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Anti-oxidative and Anti-cancer Activities of Methanol Extract of Machaerium cuspidatum
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Machaerium cuspidatum, a canopy liana, is a species of genus legume in the Fabaceae family and contrib-
utes to the total species richness in the tropical rain forests. In the present study, we investigated the anti-
oxidative and anti-cancer effects of M. cuspidatum and its mode of action. The methanol extract of M.
cuspidatum (MEMC) exhibited anti-oxidative activity with an IC;5¢ value of 1.66 pg/ml, and this was attribut-
able to its 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging capacity. MEMC also exhibited a cyto-
toxic effect and induced morphological changes in a dose-dependent manner in several cancer cell lines
including human lung adenocarcinoma A549 cells, human hepatocellular carcinoma HepG2 cells, and
human colon carcinoma HT29 cells. Moreover, MEMC treatment induced the accumulation of subG1 popu-
lation, which is indicative of apoptosis in A549 and HepG2 cells. MEMC-induced apoptosis was confirmed
by the increase in Annexin V-positive apoptotic cells and apoptotic bodies using Annexin-V staining and
DAPI staining, respectively. Further investigation showed that MEMC-induced apoptosis was associated
with the increase in p53 and Bax expression, and the decrease in Bcl-2 expression. In addition, MEMC
treatment led to proteolytic activation of caspase-3, 8, and 9 and degradation of poly-ADP ribose poly-
merase (PARP). Taken together, these results suggest that MEMC may exert a beneficial anti-cancer effect
by inducing apoptosis via both the extrinsic and intrinsic pathways in A549 and HepG2 cells.
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A A B Fo) A= superoxide (10%), hydroxy
radical (-OH), ZHAt8tp 242 (Hy0,) T3 22 SdAFA
(Reactive oxygen species)] &Y glo] A5, o] 23t %]'
Arrae A o2 2 RS A g Ask A&
EY A5 fetrh]. 2 4k E A W Aatst
AAeN s AA=L, HAAA Y FF o] AoA= HF Al
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Apoptosist= programmed cell deathz}il = &0, Ao}
= M| E Q] survive/death balanceS ZA3}o] A|E 2] dFAf
4& A 4 J&=F FTH17, 21]. Apoptosis Tl o]
o AA AN 455 TolA H o, ArtEA AT 5
o] &= 1L, apoptosis7t FXE A9 E AT oF7| g
Th5]. whekA A o] apoptosisE ‘ITEOI'O:] %WIEE Al
ASHE WHo] AAEE AT FAT HF F utolu,
apoptosis =0l 2 FAES E-‘rjrff_} %75:_‘% =k
I 714 wel= A7F 248 2P Qloh13, 23, 28,
40]. Apoptosis= M EZ 9] =5 DNAS| £4 4 g4 §=
o] W& apoptotic bodyE FAJdt= A&y EAS Hol
o, AFELEA S £3F 99X 7 2 (extrinsic pathway)e} 1
EZC o2 B3 Y94 # Z(intrinsic pathway)2] F7}
A B2E Tt FEETH14, 42]. AN FEE T
apoptosist= A| Z €] 9] thFgt A 50| Fas, TH AL
A &4 1 (TNF-R1) 53 22 AlZ EHY AFESEA
(death receptor)®] Z%3}4] death inducing signaling
complex (DISC)E FAJsty GHct o] DISC7} chokst Al
SAG AN2EE £330 caspase-82 TATAZAOEH
caspase cascade’} A]ZE] 1 o]|& A Z 02 caspase-3,
-6, -70] EASFETH3, 11]. T3 WA H2E E3t apoptosis
o A%, ATe] W3keHE Wato] H2 = olofe) v
A9 W3tz <2l3] cytochrome c7} A|EZAZ W&
caspase-9, apoptotic protease activating factor (Apaf-1)2}
A3} apoptosomeS HAISHA Hrh o]F 7JA] caspase
9l caspase-97} EAI3}E| 11 A3 caspase?l caspase-3, -6,
-70] &43}1E o] apoptosisZt oJHth[3]. ©] W cytochrome
¢ WZ&9|& B-cell lymphoma 2 (Bcl-2) family @2 =
pro-apoptotic E2}(Bax, Bak %)%} anti-apoptotic &%}
(Bel-2, BelxL 5)¢] @AM/} F8% 4TS st A=
defA QIoH1]. ol2et YA HE B WU HERE F
3 EA3tE A3 caspase= poly ADP-ribose polymerase
(PARP)$} -2 714 ohilld & Z 33ttt PARP= DNA &=
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Eof #ofdts B4R caspased] o] ATEHA HH
715 3tAl Z38HA EaL apoptosisE F+=8HA Hrh[25].

Machaerium cuspidatum< Fabaceae 1} £3}= 7=
¥ §=4]E (canopy liana)=2, Gt -7 A Ho] £EsH F
23} AREAA AL ATHFE AL oS 3
{3 AEoltt[4, 32]. Machaerium & AEEL J2HE A
AL Z7), ofZEHY FUE 5 A= AHEE e, O
gt Machaerium 4 2259 A& &gt A7t &4
3] Z3P= 2 Th[20, 24]. E3] VA M. villosum3}t M.
floribundum@) oet-& &5 9| SHASIEA, M. aristulatum
I M. multiflorum® AEE FE2E J484 € M
aristulatum 52 SHEY N ZAME AT Fof #E A+
7 BuEQiTh2, 9, 31, 38]. LB Y M. cuspidatum®] A3
g2l disiA = oFA7HA] BE 7l vzt glew, meks 2
AFNNE M. cuspidatum® WEE FZFE(Methanol
extract of M. cuspidatum; MEMC)Z Al-&3}o] 3Aats
9 Forggel Borel 2HAAT

Mz H U

2 Ago) AH&H M. cuspidatum We-E F5EMEMC)
& ALY A @B T AT YN T
9FH 3 FBM117-037) 3t AME31E 2, 95.0% GRE Hg
22 AF8-51] 158 7F sonicationS 103 HHE-8}1] 45C o
A BUZE 2EHT o3t F 5E30) B Azt 23
3t A|2+= 100 mg/ml =2 dimethyl sulfoxide (DMSO;
Sigma, USA)o|| &3 A1A 4 ColA BI3LIL A Eof A 3}
7] Wl W7o 3J45tol ALgIALt

DPPH radical 274 &4 &4

MEMCS| F43Hs B4 SRS 8alsh] dshel 2.2
diphenyl-1-picrylhydrazyl (DPPH) radical &7 ¥ o|&
3t AR ZA 5 2459 MEMCE 5 %8(0.51-12.8 ug/
ml)Z HehLo|| o] 96-well plated] 160 ulS g¢'p e
Hetgo] 239 1.5x 107" M DPPH 40 ul& 33t A
20| A 30&7F ¥H-5-A1 71 & microplate reader (Molecular
Devices, USA)E 018310} 520 nmoll ] FHES 274315
o ARE A BE &4 22T v@e] free
radical 2AZAE WEEE Yl 1L, 50% A3l %= (1Cso)
£ A4S F8 2o 2= qEHQ FASA QL
ascorbic acidE AMESIF oM, A7 33 HIE A3 o] ¥
w32 Uit Free radical 2759 MiEg F42
o83 2.
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DPPH radical scavenging activity (%)
={1-(A-B)/C} x 100

A: sample absorbance 520 nm
B: color control absorbance 520 nm
C: control absorbance 520 nm

Al =Zuf

2 Aol AHGE QAA H AlEZ A549, AA] H Al EZ
HepG2 % <l oA AlZ HT29= American Type
Culture Collection (ATCC, USA)S. 2R g J1¢5}o] A5}
Homw, 10% fetal bovine serum (FBS) % penicillin/
streptomycin®| Z3H Dulbecco’s modified Eagle’s medium
(DMEM)& A&t 37T, 5% CO, 271 ol A v sl it

WST assay®]| 95k M| AdZFelA] ZA}

MEMCZ} $HA| 2 9] 47 A o ojH 3t &= n A= A
£ &Hlsly] 98ke] WST (water soluble tetrazolium salt)
assayS $P5I . WA 24-well plateo] 1-2 x 10* cell€)
AAZE E£F3to] MEMCE w2 A8t 48X &
oF vjjoF3t & WST A]2F(Daeillab, Korea)o] Z§HE vz 2
A stETh 3087 WEA|Zl ¥ microplate reader®
450 nmol| A FFEE ST S 33 e A Y
< ot 1o izt B Yeigien, £ AdALE

Mo R ofF 473 He HEE A

=Y o] 83 M2 FH| W3t B

MEMC Agjo] o2 dAZ JFAA4 & e #st &
LS 93t A549, HepG2 ¥ HT29E 6-well plateo] 1-
2 x 10° cells/well2 B33 k3 A% 5= MEMCE A
ZstgiTh. 48417t g & MEMC A2]of w& Az A
F A=t e W3kE =AY A S of-&sho] wEAT thy
Axio Vision program& AFE-3te] AL #9-& 3t

AEF7] 24

MEMC7} A5499} HepG29] A7)0 v]X= F3F= &
ofr 7] 9fste], Ao HA F=9 MEMCE A3 ot
£, CycleTEST™ PLUS DNA Reagent Kit (Becton
Dickinson, USA)E AH&-8to] A ZF7|HSHE 245k ith
7+ Nl 2= 6-well plateo] 1-2 x 10° cells/welld] E =2 &
F3te] 22hA 7 oS, MEMCE F=E2 48417 Hg &
34319tk 3438t A= PBSE A& T2, ribonuclease
AE A4 1027t A 23kl propium iodide (PI) &4
Hrbste] 4TeIA 1087 A4St GAE AZE Flow
cytometry (Cell Lab Quanta SC; Beckman Coulter, USAE
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A)3£2] apoptosis H-4]

A549 9 HepG2 A|Zo|A MEMCO| g3 fZ=+&
apoptosis®] A B L 95 Muse™ Annexin V &
Dead Cell Kit (Merck Millipore, Germany)E AR5} 4
A3t ch WA, G EZE 6-well plateo] 1-2 x 10° cells/
well®] ¥ E2 BEsho] R2AZ) %, MEMCE thoFat
=2 Attt 4847t Wi F = 1% FBS7} H7He PBSZ
MNEZE 3435t Muse™ Annexin V & Dead Cell
ReagentS 1:12 37Fsto] 2p3gste] A2ofA 2023 vk
stk o] & Muse™ Cell Analyzer (Merck Millipore,
Germany)E AFE5lo] apoptosis7} FHEE AEZ9 v &

A3t

DAPI 0] 2J3t Al ao] )

A549 2 HepG2 A|EZE 8-well cell culture chamber
slide (SPL Life Sciences, Korea)o] 2 x 10* cells/well®] &
T2 EFeto] 24X T RAA7L AHE FEY
MEMCE A & 4847t F¢t vjtstdtt. MEMCE A2
3 A ZE 4% formaldehyde € H 02 Ar2o A4 1087 1
AAZ] T2, PBSZ A& & 0.5% Triton X-1002.2 AF2-9]
A 108-7F permeabilization A|Z . PBSE A H3 th-&
1 pug/ml®) 4’,6-diamidino-2-phenylindole (DAPI; Sigma,
USA) $91& 7hstel AR Ael 2 ALelA 1082 G4
3t th2, slide holderE A A3} Fluoro-Gel with Anti-
Fading Agent (Electron Microscopy Sciences, USA)E A}
€3t mounting SFATH FAE AN EZH 9| Fej= FFEn|
73 (Axio Scope. Al; Carl Zeiss, Germany) 2. 2 #2313 0
H, Axio Vision Program< o|&3lo] %3}t

Western blot analysis®]] 2] Thilj 2l vy B4

MEMCE A3t A549 ¥ HepG2E Hof PBSZ A &gt
3 lysis buffer [20 mM Tris-HCl (pH 7.5), 150 mM
NaCl, 1 mM EDTA, 1imM EGTA, 1% Triton X-100, 1 pg/
ml leupeptin, 1 mM PMSF|E #7|5lo] 4°Col|A 3057k vt
S A7l &, 16,000 x g0 2 3027t AR5t AFZ L
ottt &3 G A Y] F=&= Bradford HE ©]-8-5}o]
e o 30 puge @S sodium dodecyl sulphate
(SDS)-polyacrylamide gelZ o]-&3lo] A7|g5oz Halst
11 nitrocellulose membrane®] transferst$th. 5% skim
milk7} g8 PBS-TE AHEsto] A2oA 1A17F &<t
blocking & 3L, Z+7+e] AAFFA|E 4Tl Al overnight A
2] 3t T}, horse radish peroxidase (HRP)7} &5 o]}
FAE 2ol A 1X7E §RSAI T ¥h3-o] 1 & Western



blotting luminol reagent (Santa Cruz Biotechnology,
USAE 28471l t+2 chemiluminescence detection system
(FluoChem® FC2; Alphalnnotech, USA)& A}-&3te] B A5}
At YA 2l p53, Bax, caspase 9, PARP, actin¥} o]}
314 HRP-conjugated anti-rabbit, anti-goat, anti-mouse+
Santa Cruz Biotechnology (Dalla, USA)o A T3t R
o, U2F3HA p21, Bel-2, caspase 3, 8 Cell Signaling
Technology (Danvers, USA)o| A #+¢13lo] A-&-314tt.

SAEA

2 E Z3E mean £ SD (Standard deviation)Z UEFY
gon, 2AHE A3 bolg Y A4 942 dxadt Z
A2 Aelze] AR olE| e SPSS 200 program o]
43 Student’s ¢ testE F3to] AF3HH2H p ghol 0.05 1]
Tp <0.05)% F¢ 540l e AR Hrstglot.
27 Yy
MEMCS] ks 249

FAEAH S A= TRAA Y JAiIEs By 579 &
AL ¢ FATHEZ UA MEMCY Fatekse Selels)
o Aol EAsHe B4 Soizol WA +2948 B
sto] QHASE FEIE A A 43HE v AS FAE &
ozt stH, 3ratst B 54517 st ZoZ 4A
% 40| 9e] AlgEr. £5] DPPHE 8|8 QHg3t free
radical 24 ascorbic acid, tocopherol, polyhydroxy ¥aF<
SR, PFE ofUF Sof oa) BUH o] e Ao B
4 5, o|eie AT ol§stel ARt AF 23F ®
£ 2 BT PR SHYOR 0| AT, ol
MEMC®] 84352 DPPH radical scavenging activity
S35 & &gt Z3, Table 19] AAIZ BEQ} Zo]
MEMCE s=3 & DPPHY ¥HSAIAS 4, 3EE£H 2
Z DPPH radical &2A %] 759ttt &, MEMC 5%
0.51, 2.56, 12.8 ug/mlo| A DPPH & 7A-59°| Z+Z 26.01,
68.59, 97.17% 4 oH, &A% 50%Y T MEMC %=

Table 1. DPPH radical scavenging activity by methanol
extract of Machaerium cuspidatum.

Concentration Inhibition rate ICso
(ug/ml) (%) (ug/ml)

0.51 26.01 145

MEMC 2.56 68.59 £ 0.58 1.66
12.8 97.17 £0.07
0.51 2460 £0.24

Ascorbic acid 2.56 97.31 £ 0.08 1.23
12.8 97.77 £ 0.06
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(ICs0)= 1.66 pug/mlz FE5Q AL 7Aokstd 4 =+
9l ascorbic acid®] ICso2l 1.23 pug/mld}t A2 S-ARSH &1}
o AT VAL BHIIT PSS AT

MEMC9]| 9J3F QA APE &3}

MEMC7} thoFgt A Z o] Q&L ux]&= 43S &
3}7] 9)31o] A549, HepG2, HT29E o] &3}o] A A& 9]
MEMCE 48A]17F E¢tF A 23t th2 WST assayS $-333}%
ok I A3}, Fig. 1A A A% H}ﬂ 7*01 HE A EZ A
MEMC FEo&Z o2 QYEgo| ZrAstAtt. E3] A ¥
AUANERD A5498} ZHPA Q] HepG2°ﬂH B2 OAIE A
A2 JeEh et =3 MEMC X 2o ut2 oA xe] 3§
BHstE BT A0, BE F5HY dAlZA MEMCY &
7t Bold4E *ﬂi«l FE7L B2 5HA WEtet L A2
D=7t Fashs AL S5t th(Fig. 1B-D). o|/d9] At

E HH o R o] AFL A5499 HepG2E AHg-ato] 13
skt

MEMCo]| 9§ M| 3237] W3} 54

AA7HA ThoFgt GAZA A BAA 2= TEA N2F
7] % G17] € G27]19 checkpoint ZHA4|9] ¥lo] E&= o]F X
Aotz A A9y 24 5ol Ysto] v]gd= el 73t Al
I FAo] dojdtt= Ao HilE o] QT8 29]. EEF ©]
23t AAIEZY EAS o]-&5te] A2 HAGA A2
?71 Y-S Adfiste FAd 24 Aol EEstA XY=

UTH34, 44]. mEtA] 2 Ao A= MEMCY] oA A}

:ag_J,p} NEZEZ7)0 JFL 2L 91517 9ste] A549
9} HepG2E ©|-&3lo] A4 5=9 MEMCE 4847t A 2|3t
oS A ZF7 S st 1 23, A5499F HepG2
53] MlZF7] 2E g3t FALFAA F2 Hol= G17]
E= G2M7] AEZ9 F7te WEER g%, MEMC A
5= 27t uet G17], S7], G2/M7] 9] NlEu]go] i
st¢itt. ¥t MEMC A 2 5 %7} 571845 apoptosis7}
FHENE Aol AAEE subGl719 NZEEE= F71st
U tH(Fig. 2). Table 20] UepbH vie} o], A5499] 7 ¢
ZF A 9.92%FE subG17] NJZ7} =41 100 pg/ml
Aol A 44.07% 2 F7HFA LT, HepG2o] -9 2
ol A 4.33% subG1l A|Z7} 100 pg/ml Aol A= 59.35%
2 Z71st4t. o9k 2 ZAIELS MEMCZF A549%}
HepG29] apoptosisE G T3l A ZZA1E AA A7) E& 7}
TS AAg

MEMCo]| 2J& Apoptosis =
/\']];.’;01] apoptosis7} S E|H AHzuto] 9=
o, g ¢z A 9] vt o] LA E o] xHo]F

Yol 7}
oo} o
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Fig. 1. Effect of MEMC on cell growth and morphological changes in various cancer cell lines. (A) Human lung carcinoma A549
cells, human hepatocellular carcinoma HepGz2 cells and human colon carcinoma HT29 cells were treated with indicated concentration
of MEMC for 48 h. Cytotoxic effect of MEMC was determined by WST assay. Results are expressed as percentage of the control + SD of
three independent experiments. *p < 0.05 and **p < 0.005 compared with the control. (B-D) Morphological changes by MEMC in A549
(B), HepG2 (C) and HT29 (D) cells. Cell morphology was visualized by light microscopy. Scale bars, 200 um.

EAete ZATE DA " (phosphatidyl serine)o] N|ZEH  VE EAZAE G| AL vk AlZF7| 84 A2 5
02 kZErH12, 30]. W24 apoptosis7t Pold Ao & B MEMC A 2|9l 938 subG17] AZ7} F7HstHen=,
AL YA Z2TE|lEAAT} Eo]F o F A= Annexin  Annexin V/7-Aminoactinoycin D (7-AAD) GAEIHS ARE-
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Fig. 2. Accumulation of subG1-phase cells by MEMC treatment. A549 and HepG2 cells were treated with indicated concentrations
of MEMC for 48 h, stained with propidium iodide for 10 min and analyzed by flow cytometry. DNA-fluorescence histograms of A549

(A) and HepG2 (B) are shown. M1, subG1 phase; M2, G1 phase; M3, S phase; M4, G2/M phase.
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Table 2. Cell cycle distribution of methanol extract of Mach-
aerium cuspidatum.

% of cells

Cell MEMC

line (ug/ml) SubG1 G1 S G2/M
(M1) (M2) (M3) (M4)
0 9.92 57.79 21.97 10.31
25 12.15 59.46 20.28 7.94
A549
50 17.65 50.42 21.70 9.80
100 44,07 40.18 10.44 3.94
0 433 52.04 18.76 17.80
25 24.12 46.45 7.16 18.82
HepG2

50 42.78 3049 10.32 11.64
100 59.35 27.08 2.04 8.99

3to] MEMCo]| 23t A549¢} HepG22] apoptosis =& A
FH o2 BASch. 1 23, Fig. 304 Hojx| o] A549
¢} HepG2 25 MEMC §%=7} 71245 dolgle Alx
H]-&2 7+A3t= UM, Annexin V A A|ZH]&o] F713}
Aot E3 A5 =2 MEMC *# 2] A] early apoptotic Al E
(Annexin VY/7-AAD)7} Z71Eglon, 271 Z71342
Z 2} late apoptotic Al E(Annexin V/7-AADY)7} Z7}E] o],
3 F%= 100 pug/mlo| A Annexin V A A= A5499]
785 46.7%, HepG29| -+ T7.56%7+A| F7F6k3iet. o2
3 AylZ2 2 g MEMCo| 93] A5499} HepG22] apoptosis
7t F=ET o]F AlEY FAo] dAEE= AL & 5 A

MEMCo] SJ5 AZR) s 24

Ao apoptosis7} SE=EH A|E2] ==, linker DNA &
ol 93t chromosome®] THHE 3}, i"‘ﬁ"—‘“’é‘«l 5 Tl 93t
apoptotic body®} Z2 HAFA FeHA37F Ve,
apoptosis =& &lst7| Yo olHg EAS Tt
AL ¢ F23ttH11, 45]. 53] apoptosis = 9|3l F
== apoptotic body= B Ak o3 TEo] 7h5dtE
2, A549¢} HepG2 Al Eo] MEMCE A3t th&, DAPI ¢
A& &5t MEMCo| )%t apoptosis =5 153t
1 A3}, Fig. 4914 HojZ%o] 0.1% DMSOE A2t tj=
9 AE, 4T o Ferb WEEHE W, Ab49%}
HepG2o|A F3] MEMCE A3 #H$ o] =4
apoptotic body7} &&= Qch £33 MEMC A7 =71 =
7}&4=2 apoptotic bodyd] A= Z7}5t] apoptosis7} €
ot Nz ol AFHel EAL st 4~ 9t}

MEMCe]| 9J3t apoptosis -F-=2] 22 HIAYUS

o}& 02 MEMCo] 93t A549 @ HepG22] apoptosis 5
= 713 42 918kl apoptosis ¥ DA o) WHAUIE
Western blot analysisZ 2215} T}, p532 death receptor
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Fig. 3. Apoptosis induction by MEMC in A549 and HepG2
cells. A549 (A) and HepG2 (B) cells were treated with indicated
concentrations of MEMC for 48 h, stained with Muse™ Annexin
V & Dead Cell Kit for 20 min and analyzed by Muse™ Cell Ana-
lyzer. Dot plots represented four independent sections. Live cells
(lower left): Annexin V'/7-AAD", dead cells (upper left): Annexin
V~/7-AAD", early apoptotic cells (lower right): Annexin V*/7-
AAD", late apoptotic cells (upper right): Annexin V*/7-AAD*.
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Fig. 4. Apoptotic morphological changes of A549 and HepG2
cells by MEMC. A549 (A) and HepG2 (B) cells were exposed to
various concentrations of MEMC for 48 h. The cells were fixed
and stained with DAPI for 20 min. Stained cells were observed by
fluorescence microscopic analysis and imaged using Axio Vision
Program. Arrows indicate the apoptotic bodies. Scale bars,
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Fig. 5. Effect of MEMC on the expression of apoptotic pro-
teins in A549 and HepG2 cells. MEMC-treated A549 (A) and
HepG2 (B) cells were harvested and then proteins were isolated.
The expression of apoptotic proteins was estimated by Western
blot analysis. Actin was used as an internal control.
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