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Abstract

Mucuna macrocarpa Wallich (Leguminosae) is believed to hold
blood circulation activating effects, and has been used as a folk
remedy in Taiwan and Southeast Asia for the treatment of various
hematologic and circulatory related ailments. The objective of this
study was to investigate whether crude methanolic extract of M.
macrocarpa (CMEMM) possessed antileukemic effects on human
leukemia cell lines such as HL-60, Jurkat and Molt-3. CMEMM was
prepared from dried stems of this plant, and its apoptosis-inducing
effects were investigated using HL-60 cells in vitro and in vivo first.
With treatment of 25 to 75 upg/ml CMEMM, the in vitro
antiproliferative effect on HL-60 cells increased in a concentration-
and time-dependent manner during the 72 h treatment period. The
concentration of CMEMM that exhibited a 50% growth inhibition
(ICsp) for 72 h exposure was 36.4 pg/ml. Apoptosis triggered by
CMEMM in HL-60 cells was confirmed by characteristic apoptotic
nuclear fragmentation, concentration-dependent accumulation of
sub-G; phase in cell cycle analyses, increased percentages of annexin
V-positive apoptotic cells, and concentration-dependent elevation of
active caspase-3. Furthermore, the in vivo effect of tumor growth
suppression by CMEMM (500 mg/kg/day i.p.) was observed in mouse
xenografts.

To broaden the therapeutic potential of CMEMM, further study was
to examine the potential of enhancing the antileukemic activity of

arsenic trioxide (ATO) using combination treatment. Human leukemia
Xl



cells HL-60, Jurkat and Molt-3 were treated with various doses of
CMEMM, ATO and combinations thereof for 24 and 48 h. Results
indicated the combination of 50 ug/ml CMEMM and 2.5 uM ATO
synergistically inhibited cell proliferation in HL-60 and Jurkat cells.
Apoptosis triggered by CMEMM/ATO treatment was confirmed by
accumulation of cells in the sub-G; phase in cell cycle analyses,
characteristic apoptotic nuclear fragmentation and increased
percentage of annexin V-positive apoptotic cells. Such combination
treatments also led to elevation of reactive oxygen species (ROS). The
anti-oxidants N-acetyl cysteine (NAC), butylated hydroxytoluene, and
a-tocopherol prevented cells from CMEMM/ATO-induced apoptosis.
The CMEMM/ATO-induced activation of caspase-3 and -9 can be
blocked by NAC.

In conclusion, these results suggest that
CMEMM/ATO-combination treatment exerts synergistic
apoptosis-inducing effects in human leukemic cells through a
ROS-dependent mechanism and may provide a promising

antileukemic approach in the future.
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(1) = 2 8 L8 (4 7, 1993)
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2000)
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() = % (Mucuna) {£4 2 fat % %« (Editorial Committee of the Flora
of Taiwan, 1993)
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(5) = FE2Z AR~ mEH

1. & % : Mucuna macrocarpa Wallich
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R 3 ERGEE LS o
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FfRE o

2. B F My T
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HOE R 0 AT - GRS e k- - AR E ofuR 4] (Matsuda et al.,

1996) -

wPE kS A G BIRRT A B F A G BRI — R SR IT
(mitochondrial pathway) 2 % ¢F 4§25 — 5+ = <X §8§% /5 (death receptor

pathway) & f& > & f#e s 4 @ yEiEad o™ (é% 5) ¢

(1) P R — R
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¥limre 2P| E bt ag s §F 4 2 L E g & 5 DNA G
B R e e AT g T Ot & 9 Bel-2 ¢ A e
173 7% > @ cytochrome ¢ ¢ o # RAUWCR [ 2L iz F ¢ > & Apaf-1
% pro-caspase-9 & & I {1 Frapoptosome 375 = > 2 {5 ATP ¢ /& it caspase-9
I 1R T AEehcaspase i b 0 B 3k w2 &= (Parone et al., 2002; Shi,

2001) «

1. Caspase 7% #-v
Caspase (cysteine aspartyl-specific protease) ¥ - f& & 3 & - |+ * 5

cysteiners it ft 7 A end-v fr > ¥ A fkend-v Nxj craspartates £ & Cxf e

'

G

small hydrophobic residue & *» & @ % = /& it 5 o A% it chcaspases = B 4
& domain : amino-terminal prodomain ~ small subunit (10-12 KDa) '« %2 large
subunit (17-20 KDa) - iz# & 7% i Caspase 7 & H s erCaspase:t {7 4 z e
B9 4 fRiEY o @ ipatdomain S it f o A 5 1 chcaspase v A E B AR
— #& &_initiator caspase > >|4rcaspase-2, -8, -9, -10 » ¥ gc#= & it apoptotic

executioners > ¢ # i¢ 34 {7 apoptosis » # = promoter ; ¥ — féeffector caspase

b 4rcaspase-3, -6, -7 H # a5 T wre k= > B fET 539 (Shi, 2002) -

BmrE k- B AP AR MRRELIY € 3 4 T34 > decytochrome C
B Apaf-1% & > ¢ Byl ibcaspase-9i¢ HF it > HFL FE LT o
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caspase-3, -6, -7 > & * W F-v A fE 0 T & 2 24 DNATT* cPARPA %@

I

% 4 B4R i oo ¥ ¢b > caspaser ",f inhibitor of caspase-activated

™

deoxyribonuclease (ICAD) ## 11 CAD# 1z DNA fragmentation - 3% ¥ 4_w ‘m

*z % - (Ashe and Berry, 2003) -

2. Bcl-2 3#2% &-v

Bel-2 7% 39 2 & ¥ & % ¢ 2= F-v &~ & (pro-apoptotic protein)
 frd) &= F-9 4~ 3 (anti-apoptotic protein) = #g (Reed, 1998) - & wm¥e
AP RRFE G EALDEL £ A" kv ~ 3 5§ Bad,
Bak, Bax, Bid, Bik, Bim, Blk, Bokz Bcl-Xs% > &+~ & 2 IR ¢ W 8 wmbe /¥
= oA el = Fe = B 3 Bel-xL, Bel-2, Bel-w, Boo, Mcl-1, A1/Bfl-1 >

FEIEEFEEYG LA FRA A w2 k2 (Reedetal., 1998) -

Bel-2 72% 23 * sfenidev SHpip g 5o > ¥ 3 7 w B aF 0v Bl
homology domain (BH1, 2, 3,4) » # st 2 e 5 = ~ 48 (homodimer) = £ %
= =~ %8 (heterodimer)?; ;% 2 & k3 ¥ iwre ¥ = (Jurgensmeier et al.,
1998) o Fr4 % = F-v 4oBcl-2 0 & F ki B AR A PR B
Fraessr oA d k- v Bax, Bad{rBid% Bl £ tiwmre F P o § HdcT
e N B N 2= fﬁ;gga (translocation) = > A %83 F > 2ok AU RE
T 3 el i e (Kroemer and Reed, 2000) - H @ ®_é &= 3~
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voAJLPE > Baxehg g e ® 0 R BaxJrt R & IR 27
UL A - # A Bid7# Caspase-87# i 4 f& +tBid > @ tBid § % & &k
Rt o b s BadX D)= M AT BIA A 2 ERpE T > 1 Bad# 2 R
RAE L oo P iEH g R R MM -9 o & _cytochrome C ~
Smac/DIABLO % #f 3z 1 Moz & (Kroemer et al., 1995) - & apoptosis
inducing factor (AIF) ~ endonuclease G ¢ ® %:& » ¥z % » Zi&apoptosis
T * o Tt Bel-2 72% 3¢ & ¥ channel proteinsnd ¢ Ak g+ 7

¥ (Wood and Newcomb, 2000) -

3. m% A= % E T3 (AIF)

AIF &+ caspase-independent cell death effector » # % %57 KDa -
TR AR e > 2 5 Frd|Bcel-2a0ic 4 (Kannan and Jain., 2000) o § A
RPd g F 2R PR ERBERD > SBwe 2873
o RIBFEFRT TRY > 518 A2 50 Kb DNA? £ (Kannan and Jain,

2000) -

4. ¥ Eafr (endonuclease G)
Endonuclease G2 7 % &4 &> ¢ FEDNAR A % = RADNA4E @
fe pEs B3 PipcfEe (nuclease) e# i 0 ¥ 448 fw?2 &= o Endonuclease
GALE T {5 € o B SBT3 38 » e P 0 RF P ps st i o
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#-DNA~% fz (Miller et al., 1999) -

(2)  hReiE— 0 K AR
1. Fas (CD95) /FasL

Fas®_‘m®% % o A i 5 % kv > B3R ™~ %15+ (tumor
necrosis factor, TNF ) receptor superfamily ¥ % — A5 F-v - & F & 45
KDa - @ FasL (Fas ligand) & % = 4% 39 > » + & 9 40KDa > 7 24+ ‘w
2 BB 0T T, T ;;‘—K,fjﬁ T e o Lime B B Rt e o § Fas
BFasLg & pF > ¢ @& wie p3l g - ke L BiE > silmre poo
Fas-associated death domain (FADD) & X £ % 5 ¢ &hdeath domain (DD)
BA 2 (S k= AFLBIE, F i T 5 F] S caspase-8 i 1t Ay rhcaspase-8
Gd - @ P AR € F 1L T PFercaspase-3£ capsase-7 £ A_i¢ Bel-2 72k ¢

Bid 2 fZ = 5 tBid » @ &% cytochrome ¢/ it caspase-9fr-caspase-3 °

(2) Tumor necrosis factor receptor-1 (TNFR1)

TNFE_d g 4 F % (v T cell¥2 macrophages %l 1) ke H X B
= TNFR1% TNFR2- § TNF& TNFR1.% & p¥ > ¢ = 51 TNFR-associated death
domain (TRADD) #7receptor domaini & » & ;& i T 5 %]3 caspase-8 = #
Rim%e k= o ¥ TNFs ¥ BTNFR2% & - b d K & & ¢ receptor

interacting protein (RIP) 2 TNF receptor-associated factor 2 (TRAF2) %
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ROS (i4- superoxide # &_hydrogen peroxide) # im*e42 § /> ¢ &
43R EHA o ARFESTROS 7 E S F 2 i gig i v ROS
R NN GG Hm ) D TAPEA ST o KA mr
» 3 3 ROS g4 » b4 GSH (glutathione), SOD (superoxidase
dismutase), GPx (glautathione peroxidase) % catalase }2%+ ROS % #3 J#7
FERend s o 2 JE e 0 ROS T = (Chang et al., 2009;
D'Autreaux and Toledano, 2007) = @ 2 %= 3 40 > FFwie ¢ ROS i
B Av#¢ ERwee A= chg 4 > plde B iE t 5 ¢ R PAWER
a4 2T %~ cytochrome ¢ 85 SR AEAAFE 41> @ {2 75 1 T A5 caspase 0 B
BERmE A > FPGd ROS B kH E/ e 45w k= 0 o F_

3 il Sy 4 (Simon et al., 2000) o
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e i ph
- \/Edmu;ﬁ,ﬁf,%g;%,i

Fho(arsenic) 2 p AR AR E o F AV S F V5 N AL g
(arsenate) A5\ F o A A VP TN L G SRR @A > G B (R 2
BT RAER RS REE A B ARG 2F (realgar, AS,S,, red) ~ ¥

(orpiment, As,Ss, yellow) % = % i- = # (arsenic trioxide, As,Os, white)

EJEN G L S SR B S AN A R A IR A R B L

PIE S Em it agd o & £¢ Bptpai & 24 (Evensetal, 2004)

e pref o PRl FERY CLES e F hof g
e EHREEFEEGEFZIEART DT o AR DF R L Y
B 5 B 5 "H 4 Hippocrates st £ i A0 R0 AL § B 0 @ (SR LTk
P REMAARLY o @3 NI RORE R SR R LR L
el & 7 Pﬁrﬁf}?sj (Zhu et al., 2002) - & ~~1970& > f P WA f83E
%7 FIAE LSRRI (Alling-l) chz § - d (1mg/mlAs O,
20.01 mg/ml Hg Cl ) » #*c & 443 & 8w e o s s (APL) e £ 5 224
WA e G 3+ FF 2 AR F R FAHE v VB kck 34
SOAPLps 4 > = § 142 BT 0 3] A g ehin o otk o ]t g 22000

” 75 —r Ve v 2= = 1 ®
EFERMa &y g4 A (FDA) 87 F & itz § i = & (Trisenox )
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(Cohen et al., 2001) » * > /5% 4R 3 3] & ﬁ >rall-trans retinoic acidfr

anthracycline % 1L EPAPL 4 e

S~ ZF o A REIs R TR

=3tz

Gl p e BN N L

4 IE_L 7 e AT
T MR T L ok

(1) #PML-RARaf & 30 A 2

20 APLs 4 e i Zhimve £ LM iR & o

SRS R g et
FARLme o el FI AR Dt it < o A A YA IR

il 4 o fp e pkaR ¥ > = § it - M ¥ 12 :EPML-RARa fusion proteini& »

nuclear bodyp 4 & » B ¢ fmP &£ {7 & i @

Z ok % (Zhu et al,
2002) -

(2) Frd]mre FHp R (7

w2 R TV A LG, S, Gy, M BPEE ﬁf}m}?é%’l&, p‘;l—b =3
7 - Fbﬁ;\ml ﬁ':‘_‘—z' ))z

&F1 ¥ i B g 1% (checkpoint) & » T - Ff

Febat R e 2 A RLAT s B

v = F g 3 4ecyclin Bend > E R w2k 0%
Gz/'\/”I BoooiEm id H‘J”?f% ;4

”;1

|#r4] (Choi et al., 2002) -
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(3) # Himre k-
ZF o gEd Hcmte DB Y T AR T A
:r s > 1B cytochrome cf 11 » i&— i 1Y T PFcaspasesia 1 0 d (s R

ey orgpt 2 tho v gpdp 2§ 0 AR e = kg foimie

glutathione (GSH) e % % 5 %+ ehl % o F %% % 11 * buthionine
sulfoximine (BSO) "¢ Mm% N GSHE enpFiE » = § v = B i Himoe &
= it X kg B o F 2 0 %4 N-acetyl cysteine (NAC » 7 GSHew 5%
) B = F it paaiet Bl p A T Fe4] (Miller et al.,, 2002) - gt #b

K %‘?ﬁ@’é oo mre ph GSHE M enph g » F 4 flwie B cropd ;fé)ﬁrj}am

B A FZGSHT ez B g & d mre ob 5 Fpt f ¥ p GSH
¥ B pFiE g - l% FAhmgp kR R M A REFZF (L Ben

»x % *% 1 (Leslie et al., 2004; Salerno et al., 2002) -
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KR 2P R L Rl Rk S LR B RS Y B

ZE oM EERY ek B DRET Eh2 T -

AT RAEAL YL AL B R ERF2 L FAL
T RO EEARRRLL BRFE P e s 3R Y
B EEIedd > BEAT HL-60 X 3 Hpiwietk o RIS FE
Mfrf P B8 2 e 42 £ s me YU E e A= B AP A In vitro

o T AR BE 7N VIVO E T o

Z ISR B FEI P F 0oL H 3 HL-60, Jurkat %
Molt-3 & 4 5w Fplwie th RIRRES £ B & ¥ ol ik » T A48
I AEH AN LRI e N FRRLIT R o B B AT R
GRS ISTRNES XS 3 S R TR ST SES L AT N

7 HBl4e Figure 1 #7171 o
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- el

4’ 6-diamidino-2-phenylindole (DAPI) , Cat. No. D9564, pp Sigma (St.
Louis, MO, USA)
Arsenic trioxide , Cat. No. A1010, B£p Sigma (St. Louis, MO, USA)

Acetic acid, Cat. No. 1.01830, p£-p Merck (Darmstadt, Germany)

Active Caspase-3 FITC Mab Apoptosis Kit, Cat. No. 550480 , ptp BD
Pharmingen (San Diego, CA, USA).

ANNEX100F Kit (annexin V: FITC assay kit), - p AbD Serotec
(Kidlington, UK).

BCA kit, Cat. N0.23227 , it p PIERCE (Rockford, IL, USA)

Cycle TEST™ PLUS DNA Reagent Kit, Cat. No. 340242, pp Becton
Dickinson (San Jose, CA, USA)

Dihydroethidium (DHE), Cat. No. D7008, Fp Sigma (St. Louis, MO,
USA)

Dimethyl sulfoxide (DMSO), Cat. No. D2650, B p Sigma (St. Louis,
MO, USA)

Enhanced chemiluminescent (ECL) detection reagent, ptp PerkinElmer
(Waltham, MA, USA)

Ethidium bromide (EtBr), Cat. No. E7637 , pfp Sigma (St. Louis, MO,
27



USA)

Fetal bovine serum (FBS), Cat. No. 16170-078, & p Gibco (Grand
Island, NY, USA)

Gentamycin, Cat. No. 15750-078, pp Gibco (Grand Island, NY, USA)

M-PER mammalian protein extraction reagent, Cat. No. 78501, P p
PIERCE (Rockford, IL, USA)
Methanol, Cat. No. 1.07018, ptp Merck (Darmstadt, Germany).

N-acetyl cysteine , Cat. No. A9165, B p Sigma (St. Louis, MO, USA)

Phosphate-buffered saline (PBS; pH 7.4), Cat. No. 70011, pp Gibco
(Grand Island, NY, USA)

Protease inhibitors cocktail, Cat. No. 539134, p£ p Calbiochem
(Darmstadt, Germany)

RPMI-1640 medium, Cat. No. 31800-022, #p Gibco (Grand Island, NY,
USA)

Trypan blue dye solution, Cat. No. 15250-061, ##p Gibco (Grand Island,
NY, USA)

z-VAD-fmk, Cat. No. 219007, ptp Calbiochem (Darmstadt, Germany)

L

Mouse monoclonal antibody against caspase-3, FEp Imgenex (San
Diego, CA, USA)

Rabbit polyclonal antibodies against caspase-9, P& p Imgenex (San
Diego, CA, USA)

Rabbit polyclonal antibodies against -actin, F£p Sigma (St. Louis, MO,
28



1

X

USA)
Rabbit polyclonal antibodies against poly-ADP ribose polymerase

(PARP), ptp Cell Signaling Technology (Danvers, MA, USA)

~ e R

A RE w2 & HL-60 (acute promyelocytic leukemia), Jurkat (acute
T-lymphoblastic leukemia), Molt-3 (acute T-lymphoblastic leukemia) P&

p American Type Culture Collection (ATCC, Rockville, MD, USA)

<R R

ze A% & (BALB/C nude mice) , FEp R #F % o4~ ¢ = (Taiwan)

Cytospin (Shandon Cytospin Cytocentrifuge, Cheshire, UK)

XBridge RP-18 endcapped column (5 mm pore size, 250 x 4.6 mm, inner
diameter, Waters, USA)

Syringe Filter 0.45 pm pore size (PVDF, MILLIPORE, USA)

Waters Alliance 2695 separations module (Waters, USA)

Waters 996 photodiode array Detector (Waters, USA)

ki1 (Kansin Instruments, Taiwan)
425 A BT ® (Model 3200, Branson, USA)

¥ % 44 (Model 370, Thermo Forma, USA)
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& FH T L (2 &, Taiwan)
3¢~ AR R R SEH (Rotavapor R-153DW, Buchi, Switzerland)

@ 458 3] Bk S (Rotavapor R200 Series, Buchi, Switzerland)

et

by

T Al ® & (VC-7600/VP-60D, Panchum, Taiwan)
124 ik XY (CA-1100, Eyela, Japan)

% A 4% (CC-3000, Panchum, Taiwan)

£ E 2 FF (VP-60D, Z#f 47 L2 @, Taiwan)

7% A 18 g B 2 (HPLC Filtration System, MILLIPORE, USA)

Az -k 834 (TK-5/FM-120D/ZR0OS6016Y/ZMQS600, Millipore
Milli-Q, USA)
T &+ & 7% T (Toledo AT201, Mettler, Switzerland)

a3 dm P2 % (FACScan, Becton Dickinson, USA)
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R CERE R

*E T 2 e 4 e % (Mucuna macrocarpa) A5 AR % kA
£ (AREFRY RNESTY FFMET 4 H0R) B S -4 F
AR ET P HREN SIS EB AL AR RY LD
gz ¢ AT XML A o EEL 2 A G a i AR

FHE AL ATRE

v B ERRdE g e 2 ]

AEH Rk B U F TR A 0 BRI 38 3

mm BBz &S >N h R BE TR RE- 8 BEHS T

ol ez RS L EAF Y R IT - BT 3 0 BT R
PR AR TS £ o TRk B 40CT R RRSGERSEL dC 0 2 (BB
TSI EW I 24 ) FF > i EEINY Aded #+ (Crude methanolic
extract of the stems of Mucuna macrocarpa, CMEMM) » i % »-20°C 7k 44 ®
PEAC o Iagcis 2 b HE 109kg ST B E PRSI F £ 15190 & F
% % 13.9%
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=~ FARARE T2

PR G e e arz F S 4 calycosin ~ afrormosin ~ genistein
% medicarpin ¥ & R RAE T £ P RS dptR S A 0 BT R TR TS A
Fro BATiE B AR R P 4 B A A SRR KT LR
% 4k 5% (CMEMM) ;% > methanol & DMSO » ¥ 4 %Az %] 2 0.1 mg/ml %
10 mg/ml z2_ k& » £ 2 045 um jp i 0 RisA ~ 20l T B 2k 4p K
17 & (Waters Alliance 2695 separations module % Waters 996 photodiode
array Detector) i {74 47 o K 47 ¢ t 2 & * XBridge RP-18 endcapped
column (5 mm pore size, 250 x 4.6 mm, inner diameter) » #; #>4p (mobile
phase) *#& = ;X 5 % B »3& (isocratic) » @ % P~{H & & 2 & 474 Hoc sk o
T PR P2 BEARRE BRI SR R PR R R e

2 & > 4-Table 3 -

DR REE R S

(1) % R pdl

#-9.59 2. RPMI-1640 #5 k32 & £ 305900ml = =x-k¥ » 4e x 2¢
sodium hydrogen carbonate (NaHCOs) » ##4#2 £323 » A K pH 1 7.2 3|
TAz2 FFofRigsez kg = 5 12F 4% pump #3737 2 0.22 um
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& FiR B iR > 15 7 4c 10% fetal bovine serum (FBS) % 0.01 mg/ml

YA

RPMI-1640 32 % i -

gxli

gentamycin > }t 3 % T

(2) etk % B & 5
AFEEM R R K we HL-60 1 2 A & M T o JF oo Jurkat o
Molt-3 » % & * RPMI-1640 32 % 232 £ M58 37°C ¥ 5 5% CO, &7k

THZBERBEAERY o

(3) B %

B A BAR e %R a4 0.2~1 x 10%cellsiml o § 72 % B Az i
FRFEFHERL  HBI BTG el g R R Figpegy
1200 rpm (270 xg) ZE T 3o 5048 0 “f_ ik o #dm e dTET e

A X o 2 X
if%,@;i% = /zi{’ d é"éé‘g_i% = °

(4) ‘wmrz i

#¥ep w2 AR A 3 4e § > 2 1200 rpm (270 xg) R T A
54\%@’7?‘"‘?_ 7 T oRmre AT 2 RTE R 2R £ WA (10~20
ul) 22 £ 4842 trypanblue ;8 £353 > R B 10 Wl 238 &% » & k3t
# % (hemocytometer) » 2 F F R P E B I RME T e U FFIE
3N AR EET BT o SR BB e B A T2 e gl (N)o d A

BaEEFLZEELEImMmz2r > a3 FRPE25K5 01mmaz
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21 -~
| )
= [
n -~
4L ]
' -~

wmre R (cellsim)=N/4 x 2 x 10°

(5) #4 i} e

Aok e R pERiere 2 SRR UAE L BN o p A WA ok R
% > #-RPMI-1640 32 % ;% 2 dimethyl sulfoxide (DMSO) 14 9: 1 gt )8
FHF o F P wmre AR cE Iy F ¢ > 12 1200 rppm (270 xg) %
BT B A R R e Ak M R iR e
B4 1~5 x 10°cells/ml » vz Iml 5 B a3 4 8 ¢ #Ri1s#L0fk

) g =~ K3 isopropanol (IPA) e fptwif 3 FiR 2 @7k £ 7 > B2

\

-80°Crk4a R > 4| pris > Efe sl ko) F B

-~ YA O AT ’f
FatR g ¢ oo

(6) f#if mre

[

WLl R F Y B
SRR IO EERE S 3 LA L Vi T A

# + 1 12001pm (270 xg) FE T s 5 A ML B L i o L w4
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$ohe » A7 RPMI-1640 32 % e 32 % o

I~ BP L

At FEFLP~ 75 mg 22 CMEMM *+ 1.5 ml eppendorf ¢ »4c » 1 ml DMSO
BOBIRFARTIBRAT 12 FikERr=2 23 s 5 CMEMM #
% (stock solution) » # 53t % T 20°C o ¥ AP~ 1.98 mg 2 arsenic
trioxide (ATO) >t 1.5 ml eppendorf # > 4 » 1 ml 0.1 N NaOH %$ » 12 vortex
BERPAZRRE ML ATO® R 355 30-20C 457 b 9 Sk
% p U RTER R RFRL TR kAL L RARZ CMEMM &% (25,
500r 75 ug/ml) #73 DMSO * % > 0.1% @ % kR 2 ATO &% (250r
5uM) #+% NaOH R| 2 %+ 5 x 10° N  #- HL-60, Jurkat = Molt-3
¥4 5 2 kR CMEMM 2 ATO #i% t5 » 12 1 x 10° cells/ml ‘m ¥ % B #
vEEREFEE o A2 FEFEREL (24,480r72h) Yo B imre i 7 A T 0

i1 F AL 0.19% DMSO 4 & $78 f -

RN L

—_—

dmre 4 R 2Pl s g R it (trypan blue exclusion assay) &
70 @5 RIS trypan blue % & v #-imre Wi X2 wmie Ao EI o &
v e 3N 0 MR T BBRTAE S e L5 e R 20
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BB TG 2 w0 A BT 20 A8 R T2 PRI c B R ARG F Y
21200 rpm (270 xQ) F R T EEe 5 o4 0 “,fi ik o dpATie e A
1 mlPBS (1X) #-m7 8 3 o Bx% 8 2 w7 & %% 2 0.4% trypan blue

solution 2 AR & > B~ 10 pl 4c » & R BB P > B I MAS TR &~ w

RIES A EmE g FEP T AN wE R e 2 BicE 2

R LR - AR

2

fm¥e F 3 4~ 45 %02 propidium iodide (Pl) $inf2 2. DNA &7 % £ 4

R RN RBEF AT R RIS ek 1 ¥ F (TR DNA

FEEFAFHUIRL G enDNA Z £ 5 G #2 5S #H e DNA
7 E R B —*ﬁiF’J »om B e TS F RPF o DNA 74 {4 & 4 ey

- 2 4% (hypodiploid) R ¢ 3 4c > #& sub-G ) ¥ 4R 5 ‘™ &= eh- & %
Heod 3 PlLAE - fig & DNA BRI G428 & Pl 5 Plak
WO F AU g3 5 > T & & DNA g £ § 5 > F1 7 JFd A 47 sub-G,

Hmieik ) LEY 2 DNAF & 0 AR ES e 3 g 58 o
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* % 5 % 11 Cycle TEST™ PLUS DNA Reagent Kit » i & Becton
Dickinson iy #& -2 F % H BB FH I o BED RITiF2 iz > & B
24~48 & 72 | RS f T inN me k& % 24 (Falcon cat. 352054) ¥
12300 xg FET A 54 B iR dpdcies o £ 1 ml Buffer
Solution (& & % sucrose - trisodium citrate 2 2 DMSO - p¥33 2 wash ’m
* )wash & = > w ;%> 1 ml Buffer Solution - 8752212 400 xg %8 7 3
NI RN “fi gt » 4o 250 ul Solution A (7 3 trypsin = spermine
tetrahydrochloride detergent buffer > * ** digest iw® %% ‘moz § 28) > 11 &+
R 3 > FETHE 10 245 o £ 4e > 200 pl Solution B (Z 7 trypsin
inhibitor 2 RNAase ¢ citrate buffer » #* ¢ it trypsin ¥ & %2 digest RNA) >
ARy > FRTHEFE 10445 £ 4o~ 200 ul SolutionC (7 3 P
% spermine tetrahydrochloride £ citrate stabilizing buffer » #* >~ DNA ¥ &
A ) EgEdpiR I o BERSEB IS wREE 10 4 4512 0 12 FACScan
o3 JmPe ik 4 7 - FACScan 41 * argon ion laser (15 mV) 4 & 488 nm 3k
bt dmie o T B L 585 NM 2 BT B Pl 91 A 4 chic d ¥
k2 gL > B té 11 CellQuest (Becton Dickinson, San Jose, CA, USA) &
ModFit (Verity Software House, Topsham, ME, USA) = Z fitf8 k 2 7.8 %
BRI KA o

NN mse g ik
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B e IR 2w 0 A WY 24 AB R T2 RIS YT R D AR F P o
2 PBS (1X) wash = =k f& » 41 * Cytospin &< 8 ¥-‘mbe Flz>r gl * 1+ >
F 3£ (% 30~50 ul) 2z methanol/acetic acid (3/1, VIV) & & & 2 10 %
formalin solution = ®H Tg » #Fk szfc » F » & (¥ 30~50 pl) EtBr &
DAPl i& Fimie tr % ¢ » £ % 347 B R-FR P PR T ZE - 1% ¥k

e AR

1 ~ Annexin V-FITC /Pl %4 ¢ 2

Al ¥ dmee ? o gRPn sioRpc (phosphatidylserine, PS) © o4 # % fm e s
PR REER e Rl A flmre kS R e WY R L R € d P
flgs ¢kl o @ annexinV E - #& Ca®’ ik df [ cmh iy % & Fv 0 H B pey
BEMT RRRIA T BB PR B L R A S e
e A S 0 Tt oannexin V¥ IT i WP e & Hp k= 2R ETE RN R
2% FITC # %142 annexinV T 3 4+ > ¥ F i o K1 R
e RS A o ¥ I PlL 2 g iR Bl g s e PRI T
A d PFiE-HRA S MEE T me > F L annexin V-FITC /Pl g4 ¢

EV RS B B e RS R R o

* 4§ 2 % 12 ANNEX100F Kit (annexin V: FITC assay kit) » & & AbD
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SeroteC i e -2 F R FEFTH I - BFE P pJLF2 ne o b WA 24
A8 & T2 ) PEiS T E RNt RE F 3EE P 5 021300 xg EAE T AL 5
Nk # ",fj Gk 0 dpAcieie o g2 1ml PBS (1X) wash — =t {8 » w3 3
© #f 1 1X 2 Binding buffer » ¥ 34 £ im?e % & 1 2-5 x 10° cells/ml » 4c
> 5 ul Annexin VEFITC »+ 195 pl 2. F st dmPe e » 2 454piR 5 » 2 20

Tk 10 4 48 o X1 11 Binding buffer (1X) wash — =t & w3 *+ 190

>.

ul> 4e ~ 10 pl PI solution & - 41 * FACScan 7 ;% w7 ik #ip)> 1 14 CellQuest

g AR
-~ Active caspase-3 + 7

mie ¢ % f e caspase-3 AR & & (7wt B oh- fidgth 0 AR R
% 14 Active Caspase-3 FITC Mab Apoptosis Kit » iz fg BD Pharmingen &z 7
RG22 FHRAHFEFLI - BBEL RJILF2 wie > 30 24 [ BTk 10
Fmte RE*FFEE Y > 11300 xg RE T HC D A4 gt R o dpET
wrz > & 1 1 ml PBS (1X) wash & = 4 » w3 ** BD Cytofix/Cytoperm™

solution » ¥ 2 g e 2 A& 3 1 x 10° cells/ 0.5 ml o -4 54 3 /k+ # 5

~,

20 4 415 > de 4 % 1 kiR 300 A3 1X 2 BD Perm/Wash buffer™
wash & = » X {5 #-4m % w33t 3} caspase-3 $idl 2. Perm/Wash buffer™
(Rfevt Gl4e™ £ 977 )3 R T E 30 4 4505 1214 1 ml BD Perm/Wash
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buffer™ (1X) wash — = » & * 0.5 ml w3 fm¥& 14 - #X 4 12 FACScan i

fave R P> 12 CellQuest # 48 i 7 T AL A 47 o

Number of Tests Number of cells Perm/Wash™ Volume (ml) Antibody Volume (ul)
1 1x10° 0.10 20
5 5x108 0.50 100
10 10x108 1.00 200
20 20x10% 2.00 400

@5k %0 DHE 2 4 kB plm e p 2 £ §F L3
(superoxide) o #-Z fr IR E 2 n e o A B R 2 PRV TR TR e
RE*EE Y > 11300%xg FETH S A4 A “fi R dpAcere
£ 12 1 ml PBS wash - =x » w33 k& 5 10 uM 2 DHE-containing
RPMI-1640 medium (% % phenol red) » &85 # 1 37°C-kiF =% 30 »

G2 [SHEF MBI KL 4R 10 A 415 1 FACScan it 5t inee A 45 o

BB EOR G 2 me o B T s F ¢ 0 12270 xg AT4°CHLu5A 4
A3 ",f_ R X dpdcimre o * PBSwashim®e & =t » £ 4e » 3§ £ (30-50 ul)
ernicomplete lysis buffer (+ 1 ml M-PER mammalian protein extraction

reagent z 7 0.5% Proteinase inhibitors cocktail) I £ 'm* 3238 & > # ¥k
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304 4o 2 151114000 Xg *04C A 204 4 B is fe B iR T E e

Fob R o HH G -80C kR Y o

Fv FOTERMIRB T T MR cdr S (CUT) BRSE v
+ (Cu) > @ bicinchoninic acid (BCA) ¢ &2 a3 & > A4 = F%
¢ Fpt A % ¢ ¥ BCAKit k 24532 F 7 £ -BCA reagent kit 7 reagent
A (BCA) % reagent B (CuSO,) » ¥ X #-reagent A 2 reagentB rz 49 : 1+

#3538 & > A 96-well plate ¥ 224 2 & bovine serum albumin (BSA) 2 #-

%2k B3 gl £ 5620m Rl 2Rk 0 J5d BSA Rl R W AL g

B2V REHEY 0 T2 8-
L F SRR

B Lo @ % BioRaduyk in R A K E - B & 10%: 12.5%2 separating gel
£2 50 stacking gel :& {7 sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) & i o #-2= 2 & 2 F-9 & 224X sample loading
buffer;2 £353 > 22 » 100°Ci* k¥ #5448 > Sfs = Tr3c g kP4 dr> £
% B loading 2 = @well® - ¥ 2 7 & 260 voltsig (= 7 74 (5052 1] pF) >
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% bandga 1 separating gelpF » £ #-7 &2 1 120 volts:ie 7 ¢4 (913215
| BF) o R AR K 1S #gelP~ 1) > * BioRad transfer system® z_% /=400 mA
MRl pF o #gelr o F-9 B # & 3 nitrocellulose membrane (NC
membrane) » % = {¢ #NC membrane3zi£5% blocking buffer (5% non-fat
milk in TTBS) » i&{7blocking 1/ FF o 3 ¥ 49 SR Z kv » * —
Byt {oNC membrane t shd-v g & 0 £ - B fo- BdiS 8
£ ¥ ©enhanced chemiluminescence (ECL) £ {7 % ¢ » i o % K F RS
ogr R Eh R TFART PERRY FARDRL - AT R

SR H A BB R 2 fe e e .

ST AR R BT R

AFHRAGE A FEARFREFIRLIA 7L E 7 255
NO. 97-148 « 4 % - #9222 $R & (F& 5% - WM E 209 1 249) >
Lk RNE-§ ]ﬁ}%'ﬁi 29T R RAF25+2°C, FERkE P12 EFRE
12 o} pragen™ U ipk > R % 2 B F SR R A A A R 8
RFREET o AR - 1R 0 ¥ HL-60 fwre v g TS 2N KRS
et re ki) > & ehime fich 1 x 10° cells (in 0.5 mI PBS) « % #7$ % &
£ VAo v (AR E S 4mm I 6mmoe EREE 3iF) 0 R

AERERSA 22w F w7 P 8 & A u v bpens N

ETRS
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100 mg/kg/day 2. CMEMM, 500 mg/kg/day 2. CMEMM 2 2 j& -k » = %

5 L% R Rt RIRR S L R R R ] et R

o\

7‘"\

i 4% 2 5% tumor volume (mm®) = 0.4 x Lx W?» L e W A %] % %682 k&
B <

WohEY AFEE 2L X1 B ARERPET BT R ek

O

|
WLy EmE § 35 % ratio of final tumor-to-body weight (Ho et al.,
2006) > FRfs HrE R H s BE o hod T s BRE R A BB S
BITEEE FHF o (e BB B > 1 H&E (hematoxylin and eosin)

FE 0 R F R R A

Y 2 E NN

AP AT E R L H e 3 ZE R E A PR
—“F‘figai‘a:ri’ F %P~ p CMEMM £ ATO & * jod¥ {5 2 fm¥e 4 £ 8% >
4] * CalcuSyn V2 4% (pip Biosoft, Cambridge, United Kingdom) * &
% A 2 & 2. Combination Index (Cl) 4 Cl -] 3t 1 pF > e 5% > ClI
S LR AR Er o @ Cl A3 LR EdEdai®er » L i&- #nCl

L&D SR T o

BEFRAITFERERERTP LA LERELI P X2 R (B
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7 56%% )y B R KT L ARJRIRI VB4 0 T T IE e R R R
(Mmean+SE) 477 - e B Me @l TioE £ B b7 G SE #IiA
#7 (one-way analysis of variance) & {7 » # 12 Student-Newman-Keuls # %
itk o § P<OOSPFAR S B St b eng &0 % 2 53t ged8 5 SPSS for

Windows 10.0 version -
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A4

1% FER
$- & & FEIGEM P2 HPLC 45 & Bl

PEAA R R EZ RFEE S AT RAR 4 BEF MY
calycosin ~ afrormosin ~ genistein 2 medicarpin z_ ;& & &% 5.2 Table 3 z
BArixit AL Eif-2FRIZ 27 g7k # D2 Ea 4 iR &
S 2 Hon kit o £t 2 iE 2 r CMEMM f &RIGE 0 gk K
705 ¢ E ¥ P & 4 3 calycosin ~ afrormosin ~ genistein & = = 4 > H4&

# 52 CEMMM 2z & +7 Bl 3% 4 Figure 2 -
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N 0 e T A ST R e HL-60 4 £

’
- & 3
Z 8 o ERE

a“?‘!

1%, 5%
A

7
T~

4c Figure 3 #757 » CMEMM #$*t HL-60 w#s e £ v &£ 2 P&
R enik i3 B 12 > 2 50 pg/ml 2 75 pg/ml CMEMM 52 2_ % 7 1Y —JF': I &
Fend Edrglier (P<0.05) > @ F pERE 448 2 72 ] pF e v e g -
RofrdPe s AP EANBEAT2 | Far BFERF % CMEMM & £ o
25 pg/ml 3 e 3 75 pg/ml » 24 & 4] cvf A F 4 22.7%3% < 1 81.0% -

2]z CMEMM 2 #icfr]k B (50% growth inhibition, ICs;) % 36.4

pg/ml -
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a—

Z % n FE IR A S n e HL-60 fmve

PP sub-Gyp Pt 2 B8

-

PR e ik A 4755 CMEMM @ 2. HL-60 w2 3% 8 - % % 4o Figure
4 %757 > CMEMM ¢ #& % HL-60 ‘w*z ** sub-G, #f (hypodiploid I = & %)
B k2B e 243 72 ek AR > HL-60 vz
7275 pg/ml CMEMM A2 & » H fme it sub-Gy# 2+ 5/ g d 25.4% #

A2 547% > mfpke it THRBED SR F (04%3 0.7%) -
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Fra n BEIER S E A L B e HL-60 P

ARk 2 R
- ~ L EBr % d 2 Hplme B 2 A ik

*F B H_ #3518 CMEMM k2 72 /) P52 HL-60 w2 > %ggi EtBr ¥
kg kPR wmre P2 A i i o 4o Figure 5 #7525 pg/ml CMEMM
BBz fm¥e > Hwmre A R R AR i 5 @ 5 50 ug/ml & 75 pg/mi
CMEMM JjaJ2 2_im¥e » H 'w¥z % & JLH 45 (condensed nuclei) ~ #77

(fragmented chromatin) 2 %= -] %8 (apoptotic bodies) - & ¥t P& e [f]7; ¥ =

fchim e P B e o

s~ 1 annexin V-FITC/PI B4 ¢ /= &Rk = fwmPe 2 W X

2 annexin V-FITC/PI g4 ¢ 2 & 475 CMEMM /2 2. HL-60 ‘¥z >
% % 4 Figure 6 #777 » CMEMM ¢ #& % annexin V-positive & = ‘m ¥ et
Foo0 g MEEPFR DG G 538 72 ) ek iz 0 HL-60 fw¥e
175 pg/ml CMEMM fe 32 % > e & k= (annexin V-positive,
Pl-negtive) =t Fd 85%+% = T 64.8% » w23k~ (annexin V-positive,

Pl-positive) st Fd 7.1%3#% 2 3 234% > @ pfe 5 2 T R 2P S E

it (fmre B Hp = v K 1 1.3%3 2.5% ; dmre H v 0.6% 1 1.8%) -
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Z s N R R e e N 205 1 i caspase-3

d >t caspase-3 i caspase 7% & = B 2_ - » L 3§ e cysteine protease
¥ %] f% protein substrate ¥ & 4 #F 2 4% = A & (characteristic apoptotic
morphology) - F]#* caspase-3 i i ¥ U R e k= ihdpik o @ 5
Bi f% caspase-3 ;& it £ F &2 CMEMM #73 ¥ e HL-60 fm¥e &= 5 B> A&
¥k E % - M it fp caspase-3 k¥ (active caspase-3-specific
antibody) % 45 450 1% RN ke ve R RIA 450 % % 4o Figure 7 #75% > 3%

4] ek g T o CMEMM ¢ 3% % HL-60 fmfe p 2 7% it fi caspase-3
A T3 HEPEGEM % 29 50275 ng/ml CMEMM /&J2 2. HL-60

fmre > H LY Ry caspase-3 st F d 2.8%3% < T 42.5% o
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BB ASHSFEN Y > CMEMM E_F » ¥ 12 #74] HL-60 ‘w2
1t £ AR %A HL-60 me i » 4K o FHES A8 B X R
A Ben= 3% o wl R E 100 mg/kg & 500 mg/kg 22 CMEMM 3~ 3% &>
1A PBS K i HPR e 0 L 21 X o % % 4o Figure 8 #on > 11 p
“TiR] & 2 "% 88 4# 4p #ic (relative tumor volume) % ¢ - &2 100 mg/kg
CMEMM z_ e w| 22 44 B 2 crdB % 40 e > @ AJZ 500 mg/kg CMEMM 2
WipETH R D BEE S 2T REFAR - F %S AP 100 mg/kg
CMEMM e g2 43Pk e 2 " mz i f dp e &) 5 16.8 2 16.6 » @ 500 mg/kg
CMEMM ‘e % Mgk dndic s 9.4« ot > g g d ot & (final
tumor-to-body weight) 7\~ ' 22 500 mg/kg CMEMM z_ ‘e %) 4p i3 ¥4 B8

BF EELZR > B CMEMM e 4 £ chle B3 A i 4k R £ R

i3

Ve A PR L EBAF A ERS 2 A  F B Ry PR

(H&E Stain) = B-T—-)?;?{ N %"E}%ﬁ'; ng‘_n*"‘l«b ;\]}B’ IFLF )P\a%m,ri.q
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$E L FEIER RS § BT L

H so%2 HL-60 - Jurkat 2 Molt-3 # £ z_ F2 58

v

5 3™ CMEMM & ATO = * pF¥t>+ HL-60 > Jurkat 2 Molt-3 ‘m*z 4
£ 2 B R Kb it fmPe 2 w01 25 pg/ml > 50 pg/ml > 75 pg/ml 22 CMEMM
WE25uM5uM 2. ATO B fhet 8 & & g2 - 515 24 % 48 | FFF RPF
¥ is > & mw)z 4 K #3540 Figure 9 #77 » CMEMM & # & * ATO P &8
T L5 e 4 £ Fral ik o

o CalouSyn #rf 2 45% 4 2 3 (7% i % 4o Table 4 #17 > 2 FIER
2. CMEMM ¢ ATO # # %43+ HL-60 imz e & dr] (£ % 30/ 4 12 o¢
% o e g3t Jurkat 2 Molt-3 wmPz end L drd Rk B2 &7 A TR F

fr & R FERLTE o
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X EEIE R 2§ B E R F g A
R o o fwmPe HL-60 %2 Jurkat mre p Eilty it 4o

(m

vy
d ** ATO 2 % &= DNA damaging agent ¥ % ROS 2 = k3f &

fmre k= > Fpt AF % 1 DHE # i 34 0 #%p ROS & CMEMM &2 ATO
FH2 wmre k- B F A4 1 o &% 4o Figure 10 #757F > & CMEMM 2

ATO & & Eu? 48 ) prenigf2® > HL-60 wmPe 3> B2 pr 16 /) PR 40 »

e ROS 2. 4 = E g FBFRF jprbr b 2 > @ Jurkat ‘e f] i ad2 P i
8/ R FR -
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A

$AE B EENRERILEZ LT A
J e HL-60 % Jurkat sm?e ¥ 8 ¢ sub-G, #p +*

o 43
—1—7» —-g's

\\\

d 2> CMEMM ¥ ATO I # pF> % 12 e 23 3 4e 3325 HL-60 % Jurkat
mre 4 Bl T ool AR BRiE - RN e R A 1T S E S IR
e R g o % 4o Figure 11 #7 0 E RJRPER 5 24 /) BF > dmie T
 EJE 25 uM 2 ATO % > H /it sub-Gy #1 Jm % et e m iz is (1] 3%)
@ e P e~ 50 pg/ml 22 CMEMM AJZ ¥ o+ sub-Gy 8 st & - § B ¥ %
Ao mAJEPER AL £ G 48 ) pF 0 B Jurkat jmEz At sub-Gy #p # 4 et

B % 5t HL-60 4m %2 o

gtk i E CMEMM & ATO 1 % g 4~ b i & NAC > % 2
PR S 24 ] BF > HL-60 fm Pz >t sub-Gy #p fm Pz st & #-d 8.12%%% L %

4.12% > Jurkat ‘m?e gt sub-Gy #p fwre gt F #-d 13.27%'% < 52 2.75% ;
FRIIPEREL T 48 ) P pldrdltg B L 5 P & HL-60 m¥e At sub-Gy
Hp e gt Fod-d 10.14%% < 5 4.11% Jurkat fwre gt sub-Gy #P fm P e

L Sded 22.50%7F 1

5 2.37% - %7 NAC ¥ r2$#r4] CMEMM £ ATO #

b orid A e sub-Gy B 1t K 4 o
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CRAE S 3 SRS R E A £ 28

T mre HL-60 % Jurkat fw¥e /%= 3L % 2§73
— ~ 12 DAPI % ¢ ;2 ¥l mie A= 2. T i i

A s 58 B AJT 50 pg/ml CMEMM ~ 2.5 uM ATO & £ i * fag
2 km% o JEd DAPI ¥ k4 ¢ kL fiote 17 2 A =% o 4o Figure 12 #f
T W RJLPER 24 o] pF > CMEMM e ATO # # g2 2. HL-60 2 Jurkat
e A H b & p e P kg (condensed nuclei) ~ %7
(fragmented chromatin) £ /&= -|- %8 (apoptotic bodies) =R % o ¥ &JL P
Rrat £ 3 48 /) pF > P2 % g® #7rid & HL-60 2 Jurkat sm¥e ek = 25 fg 4%

B AP A @ Molt-3 mPe s B 4S50 Bk o
~ 12 annexin V-FITC/PI B4 ¢ = &Pk = wmPe 2 W X

20 8- Bt CMEMM £ ATO ¥ % i & fmie &= I § 7
ROS ¥ 2 FE & hd d > ~F 5 tannexin V-FITC/IPI B4 ¢ 2 #&ip| %
= fmre b F el P ¥ vh4e 0 — 2t dg (Y &[4 NAC -~ BHT & a-tocopherol
Se PRRE o B & A Figure 13 #1o7 0 5iE 24 ) PR R R > B fhaJdR
50 pg/ml CMEMM &t 2.5 uM ATO 2. HL-60 ‘% » # annexin V-positive /*
< dm i it o w5 3.65%2% 2.18% 0 (e A A TPV B g AR F R
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3 2536% > @ F e pFER 4o~ FF 1A NAC & BHT &2 > ] annexin
V-positive et Bl 4 % € S 3 2.51% 2 12.79% o @ 4p Ie e R pE

T H g2 50 pg/ml CMEMM £ 2.5 uM ATO 2. Jurkat *m*z » 2 annexin
V-positive st F 4 ] 5 3.89%2% 6.86% > B £ AL BRI AEF
#23 2381% > F L S~ i FH NAC 2 a-tocopherol g2 - B
annexin V-positive vt F R4 W] g gt 3 7.70% ¢ 8.55% o 14 b 5 A

7+ » CMEMM ¥ ATO # % %A1 HL-60 2 Jurkat jm?e #7134 E %= R % >

BB F RS R W
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£ 4}1]’% - B %/z_# ‘Jlﬂ,_%mv*rg,}g#,*ﬂb%i’-‘;u
SR E R A gL R w2 HL-60 2 Jurkat fm
B AP Ry T AR

50 i- #H4F 3 CMEMM &2 ATO & % 73 Eimve k= 0w i {84 >
AR LT S B EEE RS S AP M B0 [T ehd 3R - e Figure 14 7
T 0 i 24 ) i CMEMM £ ATO % &Ja® 2. HL-60 3 Jurkat % »
H /E i fg e caspase-3 fr caspase-9 (cleaved caspase-3, caspase-9) 14 % 4 +7
%ﬁﬂN@@MWM%WO}é?%mﬁﬁwﬁwaﬁﬁggo&ﬂ,g
F FF4r ~ NAC ** CMEMM 4= ATO i #* )@W—"z gt R Hehd R E K
PR Flard] > 2 BT A B & H AR o AR &S % T 0 CMEMM

2 ATO T % #if Hlmve k= B ARBTG5 M 0 X 0 7 ARdng 1A

NAC 733 45 -
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by FEDRT Lo ER CAMFRY RISR LGRS B XL

LRARM A e d i K E

!

4B AR M P 3T E K
Bl e 3 @ 7 AR sk £ p e b AELE R
(myeloproliferative disorders) 3R ¥ (X "8 A % gg .o, 2001) o gt #b >
2 F YRR NE L T RRIT S B et = T i (30
W etal,2003; 477 ,2004) - F]pt » AT B8 ANE S B B A e

};‘lﬂﬁl{l‘l_\ﬂv_ ’J%%é‘]-%,\:}mﬂ_ }%’m/\—" ]“} l—)‘itﬁﬁ ’ l,{,zg T\ﬂ_ B 7 EY 16’}} /‘2_ mr—f}ﬁ °

FHRERET L FLF P AT FE e e HL60 4 £
it (Figure 3) o 4pfe 2. ™ - 30 E M T o w Jp e Jurkat s
4 £ TEH 3 — B (e 43 Molt-3 fmfe R & 3 ac g (Figure 9)» H # 5 &
Fl a3t imie A ARE b A BT Red S5 00, kB R Y 2 4 )
R AT - EES T APL 2 AML 27 B 7 ST o e id
Edrglrek €5 L8 > F 2% F A HL-60 w2 P B Molt-3 ‘w7z $3t
# 4§ s acg (Changetal., 2005). @ ##7 7 i&— # 4 33 CMEMM Fr ]
HL-60 fmPe 4 £ 8 F &z k= 5 B > i5d (1) % bt sub-Gy 8y v &
3 4o (Figure 4) ~ (2) fwre 7% = M35 i F e (Figure 5) ~ (3)
annexin V-positive * F w3k 2 (Figure 6) » 2 %2 (4) mre p SR
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caspase-3 14t # (Figure 7) & % % #§ > CMEMM ww € 3% # HL-60 ‘w

é (P4 /1 /}%'-—\: °

M AMKERE SR RY & X U sHEE 500 mg/kg/day
2. CMEMM sl w] » H Wi 4 £ crdb$ Ap T R e p g5 X Dldrd
MBI R B B EF nt 4R = (Figure 8) - A m 0 A IR
WeE R > & X AR A F U IR NS 4p e &£ 500 mg/kg/day s
W H R KA A B g R L St o P > T
CMEMM 54 7 fp en SR > 7 it § X FIsfe ~ & F & NIl E F 5
B4 BELEER T P CMEMM 2 8+ % S 2 H % i @ o
R A KT PMAUFL S MBS S REE 0 A kB R R
FEnEE S TAI* X R Fwe WEHI-3 B 37 9201 543 BALB/C % &
F W B 4 o 5% (Laietal, 2010)  4r 132 CMEMM 3 > £ B

4k Rpime cnk RAE R RE ok o

gE kd 3t ATO g F kgl Lopaiokt & BFE R 5
@A b TRk AT F I ATO £ 5 SHRE B g o R B4 0 7 2D
Ao G EET F R LRIk BRIREAL DR RIERE > 4o
Y WH i ATO duipfrck € 1%F Lo FIP > i kenfphk w471 >
© ¥ e #E § 1YW (pro-oxidant) £ X 2R i & fe s ATO &% eh g B2
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,%gu # 4 ATO shf rxo ¥ 1l 2FA 7 i - # 2 33 CMEMM % F pFe2 ATO
T A AL R R R R F R E 50 ug/ml CMEMM £ 2.5 uM
ATO i % pF € f2fp 14 3 4o >0 HL-60 2 Jurkat w®e chd £ frg| (£
(Figure 9, Table 4) » H {4 #& F £ :E 5103 it i Hwmre k= (Figure
10, 11, 12, 13) » * 2k s tEefo 3 M (Figure 14) o S A E 1 K %
CMEMM 2 ATO & # 3% i fgin R b 02 5 A & B ETRAk ok - #-1

REF R K EL L

BT e cads o 3 B kg Cl e % ket o ¢
A& F > CMEMM & ATO A% &8 &2 &7 » 43 HL-60 . m”e;*’fi i A4
e fend £ drdlsc %k o e ¥t Jurkat & Molt-3 fmie P ¥ i F1 7 e e
oL bl te R d 5 b it 2% (Table 4)-d ** HL-60
Fe Jurkat ~ Molt-3 4 =] >t APL 4= ALL & i 2 [ f3F chim iz tk » B4 3
IIEF LTRSS ARDT - RV e e Rk EFR L S A AT ARG
& (Ralph, 2008) » #]4r : PML-RARa 3% §erif fa s £ A 51 & 17 At
SRS T R AR E S en 3 1E S8 (Pelicano et al., 2006; Peng et al.,
2010; Yao etal., 2009) o #rt A kffk B * > Bt OH T B L K¢ I

CMEMM v ATO & &2 € & th- Tk » & @ie— HF o

gLk s B R 3 1T A 7 7% ALY median-effect equation v mass-action
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law principle » » i&:—&'\z,\ ek g AR LRl 27 i
¥ & (mechanism) ~ # & H i~ (drug unit) = & % 4 & ;% (dynamic
order) # E i& 33 BE % (Chou, 2010) o #rr2 % #p e 950 pg/ml CMEMM 2
2.5 uM ATO T * e J2 B > $43t HL-60 2 Jurkat im¥e 3 2 Ip (e 53 2

Frdlsedk > 2 F3 e 3t sub-Gy Ep et I (Figure 11) 2 wmPe &= 4p R
2. 39§ 4R (Figure 14) £riz 3 fale Bend 4o > 3 fhenis % £7 L f2
e0 4 i 0 A annexin V-FITC/Pl eh g 2% 7 > dp ke @ & 2 & (7 1Y

R ¥ LR D) I M B 4e annexin V-positive (rimre v 5 (Figure 13) o

ATO ¢ fljgcimre p 4 = ROS M7 % dren® §F 0 — & #8 *h 32 5%
AR ATO #13 $ s Rplnte F= v LS LR
]4- : NADPH oxidase (Wang et al., 2008), mitochondrial electron transport
chain (Pelicano et al., 2003) = & #r4|is i fiZ% 4o thioredoxin reductase
(TrxR) (Lu et al., 2007), GPx (Jing et al., 1999) % - F]pt » &7 7 & - H 473
7 ROS % CMEMM & ATO i * #73f E w2 k= hE & (4 (Figure 10,
13) > @ #g i ek 4 & ATO & - & X SRen f fa g £ % pF IR Bl4e ATO
£ quercetin (Ramos and Aller, 2008), genistein (Sanchez et al., 2008) & &_
curcumin (Sanchez et al., 2010) I * o F]pt » gt S5 FF 4odk ATO A3
7w F b4 enTk B ¢ (pro-oxidant environment) > K- 3 5w R St k-

NI Fe o
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FTHEECEIL G AP KT AT D EMARD B ENR
2. B F mrsg >~ (Table2) > m %= % 12 calycosin ~ afrormosin 2 genistein
»dptk= & 222 CMEMM 2 HPLC 4y * Fl3# (Figure2)» ¥ &t §# 1
HARVER Y o gl 1 g e enE R Ap B AR F4p &) o calycosin & F
U937 # = JpiwPe 4 £ enit* (Matsuda et al., 2007) > afrormosin ¥+t 12
TPA # % | 84 K4 = £ 3 #r4]2c% (Konoshima et al., 1992) > @
genistein ¥+t ¥ & i g wfe (HL-60 - KGla) % i = |+ o Jf jo P
(Molt-3 4= Raji) % 3 #r4l2 & 8% » T & 0] & Jfpiwfe L1210 3 0
&R oY > LR TG 7 ogenistein 4 & F Uk R B G oo ] Rep
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Table 1: Biological activities for extracts of Mucuna macrocarpa (Bhakuni et

al., 1988)

Used part Area

Biological activities

Dried stem India

Diuretic activity: rat, dose 510.7mg/kg (A)

Spasmolytic activity: rat, conc. used not stated (A)

Analgesic activity: mouse, dose not stated (1)

Anticonvulsant activity: mouse dose not stated (1)

Antiprotozoan activity: broth culture, conc. used
125.0 mcg/ml (1)

Antiviral activity: cell culture, conc. used
0.05mg/ml (1)

Hypothermic activity: rat, dose not stated ()

A: active I: inactive
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Table 2: Presence of compounds in Mucuna macrocarpa

Used part Area  Presense of compound Type Reference
Root China  I-dopa Proteid (Mg et
al., 1993)
Part not China  lupenone Triterpene (7 L= et
specified friedelin al., 1994)
A\>?_stigmasten-3p-ol Steroid
p-sitosterol
tetracosanoic acid 2,3- Lipid
dihydroxypropyl ester
pentacosanoic acid
2-3-dihydroxy-propyl ester
hexacosanoic acid
2-3-dihydroxy-propyl ester
Dried stem Taiwan tetracosanoic acid Lipid (p =%,
mixture of B-sitosterol and Steroid 2003)
stigmasterol
medicarpin Isoflavonoid
afrormosin
genistein
calycosin
sucrose Carbohydrate (= %,
D-pinitol 2005)
B-sitosterol-3-O-B-D-glucoside  Steroid
tetracosanoic acid Lipid
2,3-dihydroxypropyl ester
Leaf Taiwan mixture of B-sitosterol and Steroid (=2,
stigmasterol 2005)
betulin Triterpene
medicarpin Isoflavonoid
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Table 3: Chromatographic conditions

% of organic % of aqueous  flowrate  detector  detection

condition . i ) .
mobile phase ~ mobile phase  (ml/min) (nm) (min)
methanol d.d. water
A 1 280 60
(45%) (55%)
methanol d.d. water
B 0.8 280 40
(55%) (45%)
methanol 2% acetic acid
C 0.8 280 40
(60%) (40%)
acetonitrile 2% acetic acid
D 0.7 254 40
(40%) (60%)
acetonitrile 2% acetic acid
E 0.8 254 40
(37%) (63%)

d.d. water: double distilled water
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Table 4: CI values for the combination of arsenic trioxide (ATO) and crude
methanolic extract of Mucuna macrocarpa (CMEMM) in leukemia cell lines
after 24 h of treatment.

Drug combination  Cell line

ATO CMEMM  HL-60 Jurkat Molt-3

(M)  (pg/ml) CI Description CI Description CI Description

25 25 0.644 Synergism 1.043 Nearly additive 0.772 Moderate synergism
25 50 0.683 Synergism 0.802 Moderate synergism 0.935 Nearly additive

2.5 75 0.888 Slight synergism 0.820 Moderate synergism 1.155 Slight antagonism

5 25 0.887 Slight synergism 1.446 Moderate antagonism 0.852 Slight synergism

5 50 0.610 Synergism 0.868 Slight synergism 0.850 Moderate synergism
5 75 0.843 Moderate synergism 0.899 Slight synergism 1.021 Nearly additive

CI: combination index
ATO: arsenic trioxide
CMEMM: crude methanolic extract of Mucuna macrocarpa
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Human leukemia cell lines:
HL-60 / Jurkat / Molt-3

Y

Treated with crude methanolic extract of

Mucuna macrocarpa and/or arsenic trioxide
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Figure 1: Scheme of the study on antileukemic effects of crude methanolic

extract of Mucuna macrocarpa.
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Figure 2: Phytochemical analyses of crude methanolic extract of Mucuna
macrocarpa (CMEMM). High performance liquid chromatography
chromatograms show a standard mixture (A) and CMEMM (B): (1) calycosin;
(2) afrormosin; (3) genistein.
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Figure 3: Antiproliferative effects of crude methanolic extract of Mucuna
macrocarpa (CMEMM) on HL-60 cells. Cells (1 x 10° cells/ml) were seeded
onto 60 mm dishes and exposed to dosages of CMEMM ranging from 25 to
75 ug/ml for up to 72 h. Control cells were treated with 0.1% DMSO in
medium. The percentages of growth inhibition were measured by trypan blue
exclusion assay and calculated by comparing the cells numbers with that of
the controls. Each value represents the mean + SE of six replicate cultures
from three independent experiments. * P < 0.05, ** P < 0.01 indicate
significant difference from the control value.
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Figure 4: Cell cycle progression in crude methanolic extract of Mucuna
macrocarpa (CMEMM)-treated cells. Cell cycle analyses of HL-60 cells
treated with 0.1% DMSO (control), 25 ug/ml CMEMM, 50 pg/ml CMEMM,
75 ng/ml CMEMM for 24 to 72 h. After treatment with CMEMM, cells were
collected and stained with propidium iodide, and analyzed for DNA content
by flow cytometry. The percentages of sub-G1 or hypodiploid cells were
analyzed by CellQuest software. The representative cell cycle progressions in
CMEMM-treated or vehicle control cells were from one of three independent
experiments.
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N\

Figure 5: Nuclear morphological changes induced by crude methanolic extract
of Mucuna macrocarpa (CMEMM). Nuclear morphology of HL-60 cells
treated with (A) 0.1% DMSO (control), (B) 25 pg/ml CMEMM, (C) 50 pg/ml
CMEMM, (D) 75 pg/ml CMEMM for 72 h. The nuclei were stained with
ethidium bromide. Arrows indicate apoptotic bodies of nuclear fragmentation.
Magpnification x 200.
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Figure 6: Annexin V-FITC/PI analyses of crude methanolic extract of Mucuna
macrocarpa (CMEMM)-treated cells. HL-60 cells were treated with 0.1%
DMSO (control), 25 pg/ml CMEMM, 50 pg/ml CMEMM, 75 pg/ml
CMEMM for 24 to 72 h. Quantitative percentages of apoptotic and necrotic
cells of CMEMM-treated cells were measured using flow cytometry. Data
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Figure 7: Activation of caspase-3 in crude methanolic extract of Mucuna
macrocarpa (CMEMM)-treated cells. Active caspase-3 analyses were
performed on HL-60 cells treated with (A) 0.1% DMSO (control), (B) 25
ug/ml CMEMM, (C) 50 pg/ml CMEMM, (D) 75 pg/ml CMEMM for 24 h.
After treatment with CMEMM, cells were permeabilized, fixed and stained,
and analyzed for active caspase-3 by flow cytometry. Data represent the result
from one of three independent experiments.
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Figure 8: In vivo antiproliferative effect of crude methanolic extract of
Mucuna macrocarpa (CMEMM) on human leukemia HL-60 xenografts.
When the tumors were palpable (4-6 mm), BALB/c nude mice were either
treated with vehicle control or CMEMM by daily intraperitoneal injection.
The animals (7-8 mice per group) were treated with 100 mg/kg/day CMEMM
(CME100), 500 mg/kg/day CMEMM (CME500), or with PBS as vehicle
control for 21 days. (A) For relative tumor volume, results were expressed as
the mean + SE calculated from the ratio of tumor volume on each test day to
that of Day 1. (B) For % ratio of final tumor-to-body weight, results were
expressed as the mean £ SE * P < 0.05, ** P < 0.01 indicate significant
difference from the control value.
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Figure 9: Antiproliferative effects of combined application of arsenic trioxide
(ATO) and crude methanolic extract of Mucuna macrocarpa (CMEMM) on
human leukemia cells. HL-60, Jurkat or Molt-3 cells (1 x 10° cells/ml) were
seeded into 6-well plates and exposed to 0, 2.5 or 5 uM ATO alone or together
with 0, 25, 50 or 75 pg/ml CMEMM for 24 and 48 h. Vehicle control cells
were treated with 0.1% DMSO in medium. The percentages of cell growth
were measured by the trypan blue exclusion assay and calculated by
comparing the cells numbers with that of the vehicle controls. Each value
represents the mean + SE of duplicate cultures from three independent
experiments. * P < 0.05, ** P < 0.01 indicate significant difference from the
respective control value.
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Figure 10(a)
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Figure 10(b)
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Figure 10: Changes in the level of intracellular reactive oxygen species (ROS)
in leukemia cells exposed to arsenic trioxide (ATO) and/or crude methanolic
extract of Mucuna macrocarpa (CMEMM). HL-60 (a) or Jurkat (b) cells (1 x
10° cells/ml) were treated with 0.1% DMSO (control), 2.5 uM ATO, 50 pg/ml
CMEMM or 2.5 uM ATO plus 50 ug/ml CMEMM for 4 to 48 h. Then, cells
were washed with PBS, incubated with dihydroethidium for 30 min and
analyzed for red fluorescence by flow cytometry. The mean fluororescence
intensity was used as read-out for intracellular ROS levels.
88



Figure 11(a)
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Figure 11(b)
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Figure 11: Cell cycle progression in leukemia cells exposed to arsenic trioxide
(ATO) and/or crude methanolic extract of Mucuna macrocarpa (CMEMM).
HL-60 (a) or Jurkat (b) cells (1 x 10° cells/ml) were first treated with 5 mM
N-acetyl cysteine (NAC) or untreated, followed by treatment with 0.1%
DMSO (CTL), 2.5 uM ATO and/or 50 ug/ml CMEMM as indicated. After 24
or 48 h of treatment, cells were collected and stained with propidium iodide,
and determined for DNA content using flow cytometry. The percentages of
sub-G; or hypodiploid cells were analyzed by ModFit LT software. The
representative cell cycle progressions in ATO and/or CMEMM-treated or
control cells were from one of three independent experiments.
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Figure 12: Nuclear morphological changes induced by arsenic trioxide (ATO)
and/or crude methanolic extract of Mucuna macrocarpa (CMEMM). HL-60,
Jurkat or Molt-3 cells (1 x 10° cells/ml) were treated with 0.1% DMSO
(control), 2.5 uM ATO, 50 ug/ml CMEMM or 2.5 uM ATO plus 50 pg/ml
CMEMM. After 24 or 48 h of incubation, cells were washed with PBS and
collected on microscope slides by cytospin. The nuclei were stained with 2.5
ug/ml DAPI. Arrows indicate apoptotic bodies of nuclear fragmentation.

Magpnification x 200.
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Figure 13(a)
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Figure 13(b)
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Figure 13: Annexin V-FITC/propidium iodide (P1) analyses of arsenic trioxide
(ATO) and/or crude methanolic extract of Mucuna macrocarpa
(CMEMM)-treated cells. HL-60 (a) and Jurkat (b) cells (1 x 10° cells/ml)
were first treated with 5 mM N-acetyl cyeteine (NAC), 50 uM butylated
hydroxytoluene (BHT), 40 uM a-tocopherol (VitE) or untreated, followed by
treatment with 0.1% DMSO (CTL), 2.5 uM ATO and/or 50 pg/ml CMEMM
as indicated for 24 h. Quantitative percentages of apoptotic cells of
ATO/CMEMM-treated cells were measured by flow cytometry. Data represent
the result from one of three independent experiments.
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Figure 14: Expressions of apoptosis-related proteins in leukemia cells treated
with arsenic trioxide (ATO), crude methanolic extract of Mucuna macrocarpa
(CMEMM) and/or N-acetyl cysteine (NAC). Whole cell lysates were prepared
from HL-60 or Jurkat cells treated with 2.5 uM ATO, 50 pg/ml CMEMM, 5
mM NAC, or indicated combinations for 24 h. Proteins as indicated were
analyzed by Western blotting with B-actin as loading control. Representative
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blots shown were from one of three independent experiments.
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Figure 15: Effects of a pan-caspase inhibitor (z-VAD-fmk) in cell cycle
progression of leukemia cells exposed to arsenic trioxide (ATO) and crude
methanolic extract of Mucuna macrocarpa (CMEMM). HL-60 or Jurkat cells
(1 x 10° cells/ml) were first treated with 25 uM z-VAD-fmk (VAD) or
untreated, followed by treatment with 0.1% DMSO (CTL) or 2.5 uM ATO and
50 ug/ml CMEMM as indicated. After 24 h of treatment, cells were collected
and stained with propidium iodide, and determined for DNA content using
flow cytometry. The percentages of sub-G; or hypodiploid cells were analyzed
by ModFit LT software. The representative cell cycle progressions in treated
or control cells were from one of two independent experiments.
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"4+ 3. & % (Mucuna macrocarpa) t£4~ *t LBl (¥l4-% etal., 2000)
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4% 4. » % (Mucuna macrocarpa) &4~ 3| ik # #c®] (Editorial Committee

of the Flora of Taiwan, 1993)

1. flowering branch; 2. flower removed corolla; 3. standard; 4. wings;

5. Kkeels; 6. pistil; 7. pod; 8. seed.
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WHeE D, e k- A& £ 3 BiLE S B (Hengartner, 2000)
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Hidk 6. F 3 B BRI TR Y 20 L fEIR R

4X Sample loading bufferfz @ (-20°C % 3)

KN A (ml)
1% Bromophenol blue 0.5 ml
B-Mercaptoethanol 2 mi
200 mM EDTA 0.2 mi
Glycerol 2 ml
10% SDS 4 mi
1 M Tris-HCI (pH 6.8) 2 ul
Total 10.7 mi

Running buffer (1.5 M Tris, pH 8.8) fie @l (4°C i%%)

o 8/
Tris-base 36.3¢
Deionized distilled water
150 mi
(DDW)
HCI # R TIpH 8.8

24 815 4 DDW T 4,48 # 200 m
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Stacking buffer (0.5 M Tris, pH 6.8) pe @l (4°C % 1%)

o T2/
Tris-base 69
DDW 80 ml
HCI B EDIpH6.8

3 %15 4 DDW T 448 4 100 m

SDS-PAGE™ & * (Running gel) z %= % fe %]

KRS 10% 12.5%

30% Acrylamide-Bis 6.7 ml 8.3 mil
Running buffer 5mil 5mi

10% SDS 0.2 ml 0.2 ml

DDW 8.2 ml 6.6 ml

10% APS 0.2 ml 0.2 mi
TEMED 20 pl 20 pl

Total 20 mi 20 ml
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SDS-PAGE F k& %} (Stacking gel) z ‘e = 2 gl

KN 5%
30% Acrylamide-Bis 1.32 ml
Running buffer 2.48 ml
10% SDS 0.1 ml
DDW 4 ml
10% APS 40 ml
TEMED 8 ul
Total 8 ml

10X Electrode bufferpe 1l (% /8 &%)

KRN v
Tris-base 30.3¢g
Glycine 144.2 g

SDS 10g

4 DDW 2 & &8 % 1000 ml

g * = » 22100 ml 10X Electrode buffer4:900 ml DDW:R £ 353 -
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10X Transfer bufferfe # (4°C i%%)

K EE
Tris-base 30.3¢g
Glycine 144.2 g

4: DDW X 4,4 4 1000 ml

& * a0 > B100 ml 10X Transfer buffer+c 200 ml methanol # 700 ml

DDW:R £353 o

10X Tris buffered saline (TBS) bufferfic & (4°C i% %)

IS 2/
Tris-base 30.28 g
NaCl 87.6¢
DDW 950 ml
HCI RETIpH 7.4

21 5 {4 4. DDW X 4,8 % 1000 ml

& * 3> 2100 ml 10X TBS buffer4: 900 ml DDW % 1 ml Tween 20;2 &

=33 > ZTTBS -
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KT, e L it o452 Cl R & ¥R % (Chou, 2006)

Description and symbols of synergism or antagonism in drug combination
studies analyzed with the combination index method

Range of Combination Index Description SG);:%iils Graphic Symbols
<0.1 Very strong synergism +++++ s e
0.1-0.3 Strong synergism ++++ | ———c
0.3-0.7 Synergism +++ Epspeti
0.7-0.85 Moderate synergism ++
0.85-0.90 Slight synergism +
0.90-1.10 Nearly additive T SmewRTN
1.10-1.20 Slight antagonism -
1.20-1.45 Moderate antagonism - =
1.45-3.3 Antagonism - ==
————
3.3-10 Strong antagonism - ——=
- -
=10 Very strong antagonism = — —— — —
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