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Millettia erythrocalyx, a species of plant in the Fabaceae family, is widely distributed in the tropical
and subtropical regions of the world, such as the Indies, China, and Thailand. The antiviral activity
of flavonoids from M. erythrocalyx has been reported; however, the antioxidative and anticancer activ-
ities of M. erythrocalyx remain unclear. In this study, we evaluated the antioxidative and anticancer
effects of ethanol extract of M. erythrocalyx (EEME) and the molecular mechanism of its anticancer ac-
tivity in human hepatocellular carcinoma HepG2 cells. EEME exhibited significant antioxidative ef-
fects, with a concentration at 50% inhibition (ICs) value of 2.74 pg/ml, as measured by 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radical scavenging assay; moreover, it inhibited cell proliferation in a dose-
dependent manner in HepG2 cells. Cell cycle analyses showed that EEME induced HepG2 cell accu-
mulation in the subGl phase in a dose-dependent manner. EEME also induced apoptosis of HepG2
cells, with increases in apoptotic cells and apoptotic bodies, as detected by Annexin V and 4,6-dia-
midino-2-phenylindole (DAPI) staining, respectively. Treatment with EEME resulted in increased ex-
pression of First apoptosis signal (Fas), a death receptor, and Bcl-2-associated X protein (Bax), a pro-
apoptotic protein, and the activation of caspase-3, 8, and 9, resulting in the cleavage of poly (Adenosine
diphosphate-ribose) polymerase (PARP). Collectively, these results suggest that EEME may exert an
anticancer effect in HepG2 cells by inducing apoptosis via both the intrinsic and extrinsic pathways.

Key words : Anticancer, antioxidative, apoptosis, HepG2 cells, Millettia erythrocalyx

AAAACE Fa3 A 99 F 3ol e 1 A%
o] A& F7hstn 9lof 20124 @3 & q

o oz Austgon, $uetel A 2 Ls_ &3
7% 6ol o g *}Ulo}%{t}[zs] fa

}
% u]'(ll 0%) &9
?9} 28 A3

AV 9 Az Lo
e Aol EdTHIAL Thebd ol FUBHL 1 g
S glom Hatgel Ae HAE 49 249 FaAol A
&40 YFHL Qom, PAEY AF A, AT A48
FE 9 GAE 249 8B W4 oA 59 GIF BAA

*Corresponding author

Tel : +82-51-890-2900, Fax : +82-505-182-6951

E-mail : bwkim@deu.ac.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

1A #a| gda A= TH17, 22].
AEAEAIE B8] E apoptosise, 93] Q5 =&
Hof &8 AEE AAY st AgHe Ao, A
ol AlES AEF ALY 7S 2] IS FA
g ¢ JEF FT12, 13]. o] H 3 apoptosis HA A EA 7}
TAstel AR AEEHA & A4S A2t A&H 0 44
sHAl =0l 47t f =51, apoptosis7t £X1E 4¢P
Aol op7jd o T3] uetA Az AR 8 AAS
AT WW F 2 AL apoptosisE FESHE S
A 249 22 2 71d d77 23] A= YThs,

20, 26]. A1 9] apoptosis7t LU FEjSA o= AL
%, DNAY £4, 444 &= 93 apoptotic body (A2
A) B4 & W37t Ueun, Agstxozes AdsgA
(death receptor)E &3t €% 4 Z (extrinsic pathway)<t

N EZEgolg 53 U4 7 Z(intrinsic pathway)9] F 7}

A AZE B3 AE AFEo] FRHT9, 30]. U HEE
& ¢ apoptosist Al E EH O] AHEFE A Ql Fas, tumor ne-
crosis factor-related apoptosis-inducing ligand (TRAIL) re-
ceptor 5ol AMELF NG E0] Agsld death inducing
signaling complex (DISC)E 843t1L, o] & g Nz

N2®& 53t /Al caspased] caspase-80] &3 HT}H[7,
10]. =3 W48 AEE &3 apoptosist A1 E W Bcl-2 fam-



ily 9942l pro-apoptotic @4 23} anti-apoptotic T2 o]
2HJAAE <A glon, ol dld S| Bd 24 9
a mlEZEefote] B 9)7h #3H | cytochrome 7} Al
A2 LZE51, o] F /WA caspasel] caspase-97F #7335 of
FHEbE T, 18, 25]. 94 AES WAA HZE 5 243
¥l caspase-87} caspase-9% A caspase?l caspase-3, -6, 7=
GA3A 7)1, ol & A 4 caspaser £/4H DNA A
Aol #F3t= E 42 poly ADP-ribose polymerase (PARP)
o2& 714 B AE Easte] apoptosisE = FTH15].

Millettia erythrocalyx= 3 7 (Fabaceae)oll £3l= A=2 &
=, B, Ak, okZE 7t & dof-obdn A gl EEITH2T].
M. erythrocalyx®] A2l /ol A A= M. erythrocalyx®] ol
A #8 ¢ flavonoid®] Herpes simplex virus®l] g+ dulo] 2
2 FA6 #g Bavk Io19]. 22U M. erythrocalyx®]
Aot FEA Sl B3 A7 Bad upt gloh wet
A B AFAME M. erythrocalyx®] && FEES AHE3}
Farstss ZAskAL, AT EFA HepGoll thet &
G 1 wAF 71-d Beto BT

a2

Tz o

A2 ZH|

M. erythrocalyx o & & 3% & (Ethanol extracts of Millettia
erythrocalyx, EEME)& &4 3 8td 74, s & a4 3
HAEANA YRS, FBMI123-086)3] A3t o,
ethanol 95.0% GRE & A3l 45Tl A sonicatorg ©] &3}
of 1584 19 108, F 3% whEsto] F&3k ¥5 F 24
ZAZ NEEA A FEE dimethyl sulfoxide (DMSO;
Sigma, USA)ell &3ll3t5l o1 20Tl Al BHste] AL-&3H% T,

.,_
o

DPPH radical &7 &4 &3

EEMES] 4tsts Hf 75 #lstr] st 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) radical 7% & o] 43 &
AEosS =439t EEMES 558 (256-320 pg/ml)Z
Hetgo] o FHg T 96-well plated] WEH-ol &3%
1.5x10" M DPPH 40 11¢} 7} A& 160 plE £33 39S
Aol A 3083t ¥H-& A7l -, microplate reader (Molecular
Devices, USA)E o] 4314 520 nmol M §F=E ZA3tA )
NEE H7M8HA &2 54 dE2TH vustY free radical
2Ag4E NEEE Yehl L, 50% Ad 5= (1Cn)E AlLtet

g
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B: color control absorbance 520 nm
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C: control absorbance 520 nm
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Table 1. DPPH radical scavenging activity by ethanol extract
of Millettia erythrocalyx

Concentration  Inhibition rate | (@)
(ug/ml) (%) (ug/ml)

0.51 23.95+0.63

EEME 2.56 49.28+0.67 2.74
12.8 95.10+0.18
Ascorbic 0.51 29.90+0.43

acid 2.56 97.11+0.38 1.32
12.8 97.39+0.19
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Fig. 1. Effects of EEME on cell growth in various cancer cell lines.
(A) Human hepatocellular carcinoma HepG2 cells, hu-
man colon carcinoma HT29 cells and human lung carci-
noma A549 cells were treated with various concen-
trations of EEME for 48 hr. Cytotoxic effect of EEME was
determined by WST assay. Results are expressed as per-
centage of the vehicle treated control + SD of three in-
dependent experiments. *, p<0.05, **, p<0.01 compared
with DMSO treated cells. (B) Morphological changes by
EEME in HepG2 cells. Cells were treated with indicated
concentration of EEME for 48 hr, and then visualized by
light microscopy. Scale bars, 100 pm.
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Fig. 2. Accumulation of SubGl cells by EEME

in HepG2 cells. HepG2 cells were treat-
ed with indicated concentration of

75

EEME for 48 hr. Cells were harvested,
stained with propidium iodide for 30
min and analyzed by flow cytometry.
DNA-fluorescence histogram is shown.
M1, SubGl phase; M2, G1 phase; M3,
S phase; M4, G2/M phase.



54 BB ULRIX| 2018, Vol. 28. No. 1

Table 2. Cell cycle distribution of ethanol extract of Millettia

erythrocalyx
% of cells

EEME
(ug/ml) SubG1 Gl S G2/M
(M1) (M2) (M3) (M4)
0 7.82 52.88 2510 12.83
25 7.64 54.53 23.47 13.22
50 26.68 42.55 19.56 10.49
75 37.72 41.02 12.83 7.83
100 4113 39.74 9.48 9.20

analyzer® #A3tAth. Apoptosis7} EE A El A= Ax
o Ae Z+A G5A =71 2w eix A By AA 2R
ste] FA o A ol gure) o] EAss 229
E2AY(PS)o] AE EHoE g2l AZEeE =
ZH Psol SolHo g Afst A4l Annexin V& apop-
totic £ 27] FAAR Q] ALHIL Uk E=F 7-ami-
noactinomycin D (7-AAD)& %olA &44 Alxets £
HMSIEE Annexin V 2 7-AAD @A 02 A9 apoptosis
FLARE AT = ATH16]. WetA HepG2 Al E o] EEME
€ $5HE 4 o5 Muse Annexin V & Dead Cell KitE
At8-3t4] Annexin V positive A Z9] BIEE ZH5%th 1
Z 3} Fig. 3914 Uekdl vpet 2ol tzz oA 9] Annexin V
positive Al Z& 510%% 24, EEME A g 93] 5% 9 &
o2 Z7hste A1 =< 100 pg/mldl A& 54.95%744) F
7}et4t}. 53] early apoptotic Ml Z 2] 4*(Annexin V'/7-AAD)
T EEME 559 &8 02 A3 F73t%A 21, late apop-

7

o
&
=

r{r 0

o M

=%
- A=
=
Z]

EEME (pg/ml)

totic A & (Annexin V'/7-AAD")E 3 =<1 100 pg/ml°ﬂ

A E&sHA Skt Bk Aoldle Alz—t— EEME

2R 07 7Haste A1 FE9 100 pg/mlol A= 3145%77%]
Zaetgltt. ol 23 232 E EEMEC 9|3 HepG2 Al £ 9|
APE 3= apoptosis FrE 9 AYE FAsFH T

EEMEO| 9IS HepG2 MIZQ| M|Z==f HEf H3t 24

Aol apoptosis7} fr =¥ Al Zeto] 343 %1 3 nucle-
osome?] linker DNA 9] Aol ©3 DNAS T 37}
dofuAl =, ol ute} GA 2ol &5 0] apoptotic body
YA sA HTh30]. ¢A EEME® 93 HepG2 Al Z <
apoptosis’7t frEHE A FUSJFPOERE, GFO0E A X
3 o MstE BEsL7] Ysk] HepG2 Al 2ol F+EE2< ¥
=2 Agd tF DAPI §4E& AAste] F3ARH L of
438t BASHT. 2 A, Fig 499 o] 01% DMSOE
Al dzae A5 Hlaste] Boks W A g A 5%
7t S7HEE g gAE s 50] 4oyt apoptotic body”t
7k A s wEET

i

EEMEQ| apoptosis 22! CHEZ WH0| D|Xl= Y&
05 9.2 EEMEC] 93 HepG2 Al 9] apoptosis %2
2717 E Felst] 98te] EEMES § 59 E A @ o,
apoptosis #& T2 o] ¥ W3S Western blot analysis 2
HEs AT 1 A, Fig. 5A°A 9 o] EEME®] Hg]df <
& AtEa&AQl Faso] ®do] $71¥ 3 SH, Fig. 5Boll A&
EEME Aol 93} caspase-80] 2481 Hi §EoA]
cleaved caspase-8°] Z7}3h= 2& st gt dA7A A

0 25
APOPTOSIS PROFILE APOPTOSIS PROFILE

50

APOPTOSIS PROFILE

ate Apop./Dead
4.00%

Dead ate Apop./Dead
470 %

VIABILITY

VIABILITY
N

VIABILITY
n

1.10 % 345%

Fig. 3. Apoptosis induction by EEME in HepG2
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EEME for 48 hr. Cells were harvested,
and then stained with Muse” Annexin
V & Dead Cell Kit for 20 min and ana-
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Fig. 4. Apoptotic morphological changes of HepG2 cells by EEME
treatment. EEME-treated cells were fixed with 4% form-
aldehyde, permeabilized with 0.5% Triton X-100 and
stained with DAPI for 20 min. Stained cells were observed
by fluorescence microscopic analysis and imaged using
Axio Vision Program. Arrows show the chromatin con-
densation of HepG2 cells by EEME. Scale bars, 100 pm.
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Fig. 5. Modulation of apoptosis-related
protein expression in HepG2 cells
by EEME. HepG2 cells were treat-
ed with various concentrations of
EEME for 48 hr. The cells were
lysed and proteins were then sep-
arated by SDS-PAGE, followed
by Western blot analysis using
antibodies against (A) FAS, FADD,
Bax and Bcl-2, (B) caspase-3, -8,
-9, and PARP. Actin was used as
an internal control.
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Millettia erythrocalyxe 3 Z(Fabaceae)dll &3t =& 55, Ha, A% 5 Gof-ofdd] A dof Ex3H, 3
Hrolg) 2~ &4 BFsta Joke Bt oy 3 gts #3 A7 Bud vk o o
A B AFANE M. erythrocalyx®] A ®E FEEEEME) S AHE3t F4tstes SA382, AAGFAEFS
HepG2ol W&t 423 1 44 7]1- ol Beteo] £4 k¢t ¥4 DPPH radical scavenging activity S &3l
4% A3, EEMEY ICsot 274 ng/mlZ ol d4tsts S B < #9l3lgith w3 EEME 5% 9 &
21 © 2 HepG2 Al 29 A4S A4t EEMEY| HepG2 Al AHE &390 7|H & E46t7] flste] Al EF7]
£ 24 A3}, EEME 59 &4 02 SubGl Al 27 5748t 2™, Annexin V €413} DAPI €412 53} apop-
totic A1Z % apoptotic body7} 718 & A8t ATH EF apoptosis #d DA S| THMSE B4 45,
EEME A glof & AlE48-A 2 Fas¢t pro-apoptotic &¥ A<l Bax®] @ o] F7H5 A1, caspase-3, -8, -97}
G438 E 1 HFAH O PARPZF &3] 5 o] apoptosis7t FEEH A &l oldd 2AEEFE EEMEE
WA 2 AN HEE T3 apoptosis =0l ostd HepG2 Al 29 S4& dAste A Bstdw
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