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ABSTRACT

The present study investigated the antiproliferative and
chemosensitizing effects of Crinum asiaticum var. japonicum, a plant
distributed in Jeju island.

The 80 % methanol (MeOH) extract, chloroform (CHCl;3) fraction,
and butanol (BuOH) fraction of the C. asiaticum inhibited the
growth of HL-60 cells, human promyelocytic leukemia cells and
HL-60/MX2 cells, mitoxantrone (MX) resistant HL-60 cells.

When the HL-60 and the HL-60/MX2 were treated with the
CHCls fraction and the BuOH fraction, DNA ladder and sub-Gl
hypodiploid cells were observed. Furthermore, the CHCIls fraction and
the BuOH fraction reduced Bcl-2 mRNA levels, whereas Bax mRNA
level were increased. These results suggest that the inhibitory effects
of C. asiaticum on the growth of the HL-60 and the HL-60/MX2
may arise from the induction of apoptosis.

Treatment of the HL-60/MX2 cells with the CHCI; fraction and
the BuOH fraction resulted in marked decreases of the multidrug
resistance protein (MRP) and breast resistance protein (BCRP)
mRNA levels. In particular, the MX accumulation was increased in
HL-60/MX2 cells when treated with the CHCIs fraction and the
BuOH fraction. On the other hand, treatments with cyclosporin A,
sulfinpyrazone and verapamil, which are competitive inhibitors of
P-glycoprotein (P-gp), failed to suppress the accumulation of MX
by C. asiaticum. From these results, the CHCI; fraction and the

BuOH fraction of C asiaticum seem to play pivotal roles as



chemosensitizing mediators.
Taken together, components of C. asiaticum might have a
therapeutic potential for the treatment of human leukemia including

MDR leukemia.

Key word: HL-60, HL-60/MX2, Crinum asaticum, apotosis, Bcl-2,
bax, muiltidrug resistance(MDR), muiltidrug resistance
(MRP), breast cance resistance protein (BCRP),

mitoxantrone accumulation



ABSTRACT
2 2!
LIST OF SCHEME
LIST OF TABLES

LIST OF FIGURES

A=Y 49

© N g s o e

wel H

DN
s

A A X
o

L
L

I
N

Analysis for DNA fragmentation
Cell cycle analysis

RNA extraction

. RT-PCR analysis

. MX accumulation

[e)

-60 A XE apoptosis % &I}
-60/MX2 MxE ks WA 55 a3

3.1 529 HL-60/MX2 A% apoptosis & &3}



-
X

32 +F2 HL-60/MX2 Al

. 29
.32

_iv_



LIST OF SCHEME

Scheme 1. Procedure for solvent extraction of Crinum asiaticum



LIST OF TABLES

Table 1. The sequences of primers and the expected sizes of the RT-PCR

DEOAUCES ettt et et e e e e e et e e e et e e e et e saaaeeeeaeaeeeeaaeaeeseeeeseeaneas 12
Table 2. PCR conditions of Bcl-2, Bax, MDR1, MRP, BCRP and fo-MG .. 12
Table 3. Inhibitory effects of the 80 % MeOH extract or several solvent
fractions from C. asiaticum on the growth of HL-60 cells and

HL -60/MX2Z CEIIS ettt et e e e e e seeeseee e 16

Table 4. Inhibitory effects of the 80 % MeOH extract or several solvent

fractions from C. asiaticum on the growth of HEL-299 cells ........ 17

_vi_



LIST OF FIGURES

Figure 1. DNA fragmentation by the 80 % MeOH extract or several solvent

fractions from C. asiaticum in HL-60 cellS .....ccoovvviiiiiiiiiieieiiiinnnen, 18

Figure 2. The degree of apoptosis represented as the DNA content measured

by flow cytometric analysis in HL-60 CellS ..cooeerveeeeeeeeeeeeeeeeeeseens 19

Figure 3. RT-PCR analysis of Bcl-2 and Bax expression in the HL-60 cells

treated with several solvent fractions from C. asiaticum ................ 20

Figure 4. DNA fragmentation by the 80 % MeOH extract or several solvent
fractions from C. asiaticum in HL-60/MX2 cellS ...cccooveeviveiveecnennn. 21

Figure 5. The degree of apoptosis represented as the DNA content measured

by flow cytometric analysis in HL-60/MX2 cellS .....cccccoevvvvrevrennne. 22

Figure 6. RT-PCR analysis of Bcl-2 and Bax expression in the HL-60/MX2
cells treated with 80 % MeOH extract or several solvent fractions

FLOM G GSIQLICUIT et e e et e e e e e eeeeeeee e e e e 23
Figure 7. RT-PCR analysis of MDR-1, MRP and BCRP expression in the
HL-60/MX2 cells treated with 80% MeOH extract or several solvent

fractions from C. GSTQLICUITL .ooeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e eeee s eeeeneeen 24

Figure 8. Flow cytometry analysis of mitoxantrone accumulation by the 80%

MeOH extract or several solvent fractions from C asiaticum in

- Vvii -



HL60/IVIX2 COLLS uventee ettt ettt e et e e seeenas 25

Figure 9. Flow cytometry analysis of mitoxantrone accumulation by and the

Figure

Figure

80 % MeOH extract or several solvent fractions of C. asiaticum in

HL -60/MX2 CEIIS ettt e e e seee s eeeeseneeseneeneneens 26

10. Flow cytometry analysis of mitoxantrone accumulation by
Sulfinpyrazon and the 80% MeOH extract or several solvent

fractions of C. asiaticum in HL-60/MX2 cells ....ccoue...... 27

11. Flow cytometry analysis of mitoxantrone accumulation by
verapamil and the 80% MeOH extract or several solvent fractions

of C. asiaticum in HL-60/MX2 cellS ....cccccovvevreeenne 28

= viii -



1. 747

ohel o, ek B A EWHE NEsty] fete] kel WA JHE M ET AXE
ob FHA Ade] Aprh FSEA DA k. sARE F43] wstE A
Tl = Eskar obe d=le] St AbRl T oF 46 %= 1915 AA Pt
(RAHA 5 2004). 2hd ksl ko 3
%ol slFat= 63 53] el Gt wis] A&HH R Frheks F Aol th(E A
A, 2004). oF EA F LARAAETE GoldkA @AY, elv] gte] Hold s
& (AA o A oF 50 %) FE sstaor Azt g kAl

ARk AlxZo] thaLARS AsetA] B sl A apoptosis A =, A3}
N7l 9&& 3o} Apoptosist cell deathe] 21&o] WHE-3te] dojys 554
N Hgow vEY kol ok Al Ayolim FSHA AAC ofF
Al e] 4hal] s BT ShAlE A apoptosis7t & doluEE A3k Tl

? UA]

oaf Ag It A B A Ee] B AnAR AN E AL
A EA dAFEHL de BAEES A el ?

H(Tsuruo et al, 1984). ekl gk WS A71% Q1 kAl AHgo 2 s
o == AEEo] *=9 AE W 45 FAEAIIAW(Shen et al, 1986 ;
Shen et al, 2000 ; Gottesman et al, 2002), 3|5 2§ T wWES A ststA
W (Schuetz et al., 1996 ; Goto et al, 2002), x4 o] ¥ = Tyl
et al, 200D)A171= &9 o2l 74 7] H& Foto] dojuA @
o ARl 7HE Z Fof ad A ¥rt ofyt AR HfohE L2 o] )
THE, 1996). ekl ek iAol dofst= 7d 2 vy, o1 SolAE vhoF
WA (MDR ; Multidrug Resistance)¢] & 2.3 &S =X 32 At} (Brooks et
al., 2003).

HIHA F2 ATHAA L e vokE A #¥ 1A= ATP-binding
cassette (ABC) °F& F&obdlel srde] o3 At (Gottesman, 2002).
ATPE o] &3l TF BC <FEFSHo =
P-glycoprotein (P-gp), multidrug resistance-associated protein (MRP), breast
cancer resistance protein (BCRP)%©] Rl ¥ ¢l th(Kartner, 1983 ; Cole, 1992 ;

%o

2o
o
fr
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n
oy
ol
rr
=



ST g A A% B dFos Bde] e Aem dEAa 3tk (Chevillard,
1996). Wdeol 7= dif-ie FaAsES A5 27]ds B3/ Aoy Zolof

g, ol &

o)
Lok
fo
)
o
i
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_O|L
s
SN
K
il
B
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s

F o FYAE AgHA

A3 JH(Consoli et al., 1996 ; Perez-Soler et al, 1997 ; Mazel et al., 2001).

1-1. Apoptosis (programmed cell death)
T54 AEAQ necrosisétE E8 T84 AXEAS apoptosise AEL] &
A P EE ‘programmed cell death’ 24 A2 A4 (development) & &-A+A

(homeostasis)oll =83 &S kil JYtH(Cohen. 1993). 1 FHH EHJ o=+

AE7E FFskar, 8 Aol w51, DNAZE &8A £4& wEx, ddty
AEA wre] Ax7F A7, 92 w5 9 dAde] dgeor HAdE ¥ w4
(fragmentation) = o] M2 FHoZ =& ol "Hogx Yzt He=d ol =49
H vz EQ aAA(apoptotic body)E EAstL TZAAE F9 AX S

2 Mo o ®AHol AdE= RS He=th(Duvall et al, 1984 5 Willie,
1980 ; Arends ef al, 1990). DNAS] E4d3 A2 A E7} apoptosis® 97t €
?1¢] ¥ =t chromating nucleosomeo 2 A@3}7] $13] endonucleaseE ~4Fa}
o] DNAZS E&sln, ojg]d A< ladderd Bl & agarose gelol Al 180bpe] E#
A2l DNA #4242 SHE 4 tHRobaye et al, 1991).

- Bcl-2 family
Bcl-2 family:= W EZ =g o2 5 E apoptosis F¢hol 83 AlAolgla o A
A= AIF (apoptosis induce factor)®} cytochrome C¢] H&S Wafjgo 2 X
apoptosisE WA 3t} Bel-2 family: apoptosisZ 9 AetE A3 A8t do
o7 UE 4 9=t bel-24 bel-xL-& apoptosisE A8l Bax, Bel-xS%&
et 2ES sk 53] X APEE FX8E oy 7 27 olgiAE Al
A AEshe Ao ¥4 bel-27F AE A& T8 93-S g
3

debetar, olofA bel-29] A o] AMEC] apoptosisE 9 AIEH7] WLl

e

o
f

7F A

4

ROH
«



Aol =W HAH(Silkworth et al, 1986). L °]%F bcl-27F H=&tA LA
apoptosis’7} JA = A A Eo] o] AAFH L JqrtHSumantran et al,
1995). Bel-2 #HAl9] &%= bax o] oaid =dE= AoR Hol=d], baxe
bel-29F FW e ofu it o] UAA i Jth(Farzandh et al, 1982). L3t
axi homodimer= &A1&}l A A WA bel-2¢9F heterodimers F4 T
Aol w3 Htl. bel-29 bax:E death-repressing activityES A& &=
zr3 itk Bel-2 family:® olm| Al M Fato g wj$ fAFSE w=w <l
3 913l Bax ¥ BHI, BH2, BH3S 7FA4 a1 glthe Aol Bel-29F wj$- H)
=3}tk (Annette et al,, 1996).

o

52
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1-2. 3% E WA (Multidrug resistance, MDR)
thors YWAS AME T FIAERE ofyel Fxu v]so] dE thE vkt
gaAdE WS Hols dANS Tolth(Biedler et al, 1975 ; Gottesman,

2002). AA S Aol stk S A= gk 7HA gekAl7 29s 29l shA
¥ gt Aol olF uE FEAd teiME WS Hols At W,
Z7] A A AE7]de] v 9y F7Y FAAES Al FoAse EHeFstet
SRS AEdFd=E &35 A5q8HR7) fle A4S AF 32 & 5+ 3

oZ ¢ldte] AR The sk FekAY ®WeAVE vl AlTE = A2 ¢kl st a el
Ao T AR AAE A Y (Fojo et al, 1987). thefe WAl ##
Y= d9dA 2= doxorubicin® daunomycins €  anthracyclined]  ¢FE,
vincristine®}  vinblastines®]  vinca  alkaloid7l °FE,  etoposides 9

epipodophyllotoxins Al °F% 2 actinomycin D, taxol%s ¢ 3FetA|7F dow of 7
FH AR 9E oA tol= wAWRA (cross-resistance)©] & A 3t} (Beck
et al., 1997 ; Raderer et al, 1993 ; Sonneveld et al, 1997).

1-2-1. ATP-binding cassette transpoter (ABC transporter)
ABC transporter?] #-8-2 o}z 237 dH A A= AT T ¥ ol
2 gz 2% o, 1, A 5o RS, AE, Al Hek 1%

o
A2, NI M2, AEute| = AdAGsA L&A At (Fojo et al, 1987).

¢
ol
10

> = 019}'
22 ABC transporter® EX 2 & u EZo F49 wjdo] #Hojsta Jde A

o2 HATh



@ P-glycoprotein (P-gp)

P-glycoprotein 72 Aol ok ¢cDNAS] A7|XE w&A17F FE ol upab vk
=gy #EE MDR1 (mdrl) #+d#ke] EA47F W AA = A Gros et al,
1986). MDR1 +d7-¢] mRNA= A4x4 5 9, &%, W, 548, 4%, 74,
T EMTls YA Ee R vgor EAjet, A ow wdo]l Fo] o
o= A A A el He o =A TdEEH(Noonter et al, 1997).
P-gpi= 128071 9] ofulimito = A5 o] 170 kDaf] TAES zhe A=) oy
© 2 (Chen et al, 1986 ; Gerlach et al, 1986 ; McGrath et al, 1989) 127§¢]
transmembrane region® 27§¢] ATP-binding sites® zt+=t}(Kartalou and
Essigmann, 2001). 3t P-gpv= ¢F&S 53t W& HEZ2 ATPE JdUyA=
o]-83}o] anthracyclines, vinca alkaloids, adriamycin, topoisomerase II inhibitor
o A2 A8 =g T AE ZA EHES AE BToR HjEse] AE
k& o] =& Zovh(Ling and Thompson, 1974 ; Skovsgaard, 1978 ; Riordan
et al., 1985 ; Gerlach et al, 1986 ; Gottesman and Pastan, 1993 ; Sen, 1987).
P-gp & A5 A2 & ofFo tid wa S B th(Kartner et al,
1983). Z4+F StollA HE P-gpo #HHAL As5die Fad 2dor A3
Ha o, AdF Qo= ol Hrde] ARnAH} H o FE o Fek= QA
2 AA EHAH(Salmon, 1989).

A A vlE] tefEUAd S Holve dAMEE] MEY MEZEd 4
B2 o] Zgel FHRHo ddes ARd SAGY ZasE AdAd
verapamils AHE3E A3}, Al E A o] AAH L deelds S5E &

Aot B a8kt (Bradshaw et al, 1999 ; Safe et al, 1978). verapamil ©] ]9l

=

% cyclosporin @ A (CsA), sulfinpyrazone(Sul), calmodulin, phenothiazine,
quinine, tamoxifen o] theFEUAd e 58S 98t dAl AMEE 1 AT (Ross

et al., 1993).

(@ Multidrug resistance associated protein (MRP)

Cole's2 HE9AR #Ht MEFNA thFEUA A ¥l (MRP)E non-Pgp
A wekE uiAde] vdes waEdth(Cole, 1992). MRP= 1,53170¢] o}l
Ao g FAEe om 190 kDa®l #AHS Zie AMxEv guwE=



anthracyclines, vinca alkaloids, topoisomerase inhibitor 5o XX WA & Ho]
= Aoz dHA At (Sonneveld et al, 1997). P-gp®t #Z°] ATP-binding
cassette superfamily®] 2:3}™ (Schneider, 1994 ; Krishnamachay, 1993), A< &
= A4 2HdAM wA s = Pogpste 2 240 WE FElE 2
Apol= gl AEHY 7sSs F438717F ol / Hh(Abbaszadegan, 1994 ; Nooter,
1997 ; Endo, 1996). ©]% whd gz Adady ) #oh Axe, 94 =54 9d
Hieo oy 7HA Mz g8 F¥ AxolAd MRP #HEdo] HuETh
(Zaman, 1993 ; Schneider, 1994).

@ Breast cancer resistance protein (BCRP)

BCRPx= MDRI1°lYt MRP7} §l% doxorubicin®]l W4& veEbl= MCF-7
AdVp3000 et Aol A e & A th(Doyle. 1993). B3k BCRP:= i, &7,
i, 7, 2ERAE SFolA @dFEo  mitoxantrone, anthracycline,
methotrexate, topoisomerase 1 inhibitor 59 %EE5S % 3tH(Scheffer,
2000). BCRP9 o AA¢l GF120918< topotecan® mitoxantrone?] A Ao]&+ES
SN A & Y1, FF0] 52 fumitremorgin - C(FTC)= BCRPE &3k oA
Aoyt AAd=A4 wiEel in vivo AR&o]l AFE wolgth Ho] FTCH
tetracyclic analogue®l Kol43o] A A7IA Hug 2 oA 71 ZHstn 54
o] A2 HAog AR Ytt(Jonker et al, 2000 ; Rabindran et al, 2000 ;
Allen et al., 2002).

1-2-2. 3tz 2 A (Chemosensitizer)

2ol HGLY FoA ARTALS| U A LS FHE 452 B &
Fo| B Folwn} sprieke Eaprh Wold  ohud Hguw Zesa WAy
NAe U% AFetE AAE 298 £ Ak oW WAL FRE F QP
o Ae oAlss BAN FPAE Aol Folshi FSolth old @ Uy e
Agde FEA) i WS sl AnHoz A W BEES

=2 stk st 387 A Al (chemosensitizer)&hal st ThekE A
ZZ4 A (MDR modulator), T2 A A (MDR reverter)s o2 % EHTH(H,
2002).

Cyclosporin A, verapamil &< A2lo] 7FA|31 = {3 <2830+ 73



2

SHAl P-gp9 ZAAA 7E=R FE3ste] WS A (Tsuruo et al, 1981 ;
Slater et al, 1986). &F#|Rt =1 ¢f=o] 7bAa Q= AF3E oFA&3 F2§
o EATE A7 E ] MR shEzkEtA o] sidke] H gk A o]t (Ferte et al,

1999).

1-3. Crinum asiaticum var. japonicum (E5 %)
oA AMEE EFEe EFEE (Crinum)®] A8k &b Aot
ofd el oF 13041 & ¢] x5 JtH(Dahlgren, 1985). $-gvhetel &= shite] ¥MF
1 &5 (Crinum asiaticum var. japonicum)©] HAA7|HE A19s= A7 - K
THA o AFE E74 FHe RS wet LS FAe Advk I
Z 2 AEdxEA VTR 240 deon HEE7]e wWEo

A oEre FaeY s gol e dA 71 oF 50 cnelth. fA 9] o] 7T~8Y o

A Akelel 70 cm Wil e] EEVIA AP EAME olFH T2 FU|7F do s
& Fol A gy o] A ZHAdey e e Hol =ofduh A

o 347 olFojA 9ol YAstA dulE AHEA dAsA @A AR

line (Molt4 lymphoid cell, HepG2 hepatoma)®ll

Pretazettine®] MEEAL 23 v} Qo T3 EFdEolx EgE flavany

N2
ol
)
]
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O
A\
ol
_0|L
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2. ATEH

2 A FAg g Sste BFT 94 duxaAd WEW AlEQl HL-60
¢ ol RAERSIHA Heite] A ow HAA Fo] AEHIL U= FUA
mitixantrone(MX)ol] WA S AYix d= HL-60/MX2 Al¥E A2 apoptosis
L ogdet vgefEud AR Y Ees dolE Ut M, EFTe] o

HL-60¢} HL-60/MX2 Al¥xel F24 oA &3E At L5 o3
HL-60 AM¥E =2 A &37} apoptosis FEo] &3 #20x DNA #£4d ¢
DNA content W3}E dolH ko™, apoptosis % AzdEd 7] Fash

Bcl-2¢9F Bax®l 2@ ¢3S AT £33 EFEe] gefe il 244 s



el =X, HL-60/MX2 M¥XE o|&3ste] U4 7|7 #os= MDRI, MRP
2 BCRPe #d W3l 9 Alxy MX %45 F7H7]1= 235 ZAEEA Y. 9]
23k A Ayz E5dES F2go] Hau gyt A ddAe gk

FAAZ A b5 2AR ANt sHedch



o. Az 32 49

= AF=dAM AAseE 5 (Crinum asiaticum) 2
= ok AHS EEES A
FH sl =2 108 3
L

Whak gl ow, XEo s
Bl AEde et o] BAS 33 wHESle] B ASAS A v5H
S o] &3to] w7 80 % MeOH FZ% 20 g& Atk 80 % MeOH FE&
< Evlel SA4S TV Ale E8¥el wet SRS 1 Lol dgA7a
hexane 1 L 33] &8 F&35lo] P T= & hexane F38 497 mgs A1, 7o
5ol chloroform 1 LE %o 47¢ 43 Yoz F=3to] CHCh #9

162 mgs a1, o]z 2o #HHog EtOAc £33 200 mg, BuOH #3 1.16 g,
HO 38 48 g& 4. 7ol &8 E2 phosphate-buffered saline (PBS) X
i ethanololl &€dA171 & st T wel AgE v =2 38X 35te] AFEE}S
=

2. X v

HL-60 (human promyelocytic leukemia) A+ %= MXF 23 (Korea
Cell Line Bank)oZHE £ ol APl ApEshslal, HL-60/MX2
(mitoxantrone resistant human promyelocytic leukemia) M¥+ ATCC
(American Type Culture Collection)®% ¥ ®oFwoltl HL-60/MX2 AXZE
HL-60 M3 (ATCC CCL-240)5 EAM:EZE 3te] &9rAl mitoxantrone (MX)ol
ofs] iAol e AEZ Hd 190 nM MX sEAA7HA] AlZ A7go] 7hHsst
™ etoposide, teniposide, daunorubicin ¥ doxorubicin & LA S LERA
o} zZtzhel AlEE 100 units/mle]  penicillin-streptomycin  (GIBCO Inc, NY,
USA)3} 10 % heat-inactivated fetal bovine serum (FBS; GIBCO Inc, NY,
USA)e] 3% RPMI 1640 v & Ab&3ke] 37C, 5% CO. &27]elA st
Row, Adu]ge 3-4dof sHHA APkt



3. MAEEY 47
MTT assay (Carmichael et al. 1987)5 ©|&3lo] AxE HA 23

Ao}

o

dAE skt
A GAE mitochondria®] B4 F4hZE o5t 849 w=aA
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide]”7} ¢ =
o] FAHE AFME v B)FEAY formazans microplate (ELISA) reader
% 540 nm oA FFE=E FAHs, AEeHA diabF o R FAT AlEe] e
2 zAegE 2ol AE (25 x 107 cells/m)E 96 well plateoﬂ g4y B
EEES 20,50 2 100 pg/me w2 A A ol & 447 wiksk thS MT
(Sigma, MO, USA) 200 pb (2 mg/ml)S FH7bska 4A7F &< vb& Al £ plates
1000 rpmoll A 587 A&ty FEAS A AsAE. Dimethylsulfoxide (DMSO
; Sigma, MO, USA) 150 wE 7tete] HdES &AIZ] = microplate reader
(Amersham Pharmacia Biotech, NY, USA)E AF&3te] 540 nmolA F3 =5 S5}
AUtk 2 Algdel W " FEE G2 Terlen, LY 4% %I vlast

o) 34 oA AEE 2

o=

s

_,_,
—

4. Analysis for DNA fragmentation

HL-60 A3} HL-60/MX2 A% 25 x 10° cells/mlol 50 pg/me] == EF
80 % MeE FE& B & =& AT ts 2443 St wEs it A2 E
438 % Promega Wizard® Genomic DNA Purification Kit (Promega, WI, USA)Z
Abg3le] DNAES Eaatgdet. £83 DNAZ 15 % agarose gelol A 40% (100 V)5
oF A7]9se 3 Y  ethidium bromideZ @A38tal UV  transilluminator
(Spectronics Corporation Westbury, NY, USA)3lel 4 DNA £4 dAS #2389t
(Purohit et al, 2000).

5. Cell cycle analysis

HL-60 A% HL-60/MX2 MX 25 x 10° cells/meol 50 pg/me] sE& ZF
SREEXE FYEN FEs BYES AT v 24X 58 WSS 5 A
Fg3sto] PBSE AHIATE 1§ -20TA 70 % og&=Z 308 59t 1A Al
1 PBS A4 % RNase A (1 mg/m)E A3 v+ propidium iodide (PL Sigma,
MO, USA)& @483, COULTER® EPICS® XL"™ Flow Cytometer (Coulter, Miami,

>
=\

H
Ll

A



FL, USA)Z M EF7)E 2489 (Nicoletti et al, 1991)

6. RNA extraction

HL-60 A9 HL-60/MX2 AX (50 x 10° cells/m)o] FF& RIES 50 pg/
mel TE2 AHEs os 24A7 ¢ mSsd $ F RNA FF2 TRI-reagent
(MRC)E A}g3lgdth. AlEo TRI-reagentE A 71ste] w233 3 chloroform
= H7tete] AAEE sk FFHel | isopropanols F7betel €4l &
g &to] RNAZS AAAZ)aL 75 %2 DEPC Agd oet2z AH3 5 AxAA
DEPC AH#® FHFol 3tk 260 nme] §3EE 435kl RNAE A3l
aL, A260/A280°] W&ol 1.7~19 W de #S 2= RNAS 230l 4883

t}. R E 23S RNase-freedt &7 slol| A o] Fo] %t}

7. RT-PCR analysis

1 pg®] total RNA®O] oligo(dT)s primer, dNTP (0.5 uM), 1 unit RNase
inhibitor ¥ M-MuLV reverse transcriptase (2 U)E 7}&}e 70C 5 min, 37C 5
min, 37°C 60 min, L& 3 70Tl A 10 min &5t 7}<9 39t} Polymerase chain
reaction (PCR)2 ¥/d¥ cDNAZHH MDRI, MRP, BCRP % [-Actin (Table
DE =ZA717] Y938te] 2 b cDNA, 4 uMe 5 3} 3" primer, 10x buffer (10
mM Tris-HCl, pH 8.3, 50 mM KCIl, 0.1 % Triton X-100), 250 uM dNTP, 25
mM MgCl, 1 unit Taq polymerase (Promega, USA)E 413 distilled water=
AAS 25 pE 2 the Perkin-Elmer thermal cyclerZ 0]%0}04 PCRE A4
stitt. ol PCR %712 Table 22 YEFWHSII L PCRol|l olste] BAE =&

3.5 % agarose geldlX A7|9ES HA3F ethidium bromide® 23l EA
band& &<lst ATt
8. MX accumulation

AZ vfo=m oES WETFoZN & FAHE AR XY ols5S

FAE B27] (Flow Cytometer, Coulter, Miami, FL, USA)Z o] &3}o] 7+4 =
oz ZAUrh. HL-60/MX2 AE (1.0 x 10° cells/m)S F3H B
microtubed] ¥ i EF& BEIES 20, 50 2 100 pg/mle sEE Agedd. 3

o

_10_



7C, 5% COz 27|14 308 &<k vdst & 5 uM mitoxantrone©] HEE A
et 408 b Al stk AlE RS A7FE PBS &4 o 3¥ AlH
s 5 500 w0 PBSE F#F Ug FAE EAVIE IS UEde AXE S
Asldch w3 20 uM cyclosporin A (CsA), 10 pM verapamil (Vrp) 2 2 mM
sulfinpyrazone (Sul)¢] ¥ =% A3l w5 FYES 20, 50 2 100 pg/ml2]
FTEV HEE Zo] AHEste 37T, 5 % COx 27144 3

UM mitoxantrones A 2]kl 40% F<F Al wl 3}95\‘?} ]E fras 27k
PBS &oloz 39 A3
2 3 Yt AEE A
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Crintm astaticum powder (100g)

1} extrachion with 8086 MeOH

2) stiving for 3 davs at room temperature
W ) vacuum filtration

#0% MeOH Ext.

Suspension with H.O and fractionation with hexane

hexane soluble fi. Water phase

fractionation with CHCI,

CHCI, soluble fr. __ Water phase
=< _ tractionation with EtOAc

| |

Et0Ac soluble fr. Water phase
_ fractionation with Bu OH

BuOH soluble fr. __ H, O sohible fr. |

Scheme 1. Procedure for solvent extraction of Crinien asiaticus
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Table 1. The sequences of primers and the expected sizes of the

RT-PCR products

. Fragment
Gene Primer sequences siz%(bp)
B2 F  S-TGCACCTGACGCCCTTCAC3
R 5 AGACAGCCAGGAGAAATCAAACAG-3' 292
Bax F  S-ACCAAGAAGCTGAGCGAGTGT-3
R 5-ACAAAGATGGTCACGGTCTGCC-3' 364
Mpri F  S-CTGGITTGATGTGCACGATGITGG-3'
R 5-TGCCAAGACCTCTTCAGCAGCTACTG-3' 295
MRp F  S-GACGGGAGCTGGGAATGC-3'
R 5-ACAACCTACTCCGGTGCC-3' 326
Becrp F  5-GTCAGCTGTGGAGCTGTTCGTAG-3!
R 5-CACAAGTGCTGTTGTCCGTTACA-3' 485
+g.MG F  5-TGTTACCAACTGGGACGACA-3
2 R 5-AAGGAAGGCTGGAAAAAGAGC-3' 114

* B,-MG : B,-microgrobulin

Table 2. PCR conditions of Bcl-2, Bax, MDR1, MRP, BCRP and [
MG

Gene No.ofcycle Hotstart Denaturation Annealing Extension

Bcl-2 35 557C. 45sec

Bax 35 55C. 45sec
94°C. 94°C. 72e

MDR1 36 65C. 12min
MRP 32 12min 30sec 53%C. 12min Imin

B,-MG o0 53°C. 12min
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e £855 o83 HL-60 Al=xeok HL-60/MX2 AX S2o g oA
© MTT assayE o]&3sle] AAsG T Aold= Al E2] mitochondria B4
2 aaFgd gt 849 =3 MTT [3-(4,5-dimethylthiazol-2-y1)
-25-diphenyl tetrazolium bromide]”7} 3o} AFAES we= HFEA
formazan©] FA ™, o]Z microplate (ELISA) reader® 540 nme 3ol &
BEE AT 80 % MeOH ¥ ES v]E3 717te] #EES 20, 50 ¥
100 pg/mee] sE=Z HL-60 Azl AHgs A3 50 pg/me] 558 7I£2= BuOH
BEYEL oF 83 %= M =& AX 32 A &3E 293, CHCl; EtOAc,
H-O, 80 % MeOH, hexane #3%& o2 3IE HYY (Table 3-A).
HL-60/MX2 AZME & My ez A3 23 50 pg/mel FEolA
BuOH #8=2 ¢ 53 %9 A2 54 A 2345 B CHClz #8952 o 38
%9 AIE BT (Table 3-B). A MM Alx S A 345 Lo}
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°F 20 %9 Az F2 A &¥E Bt (Table 4).
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sub-G1 hypodiploid Al ¥7} &7}t A

o

gl = A Ak (Figure 2).
Apoptosisoll 41l JaS & bel-2 familye bel-29F baxel wHa Ao
MelE RT-PCRE o] §3ko] £AHe A3 CHCL, BuOH ##Eel4 bel-27b 4

Z28hal bax7h S7F HEE = As U & A (Figure 3).

—

3. TF#9 HL-60/MX2 MX bEYA 55 a7
3.1 w9 HL-60/MX2 A X apoptosis %= =3

T 80 % e FEE % &) FHEC] o3 HL-60/MX2 Al $4 9
A ZFgo] apoptosis FFEO] 98 ZAXA 7 AS dolr 7] 95l apoptosis o
Lol elato] e DNA @38t dRs d7desez dEsdn. 58 80

% MeOH F=%& % &vl £35S HL-60/MX2 Aol z+7} 100 ,ug/mﬂ FTEZ
48A17F B9t AYste S wl, CHCls9 BuOH 3 El4 DNA #4dd4S a2
T ARG (Figure 4). E£3, T35 FEF| 23k apoptosis = 2|dlo]
sub-G1 hypodiploid Al X7} Z7}8}=%] DNAo| ZAgsle] 4S8 veus =4
A PIE AHgste] fAlx 4712 FA8AY. o7 28955 100 pg/meel =
T2 48417 A g8t g wW, sub-Gl hypodiploid A3 7F BuOHE 65.7 %, CHCls
B3 E Ao 9] 574 %= FUlst=% W3S BT (Figure 5). Apoptosis
of FAAA 93S sk bel-2 family®] bel-29F baxe] WE Yt W E

(

‘1

m‘i

RT-PCRS o] &3&to] xAg A3 CHCl; BuOH, H:O #3504 bel-2 o)
2383l bax wdo] F7FskE RS geledth (Figure 6).

1:
K}

PR %

= o A

=

3.2 w79 HL-60/MX2 A3 A 5y

ATP-binding cassette (ABC) & FH5dWe] o o) dAste tobE
g #d 0zl MDRI, MRP % BCRPe #de] dist &5 sds
RT-PCRS ©] &3t} P-glycoproteing ®HEo] U= MDR1<& HL-6

ZoA HEEA e S g1, MRP9 BCRP @S g<Qlsto] Atmu
skt E5& BuOH, CHCl3 #3E& Aol 23] MRP BCRP do] oA 3
oo =3 5 HO0 £9= Agel o BCRP 2Tdo] A4S it
(Figure 7). =3t 5% 80 % e =25 9 & 29 F 50 pg/m¥ 5 pM
9] mitoxantrone®| %% AHe|sto] L

A BX72 2489 E52 80 % MeOH, hexane, CHCls, BuOH, H,O &
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Table 3. Inhibitory effects of the 80 % MeOH extract or several solvent
fractions from C. asiaticum on the growth of HL-60 cells and

HL-60/MX2 cells.

A 1 B =
F F U
o) =
g S
3 "
.‘E E i
i :
.'E o o
MeDM heome CWO, ErDAc BulH 0 — MO, BI04 BuDH MO
cancentration i)
s/ ) §0%MeOH hexane  CHCl, EtQAc  BuOH  H,0
HEL-600WT
20 W0437 IS IS0 WIS I PIHE
50 s0s+in (Asdds lepsirl g10423 m1iH] s45482
1an E30+3E 379442 BTIA2Z0 B3IZH20 BSTHLE 577423
HIL-6O/MX2
.| PAHT  S6HE  157H) 9944 254438 55438
5 #OHT 169437 IWIHS 142D 525418 182438
100 397434 226420 534419 324431 7924 212432

HL-60 cells (25x10° cells/m¢) and HL-60/MX2 cells (25x10° cells/ml) were treated
with 20, 50 and 100 pg/m¢ of 80 % MeOH extract or solvent fractions from C
asiaticum for 4 days and measured for viability by MTT assay. All experiments were
performed in triplicate. Data were presented as means = SD from three separate
experiments.

A: HL-60 cells were treated with 50 pg/ml of 80 % MeOH extract or solvent fractions.
B: HL-60/M X2 cells were treated with 50 pg/m¢ of 80 % MeOH extract or solvent

fractions.
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Table 4. Inhibitory effects of the 80 % MeOH extract or several solvent

fractions from C. asiaticum on the growth of HEL-299 cells.

A

2

£

Zooorth 1s8dby o )
L E

(-]

(EEEE]

MsOH  hesank FdiAr B0

canpentration taian(%a)
sl 80% MeOH hesane  CHCl, FEi0Ac BuOH  H,D
20 75418 RIS I1HL6 2408 156426 158414
a0 105414 LT E R 198:41.4 154417 2464086 176405
10m 3432 200430 32 41,7432 325420 MsEH G

HEL-299 cells (1.5x10° cells/ml) were treated with 20, 50 and 100 ug/m¢ of the 80 %
MeOH extract or solvent fractions from C. asiaticum for 4 days and measured for
viability by MTT assay. All experiments were performed in triplicate. Data were

presented as means * SD from three separate experiments.
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Figure 1. DNA fragmentation by the 80 % MeOH extract or several solvent

fractions from C. asiaticum in HL-60 cells.

L anabtcam (3 ' el

Fan VROH lmssw CHO, BulH Edda  H@

HL-60 cells (2.5x10° cell/ml) were treated with 50 ug/ml of the 80 % MeOH extract or
solvent fractions from C. asiaticum for 24 hours. Analysis for DNA fragmentation

were performed as described in materials and methods.
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Figure 2. The degree of apoptosis represented as the DNA content measured

by flow cytometric analysis in HL-60 cells.

it o

Con CHC, RuOH

LH‘;ILH,'!I.

iy

H,0

HL-60 cells (2.5x10° cells/m¢) were treated with 50 pg/m¢ of CHCl;, BuOH, EtOAc and

HO fraction of C. asiaticum for 24 hours. For the measurement of the sub-Gl

hypodiploid cells, the flow cytometric analysis was performed as described in materials

and methods.
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Figure 3. RT-PCR analysis of Bcl-2 and Bax expression in the HL-60 cells

treated with several solvent fractions from C. asiaticum.

C aaiiaee (50 sp'al)
ton  CHCL, Eildd BudH  HO

Bel-2 L — AlFap
- .
- - - - -

HL-60 cells (25x10° cells/m¢) were treated with 50 xg/ml of CHCls, EtOAC, BuOH and
H2O fraction of C. asiaticum for 24 hours. RT-PCR analysis of BCL-2 and Bax were

performed after synthesizing the cDNA as described in the materials and method.
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Figure 4. DNA fragmentation by the 80 % MeOH extract or several solvent
fractions from C. asiaticum in HL-60/MX2 cells.

s R 100 el

Cim  WaiOH ooy (HOY SwbH K HD

HL-60/MX2 cells (25x10° cells/m) were treated with 100 pg/ml of the 80 % MeOH
extract or solvent fractions from C. asiaticum for 48 hours. Analysis for DNA

fragmentation were performed as described in materials and methods.
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Figure 5. The degree of apoptosis represented as the DNA content measured

by flow cytometric analysis in HL-60/MX2 cells.

(RG]

Con CHEY, BuH

HL-60/MX2 cells (25x10° cells/ml) were treated with 100 wg/mé of CHCls fraction,
BuOH fraction of C. asiaticum for 24 hours. For the measurement of the sub-Gl
hypodiploid cells, the flow cytometric analysis was performed as described in materials

and methods.
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Figure 6. RT-PCR analysis of Bcl-2 and Bax expression in the HL-60/MX2
cells treated with 80 % MeOH extract or several solvent fractions

from C. asiaticum.

HL-60/MX2 cells (25x10° cells/ml) were 100 pg/mé of 80% MeOH extract or solvent
fractions of C. asiaticum for 48 hours. RT-PCR analysis of BCL-2 and Bax were

performed after synthesizing the cDNA as described in the materials and method.
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Figure 7. RT-PCR analysis of MDR-1, MRP and BCRP expression in the
HL-60/MX2 cells treated with 80 % MeOH extract or several solvent

fractions from C. asiaticum.

oo abipurnd] 100 25,/%0)

D MeOH  Becwe CHCL, BalH EDL: WO

o I
- T
o i =
o —————

HL-60/MX2 cells (2.5x10° cells/ml) were treated 100 zg/m¢ of the 80 % MeOH extract
or solvent fractions from C. asiaticum for 48 hours. RT-PCR analysis of MDR-1,
MRP and BCRP were performed after -synthesizing the cDNA as described in the

materials and method.
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Figure 8. Flow cytometry analysis of mitoxantrone accumulation by the 80 %
MeOH extract or several solvent fractions of C asiaticum in
HL-60/MX2 cells.

Blankd -0 CHCY, Ext
Con (+M:0 |

L )
‘T“M (TP TETTe M;‘ H Ll“h:;lch-l il
concerntration Cell  court
(ng/nf) Con 80%MeOH hexane CHClL, FEtOAc BuOH  H,0
20 1433 1878 2409 4416 1504 1584 1471
50 1433 2058 2392 4492 1458 2377 1385
100 1433 3329 3098 4512 1628 4287 1453

HL-60/MX2 cells (2.5x10° cells/ml) were treated with 20, 50 and 100 pg/m¢ of 80 %

MeOH extract or solvent fractions from C. asiaticum
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Figure 9. Flow cytometry analysis of mitoxantrone accumulation by
cyclospolin A and the 80 % MeOH  extract or several solvent

fractions of C. asiaticum in HL-60/MX2 cells.

Blankd—CeAl CHO, E-b
Con (+CeAl #

concentration AL cue
(wo/nd)
Con 80%MeOH hexane CHClL, EtDAc BuOH  H,0
20 1757 2143 2405 2865 1690 1000 1564
50 1757 2617 2634 3862 1813 2612 1662
100 1757 3661 3230 4415 1857 4265 1549

HL-60/MX2 cells (2.5x10° cells/ml) were treated with 20, 50 and 100 pg/m¢ of 80 %

MeOH extract or solvent fractions from C. asiaticum and cyclospolin A
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Figure 10. Flow cytometry analysis of mitoxantrone accumulation by
sulfinpyrazon and the 80 % MeOH extract or several solvent

fractions of C. asiaticum in HL-60/MX2 cells.

Bankd-aul) CHOL, Bt

v T A

Fl r 1§
h 040
‘I‘w"‘l-‘ b lﬂ;l;'\' ﬁk‘]‘h,lu A
concentration S5 o
(ee/nt) Con 80%MeOH hexane CHCl, EtOAc BuOH H,0
20 1708 2124 2218 4133 1644 1696 1388
50 1708 = 2053 2855 4330 | 1618 2356 1500
100 1708 2856 2194 5084 1667 4429 1554

HL-60/MX2 cells (2.5x10° cells/ml) were treated with 20, 50 and 100 pg/m¢ of 80 %

MeOH extract or solvent fractions from C. asiaticum and sulfinpyrazon
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Figure 11. Flow cytometry analysis of mitoxantrone accumulation by
verapamil and the 80 % MeOH extract or several solvent fractions

of C. asiaticum in HL-60/MX2 cells.

i - W) LMLy Bl
Lon (+vimpd
|
]
A it
4
1
rl ! Ly
I'..-\. e i '-‘. Likccn
conceniration Cell :
(4 mE) Com  50% MeOH hexane CHClL  EtQAc  BuOH H;
il 1055 110k 1654 26RS 03 IR 514
S 158 1316 1914 1978 103 140 #3335
i 1i=8 162% FiLll )| 308 400 256 111

HL-60/MX2 cells (2.5x10° cells/ml) were treated with 20, 50 and 100 pg/ml of 80 %

MeOH extract or solvent fractions from C. asiaticum and verapamil
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assayZ o] &3t E52 80 % MeOH #+&& ¥ E3I &S 20, 50 2 100 pg/
mle sEZ A|8te growth inhibition(%)S A4Fe A3} Table 3942} o] 20
pg/me] TEE AstdSs W BuOH Aol 748 %= =2 AlX S A &
I}E B3, 50 pg/mb sENA = BuOH, CHCls, EtOAc, H0, 80 % MeOH &3¥
& 40 % hexane E—Q%% Ale]etar B 50 % oo AlxE FA oA adE
B £ FEE 9 HL-60/MX2 A 52 A a3e &5 5
/b FEZ Agsels W HL-60 AlEoA e vhit7bA 2 BuOH #9=°] 525
2 7 =& Ax T4 gA 2945 B, CHCl, w382 383 %9 AxX
A A4 g¥E BAY (Table 3). T3 AGAE HEL-299 (human embryonic
lung lymphocytes fibroblast)oll #Z2 Wy oz BEFTS A a|dto] XA FEo of
s A FA A maHE glek Ay 50 pg/ml o]ske] FEAAE 20 % o]ske]
A F2 A 235 BHa, 100 pg/mle] FX4dA EtOAc, CHCl;, BuOH 9=
o 4 30-40 %< AEZ T4 oAl §3E Holx= ZOo=Z Hol 100 pg/ml °14e F
ZolMe HA4E 2o e slo® HAd (Table 4). o213 435 Edi= &5
& FE T HL-609 HL-60/MX2 AMXdA F2 oAl a9& H +9&

apooptosis &= ZFgo] <o3gk AJX Holroytt. DNA EHHANLS A¥x7}
apoptosis® E0]7F= ¥9¢lo] ¥ =46 chromating nucleosome o & AHE7]

3 endonucleaseE A4tE o] DNAZF #3ldu. o]# st #/JS agarose gelol A

S

iz

X &

ladderd@ e} = #&E 4= <t} HL-60 A ¥*Ee] £ 80 % MeOH F&% % &
85 50 pg/me FEE 24N Eo Hgstel DNA ladderE &¢ls Az



Figure 19419} #o] CHCl;, BuOH, H:O & &
g AJAL, EtOAc =M svstA a3zt ddS & 5 39l
2l DNA ladder7} ¢l CHCl;, BuOH, EtOAc, H:O 3 &S5

EE 2AANZE T AL tE DNACl Agste] g3E dEhdie =2 PIE
st A EF7]o A apoptotic Al¥E, =, sub-Gl hypodiploid A|¥2] S71HE
FAE BEA7|E g3ttt 1 A3 CHCly & &4 sub-Gl hypodiploid Al
X7} Z7tetE RS #2389 BuOH, EtOAc, HO £33 & o] A= necrosis® ¥
oy Ao R Hol apoptosis®t necrosis’t A FEIFHE Aow HU
(Figure 2). Apoptosis®] A4 71A S 93]7] 93] anti-apoptosis A= &
212 Bcel-2¢} pro-apoptosis 422 2@ Baxel 2d-S W gkth Apoptosis7Zt
dojub= Ago Bel-2 Wdo] #AaHI L Bax wdo]l F7bF #EEH= A9
@t} Figure 3914 ®E= Hle} o] CHCls, BuOH, EtOAc, H:O £33 &2 50 pg/

2
5
S
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=)
Z
>
M
()
r U
0%
ftlo

ne FEE 24X Fet AEleta, RT-PCR ¥ & |83t Bel-29 Bax @&
Wake B 75_3}, CHCl;, BuOH #8%¥ gl Bel-2 #do] 7asts
A& st on, Bax &dS CHCl, BuOH #3 &0 A F3l8tA 7t = 3
% :@l—?_._a}'?i»ﬂ, tOAC, HZO ‘E—‘_‘I‘goﬂj\il}:— Bax E]—:}_- O] ii}/ﬂ apODtOSlS ]— -%—

TS &0 4 Ak
EFE FEE9 HL-60/MX2 ME AF A Z&o] apoptosis =] <3
ZQIA] erolr 7] 9ate]l 100 pg/mle] HE2 24X 7FF 4841 7F H¢F A 2lste] DNA

G s A4S BE3 A 244 7o) M= DNA ladders 91 & 5 f191aL, 100 ug
/meel FEE ABAZE Eo AEstls wW, CHCl; BuOH 2 Ec]A DNA w3}
S BZ & 5 At (Figure 4). AEF7]0 A apoptotic AE, =, sub-Gl
hypodiploid A3x2] FS7FE FAX EX47|2 g<st7] 935t 100 pg/ml 5%
CHCl3, BuOH #¥=& 48A13F <t Aegg A3, CHC #¥% % BuOH +9
& A gld] 2]38le], sub-Gl hypodiploid Al %7} F718te A& Qdé}%ﬁ}(ﬁgure
5). Bel-29} Bax @& Wsl S-S Ay 2 23 CHCl;, BuOH, H:O +8= A
gl Al Bel-29] #AaE &<2138t9 a1, CHCl;, BuOH &% &0l Baxel @3
7b7F debth H,0 28%E AgolA Bel-2 mRNAS #&o] asiglon,
Bax mRNA %&#-2 Z7}31#] ¢Fo} Bel-29F Bax 7|4 o]9jo] tf2 x4 74
o] EAlgtE Ao FAHHET (Figure 6). ol#1g A¥=2 HL-60/MX2 Al Lol A
CHCI;, BuOH, H:O #¥=0°] apoptosiss =3s & o AUAJTh

¢

ofN
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FEFe] HL-60/MX2 A EojAeo thefEUlAd ZdAEZANY E52 Polr7]
sl oFEAd B FAxE <4# 2 MDRI, MRP, BCRP9 w3 & *A} 3
A3 P-gpet A#E MDRI genex= HL-60/MX2 A|l¥Eo|A 3w A s AS
3ol 7r

stk w5 80 % MeOH FE= 3 £9&23 100 pg/mlo] =2 244]
ot Aelstel MRP 3 BCRP d Wst S #<ld 43, CHCl; BuOH
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F5d 2220l uw—g— o dato] aotalo
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9] MX accumulation A 3Ath T FEE 20, 50 2 100 pg/mle] F=
HL-60/MX2 Aol 30% &<t Aed ths A4 F#E& 2E= 5 M mitoxantrones
ARt FAE EX7E o] st AEe MX A& A3 A3 Figure 89
Al HE akek o] 80 % MeOH F%= % CHCl; BuOH #8&9] 1#jx7}
control Bt} QEZ 07 o|FH 1 MX F4o| F/lstes Aoz Hol 3lsk7lzkA
29 F%F°] Jdvtar HojHTh Hexane, EtOAc, HO & &4 M o] &
g X3

o
VetA ek o1 B plew nob sz 1

o

rlo
AV 1
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v
O

I o] EFE AR
2 HAY. gefauiAd oAAR 4EA = CsA, Vip, R Suld &5
HL-60/MX2 Ao th3t A5 (Synergism)E 35 Lol 7] §sto] 20 uM CsA,
2mM Sul @ 10 pM Vrp Z}2HS &5 80 % MeOH F=& % +3% 20, 50
5100 pg/meo] FIok o] Aeld vE AA FFE Zke= 5
Ak FAE EA7E o]gste] MX 45 543 23, 20 M CsARt
S AL v AT MX accmulationo] W37} 29 Axo] IAXE AoZ H
oF CsAZ 1% MX =% S7H7F BolA &%il 52 80 % MeOH F&&E %
TYES 2ol AYPe, 80 % MeOH F+EFE 2 hexane, CHCl; BuOH &
TR OJEAN MX 4 F7he HAAT CsAste] Hsade HolA
& ekth(Figure 9). 2 mM Sul® 10 uM Vrpe 7%, CsA¢t mlz7tx 2 zhzbo
X %4 Wals molx 9gn EFH 80% MeOH %% 9 RiEg
g d& u, CHCl; BuOH 8 EA MX 4 F7h= B oH Sulzt
Vrp2te] AsadsE Holx &gktd (Figure 10, 11). o33 Ay thofA A
AAAZ AFEE L Q= CsA, Sul 2 Vrpel theFEWld =S5 WY 5 P-gpel
Z-gstel MDRS SAlstHA HdefElidS 9d A7le &3E5 7HA X

UM mitoxantrone<

=

o
N
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3o AFEE HL-60/MX2 AlEo]A MDR #3&lo] Uelh}A &= Aoz Hol
P-gp JAAY &¥7} BolA %l 80 % MeOH F=%& 9 23 E3lo A
= YeEyA = Aoz Holt

AEAow FF¢e HL-60 MEe HL-60/MX2 4|39 apoptosisE %3}
o5 AEe TS oAt Fom, HL-60/MX2 Alxe] theFEulyd =53

AT A= 5 80 % MeOH F=&= 3 9
<
T

Zol ¥Ago]l Ax mizh AW orAel thobg 4 2EAR AE =
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