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Antioxidant and Cell Growth Inhibitory Effects

by Leonurus sibiricus L. Extract in Human Breast Cancer MCF-7 Cells
Hyun A Kim - Joomin Lee'
Dept. of Food and Nutrition, Chosun University, Gwangju, Korea

ABSTRACT

Many studies have shown that phytochemicals in plants are effective in preventing and treating
many cancers. Leonurus sibiricus L. (LS) is a plant widely used for the treatment of inflammatory
conditions. However, the role of the anticancer effects of LS extract concerning breast cancers
has not been examined. Our study investigated the antioxidant and anticancer effect of LS
extract using MCF-7 cells (human breast cancer cell line). LS extract contained high total
polyphenol (198.30 mg TAE/g) and total flavonoid (118.91 mg RE/g) contents as well as effective
ABTS" free radical scavenging capacity. LS extract at 0.1, 0.2, 0.4, and 0.8 mg/mL concentrations
significantly inhibited the MCF-7 cells proliferation for 24 h and 48 h. Apoptotic bodies were
observed in DAPI stained treated cells with LS extract under a fluorescence microscope.
Furthermore, LS extract treatment showed increasing cleaved PARP protein expression while
decreasing Bcl-2 and phospho—Akt levels. These results suggest that LS extract could be a
promising chemopreventive agent for breast cancers.
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Seoul, Korea)<

Zth. o8-S rotary vacuum evaporator(VACUUM
NVC-1100, EYELA Co., Ltd,, Tokyo, Japan)E ©]
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freezer(MDFU52V, Sanyo Electric Co., Ltd., Osaka,
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FFEAR o8&t ZFAFTAIS A88 or

259 total flavonoid TS ALY}

B



=0

==

1°
Ha
iy
P

9l

g

At}

Total polyphenol &%F& Folin-Denis®] W
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0.5 mLo]l Folin reagent(Sigma-Aldrich Inc., St,
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Hercules, CA, USA)E o]-83}] 760 nmol|A &%
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3 elEXx FZE9| total polyphenol &S A4t
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3. ABTS radical 2715 &3

EZE FEE9| ABTS gHt# 4752 Red
WH(1999)S #Pste] A8 7 mM 2,2-
azinobis-3-ethylbenzothiazoline-6-sulfonic acid(ABTS,
Sigma, St. Louis, MO, USA )°| 2.4 mM potassium
persulfateE 1 : 1 H|E&E EF3| Faollr] 24A17F
HHEAIZTE BEgo] ik ABTS Al9kS 734 nmell
Ao FF%E ghol 0.7~1.02 HA 31X sto] ARg-st
Aok, 3X3F ABTS & 900 uLet 0.125, 0.25,
0.5, 1 mg/mL %2 A& 100 UL £33} 3
7CoIA 308 Bt WAL &, 96 well platec]]
200 uL¥ B35S 734 nmold FHECA UV-
spectrophotometer(Bio-Rad, Hercules, CA, USA)E
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5. MTS assay
M ZrfFg 96 welll plateo] MCF-7 A Z(2x10°
Bl 2427F viFst & dimethyl
sulfoxide(DMSO)ef =21 ARz Jee FEES
0.1, 0.2, 0.4, 0.8 mg/mL FEE A=l =] 2l&}ct.
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spectrophotometer(Bio-Rad, Hercules, CA, USA)E
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MCF-7 AlZe] Fe& #Fst7] 93] 60 mm
dishell MCF-7 A|ZE(4x10° cells/wel)E #F3}%]
ok 24A1RF Bge ¥, QR E oEhE FEE 0.2
mg/mLe} 0.4 mg/mLE 48A17F B2k At 3 =
o] B3F3An| Z(CKX41, OLIMPUS Co., Tokyo,
Japan)S o]-&3}e] MCF-7 A E2] ¥ ¥3lE 100
&2 skt
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7. DAPI staining

Apoptosis7} SEHE A9 EolF oz e g
U= 3= #31517] she] 12 well plated]] MCE-7
AZEAX10° cells/wel)E B} 244]7F wjekst
Fo, oNekg FZ2E 0.2 mg/mLe} 0.4 mg/
mLE Z}Z} 2 2]dle] 37%¢, 5% CO, incubator(MCO-
18AIC, Sanyo, Osaka, Japan)ol|A] vjFstSich 48
AR} Foll WjA1 S A ABIAL phosphate buffered saline
(PBS)= ol8sle] M&sF.e™ 4% paraformaldehyde

omx

solution(Biosesang, Seongnam, Korea)ol| 147} 3L
A, 1 B, AZAL AASIL 0.5% Triton

X-100 solution(Sigma, St. Louis, MO, USA)-S 10%
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ZF A28k e 4 6-diamidino-2-phenylindole(DAPT)
staining &(Vector laboratories, Burlingame, CA,
usapew Mgt Foll ZExZd FvAFWLsM 520,
Zeiss, oberkochen, Germany)-S ©]-8-3F¢] 1008]S
2 apoptosis FEE T3S}

8. Western Blotting

60 mm dishell MCF-7 A3Z(4x10° cells/wel)S
243 WS e, RE oEhE FEES 0.2
mg/mLé} 0.4 mg/mLE 242t 2|gfete] 37¢C, 5% CO,
incubator(MCO-18AIC, Sanyo, Osaka, Japan)oil4]
484171 vkt wieko] Bt Aol cell lysis
buffer(150 mM NacCl, 0.1% SDS, 1% Triton X-100,
50 mM Tris-Hcl, pH 8.0)2 713+ &, 14,000 rpm
oM Aie sho] Feels Eeletsitt. Bradford
assay(Bio-Rad, CA, USA)E A}g3lo] thild S A7kst
o] 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis(SDS-PAGE) 2 A 7|43}l o]
£ polyvinylidene difluoride(PVDF) membranes
(Bedford, MA, USA)ol| 7] transferdt &, 5%
skim milkE ©]-83] 147+ 52} blockings}ict. 2z}
Z+e] 1} antibodyE 4TCollA overnightdlal, 2k
antibodyE 204 1AI7F HESAIZ] Fof] 2l eA
enhanced chemiluminoesence solution(Amersham
Biosciences Co., Buckinghamshire, UK)= ©]-&3}
o] Xeray filmol] ZHFAIA T de] WS g<ls}
k. Aol AR8-H 12} antibody?l Akt, phospho-
Akt, poly(ADP-ribose) polymerase(PARP), Bcl-2,
B-actin®} 22} antibody?] horseradish peroxidase
(HRP)-conjugated anti-mouses Santa Cruz(Santa
Cruz Biotechnology Inc., CA, USA)o|A T4sle]
ARSI

9. SAXz

< T 2k A AR DY folA AHSS
GraphPad Prism 6 program(GraphPad Software,
Inc., La Jolla, CA, USA)Z o]&3lRL, Zt A5t
o] BEAA Fo)A-L pl0.05 oA Student rtest
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4 total polyphenol &g £213}¢4] Table 19 Y
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Th(Park et al, 2011), & Alge] olmx
34.50%= YERGon, o8 53 oz &
7158 dEEAY &8 TFeAol e
At AAZIY, AAFo] FHrskal = flavonoid
polyphenol $F3He-2 A Wellx] hats), &t
M So Agddes Uehlle 2oz deA
own, o]gjg AHE Holx= AT EHES
F=ote] &8st A7t & o] FolAaL 9l
T(Hwang et al. 2013), & Aol 289 Jmx

olghe FE5E2] total flavonoid & 118,91 mg
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RE/g, total polyphenol $+#-& 198,30 mg TAE/gS
2 Yyelytt E2F9 e &3l 9 (Kim et al,
2011)% @A} FEE(Yang et al. 2007)9] 7%,
total polyphenol $FFo] Z}Z} 5732 mg TAE/gd}

Table 1. Total polyphenol and total flavonoid
contents of Leonurus sibiricus L.

Extraction yield Total flavonoid Total polyphenol
(%, dry basis) (mg RE/g) (mg TAE/g)
34.50 11891 + 7.26 198.30 = 5.69

All values are expressed as the mean = SD of

triplicate determinations.



77.58 mg TAE/go 2 Ueh} E
R =

ATs}e] Zpol 2

2. 2 x OEtE FEZ9| ABTS+ radical &4

haksl 2hg-2o AAl Yol EAlsHE &4 radical
< oA FElQ radicalz HAIAFA AFE A
A7l AeZ, o]2fgth radical &750] Hold 4
% ksl &4do] Eohar & 4 Uth(Yun et al.
2015). ¥ A7l AR Rx dEg FEE9]
ABTS" radical 27%& 0.125, 0.25, 0.5, 1.0
FrolA Z42F 19.20, 32.31, 56.89, 88.44%
9] ABTS' radical 27%< L]—E]-IH‘}LO_U]] 50%2]
2 0.43 mg/mL
=z 1%15}‘4\:} °1UXA ABTS' radical 275 =
et AP ATFE B ICHe] 1.0 mg/mLE 2
ATEHG E2 FRoA TS aFE HrHSeo
et al, 2013). E3} Oliveira et al (2017)0] =%
oRte FEES o83 ABTS radical 2AFE =
4 A3}, 2.5 mg/mLF 5 mg/mLollA F-oH o2
At dokaL st & Aol tha AfolE HIrh

radical A~

Table 2. ABTS" radical-scavenging activity of
Leonurus sibiricus L.

Concentration ~ ABTS radical scavenging activity
(mg/mL) (%)
0.125 19.20 + 0.22
0.25 3231 + 091
0.5 56.89 + 0.62
1.0 88.44 + 0.06
ICso" (mg/mL) 0.43

All values are expressed as the mean = SD of
triplicate determinations.

YAmount required for 50% reduction of scavenging
activity.
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7%, 0.4 mg/mL¥} 0.8 mg/mL FENA 22 36%
9} 55%9] fol7 MESA AAFIE Bl 48
AZF A 2lekS wl 0.2, 0.4, 0.8 mg/mL F X0l
Zol ¥]3)| 23, 57, 83%2] o)A MEF2] oA
5 Yep ), olE $Yg Tx9 X
oA A erzte] dojFlol whet Al E
o] F2o] AAIEE Eeleqttk. Kim et al
(2018) Q1A 1t MESQ] MCF-79 BE3of &
e FEAF dEE FEES 48ARF B9 A
SE W, 0.2 mg/mL A FEAMTE F& o&

=

{

o

AN

A 24 h 48 h
150 150

g5 iz

égm é%m

2 g

83 £3

52~ 32

8 38

LS(mgm) © 01 02 04 08 Lsmgm) 0 01 02 04 08
B

LS 0.2mg/mL LS 0.4mg/mL

LS 0 mg/mL

Fig. 1. Growth inhibitory effect of LS extract on
MCF-7 breast cancer cells. (A) Cells
were treated with LS extract (0.1, 0.2,
0.4 and 0.8 mg/mL) for 24 h and 48 h
by MTS assay. (B) Morphological changes
were visualized by light microscopy after
LS extract treatment for 48 h (magnification
x 100). All the values are expressed as
the mean = SD of at least three replicate
experiments. Significantly different (p¢0.05)
compared with the DMSO-control.
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Fig. 1B9} 7H:} MCF-7 A3z 0.2 mg/mL¥} 0.4
mg/mLe] R % JehS FEES 48A%F A5k
= A5, s vlaste] BaE] Qle M2

4. DX OfEt2 FEZ0| DAPI stainingS £

5t apoptosis H&

= H =2 apoptosis
/‘liE‘J = ?—fo}j Ak, spARE AES] 7S, H
o]7F dofuti apoptosis7t A o2 dojuhA] &F
HZ7} SH8hs 540l ek AlE7T apoptosis
Ao MEHEF} XA <] aEﬂﬂﬁ ik,

© 7 apoptotic body7} FAH} o] &¢ls}7]
3 & AT-ollx= MCF-7 Ao 133 ollehS
=5 A2l -, DAPI 945 AAlekar F3dn A
ol gate] B3t} Fig. 20 R npel 2

| JEz ofgke #2552 47 0.2 mg/mLe} 0.4
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Lo opo g R

o

[

mg/mL

=5 apoptotic
body7} T gEHor ZIeHS mlb‘}?it} °]
o} 2o AN B ), RZ oge FEE <%
MCF-7 AlZe] F2] oxle} Fe} Hal= apoptosise}

Aol des & Uk

Poly(ADP ribose) polymerase(PARP)& <44
DNAE B8l w2 &) otof] &35} caspase
o o3 EHE= o] apoptosisE FEETHYoon et
al, 2012), AAA|E 2] PARPE Ex}EFo] 116 kDaA]
Wk apoptosis?} FEH AH|EL] PARPE 85 kDaoll
249 Fd7l FEEt@ee et al. 2016). Bel-2
family+= anti-apoptotic T2 (Bcl-2, Bcl-xL)¥} pro-
apoptotic T & (Bax, Bak, Bid)E TEEH, v]E
ZEgofe] Hol| A5k apoptosis =0l 2|sh
nEFegjoleo] W& 2 &3l apoptosiss ZH
sit}, Pro-apoptotic T]2Q1 Bax7} A|ZZZ|A] |
EFZ=glol& o]F3HH cytochorome C7F WEEo]
apoptosis7} =%, anti-apoptotic TH-AQ] Bcl-2
= Bax9] o|F-& A3t apoptosis?] FEE

AschLee et al. 2016). E AFoAE drx

8- FZE0] MCF-7 A|3E2] apoptosis =]
Sh=A] dopR izt shlet. 1 Ay, Rx o
F=E2 47 0.2 mg/mLA 0.4 mg/mL =2

m}o_&rﬂ
rﬂr:ié_lz

LS 0 mg/mL

LS 0.2Zmg/mL

\

LS 0.4 mg/mL

Fig. 2. An apoptotic body (arrow) in MCF-7 breast cancer cells after treatment with LS extract. The
nuclear morphology was analyzed by DAPI staining for 48 h (magnification x 100).
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Fig. 3. Effect of LS extract on (A) PARP,
cleaved PARP and Bcl-2 protein levels
and (B) phospho Akt and total Akt
protein levels in MCF-7 breast cancer
cells for 48 h. B-Actin was used as
the protein loading control.
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6. AZX OEtE FEES0| PI3K/Akt THHE &
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Phosphatidylionositol = 3-kinase(PI3K)/Akt A2

apoptosisE At AEo] WES STMAI)=
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e vAdHoR Frhn %‘E%X% 2 I?}(Park et
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