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Effect of Ethanol Extract from Salvia miltiorrhiza on
Chemoprevention and Metastasis of Breast Cancer

Yun-Hee Shon, Hyun-Jung Cho, Mee-Kyung Kim, Eun-Jung Jungl, and Kyung-Soo Nam'*
Intractable Diseases Research Center and’ Department of Pharmacology,
College of Medicine, Dongguk University, Kyongju 780-714, Korea

Abstract — Ethanol extract from Salvia miltiorvhiza (SME) was tested for breast cancer chemoprevention and metastasis by
measuring the activites of cytochrome P450 1A1, aromatase, omithine decarboxylase (ODC), and matrix metalloproteinase
(MMP)-9. SME significantly inhibited cytochrome P450 1Al-mediated ethoxyresorufin O-deethylase (EROD) activity in a
dose-dependent manner in a concentration range of 100~1,200 pg/m/ (p<0.01). Microsomal aromatase (estrogen synthase)
activity was suppressed 54.9%~77.5% by the SME at concentration of 600~1,200 ug/m/. ODC activity induced by 12-O-tet-
radecanoylphorbol-13-acetate (TPA) was significantly reduced by the SME 900 and 1,200 ng/m/ (p<0.05) in MCF-7 breast can-
cer cells. In addition, SME (900 and 1,200 pig/m]) markedly inhibited MMP-9 activity, a key role in cancer metastasis.
Therefore, SME is worth further investigation with respect to breast cancer chemoprevention or therapy.
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Ornithine decarboxylase (ODC)= polyamine A% 3
% putrescine®] AAol BoIshe Sh2A FINES TY
Aze] 229 DFolr}, B3 0DCY F=E Y5
Aoz 283 71%5S Pt slof AF A8 =3 &
o]43t ¢rEz AN ODC B4 =t SAEZY &
27 7] WA WA vt 53], AzF
o)A estradiolo]L} peptide growth factorell 2j8td ODC &
go] 27 e 3, AEL]eNM ] polyamine ©1F°l &5t Al
FU) polyamine®] Z717} 293

oke] X JZofl QoA 7HE & ol &EkAte] FH AL
o 8991e kM| 2] Aol (metastasis)oll 23 Aojct. w2t
A & NBEE Y3 Aol JAAIL] MAE sl FAEe] 3
$ (invasion)@ Folo] EAFESl 714 3 B A7t
A8 o] g}, A Ee FEH FolE st7] HshA B2
ZFo| RS GAE sk, 53] 714 (basement
membrane)# A £]712 (extracellular matrix)®] &g
B35 7 EESHHES 84 (matrix metalloproteinase,
MMPYy} £838 943ke it} MMP7F FohdA = A
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M= 71A =] 8 AES] type IV collagens 3l 3h=
MMP-92+ MMP-27} ¢Fdolo] 2 J3s mlAle Aes 5
HE At

D (Sabvia miltiorrhiza Bungey> EZ3 (Labiatase)oll
&l ThaA FEAEE HE AF st A=A F o
Az AR oY o ele ol WAzt vy o
7 &jo] U}, Tite] 944502 scatellacin, tanshinone,
cypto-tanshinone, hydroxytanshinone, salviot, vitanin A<}
E 57 gaiA 93 Had watel QM IS oA a3t
of B A7rt B w0

£ AgolME @i A2 U o Z Aol
oA G315 A7) 938l cytochrome P450 1A1, aromatase,
omithine decarboxylase (ODC) = matrix metalloproteinase

MMP)-9 &4 vl 35 S43IH)

ME X

AleF — RPMI-1640 medium, antibiotics, 7,12-dimethyl-
benz[o]-anthracene (DMBA), potassium phosphate buffer,
ethoxyresorufin-O-deethylase (EROD), glucose-6-phosphate
dehydrogenase, ethoxyresorufin, resveratrol, 1B-3H(N)]
androst-4-ene-3,17-dione, progesterone, NADPH, difluoro-
methylornithine (DFMO), L-[1-'*C] ornithine, EDTA,
dithiothreitol, triton X-100, bovine serum albumin (BSA),
epigallocatechin gallate (EGCG), Tris-HCI, bicinchoninic
acid protein kite== Sigma (St. Louis, MO, USA)|A 413}
%151, fetal bovine serum (FBS)S JBIAF (Daegu, Korea)A|
F& ARSI 7IeF Al E wf g Aok H FEE f718

ihe SRl AMsiah.

OEIEFEEQ| M= - Ago ARS3 it ke A
FA| A ARG Yo, A 1.2 kg Ao
A 70% ANEE 2 DR 397 33) & 2 FE2AL o
F} FEsl] AREFESE 2221 g2 ATt 283 A E
20X AREEE ulA] 2 SH7g] SlAAA Ay A

&3I3rh.

MzZHleF — Al BEF<Q] MCF-7 NEe 10% FBS/F X
gt¥l RPMI 16402 WA 2 &t CO, B %¥7] (5% CO,,
37°Cyll A SRR, gl 23 7HA o= wiks] 5
AT A FE= AR Aol BES] FHTT 2+ passage W
ZE 7R AIREE oA ARSI, A2 AES trypan
blue dye exclusion Hhg o8 elsigit}.

Cytochrome P450 1A12] &M X35 A - DMBA
GomgriE A dF 9 7k oz N nlo|azE
9] ¥ Pholst Fouts?] W'Y & usle] AAsisint.
Cytochrome P450 1A12 ethoxyresorufin-O-deethylase
(EROD) 24 o2 2355 t.? &, sx=5y 228
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microsomal protein (2 mg/m/) 200 p/¢ll 640 p/e} 0.05 M
Tris-HC] buffer (pH 7.5), 100 m/2] BSA (10 mg/m!/ in Tris-
HCI buffer), 20 p/¢] 0.25M MgCl,, 40 w/®] cofactor solu-
tion, 2.5 units®] glucose-6-phosphate dehydrogenase, 10
o] 714 (1 ml of ethoxyresorufin in 10 m/ of methanol),
10 uo] 2 JdE2FEES FEEE JUksidth BE A
GFES & HE F 37°CAA 487 REAIT] AL, 2mie]
methanol2 ¥H3-2 SZAZA}. 2,000 x golA 208 <t
AR FESAE s, FFEBF=A BIO-TEK
SFM25, USA)Z = (550 nm excitation and 585 nm
emission) 3FATH YA HZEL resveratrolS AHE-3FS L,
SANETLE2E THTE ARSI o] ¥ 33wt
B Aoz st on, zhzte] A= controlol tgh
7+ AEEY AE AEE %= YEATH

Aromatase 4 =3 - Aromatase ¥4 Thompson
Siiteri®] W% g Wdsled Alsidck. =, 717 [1BHN)]
androst-4-ene-3,17-dione (specific activity 24.7 Ci/mmol)
(100 nM), BN vlo]AZFE (40 mg), progesterone (10 uM),
bovine serum albumin (0.1%), potassium phosphate (67 mM,
pH7.4)%F AEE T 5H& 500 pie d2ollA 1087
HESAIZTH 283 12 mM NADPHE #Rg9o] Wil 37°C
oAl 1027 THA] BEEAIZ] F 5% TCAE WH-& THA|
Zitk. 100 x gollA 1087F Y48 5 53] chloroformS.
2 WeA7] & O 4EHBL dextran-charcoal o) &
71 & APETSE 2459 radioactivitys =3 3IAT}

Ornithine decarboxylase (ODC) assay — MCF-7 cell
< 6-well tissue culture platee] well F 4 x 10° cells/m/
EE HIAZIA, 18AZF Fol| TPAY A& T8 A=
=<1 0.01 mM DFMOZ A2]sted 6417k 52t Wi datsict.
et AZE ga3td Nam 5] W22 ODC B4
< 7339t} ODC specific activity & pmol “CO,/h/mg
protein® = UER™, ODC 84 <}Al= TPARF A3k =
Ao gk ZF AMEEY] AE AEE %2 YRS

Gelatin zymography — TPASIA f-= 5012 MMP-9 &
A48 dolr] 9151 Overall 57¢] WPES 0|23l gelatin
zymographyZ XIS T MCE-7 cellsS 5 x 10° cells?] &
EZ 6 well plateol] 5313 2477+ & T4} gL
ES s E AT 2407 B9 vjokA 7] & A=
AL FH3l, 0.1% (whv) gelatino] F3HE SDS-PAGEES ©]
&3t S g HA7FdEsIAT) V19 E F gels 2.5%
Triton X-100 &4l 1417+ B2t Aol T2 developing
bufferoll 4 37°CZ 24X 7F v A Zth. Coomassie &4 3}
2AE B3 MMP-9 &4 FEE Eelsiid

SHEE X2 - A 45 = Hd + TFE 2 (standard
deviation, SD)Z YERZIo™, Ao tigt o8 A&
A3 student's rtestE T8t AHAX= p Frol 0.05 75t
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Fig. 1. Inhibition of cytochrome P450 1Al-mediated ethoxy-
resorufin O-deethylase (EROD) activity using liver microsomes
derived from 7,12-dimethylbenz[a]-anthracene-treated rats. The
EROD activity was assessed with the indicated concentration
of ethanol extract from Salvia miltriorrhiza. RV, 0.05 nmole
resveratrol. Data shown are mean values with bars indicating
the SD of the mean (n=3). **p<0.01 compared with the control.
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Cytochrome P450 1A12] &4 XsiS2t - &4t ol
S&Zo] fot fke) thEAQ UPEZHS DMBAS ¢
3 =9 cytochrome P450 1A1 E4EA AA&S 57
3 A3 @4t oleheFEE-2 100, 300, 600, 900, 1,200
pg/ml F=AA Z4zE 10.1, 41.2, 71.0, 8333 94.8%¢] &
To&A As)&e] JESH (Fig 1), 600~1,200 pg/m/
E=roaE PR resveratrol (0.05 nmole)d] AAE
448%H T B AA &S Jepith. 22l DAt o
SZZE 300~1,200 pg/m/ FE (p<0.010IME BAZHCE
oA e dAEAE 2R & AT

Cytochrome P450 1A1-& phase I £4F¢] sht2A A
oA (procarcinogenys LU TAHE (carcinogenic meta-
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Fig. 2. Effect of ethanol extract from Salvia miltriorrhiza on
microsomal aromatase activity. AG, 1 mM aminoglutethimide.
Data shown are mean values with bars indicating the SD of
the mean (n=3). **p<0.01 compared with the control.

aminoglutethimideE AMS-31ITH 2 A3}, WAt ole-eS=
EL =L &R0 E gromatase FAAE A sIF oM,
300 ug/m! °13e FE (p<0.01)004 EAZHLE <
A EFHE 24T £ Uk T3 600, 9002 1,200 pg/ml
EE0NM9] aromatase B4 AN S 549, 69.13} 77.5%= F
AUNZT (502%)E0} T =& AHEAE VERIITH (Fig. 2).

FEE &4 UL estrogen®] AIZELES F7HAT]
= 228 guiA 9o, o] $2FL androgen®] aromatase
of 2|3k sFatks} wkg- Fof] A A et
JeS vTh Y Al EA estrogen FAJol st
aromatase &) o A v FUEe] Mg F
23k 82lo|t}. Aromatase €348l endogenous estrogen
o) e 7AAaNTIEE Tt ogheFEE-2 aromatase Z
A A ZFH ot Y Hg A F S AL
2 Bk

Ornithine decarboxylase (ODC)2| &4 Xsjg 1} -
MCE-7 A XX @4 o e-&32E0] TPA 2J8iM F=
g ODC A viXE 9&§S AHE 47, 3t dgs
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£o] VEhten, E3] 9007 1,200 ug/m/ % (p<0.05)°]
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AsfAle] EA] B2 DFMO (41.6%)E0h B & A
FaAE eI
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Fig. 3. Effect of ethanol extract from Salvia miltiorrhiza on
12-O-tetradecanoylphorbol-13-acetate (TPA)-induced omithine
decarboxylase (ODC) activity in MCF-7 human breast cancer
cells. DFMO, 0.01 mM difluoromethylornithine. Data shown
are mean values with bars indicating the SD of the mean
(n=3). *p<0.05 compared with the control.
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Fig. 4. Effect of ecthanol extract from Salvia miltiorrhiza on
12-O-tetradecanoylphorbol-13-acetate (TPA)-induced matrix
metalloproteinase (MMP)-9 activity in MCF-7 human breast
cancer cells. Gelatin zymography was used to detect MMP-9
activity in conditioned media obtained from MCF-7 cells
grown with 150 nM TPA, TPA plus ethanol extract from Salvia
miltriorrhiza (100~1,200 ug/m/). EGCG 20 uM epigallocatechin
gallate.

© TFHYY] SAIAE AFINEZE, M) T2 E
9003} 1,200 pg/m! F=0A DEMORTH &2 oA a3}
Ao ng Tato] et B FEIA (anti-
promotion) 2Fg<l] of5] el S5 VEPd Ao Bl

Matrix metalloproteinase (MMP)-92| &M Xalign} -
MMP-9& A E AAF2A] 7142} AR type IV
collagens H3lidle BARA AP ZAAME AR &
=t} MCF-7 Al ZolA MMP-9 8732 it oehe2E
100~1,200 pg/miolA FEol&4 Asjgo] Ueigon, &
3] 9007 1,200 pg/m/ FX=oA = MMP-9 &4 A &) A<l
EGCG (20 uMETH ¥ &2 A EAE VEMISIT (Fig. 4).
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