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Effect of Antioxidant Activities and Apoptosis Induction of

Salvia plebeia R. Br. in Human Breast Cancer MCF-7 Cells

Hyun A Kim - Joomin Lee’
Dept. of Food and Nutrition, Chosun University, Gwangju, Korea

ABSTRACT

Breast cancer is one of the most common cancers in women. On the other hand, severe side
effects associated with current chemotherapy are still a problem in breast cancer treatments. Therefore,
potential drug targets, such as phytochemicals, are needed to prevent and treat breast cancer. This
study examined the antioxidant and potential anti—cancer activity of Sa/via plebeia R. Br (SP)
extract against MCF—7 human breast cancer cells. The SP extract contained a large amount of
total flavonoids and total polyphenol as well as free radical scavenging capacity towards ABTS"
and DPPH. The SP extract decreased the cell viability of MCF-7 cells significantly at 0.2, 0.4,
and 0.8 mg/mL for 48h and 72h. MCF-7 cells treated with the SP extract showed the typical
morphological hallmarks using DAPI staining. To confirm the apoptotic activity, the pro—apoptotic
and anti—apoptotic proteins were measured by western blot analysis. The protein expression of
Bax, proteolytic activation of caspase—3. —9, cleaved poly(ADP-ribose) polymerase (PARP), Bak,
and p53 were increased and Bcl-2 was inhibited after the SP extract treatment compared to the
control. Furthermore, the SP extract suppressed the expression of the phospho—Akt in MCF-7
cells. These results suggest that the SP extract has potential for the treatment of breast cancer.
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o] A7t Ets] 28 Foll Uth(Lee et al,
2011), ©] = apoptosist= M EAIE] 0|2+ 55
Al o2 ¢t XEE 98t 8% 24 F sht
o]t}, Apoptosise H|lZEH] EAsHE F8Ao <
3k 2]el A A Z(extrinsic pathway)$} P]EZ=2]o}
9} #HEE el HE(ntrinsic pathway)2 W&
F o, olgjdk ARE B3l caspased E/gSHA]
7 apoptosis =& et 4= th(Evans 1993).
TS apoptosist AZe] A 2 AA 245 28
F8% A3k shH, A4k 9t 2kl ~E
g9 AU 2HL apoptosisE £33t oHA| £ =
2 = APl Fa%F 9 kol delA o
(Ozben 2007).

FRANZ(Salvia plebeia R, Br,)= BE3}o| &3}
© gl e FEite] R ¢lo] ool wiS Y3t
H|Z=3totate] Eolzl o] 5o & uiQkxk=7], win)=,

o

E2]7|% 3H}(eong et al.

2015). F2 9%, 48, T 9 I 5 o X
| AER A TFa e B Alold] Hele o
Tt kxg ARgETk dEA Qtk(Sales et al.

2010; Nugroho et al, 2012), HZ EHHZF% °]
3l T2 TH(Choi et al, 2016), dFIZF 9l
ZHBang et al. 2018) 3 Wyt o)} olE A ]
d(Choi et al, 2014), Z2](Choi et al. 2015) 5l
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B oltal BauEQeh FRuFo] E5HE AR
o2+ Al2=FAH =, flavonoids, phenolXd &3,
AWZE E(Gu et al, 2011; Jin et al, 2015;
Tripathi et al, 2006) 5-°| EFEo] qlof axta} 2}
|3 22 oy 7 g vehdid

ool & AFtellM = wHElF FE=ol FHrEol
Pakst 298 SAskL, FEHAETE o8
THREF FE2F 93] HA=H= apoptosr;
Lol thal Lozt it o] gt
A B} QA ke el Fe A
A 2ARA T8 FAE Ak 23 7hs
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£ AP M FR S AlFA 235
Z2AgE AT arTtellA frlsos AvlE Zﬂ%

2017\ 8ol F-dete] ARg-8 ATt FxEu)Fof B

gl AAS AL A 3] FAlE . FEE S
S PEAR F FEAZI|(ED 8512, llshinBioBase
Co., Ld., Yangju, Korea)E o]g3le] 72417k <t
SANZ S9ith. Azt B AIEE i)
(HR1378, Philips N.V., Karner, Slovenia)S ©|-g3}<]
EHEE 3 A|REES 70T deep freezer(MDFUS2V,
Sanyo Electric Co., 1td., Osaka, Japan)ol] R#5}iC}

2. NEFE

Az" FHuF 22 100 goll 80% olErE 1.5
LE 713 & 65T 2] heating mantle(Mtops ms-
265, Seoul, Korea)ol| E-Fl7a-E F25to] 3AF
A 33] WkE EZ3)9td, Whatman filter paper
(Whatman No, 2)2 HEH|F FEH48 o7l &
oJoll-S rotary vacuum evaporator(VACUUM NVC-
1100, EYELA Co., Ltd., Tokyo, Japan)& o]&3}¢]
40C FEAelA et - TETE Foll T2 x 33

o} AlEE 70cel ir&a}oq A}8-3+ )
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% polyphenol $+2 Folin-Denis®] H'H(1912)
o wfgl FEuE 9 ofhE FEES 1 mg/nl SR
ZABFe] ARESEE. A2 0.5 mLe} Folin reagent
(Sigma-Aldrich Inc., St. Louis, MO, USA)& 0.5 mL&
Eate] 33 ALolA REEAIRT £, 10% NaCOs
£ 0.8 mLE Fil 4087+ Yaolr] wHEAIZTE
UV-spectrophotometer(Bio-Rad Laboratories, Inc.,
Hercules, CA, USA)E o]-83}e] 760 nmollA] S4=
£ 243131, FFEAE tannic acid(Sigma, St. Louis,
MO, USA)E °]83te] RS A8ate] =
Hu|F FE=2] F polyphenol 9 A3kt
% flavonoid $FS DavisHg W3 3F Chae 59
HRH2002) 9] w2t 245193 A= 0.5 mLe} diethylene
glycol(Sigma, St, Louis, MO, USA)= 0.5 mLE ¥
IN NaOH 10 L& 37J8+ & 37T heating blockellA]
1AIZF ¥RgAIZIE}, UV-spectrophotometer(Bio-Rad,
Hercules, CA, USA)E o]-&3}o] 420 nmollA] S-4%
£ SA8kaL, TFEZAZ rutin(Sigma, St. Louis, MO,
USAYE o]&ste] FEATFFE A8ate] Fum)

F F=E F flavonoid S A=

4. DPPH 2Ozt AMs =H

ZREF FZE 0.2 mM 2.2-diphenyl-1-
picryhydrazyl(DPPH) 2}t)Zk 42752 Bloise] ¥
H(1958)& o8ste] vt o] S ol&
<9 0.2 mM DPPH A]2K(Sigma, St. Louis, MO,
USA) 900 Lol F=598 Al 100 uLE H7}sle] 3
7C heating blockel] 30837 BESAIZTE 96 well
platee]] 200 WA F-F3}1L UV-spectrophotometer
(Bio-Rad, Hercules, CA, USA)E ©|83}¢] 517 nm

r FF=E SAs.

5. ABTS" 20|z 475 &%

B3 3559 ABTS' 2tz 27162 Red]
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#(1999)& MFatel thea o] Zels. 7
mM 2,2-azinobis-3-ethylbenzothiazoline-6-sul fonic
acid(ABTS)A]2F(Sigma, St. Louis, MO, USA)9l| 2.4
mM potassium persulfateE E313}e] FarollA] 24
AJRE REAIZITE, ¥EG-o] B ABTSA|2F 900 uLe]
FEE AR 100 ULE H7F8Fe] 37T heating block
o] 3087 ¥FE-A1Z1 3 96 well plateo]] 200 uL2
F-F3}e] UV-spectrophotometer(Bio-Rad, Hercules,
CA, USA)E 734 nmolld FF=2 A3

6. MIZZHHRY

NGl A A FRAZT MCETE BF
M| EF-238 (Korean Cell Line Bank, Seoul, Korea)
R L RERRCC T E)
k. MCF-7 MlE3+= 1% penicillin/streptomycin}
10% fetal bovine serum (FBS)S X33l RPMI
1640 ¥ A](Gibco-BRL, Grand Island, NY, USA)E
ARg3}Ee] 37C, 5% CO;, incubator(MCO-18AIC, Sanyo,
Osaka, Japan)ollA] Hi¥st it

7. MTS assay

MCF-7 A|ZE 96 well plated]] 2x10°/well2 &
F5Fe] 244178 w3t 3, dimethyl sulfoxide(DMSO)
off H9l FHH|F FEES 0.2, 0.4, 0.8 mg/mL9]
SER Akt 48417 9 72A1KF A Fo
CellTiter 96° AQueous One Solution Cell Proliferation
Assay(MTS) -&-H(Promega Co., CA, USA)S 7} well
o 20 uLA 7}k 37°C, 5% CO, incubatorol| A
4A17FESE BHS-A)71 & UV-spectrophotometer(Bio-
Rad, Hercules, CA, USA)E o]-8&3}a] 490 nmollA]
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8. MCF-7 MIZ &Ej
MCF-7 AJZ& 60 mm dishell 5x10°cell/wello]
HeE BFsl 37C, 5% CO, incubator(MCO-
18AIC, Sanyo, Osaka, Japan)ollA] 24A|7F w3tk

r
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T wHEAF FE5E2 0.2, 0.4, 0.8 mg/mLE A2
S 72AREES W AT BN ACKNAL,
OLIMPUS Co., Tokyo, Japan)< o|-&3}e] 1008)]&
2 o e A Fef Hsts Al

9. DAPI stainning

MCE-7 AZZ 12 well plated]] 1x10°/well& &
FotaL PSR ¥, wEEE FEES 0.2, 0.4,
0.8 mg/mL #]2]d}al 37C, 5% CO, incubator
(MCO-18AIC, Sanyo, Osaka, Japan)ollX] vl Fs}S]
o}, 72A17F 3, vl A& A A8k phosphate buffered
saline(PBS)Z2 A|Z3+ Fofl 4% paraformaldehyde
solution(Biosesang, Seongnam, Korea)< 7|8}
IAREERE Agolld g A8kedet. o] ¥ dEdS
A ASFIL 0.5% Triton X-100 solution(Sigma, St
Louis, MO, USA)S #7}st & 4 6-diamidino-2-
phenylindole(DAPI) staining -8-<}(Vector laboratories,
Burlingame, CA, USA)S | 2|3}e] G213t & o2l
oA &F&n|H(BX41, OLIMPUS, Tokyo, Japan)
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TRHlE FEES |2eF MCF-7 Al3E2] apoptosis
T do] w¥e E9l5)y] 9J3le] Western
blottings ¥k}, FHuF F2ES s
2 A28t MEZ 3435+ lysis buffer(150 mM Nadl,
0.1% SDS, 1% Triton X-100, and 50 mM Tris-Hcl,
PH 8.0)2 715l 4T oA 3083 9eAI7 5
14,000 rpmol|A] 258 5t AEEste] FEAS
E3heth. ©hl A F %= Bradford assay(Bio-Rad,
CA, USA)E A}g-3le] A=Fsl9laL, sodium dodecyl
sulfate-polyacrylamide gel electrophoresis(SDS-
PAGE)X 7|53t ®elgk ol polyvinylidene
difluoride(PVDF) membranes(Bedford, MA, USA)

o ATt Transfer7} €% membranes 5% skim

milkE o]g3}e] 1A7Fs2t blockingdl 3 12} antibody
Z Y 4T oA 241]7F ¥EEAZ] & 23} antibody
£ AREete] A2ollA 1ARE REEAIZIT whEo] &
W & 9F2lollA enhanced chemiluminoesence solution
(Amersham Biosciences Co., Buckinghamshire,
UK)»& o]&ste] dEol =37 el s o
Qlstain). ohd 248 9J3)] A8-# Akt, phospho-
Akt, poly(ADP-ribose) polymerase(PARP), Bak,
Bcl-2, pS3, caspase-3, caspase-8, caspase-9, [
-actins 12} antibody % horseradish peroxidase
(HRP)-conjugated anti-mouse &A= Santa Cruz
(Santa Cruz Biotechnology Inc., CA, USA)ollA
date] ARSI

1. SAXE
RE AL 59HoR 33] vHES Bl Ao

zs
o, Z} A 7k FoJA] 58 GraphPad Prism
6 program (GraphPad Software, Inc., La Jolla, CA,
USA)E o|-83te] 9t (mean)? BFHA (SDE
Uil 2 Alsgke] $A1A feide p0.05
oA Student ttestE o]83te] FoAde AF

a3t
o 23 9 1%

1. & polyphenol ¥ = flavonoid 2t&f
21 EA| o] ZA3}= polyphenolF2} flavonoidF
EAQl ksld EdolH, dt, At T
St AEds JeRlE Zlom dEA ot
(Ames et al, 1987). B Aol ARE-E FHH|ZE o
9 FEEY FEE 332202 UEuon, %
polyphenol &2 330.46 mg TAE/g, Z flavonoid
3HES 256,61 mg RE/gItH(Table 1). Joo(2013)¢]
A9 otH, BEF LIl= Fu FE=Y T
polyphenol ¥ % flavonoid & 2z} 103.53
mg TAE/g@} 101,98 mg RE/go & B ¢17e}o] x}
ol Bt

&S
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Table 1. Total polyphenol and total flavonoid
contents of Salvia plebeia R. Br.

Total flavonoid
(mg RE/g)

Extraction yield Total polyphenol
(%, dry basis) (mg TAE/g)

33.22 33046 = 3.76  256.61 + 6.70

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

2. DPPH ¥ ABTS® 2iC|Zt A%S

A dUA S SIgE ARk SollA
WASHA =, Al Bolxl dikas Aol
2§l ol 71 ds ghlste] 3} Bl oF Foll %
HEeBH Ae=e 9ol ErhRice-Evans et al,
1996). wiebr] Aol oih-g 93l Fsksg B
gk thekel AEjgd FREA Felo] vig Fa
shckar & 4= Qlch B AT A, FEuE ok
& FZE9 0|83 DPPH 2z AA%L 0.125
mg/mL, 0,25 mg/mL, 0.5 mg/mL, 1 mg/mL &%
oA 2tz 15.11%, 35.17%, 57.70%, 61.76%, ABTS'
g 2A%L 22 41.39%, 80.51%, 94.66%,
94, 71%2 B FTHTable 2). 50%2] 2tt]z A
59 <l ICso 7§ A¥, DPPHY IG5 0.42
mg/mL, ABTS®] IC52 0.20 mg/mLE ERGTH
BEH &vh= 70 #3552 DPPH 2tz

Table 2. DPPH and ABTS' radical-scavenging
activity of Salvia plebeia R. Br.

. DPPH radical ABTS radical
Concentration scavenging activity scavenging activity
(mg/mL) @) %)
0.125 1511 £ 0.74 41.39 = 0.69
0.250 35.17 £ 1.72 80.51 = 0.45
0.500 57.70 £ 1.13 94.66 + 0.23
1.000 94.71 £ 0.26 9471 + 0.26
IC501)
0.42 0.20
(mg/mL)

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

YAmount required for a 50% decrease in scavenging
activity.

QEIIM|TLO A 2|Apoptosis S &1t 201

2% 2 0.5 mg/mL FEA 83.2%, ABTS 2}t
Z 27T 79.4%2 JERY B AT AR Y B2
ol FUs &= Yehfilth(eong et al.
2014).,
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FHF FEE0] A FHESAES] MCF-7 Al
9] Aol njR= TS MTS assay s B3l =4
st I Ad= Fig. 13 2tk MCF-7 AR
48A1F mE 72417 B FEM|IE FEES 0.2
g/mL, 0.4 mg/mL % 0.8 mg/mL % 7] 3}9S
7BF, GAE] o] oA o JAEE aE
YeRSITE. Hwang et al (2013) EEZ3}e] &3}
35 FEES Caki-l ANES AEFd] 4847
23k A, 0.2 g/mL FEMRE A EZ2] A
NS HYon 0.8 g/mL & o] F 72%
o] 294 AE YePATL gt & AT A%

A MCF-7

48h 72h

Cell viability
(% of control)
g

£
i
&

0
SP(ug/ml) 0

2

SP (pg/mL) 0 200 400 800 200 400 800

SP (pg/mL) 0

(A) Viability of MCF-7 cells after treatment with the
indicated concentrations of SP extract for 48 and
72 h by a MTS assay.

(B) The cell morphology was visualized by optical
microscopy after the SP extract treatment for 72 h
(magnification X 100). All values are expressed
as the mean = SD of at least three replicate
experiments. Significantly different (p<0.05) compared
to the DMSO-control.

Fig. 1. Effect of the SP extract on the viability
of MCF-7 breast cancer cells.
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S fAFhE Bt e 7210 B9 B
38 Al B NCET AZP) Y 93
2 Wlugts W), R 258 Aelsrt 3

VBG5S A G Asph sk Ak 2 2
A gskor] ATe] £ PATE HENHrg,
1B).

4. DAPI H&HMZ 0|85t apoptosis 20!

ZAFA = AE 97 apoprosise] A=
ool FQ3F EAotH(Vidya et al, 2010), & I+
AMe FEuF FEE o3 FtAEe] 2
A7} apoptosisll gt E71A] ElEtr] $3)
AABEATE. Apoptosis @/l <]
3] nucleosome?] linker DNA ¥-3o] Hutw|1 ¢k
Halzlo] FAAe] SZof 23l apoptotic body”Z}
AREH, ol&e Akl o8 #F Thsditt
(Shi et al. 1994). & A7+ A3}, %H(}%Aﬂiﬂl 722
T ERt HEuFE AAE A —E—EHH—T—% A

glabA] o2 ol Blsf

DAPI staining=-

a4
T
j;
_)1‘_4‘
k)
41
2
m

SP 0 pg/mL SP 200 pg/mL

-

SP 400 pg/mL SP 800 pg/mL

Su
S
~ ~u
S

Fig. 2. Induction of apoptosis by SP extract in
MCF-7 breast cancer cells. The nuclear
morphology was analyzed by DAPI staining
for 72 h (magnification x 200).

Apoptosis frkell 3lojA Fagk 24 A3s 3t
= Ao 2 A#A caspaser= I} mitochondria2]
2utol] B3-43) A2l pro-enzyme HEIR &4
7}, apoptosis = 2433} A5 ¢J8) protease
2 H3HETHCohen 1997). )& caspaset initiator
caspase(caspase-8¥} -9)2} effector caspase(caspase-3)
2 THEEAM, 53] caspase-3©
Q1 caspase 8%} 9of o3 EAJglE o] thE o7 7}
A 714 o] & dorle F4a% 8%l
2 d#A 9rh(Cohen 1997; Li et al, 2008). £ <
TollAE MCF-7 %HJ?.} Al BEEF FEES
SR APstlE B9 caspased] T 24
o WA ikl o ohsd S,
A}, B4 9 caspase-82 FHRU|F FEEC]
o) vl wbalel 2 Aol ehA) eigkort,
3% 2] caspase-3 Y caspase-99] T AL
T ofEF o R FUIHS BYrhFig. 3A). Egh
HullF FEE] 9J8) caspase-39] 7]k AR DNA
repair®} genomic stabilityol] #e]&= PARP th
Ao] s @yl BRI w1 AT 2

initiator caspase

n F
il

O:

okl off alr Lo

Cleaved caspase-d e M Sl phospho Akt || SEG——

fractin ——— JI—
_ fractin —~——
Cleaved caspases |
factn o— 253 =% "
p-actin -———-

Cleaved caspase-d | S WS

fractin  ———— oy ———
AL —
PARP | s s — ’
T
Cleaved PARP I ———
oy T

P-actin | e——
SP (g/mL) 0 200 400 SP(ug/mL) 0 200 400

(A) cleaved caspase=3, -8, -9 and PARP.
(B) phospho Akt, Akt, p53, Bcl-2 and Bak.
B —Actin was used as the protein loading control.

Fig. 3. Effect of SP extract on apoptosis—related
molecules in MCF-7 breast cancer cells
for 72 h.
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I}, FHRE|FE FEEL caspase-87} caspase-92] 2
Zdstel o3l <9l AR Uidd AR BFE
3] MCF-7 A3 2] apoptosisE =3 AL A}

S¥}

oft ik

6. pb53 % Bcl-2 family Tt
=0| 0jXl= B
P332 FY¥ A A= defA e, 24

o AEF7] A Aol p21, Bel2
familyQl Bax 5¢] Tl W3S S7HA17]AL caspase
S Gross et al,
w3 Bd-2 familys=

HAe Fx8| apoptosisE
1999).
BalxL)¥} pro-apoptotic(Bax, Bak, Bid) T zo]
ME APE olFH, AE W o A5 o3 &
ol 7 Aol pro-apoptotic T A o] W o]
S7kete] mEZE=ejolo] uhd el Hile nEE
=gjoplgellA] cytochrom C7} ¥ FvH(Conseiller
et al. 1998), B AF Az, MCF-7 ket H]EOH
THEF FE=S AEdE A, p33d @

1k o] %—7Pﬂ~ B¢ o anti-apoptotic TH
Bal-22] @& o] ZF43}al pro-apoptotic THH
Bake] -9+ S71HS HJuh(Fig. 3B). Haldar et
al.(1994)2] &7t oJal ™, MCF-7 fetFe] p33
o EdRiol7t dold B9 Bel-29] Walo] A%
o] #F= AUt S} B2 AFR=E & of, E AT
AR FEESEZE et XS] ps3dt Bel-2
family @2 @& of] Ff3le] apoptosisE 5}

rkx & % QA

anti-apoptotic(Bcl-2,

i) i, J:
-

~

PI3K/Akt H29| 3i0f| OX|= BEHHE =
£=9| ¢

AFoA = HHEAF FEE 28k apoptosis
4t =, phosphatidylinositol 3 kinase(PI3K)/Akt
AZAZALGA A vA= Gl el ZAkskaAt
BT}, PI3K/Akti= serine/threonine S1xks}ol] 3
ofst] Zdstel] wet AlEo] 52 Bl Estel Alx

FPI

o2
>

g 2 MCF-7

Io
utor
0z

0

QUM 0| A 2] Apoptosis S gt 203

A

F7] ol Bofale Aow el JrHOsaki et
al, 2004), o]52] &43i= pro-apoptosist} caspase-
9 WS A3)ste] apoptosisE A= Aoz &
24 Atk Hwang et al. 2013). B A=
& MEFO FRuF FEFE 0.2 g/mL, 0.4 mg/
L FEE Aese ), k) e Hsks 9
zh=] 7] °—‘9Jt£ur olatslEl Akte] W o] Thasl=

e ﬂd F JAH(Fig. 3B). o]ol FEH|F7}
MCF-7 A3 2] apoptosis2} A3HE PI3K/Akt

AZAsAGA L} BHES] AL HAFALh
V. 8% % 2

B o= FRblE 252 o838} 3 polyphenol
" % flavonoid §%F, DPPHS} ABTS® assay 2 o|-&
3} free radical 27%S =43taL, QA & 4
SHAIEZRQ] MCF-7 M EE AR8ete] HRulF: 325
Aol ola s fe Aze] 24 oAs
apoptosis = Z-&7| A #A3te] A7t A
3 43}, F polyphenol 32 330.46 mg TAE/g,
% flavonoid -2 256,61 mg RE/g2 SHEJ S
©, DPPHS} ABTS' assayZ 0|83l 1C= 2z}
0.42 mg/mL9} 0.2 mg/mLE YENGT FHu|S
Z5(0.2, 0.4, 0.8 mg/mL)]| o] FHobA £
2lo] A F 3L, apoptosisel] I+ A E A
3} & o] BH %= apoptotic body7} HAE
Fallt. Apoptosise} B E o] e

+3}314} western blottingS =83l A3}, HEH)
FZ5 o3l &dstd e cleaved caspase-3
2 9o] Thul A& 3l pARPS] Agk Hxfo] Z7)8h
Bk &3 pro-apoptotic T A Q] Bake} p53
wgo] FHRuE FEE| ofd F= oEHo
7}EQ3L, anti-apoptotic THH
o] Z+2H Yo PI3K/Akt ZA&2] WElo] ojx|H
gelatsict, olel AnE Botol FuwE &
=2 FASIEAS 7| glor, fukekA]

o|A apoptosis Fritel] &3 AP aI=E 7R

Ay OlN o
m1o o 1o
ML oo

b
r g

ruN'
N

ﬁmlox

22l Bel-29] ¥

fou
ol)l

ool gt
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