptosis7t A
FAAA AZ Feo] Wgtze xS %, I 3, apop-
totic body 4 % DNA £4 59 54& Uetu 2ge]
HoH26]. B3ty HMstze AE 540U 2EH 2 o=
A mEZ=gote o A9 MstE et cytochrome c7}
cytosol 2 25| o] caspase-9 ¥ apoptotic protease activat-
ing factor-1 (Apaf-1)# 23 § HFH O & caspase-39] &
A& Y9 A apoptosis7t LA 3}FA F ). Caspaset protease
o stHEA AJAZANE 24e HA 421 apoptosis
#d As AgE WA 5 AE W poly ADP-ribose poly-
merase (PARP) 59 ¥4 @l d3 Faf grh[20].

w4 (Prunus mume Sieb. Bt Zucc) 20| ol &3t s}
ol FARA F2 FotAofol A A7} o] Foj AL gtk
[21]. A 2FH L& o] gt W Aopx 2 A T
FY 2 YA or] B OoRE RxpE W
sl 7=, 3=, /“/\P % 5o ARde FAHRE AEH
So12]. A9 Fo RO EE FHLL, AL B A4
Y F71bel FHE Aow dyA o, FYde 9 E
HHolE RS T Frsta 9lol F4eE F2o] o
I ol th15, 23] Wi o A&l Tt 7
e ZEde] g 2-&21] WA FE=o A BE Y
A 714 g A 2Fd e st mA= G| M FEES
e SR HAE A% AA ZH2), WE FEEY 24
AaF g g dgd 44 A4 5
[27]. 2y AE o] &F tFEY dTE F2
ojFoA Sl7lel Bop ARAQ £HEE o
Hla A7 F8stt

et & dFolde i g FEES ol &ato Az
3t £ =9 fraction'd LML FAAA ] WA= Y&
3} o] 9] apoptosis fre EFE Fe o o] & o] &3t
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R
Wy $52 ¥ 229 HZ
A $280) ARE 91T A EAAAFIA 7Y
stel 4gel ASSAT B4 AL ARH ¥ TR 52
2 AAFL AE BT F BAIE ol g3l shastech

mj A b3 e BOH 1:1(w/v)2 EFate] 24417 Ao A

FE% ¥ 3,000 rpm o E 583 AR A& FFAE
Biichner funnel®l Whatman filter paperg ©|-&3}4 73td]
FatAqtt. £58 4L ks % 54 AdxE AAGH

AE &3l AHgstaid.

i £ 5L 4 FEES dichloromethane (DCM) 3
£ o] g3td 1:1010w/v/v)e Hl&Z ¥ $ £2¥ DCM
fraction% F5%3t2 7] hexane (Hex)Z methanol (MeOH)

< 110:10(w/v/v)E &8& AA A & fraction®] 7%
5% ethyl acetate (EtOAc)ﬂ- butanol (BuOH)< ©] &3}
AN E 285 AAste & 24749 fraction maesil hex-
ane fraction (MHF), maesil methanol fraction (MMF), maesil
ethyl acetate fraction (MEF), maesil butanol fraction (MBF)
2 maesil aqueous fraction (MAF)2 3%7]8}] 73} &
54712 % dimethyl sulfoxide (DMSO) ¥ SFFE F4iA

Aol AEstit

OIA| CHEQIMIZ B

AFoA AR DA HAGAZF HT-29 3 SW4S0>
G M 223 (Korean Cell Line Bank, Seoul, KCLB)S. & 5
ER=) }100 unit/ml®] Antibiotic Antimycotic (GIBCO®™
/ Inmtrogen , Granlsland, NY, USA)%} 10% FBS (Fetal Bovine
Serum, GIBCO®/ Invitrogenm)ﬂ- A 7}+5 Dulbecco’s Modified
Eagle’s Medium (DMEM, Lonza, MD, USA)< ©] &34 3
7T, 5% CO, incubatorol A At Fatef Aol A&3tATh.

FFI

Sulforhodamine B (SRB) assay

e F8EY A HRAFAMETY FA A &aFdE
Vichai & Kirtikara [33]9] WH & o] &35 Lol Tt AX
Z 3x10* cells/ml7} =2 343 3 48 well plated] EF3
thg 37C, 5% CO, incubator®l] A] 244 7k v okale] mfj A B3
& 9 bisphenol AZ DMEM?] lﬂ‘:‘ﬁi 3 A8l H7HsE
AUAZE Fok e AAY, H3o] By F 12% TCAE 41
4CoA Fad AzE IZAA 2 wellE AHT F 04%
SRB solutione #7Fste] GAoA @A T 1% acetic
acidE ©] &3t HMol 1 well& A H3AL 10 mM Tris
bufferg o] &3t AZY H4H SRBE S & A5 &
96 well plate®] &7 microplate reader (Multiskan Plus,
Labsystems, Espoo, Finland)E ©] &34 540 nmol A F3 %
£ 243} Control 7Y #E 7|E02 WESEFE T3

J ot ot ok

Clonogenic assay

W 2859 A7t QA LA ES colony formation
o] X 9 FL Franken 569 WH S o] 3o =439
o A EE 2x10* cells/mlE HA S o] &3te] 343t 24
well platedl] &3 T 37°C, 5% CO, incubator®l| A 244 7F
Hj ksl Atk Al2= DMEM #jAlo] S 582 34ste 7z



welloll A 2]stal 24413 Tk WHEAZT ol T8E F
WA & A A8t PBSE ©]&3te] A A3t 6% glutaraldehyde
2 0.5% crystal violet (Sigma-Aldrich, St. Louis, MO, USA)<
gh53 v -G g 747]—0]-04 3087 Ao BA3Y
o g@Aol Bd ¥ SHTFE ol 85t 7 welle Al HstaL

AZANZ F well plates #2311 AHZS ZF5Ah

SEfSHy ZE

A B &9 Ao 2 A LA E et FF
& A EZE 1x10° cells/mlZ WA S o] &35ta] 348k 6 well
plateo] BF¢ T 37C, 5% CO; incubator®| Al 24| 7t vl &
Stk 24749 WA B =S wiA o] FEEE 3435t well
plated] A g3t 2447t Ft AT W30 FEH &
Azl Fejetd Wstes <2009 W& Z 33 v 7 (Leica
Microsystems, Wetzlar, Gramany) 2.2 ##3}3 AFZ& #9Y

sk

Hoechst staining

FALE 1x10° cells/mlE 3431 6 well plateo]] &
o] 37T, 5% CO; incubatorol A 24| 7k v ofek th-& Al
TEHE At U T HHSAATY. §hEo] F5H
T AEE F7A3E 200 ul Hoechst 33258 (bis-benximide, 1
ug/ml, Sigma-Aldrich)& H7}ste] A oA 1087 & A3}
At gAo] By ML PBSE 28] A Fstn g 8L
FFEnAH o2 RASATY.

Western blot

Western blot ] &3 Tl d o] 1y W= % k7] ¢l
ko] monolayer2 Hj 3t 1A AL EE 1x10° cells/ml
7} {2 & A9 100 mm dishol| £33t 37T, 5% CO,»
incubatoroll A 2417k w3kt Wl AMEA ANEE &
EHE 34ste] AEd & UAT ¢ HSAHG WSl
%89 A 3)48te] PBSE 33 Al Z3lal lysis buffers
o] &3t 4T A &afstHTh A E 43143} sample buffer
£ st 65Tl A 523t ¥H3AIZ F 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)E Al
Pttt 171950 B gel+ nitro-cellulose membrane -
2 transferdtd blocking buffer® 2ol A 1413t 2l ¥H3}aL
primary antibody (Bax, Bcl-2, caspase-3, PARP, SantaCruz
Biotechnology, Inc., Dallas, TX, USA)E 3]43to] 47T o A]
overnight 39Tk ©] % T-TBSZ 1413t Al &3}l secondary
anti-rabbit IgG conjugated HRPE 84 3}o] 4T oA 143t
ARl $ T-TBSE A A3 & ¢4 enhanced chem-
iluminenscence kit (ECL kit, GE Healthcare, Boston, MA,
USA)E AH&sted g0 w27 & 9o dd s 24l
aH3 T
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FAENE 4 NEF %
ANOVAZ £z} o, 3 48 i3t ¢ 9 EEUAZ
FAEY. 72t 7 e & o 5
dent's t-testE A A5t 273} A Th(*p<0.05, *p<0.01, ***p<
0.001).
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Fig. 1. Effect of Prunus mume fractions on cell growth of (A) hu-
man colon cancer HT-29 cells and (B) human colon cancer SW
480 cells. Cell viability was determined by SRB assay. MHEF;
maesil hexane fraction, MMF; maesil methanol fraction, MEF;
maesil ethyl acetate fraction, MBF; maesil butanol fraction,
MAF, maesil aqueous fraction. Data values are expressed as
“mean as SD of triplicate determinations. Significant differences
were compared with control at *p<0.05, **p<0.01 and ***<0.001
by student’s t-test.
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50 pg/mloll A= 16.04%° A E BEE&S et o
A ME F2 dAEHRE BAFAT MBFE A
£ HH 25,50, 75 2 100 pg/mle] =X E AT Y28
st GeRRA koo 150 pg/mlo] FE A
= 1549 %i e o4 Alx F4 dAaHE B
H Ddoﬂ, MHF, MBF 2 MAF9| =¥ Ao w}& HT-29 2
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LERSE E} Fig. 1Boll A& QA YA EF<1 SW480S ©] &
stof Wl B EY Al WE Ax YEEE HE YT
MEF 9 MBFE Aelatd< vl Fo2l Az 444 a7}
et ow, Al Az 4% AA7F YetydA ¢t Bae
71548 F87F AA HALAE
aRHo g AT E,Lo}%l

o whe} autophagy%: B A2
£ Ad7AAe A +=
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s
Foll A= chloroform ¥ ethyl acetat %Q%o
T A% AAEHRE e AL H[18], 4 <
HAGA A i FG AFAME ethyl acetate &8
74 anZe RYERZ By HUYS] B dFAgdAs
methanol & butanol £&&o] a3 NEAF A4 a3
£ B 9o Huge g2 Ao ol &g Ag9
Ztolell me} goldt Ao AT, B AFAHLE F3)
A B Ao W& AA fAFAEY AZAA = SW
480ETH= HT-29M 2ol A B S I & Zhe 2108 dds
Atk E3] HT-294 E o A 9] MMF % MBF9| IC50%2 22t
1268 ug/ml 2 1283 pg/mlZ Yehy 23 Ao & A
A SAE HT29H 5 0] 4319 125 pg/mle 555
FEE AASY A AE fE &35 Flstd.
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net AZEAE Hriske A B 0}‘4‘3]‘4[6]. MMF
MBFY| A g o] @& HT-29 M *E9| colony Aol v A+
&S Yol AI+= Fig 29 2tk MMF AT olMe &
HO R colony 40| A= AFE Byon, 53
T3 B3k 125 pg/mle| & E7 A& colony 845
Fagh A0 R Yetgth MBFE Aeld TollA e 75
2100 pg/mld] sEolA = 2 W3S YehlA egtont 125
ng/mle F=E A5t W colony ¥4 %50l A A=
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Fig. 2. Effect of Prunus mume fractions on single-cell prolifera-
tion of human colon cancer HT-29 cells. Cells ere stained
with crystal violet solution and colonies were photo-
graphed. MMF; maesil methanol fraction, MBF; maesil
butanol fraction.
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Concentration (ng/ml)

Control 75

MMF
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100 125

Fig. 3. Effect of Prunus mume fractions on proliferation of human colon cancer HT-29 cells. Cell morphology was visualized by
optical microscopy (x200). MMF, maesil methanol fraction, MBF; maesil butanol fraction.

o] 571l apoptotic body?] @4 el <l¥ At MBF A 2l
ol AME 75 2 100 pg/mle] =2 He3Aqe o 2 dsr}
e Ao Yebt o} 125 ng/mle) sEolA 3 et
%ok Kim 5[16]& WA s5do] F53 d&=5gd=S B
ff} ZALZ B3O, Verma 532 AEA F A&
of A ZY Ao YIS T BAsATE o]
MMF % MBF9| Aejo] & A tiddAz 54 A a3
7} apoptosis®} #H o] YE AR HEHH, o] A £
= U S5 dAsd g 71U Ao Az

e E=22| M2|7} oA CHEAMIES| apoptosis 2HE
EHE Wi ojxl= get

Apoptosis7t ¥ojvE 7 EE A mitochondrial path-
wayetll &% WA 7 29} death receptor pathway$l ¢

A ZEE Yo dA A7) 53 2 T WIRF =

A Bcl-2/Bax familyel o|¢ ©uid d@o] 24 Az
apoptosisZ A ol A thE 2 Q1 Tl o] t[11]. Bel-2+& anti-
apoptotic FHAZA A L] apoptosisE A st= HHH
pro-apoptotic ¥ 2 ¢l Bax= apooptosisg FrE3hE &<
3tm Bcl-23% Bax®l A<l & 7+4E mitochondria® -
E] cytochrome ¢9] 81 & Fxlst T A4 F24<2 ps3
% caspase®| &4 3o st DNA &4-& E7-3= PARP
gl o] Bdo] Yojupa ANRAH SR E apoptosisE ¥ 0.7
T AR EEA T3] WA B2 Agrt JdA gL
A HT-299] apoptosis #& S Aol o g G vx =
A #Rlsk7] fiste] apoptosis 7] o] #efete G Ao
515 western blote F3t Fd ZIA= Fig 59 2o
HT-294 o] MMFE 55" & A8t %< W pro-apoptotic
gl Baxd BEE TEEAHCR F/HY BH an-
ti-apoptotic T Al Bl-29] WE & ZHadte AR e

l‘i“)

Concentration (ng/ml)

Control
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Fig. 4. Effect of Prunus mume fractions on nuclear fragmentation in human colon cancer HT-29 cells. Cells were stained with 10
ug/ml of Hoechst 33258 and examined by flourescene. MMF; maesil methanol fraction, MBF; maesil butanol fraction.
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MMF (ug/ml) MBF (pg/ml)
Con 75 100 125 Con 75 100 125
Caspase-3 l D — | | e c— — |
Bax — ’| - —|
Bcl-z|...- -| |---" |
Cleaved PARP | - D e -| l i -s‘|
Paciin | D G - -] |- - - -

Fig. 5. Effect of Prunus mume fractions on expression of Bcl-2
family protein and caspase activation in human colon
cancer HT-29 cells. Cells were treated with fractions for
24 hr. Caspase-3, Bcl-2, Bax and cleaved PARP was as-
sessed by western blot analysis. Cell lysates were sub-
jected to 12% SDS-PAGE. MMF; maesil methanol frac-
tion, MBF; maesil butanol fraction.
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Fig. 6. Effect of Prunus mume fractions on bisphenol A-induced
proliferation in human colon cancer HT-29 cells. Cell via-
bility was determined by SRB assay. MMF, maesil meth-
anol fraction, MBF; maesil butanol fraction. Data values
are expressed as mean as SD of triplicate determinations.
Significant differences were compared with control at
#p<0.001, and with BPA control (1% cFBS) at *p<0.05,
*p<0.01 and ***<0.001 by student’s t-test.
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