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Effect of Butanol Fraction of Mylabris phalerata on Induction
of Apoptosis in U937 cells

Jeong-Eun Huh*, Taek-Joon Yoon*, Jong-Soo Lee** and
Jin-Hong Jung***, Sung-Hoon Kim**
*Department of Oncology, Graduate School of East-West Medical Science,
KyungHee University, Seochunri, Yongin, 449-701, Korea
**Research Institute of Daewong Pharmaceutical Company, Sungnam 461-193, Korea
*#*Opriental Medical College, Taejon university, Tuejon 300-716, Korea

Abstract — Mylabris phalerata (MP) is an insect that has been used for the treatment of cancer in oriental
medicine. To evaluate the anticancer activity of Mylabris phalerata, We measured the cytotoxicity of Myla-
bris phalerata solvent fractions such as MC, EA, BuOH and residual layers on U937, human monocytic leu-
kemia cells. Of those fractions BuOH layer of Mylabris phalerata was the most effective with ICg, of 140
ug/mi. It effectively caused DNA fragmentation from the concentration of 50 pug/m/, showed apoptotic
nucleus by tenel assay and expressed apototic portion stained by Annexin-V, It also induced the activation
of caspase-3 and cleavage of the substrate poly (ADP-ribose) polymerase (PARP). These results suggest
BuOH layer of Mylabris phalerata exerts anticancer activity by induction of apoptosis via activation of

caspase-3 protease.
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ZQl AzE Rk "k #HTol sixE AlZuel
olu] EAlkE AFAFZ7|TEC] AR2E D] §
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¥Ie= Mylabris phalerata Pallastls 354 2=
AN (EE)ZR ZFFo]A= China blister beetlesZ
5753 Ban MaoZ E8]1L glon AHRINE
Spanish fly2 E2|$-=t) ejeolre FEAHS A
U2 7R, WEAE, Bhngdnsiel &) 9o 3
& ggetel FeEn Jok® HIol Mylabris
phalerate’} FXEAE Ztom HoE FIATIEH
I FoEANEAS] cantharidin® 2. mylabrisAA|
0.61%¢°] & 33T}. cantharidin® serine/threonine
protein phosphatase type 2A%} ZAE3}o] protein
phosphatase@’§-& Aslsiti= ®yrt gle, o 7
3 BAE AAS] Y8t YHE cantharidinf-E=A %
getarde) o) RuERAL,? Mylabris phalerata
2] apoptosisir=aH4- 7AATE A gle AHelch

olof] £l dHghellA ¢t G- Aol E-gxo]
£ Mylabris phalerata Pallas®] FLEIE ¥
2 AFskaA, AR B8y el U937 e
2 AFAF QA aNE AEEgty 2% 7 a9y
¢l BuOHZ& A]5F DNA fragmentation assay,
TUNEL assay, F-HE5-4el| 2] apoptic portionH
3}, PARP U casapase-3 B4 5-& 713l #o%t
AFE Y71 Budhks alolu},

HEdY

AIBINZ — Mylabris phalerata(RTRy= STA4C=
aFAAA A FE

Alef 3 7]7] —Methanol, hexane, methylene
chloride, ethylacetate, butanol merckAt #|ECZ
AREE19 31, RPMIL640802), FBSE Gibco BRLAL,
MTT, DMSO, proteinase K, DNase-free RNase A,
Poly-L-lysin, paraformaldehyde, PBS, propidium
iodide, skim milk, Tween 20+ Sigma*l, TUNEL
staining Kit¥™ promega’l, Annexin-V-FITC, anti-
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PARP antibody, Hoseradish peroxidase conjugated
anti-mouse IgG antibody:= PharmingenA}, caspase-
3 colorimetric assay kit: R&DA}, 30% polyacryla-
mide, bovine serum albumin(BSA), WRZ Y EEg-H
< Bio-RadAl, nitrocellulose membrane, ECL kit
AmershamAt AF-&, x-ray filme KodakA} AlFo=2
zyzy dste] Ag-Eklth. M EuieF7]E Forma
Sciencer}l, FAIEZA7]+= Becton Dickinsonrl, 3%
Fu) 7 (Axiovert S100)2 ZEISSA} , ELISA reader
+ Molecular Devicerl, 94&2]7]= 3+, Spec-
trophotometer:=" Pharmacia Biotech*}, 317]%% 4
transfer system-2 Bio-RadAl, UV illuminator=
Pharmacia BiotechA}, XF=#A}71= Amersham life
Sciencert AFS ARESIATE

S7180) 28FE - 9Y 1 kg2 metanol® &
3lo] ZHAAZAA crude extractE®: 23lar, £uig
TP =] wel £34H2E methylene chloride,
ethylacetate, butanol, 72|31 residue® o2 2}
1000 mA & F A ZAZ

MEZFE gl MIZHQF — el ©55(U937, ATCC
CRL1593.2)| %5 RPMI1640+10% FBS HIA|Z
5% CO,, 37°C ¥i7]oA wieslsich

AEZHH MESY - 9387 g AEFTE ek
F8. 5x10%% 96 well platee] ¥F3igict. 22k
RERES 1000 pg/miFE 3125 pg/misiAl 2614
ANE A 33, camptothecine> 100 pg/miF-El
3125 ug/mi7HA 238 Aldjsly sle] vt E58
96 well platec]l 371 § 24r7HE<t X E]3i3lt).
Plate®] ZF welle] 0.05mgBGOW of 1mgmi)2)
MTTE 718iFEa Tl 4 A)ZE o] eijesled MTTV}
S E=E IS}, B £3A] plateE 15000 rpm
X5 ¥7F AHEesle] AR formazan B8-S 7t
3|1 FR{HES AAAZ = ZF welle] AR
formazan 2% {3A7]7] fI8k] DMSOE 200
WA 71t & formazan Z°] & F YEF ¢
1557+ 7PEA A"s] F1 vkE ELISA reader®
540 nmellA FFEE S

DNA fragmentation assay — A2 Z}2} wjjok
FE AEE 2x10°8 6 well platec] 253131tk Al
= Wit § 7} wellell WHE.S] BuOHEEE 500
ug/ml, 250 pg/ml, 125 pg/ml, 62.5 pg/miZ Alh3)
4310 18A17HE<Y HieFslSith. Proteinase K& 50°C
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ol 3Al7HE<el BEX|8EE phenol 25 : chloroform 24
: isoamylalchoal 18 ©]83}%] genomic DNAE 3
3l9th 2% agarose gelollAl 50 V2 #7195 $
% UV illuminatorZ 21353t}

TUNEL staining — 33522 o]&3}¢] apoptosis
7t ol Alx 2] g FAsR= Fapilelct. fl¢}
=A% Wio g HIVL E5d 7 weld] HEE9
BuOHE-8& istal 18A17HE3E wikslsicy. wiek
T Hgdal 4EZ o} 500 lysis buffer(0.7%
SDS, 5mM Tris pH 7.4, 20mM EDTAYE ¥
30 E9 AR2olA ®Ex|$ & 0.5 mg/mie] proteinase
KE Aol 331 37°Cel& 18717 B2t Xgt & A
T E $83t0] MEEZ PBSE AH3Ir}. Poly-L-
lysin®] coating® slideo] ATLE =T F 4%
paraformaldehyde/PBS(pH 7.4)% 4°ColA 2583}
W5k PBSE A3t 0.2% Triton X-100& 5
B2t A & ohA] PBSE A& Equilibration
buffer® 1087+ W3t ¥ FITC labeled dUTP 5l
9} 1 W9 terminal transferaseS 37°CollA] 1A|7H
F9k 9k3-& AFIt}, 2x SSCE ARolM 15837 A
23 & PBSE AlAs 1ug/mle propidium
iodideZ 1577t Bt SHFE AHT £ 334
u|F e R #HARATE

Annexin-V &M — 9ol FUS WHOE A
ol wime] BuOHEEE 1817 &t Ad
10° cells$ PBSE AIHCh AZE AF-HAZ
staining solution(ottle 1; 20 W/ Annexin V-fluore-
scence labeling reagent, bottle 2; 20 u/ propidium
iodideZ WrS-A1Zth 800 WS hepes buffers 7}
& F FAEEA7E B

Caspase-3 colorimetric assay — 9]¢} 543 4
How MEE Fhist F 2x10° AZE 50 wel
cell lysis bufferS YW1 1087t Sl HXg
F AR AEF-FAE ARSI DTV 2
8t¥ reaction buffer 50 W% DEVD-pNA 5 wWE
F7F2 W3 37°CelM WMRbEt ¥R ¥ 405
nmollX ELISA reader® &4%E Azksiiv).

Western blotting —cell lysis 9# 22 BSAS
BEFdoF slo] iz HHEHE o]|83) Bradford
Hog =439 th 10% polyacrylamide gel®l 20
uge] TEAS Joadingdt ¥ A9 W8 E
o] I geld blotting kitE ©)-4-3] nitrocellulose

Hor

o

membrane?)] transferdt ¥ TBST-EH o= #3153
t}. 5% skim milk+0.02% tween 208802 247t
%<} blockingA| 712 TBSTER o2 33] AAc),
Blocking$-9o]| anti-PARP antibodyZS 1:10004 314
3lo] ARFESQE HkS- & TBSTE9 o= 33] Aj33)
t}. Hoseradish peroxidase conjugated anti-mouse
IgG antibodyE 1:10008] 348t} 1AZFERE WA
70 & TBSTEH o= 33 AH3|ict. A5 &jlst
7] f18to] ECL kitg ol83 L7 x-ray film
off 102352 =327 ¥ ANsIsiT

EAXNE -A8dHE= sigma plotE ©] L3}
independent sample t-test® ¥FE2 212 HA3Ih

HEE W OF

Mylabris phalerata® ®7|80] 2% -5 1
kge methanolZ FZ38lo] ZAUATAIR A7 97.7 g
9} crude extract® ¥, Svfe] FAAEC wie}
428 9% methylene chloride, ethylacetate, butanol
2 Zf-(residuall2 8-S 24 1000 m¥ FE31 7
EHsty FEAAZAA 47 3.0 g 27 g 97 ¢
2 344 g& A

UMIZET0]| CHEE MZESA - U937 TA|Eef| tff
3+ Mylabris phalerata®] 7718wl Z&ollA HESY
349, 472 FolA4 anrt AFHUT F,
U937 AEFo] thdt ATEAFL Z+ Z9] IC,, #ol
7z} MC%2 375 pg/ml, EtOAcEL 200 ug/mi,
BuOHZ2 140 pg/ml, residuali~2 260 pg/ml, Crude
MeOHZ2 350 pg/mielA] vepsdth, 718 %2 AlE
24¢ Vel BuOHS 7% IC%to] °F140 pg/ml
o7A, 74 ¥ AEEANS ¥ methylene
chlorideZ=ol] B]wald ¢F 2.691¢] H2 A4S Ve
Aok, FhEFoZ AREEE camptothecin®] IC, 8%
2 9k 95 pg/mielAk(Fig. 1). ol B AdelM=
7V e 5494 29l BuOHSS AEsie] AE=4
23 718E skt sk

Mpylabris phalerata BuOH 20 2§t DNA
BEXES - U937 A|EF) €Y. BuOHEES 625 ug/
ml, 125 pgml, 250 ug/mi, 500 pug/miel FEZ 3
7Fer & 1877FE<k ulk ¥ genomic DNAE 3%
3lo] DNA fragmentation®] F5%+=A9] o2 s &
olr 7] it A3l DNA fragmentation
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Cytotoxicity of Mylabris Phalerata on U937 cells

Viable cells(%)

7 T T T T
158 325 625 125 250 500
Conc (ug/mi)

Fig. 1 - Cytotoxicity of Mylabris phalerata solvent fractions
on U937 cells. Of those fractions BuOH layer of
Mylabris phalerata was the most effective with
IG5, of 140 pg/ml.

apoptosis”} dofg 739~ WM vixu}r AN el
= ALE Eo|FAAS CAD(caspase activated
DNase)”} chromosomal DNAS] 3-OH”]7} fragmen-
tation®] dolu} o] 25719 27tOE rolx 50-

Fig. 2 -The DNA fragmentation analysis of U937 cells
treated with BuOH layer of Mylabris phalerata.
U937 were cultured with various concentrations
of BuOH layer of Mylabris phalerata. Cells were
washed with ice cold PBS (pH 7.4), centrifuged
and resuspended in 10 mM Tris-HCL/1 mM
EDTA. Cells were lysed and incubated with 1
mg/mi of proteinase K at 50° for 3 hr After
extraction with phenol-chlorofrom (1:1) and
chloroform. precipitated DNA resuspended with
TE buffer. DNase free RNase A (200 pg/ml) was
added and incubated. The DNA was electro-
phoresed on 1.5% agarose gel and visualized with
ethidium bromide staining, lane 1. control, lane 2-
5. 50 pg/mj, 100 pg/mi, 250 pg/ml, 500 pg/ml,
lane 6. size marker (100 bp ladder).
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200 bpeldte] 2> DNAZEHS #Eer itk 43
A3} BRe] Fho EH o7 625 pg/miolARE]
125 pg/mi¥ 250 pg/miTE DNA wAzzio] 7}
HE= Ao FEglo, 500 ug/miolH= g A
A g MESo]l 25 #¥=o] DNA ladders
F2 5 IREd ol vkt v et AlEEA
& Z7Eo 7 AlREtkFg 2).10 gy o] A
A, IC,R]! 140 pg/mis AT E Shfjell A=
I AH(apoptosis)®] FEfZH3}0 DNA fragmentation
o] &3] T HHHS] BuOHZE< 9J3t AX=4d
A= apoptosisel] 2Jst] FEHE F4YUS ERIsH
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Fig. 3 — Flowcytometric analysis of apoptotic U937 cells
stained with Annexin V fluorescence and propidium
iodide (PI). U937 cells were cultured for 18 hr
with (B) or without (A) 125 ug/m! BuOH layer of
Mylabris phalerata. Cells were then stained with
the Annexin-V-FLUOS staining kit and analyzed
as follows: FL 1, Annexin V fluorescence; FL 2,
PL. Flowcytometric analysis differentiates normal
cells (left left), apoptotic cells (left right) with
Annexin V(+)/PI(-) staining, and necrotic cells
(upper right) with Annexin V(+)/PI(+) staining.
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SMEEMo|| ol8t Mylabris phalerata BuQHE
£{9| apoptotic portionH3} — vjFH UIZ7H FE 50|
HlH O BuOHZS 125 pg/mlie AXo] H7fst &
1877F%<et ujjoksl th2 Annexin-Ve} PI stainingS
3ttt Amnexin V= Z7)9HA19] apoptotic cells®
necrotic cell 5l ¥H-&3}22 necrotic cell¥} &
3}7] $15199 propidium jodideE FAloll QAsle} £
AEE7I2 BAegich. APaw, viEe] A 78
¥ BuOHZ 125 ug/miollM 28.44%2] apoptotic cell
3} 21.44%2] necrotic celld FA3IchFig. 3). 4
HH o7 oFEAL Z7|HelM ML HEetez
FE] Mgt oz §I7F £ HEEHY
apoptotic cell2 FBaI L, JAl HH2] BuOHZ.
o3t MEEA &I apoptosistll 2JEte] FEEH=
AAels I8

Mylabris phalerata BuOHE28|0]| 2|8t MZLY &Y
S} — vfjokel U937TAHIET ] §EES] BuOHZ-S 62.5
pg/mi, 125 pg/mi, 250 pg/mi, camptothecin 9 pg/ml
& AXof ek 1847 <t vikst 3 TUNEL
staining s}o] Sol& 0 E FJEFo] EXE apoptotic
nucleuss FFPu|F o ISt AFd7 54
gEre®g, AXRE AYAHoF wWigs A
apoptotic nucleus7} FTEE X Qkgror} WER
BuOHZ 0| M= 625 ug/ml, 125 pg/ml, 250 pug/mis)
5 7oA 315%, 39.3%, 29.7%Z= apoptotic
nucleusE #2311 FJ)Z27R) camptothecin 9
pg/miolA = GA] 38.5%2] apoptotic nucleusS T2+
stk Fig. 4). o] A¥elA ¥IRe] BuOHZF 125
pg/miIC,e]l FAhZET<l  camptothecin 9 pg/
ml(ICHTE °F 0.8% =7 apototic nucleus’t #Z
g3}, o] A¥A U937AEF7) wHEe] BuOHZE:
o gJate] #o] Zolx|o] FHEAL, AE7T swelling
511, o] e AZUEEc] MEEes 4Rl &
HEZZE FE] "oz Y o] FEAIAA T | (apoptotic
body)7} GAl oRFEAIA e o)k A RISk
it

Mylabris phalerata BuOHZO| Caspase-3 &M
Slo] o|8t apoptosisRT — Bk U937AETo| H+
E9 BuOHZE 156ug/ml, 31.25ug/mi, 62.5ug
ml, 125 pg/ml, 250 pg/ml, 500 ug/ml, FANZFTRI
camptothecin 9 pg/mi& Aol ztzb H7ist &, 18
ANZHERE wiokslel &/dskE caspase-3 EAE ESH

Aok A8AI controlofl BlSte] HEES] BuOHZE
15.6 ug/mielA oF 148, 500 pg/miellMs oF 2.8912
FEo) 9]EAO0F caspase activity’} 7o,
P ZT camptothecin 9 pg/mi(IC )2 WHE S
BuOHZ 125 ug/midC,p)® ¥)Z5FE campto- thecin®)
oF 279 ¥ S HATKFig 5). A¥ZAH
caspase-39] activity'= ¢} pro-caspase®l|A] caspase
Aol BA8lEE cascaded A & HEFFHoOZ
caspase-37} @/JslEo] MEUR 4S5 E Hds}e] of
FEAA S AHH, e Rl o] A

Fig. 4 — Fluorescence microscopic analysis of U937 cells
by TUNEL staining. The U937 cells were treated
and cultured with camptothecinand BuOH layer
of Mylabris phalerata for 18 hr. upper; conterol,
middle; BuOH layer of Mylabris phalerata 125
mg/m/ lower; camptothecin 9 pg/ml
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Fig. 5 — Colorimetric caspase-3 activity of U937 cells
treated with BuOH layer of Mylabris phalerata.
U937 cells were exposed to the various
concentrations BuOH layer of Mylabris phalerata
for 18 hr, or exposed to serum free media;
control(-) and camptothecin (9 pug/mi); control(+).
Cells lysates were prepared from each sample
and used in caspase-3 activity assay using the
substrate DEVD-pNA.

oz AE &9 2 Axue] ey wWst gEa
chromosomal DNAS] 252 apoptosisE =815
E}J—’_ A}qu}o,n,m)

Mylabris phalerata BiOHZE0f| 2|8} Poly(ADP-
ribose)-Polymerase cleavageg§i — Caspase-39] 7]
Az d#x 3)2HA DNA replication E4F U
3% nuclear binding protein?] Poly(ADP-ribose)-
Polymerase(PARP)7} ¥t 2] BuOHZ<| o3l Het
2o2H caspase-37} S UENMIIEAE BRI
7] 93k Agsilct. v1ES BuOHZE 244 15.6
pg/ml, 31.25 pg/ml, 62.5pug/ml, 125 pg/mi, 250 ug/
ml, camptothecin 9 pg/mis 28kl 18X wljoF
3t & MEE lysisslo] proteing S & western
blotg AAIIAT A8 A7 116 kd®| intact PARP7}

AHEEA 85 kdS] HEARES F8ISItH(Fig. 6).
o] A¥A¥ ¥ty el BuOHZ E-3o] PARPY| Awigh
O 22X} caspase-35 B/d3AA apoptosis’} FEHS
#1511, F30f caspase-30]2Je]E cytochrome C
U EURE pro-caspaseSo] A3l tidt A7) H
QA4o] gk Alg gty B

g £

gogtex FEA FUFNR EREHE
(Mylabris phalerata) BuOHZ2] A4&4S A
o7 dFstuA AP FAesigict 1 g
BuOHZ-2] U937 W& 5ol thst ME=A I
& 140 ug/mie)aL, 50 pg/mikEl U937 Wy oF
F AEJY & ddste] 200 bpelste] DNA
ladderZ YfEld o, TUNEL assaylXI% apoptotic
bodyE &2 4= QISith ®EE BuOHZE 125 pg/
mioA] FAIEEA oA 91.44%2] apoptotic portion
& WHAZIL, caspase-39] B} 18] 71
Poly(ADP-Ribose)polymerases 23t azZ& o
2=

o9 A=z Ho} wkE BuOHE-39] U937 Al
ZZo]] thet MIEEAL caspase-3 protease SIS
=38 apoptosis FEAE02 B o] tFt FEE
A 2ol AESlE Ae71d vt st Als
g}

(Lo (o
e

(@]
g

UAtel g

B AFE ST AG A EgA A
(F00865)447} BK21 projecte] )3l o]Foi&F = u}
olo] ZAI=F ).

Fig. 6 — The western blot analysis of U937 cells treated with BuOH layer of Mylabris phalerata. U937 cells were exposed
to the various concentrations BuOH layer of Mylabris phalerata for 18 hr, or exposed to serum free media; control
and camptothecin. The cells were washed with PBS and lysed. Cell lysates were cetrifugaed and the protein
content was determined. After SDS-polyacrylamide gel electrophoresis, proteins were transferred onto immobilon
nitrocellulose membrane at 150 mA for 3 hr at 4°C. Blots were probed with anti-PARP, lane 1. control, lane 2-lane
7: 15.6 pg/ml, 31.25 pg/ml, 62.5 pg/ml, 125 pg/ml, 250 pg/ml, 500 pg/mi, lane 8 : campthothecin 9 pg/ml.
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