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Abstract ; In order to optimize the extraction process of isoflavones from Korean soybean paste and study the anti—tumor activity
of isoflavones in Korean soybean paste, this experiment used ultrasonic method to extract isoflavones from Korean soybean
paste ,which was optimized by single factor experiment and orthogonal experiment.The extraction process was carried out, and
the proliferation inhibition of normal breast cells, MDA-MB-231 and MCF-7 breast cancer cells was determined by CCK-8
method. Western Blot was used to detect the expression of apoptosis—related proteins in two breast cancer cells treated with
isoflavone of Korean soybean paste. The optimum extraction conditions were determined by single factor and orthogonal
experiments.The extraction time was 80 min, the ratio of material to liquid was 1:24 and the temperature was 50 °C.The yield
was the highest at 0.802% .The results of CCK-8 showed that different concentrations of Korean soybean paste isoflavone had
no toxic side effect on normal cells.The proliferation inhibition of MDA-MB-231 and MCF-7 breast cancer cells was dose—
dependent and there were significant differences(p <0.05).The detection results of apoptosis—related proteins in two kinds of
cells treated with different concentrations of Korean soybean paste isoflavone showed that the two kinds of cells increased with
the concentration of isoflavone, the expression of Bax and caspase—3 significantly increased compared with the control group
(p <0.05) ,while the expression of anti—apoptotic protein Bel-2 significantly decreased (p <0.05).With dose dependence. It
indicates that Korean soybean paste isoflavone can inhibit the growth of breast cancer cells.
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A G VA IEEIE PR RN Bk 3 10 L AR W 2 A A &
FhAEPITIED . HE Messina H2 45, Bk 26 B 52 22 7L AR
S e 1 L3R T G 2 H R RN AR A 20
AR E R PR A G, A, B R R IF
W2 WA P R T S B R H 240 A 40 mg, 1117 26 [ R 1)
W NG /N T 40 mg, {Xh 3 mg Ze 4717
AT, 2B F T 2 S R IR 1 R AR R A
SRR S B R 1 R TR B W nT KRR BRK L
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AUARIEHFTE .
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1.1 M5

EER P SR e [ HlY s MDA - MB-231
MCF-10A TE#FLIRZMM G PSA A MCF-7 3%
MR,

Jok Z.WE R ERA BR 2 A DMEM | Jif 4 i
W 2 Gibeo 28 Al B - 8552 R VJEAF . PBS &3
FA T B E R (BCA) P ik &SRB Kl
IREHE (T ED) B BRA A 5 caspase—3 HUAEK  Bax HLIAE
Bel-2 Hifk B—actin Fifk  Abcam ( L) 52 5 7 B
ST CCK-8  ZH = RAYARRA

HH-6 ¥ B AE MK S S5 T RS R
ZNHE]TGI6A-WS Bt bl i S AL 2 A BR A 7
FA2004 43 #7 K- g LS #R A BR A /] SP—
Max3500FL % Z JIREZECHEARAL b I3 2E MRk
FABRA ] 3 KQ3200DE A P B 11T M8 A A 2%
ATFRZF ;s EYELA OSB-2100 Jigft 26 &AL H AR
FUHALAT BN T s Micro2 1 IR M B0 HL FEER K
TR (A D A BRA B 547 AR FL B A A1 SR 510 5
AR FGe £ UVP A F] .

1.2 RKEHE
1.2.1  SEGE s SRR AR T2 BRI 10 g 4t
TIE R RER , INA — R B W, F— o iR R
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KR AR TR IR B — 2 B A, LA 4000 r/min [ F%
FEEGL 5 min, BT I 2 K E 5 8 5

1.2.2  FAPRZRSE il s BN Ta) 8 R L
Ko s i e S B R A SR AR . FEIRLEE A 50 °C )
WS 124 BF, 43 51 R 7S R EX 40,60, 80, 100,
120 min, A5 #8575 Bt 8] X3 7 65F 758 R e Hb 55 o i 4 R
B2 5 DRI FE A 1: 24,30 .40 .50 .60 70 °C R L Hi
80 min'""" BT ST HE IR L X wiH] o i e v S 2 A5
PS5 ZETEEE A 50 °C i, B b33 ok 1:8 (1:12
1:16.1:20 . 1: 24 #H7 $EHL 80 min, WF 5T KA L %) 8
% e H 57 B A SR A R ]

1.2.3  IEzCiREG:  DAFRECHT ) B EGE BE OB R
UG R 2, BT = 3 = K IESS 88, ane 1 fr
TN JHARFRAF B 75% B L BEAEVE N, 2 245k R 5
HEERFS R, PEAT IEAS IR, v AL & o

#1EAHRRME 5KF

Table 1 Orthogonal experimental factors and levels
SES
K A REUA] B JIRGEE C R L
(min) (©) (g mL)
1 60 40 1:8
80 50 1:16
100 60 1:24

1.2.4  $EHCY b SR SIS R E B Jia S
I e Bl . B R 8 I O 2.0 mL, il
40% Z,1% 3 mL, KK 5% NaNO, %W 0.3 mL,
10% T B& 4R 7 W 0.3 mL, a5 i A B #R 75 38 21 IF:
' E6 min, F 1A 1 mol/L NaOH A5#% 4 mL, ] 40%
L 0.4 mL, JRE™SGHE 15 min, £ 510 nm 4k
MG IR AR BIR A B SERE . LIS TN
FRan VAR i £, B S A S B R A B LA T 3
SR AR (Yo ) LI FRASE TR R A HP R A SR R R
FRAEFRR, AR (1) iR

st (o0) = SEEBII 100 st
1.2.5  SEETAERAIECH] IO S I A2 IE ST
UG PG T 2 S HOHAT I, 3R BUR T ks, 4%
1.2.4 J5 =1 2 A3 A Fh S5 R B0 B B 0 B, FRER 10 mg
PRBUIBAR 7T 0.1 mL —HIZEIFAR ( DMSO) 1, fiIn A
9.9 mL & Il 35 1% 57 %L, A5 BE Wk & 4 1000 ng/mL,
KUK FR RS A 400 200 100,50 25 ng/mL (257K ,4 CA#
T
1.2.6  CCK-—8 Aoy i) wif fif 5 I e H2 HU A %o 2L Mg 9 &
MRS A WO R KB g MCF—7 1 MDA -
MB-231 DU IE H FLAR 40 B, PBS Y4k — WK, In Ak
B FEAT AL, P A5 A B B 0fiL 7 1 3R 2 R W Ak,
WM RAT , 7 A 15 mL B.045 51,1000 v/min 3.0
5 min, B0 JEFE_ER, IIA 1 mL Bl gt g
B 5 wL F4u s 2o b, BEAT 318, K 4 e 5 e it
W A 5 x 10* 4~/ mL [ 40 g%, 1| 96 FLAR P in A
100 L 40 g8 , AH 24 F 43 FL 3 Fh 5000 -~ 41 i, ik
F 37 CH& 5% CO, WG FEFE Fad 1%, (i 41 i I B
WA 1) £ L i i ACAS [R) de BE i 245 3 (25 .50, 100
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200 .400 ng/ml.) 10 pL,F 37 CHES5% CO, Fr3esah
SEEE 24 48 72 h, W E S LB I, R IR AL
VAN P YR, JIn A 100 L 5gr ff 5% 35 3k, 4L A
10 pL CCK-8,37 CHFHE , 53 ilfE 0.5.1 .2 4 h & AE
450 nm 4Zbi¥ OD fH., 4UpEyE Fi A== (2) .
A, —A, .
ARG 1 (% ) :ﬁxloO #(2)
Ao A -INZG A, A 25 AT CCK-85 A, — AN

JNZGLH, Bm4n Mg F CCK-83 A, —25 1, Hinks 7 %
Fn1 CCK-8,
1.2.7 S b 35S X 2L das 2 M 08 T AH SC 8E 1 5R
By =i A
1.2.7.1 Western Blot IXF| #E4& 10 x FEL 3K 2% Pk

FREUH &2 144.0 g Tris—base 20.3 g .SDS 10.0 g,
ZFRIKEAY A 1000 mL ;10 x T S il - BREH 2R
20% HEE:100 mL HEEFAE D, =B KERE
500 mL;1 x UK : FREXTE BCAT 19 10 x HE UK 22 ik
50 mL, =ZE/KERFE 500 mL; 1 x 5% Ry : FRILT B
WP 10 x SLRELE ph i 50 ml., 100 mL 20% H s, F =
IRIKFEZAZE 500 mL; TBST:20 x TBS 50 mL,1 mL i
12—20, FH =75 /K E 2452 1000 ml. ;5% B W FREUBE
REWiHy 1 g, FH 20 mL TBST #ATHf# , 1E8EIR H#R5)
5 s PUAR : 225 UL BA A5 R T00 58 56 oo o B R e o,
TBST #4750 B o
1.2.7.2  Western Blot ££ 545 FHHEH  BUL)E 4 F
ST ESC A A HA W 4 i, A< T RIS 70% ~ 80% HiF i A
400,100 .25 ng/mL KB E$E Y, T 37 C,5%
CO, IEFRFA h 15 3% 48 h, B s FH I i 3E47 14 1k,
1000 r/min &.0> 5 min, FF 3, BB I A 100 wL 24
fFIRRIT 5o R %) 1.5 mL EP 4,4 °C (12000 x g 2§
0> 30 min, B B35 T 1.5 mL EP &b, HEBUEW , T /0
IEZS
1.2.7.3 Western Blot & [ & FZIBFLER K
SR BCA F& [ dae A 3 70 65 U BH #E A7 308, A T
TR ST 96 FLARHE BB AN E , LAAR HE Sl e )2 R 1
AR, W G EE SRy PN A B A v it 2, SRR e R, TR
30 pg BARREIFE RAERRL, BISRE AL, 4 1IDA
5xHEH S PR A KA S min, 5335 HLA
-20 CLiAfrs o
1.2.7.4 Western Blot H 3k %08 SDS—-PAGE %R i)
R & L 12% 51 88 e A JE /K £ B 1 7 W T,
30 min JFECTHI 5% Wedn BEAdi A L ARERR , 5355 I Rk 4
JRE BT a2k 2,
T3 W 45 B HE &E & s, LA 100V OE JE, H 3k

120 min, i 5 100 V # I 60 min, 7% H 45 01 )5, %
PVDF JSAE 5% N8 Wy th 3t P41 1 b, AH R S50y DAAR Y
—4HiH TBST #% Lb IR BE G 00 & , 4 C o1&, —Puivs
B 2 h,H ECL B A A\ BER AR R G w2 IR,
1.3 Sitsih

i FH SPSS 22.0 X8 K dh MEAT Ge it~ 504, I
DI X S g 3R o HAth 3 56 B0 R A8 2y
FESFHTEE, RJEAE I 5 >R JH Tmage J $EAT7IGA, p <
0.05 N HA WM 255, p <0.01 o8 BA K w2
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Table 2 Preparation of separation gel and concentrated gel

12% 57 B RS 5% WA
SATR 10 mL 5 mL

30% Acr/Bis(29:1) 4 mL 0.83 mL

1 mol/L Tris—HCI( pH6.8) 0 0.625 mL

1.5 mol/LTris—HCI( pH8.8) 2.5 mL 0

10% SDS 100 pL 50 pL
10% PAGE Jit ¥ [ 7 100 pL 75 L
PAGE JRZ{i2 B 10 pL 75 plL
ddH,0 3.3 mL 3.42 mlL

PEZES,p >0.05 RIORTLGEITHEE XL,
2 HRE5HH
21 BREEXLWHER
2.1.1 KT SRR BORE IR BAT A A2k
&l 1 AT 0L, $2EET ] 40~80 min B, JRBCREF K 18
_F+,80~100 min HFFF4R T B ,100~120 min Z848 - Ft,
T B A PR A [a] R A, 55 B T O ok 58 A AT AL
W AELE 2 A TR] A S & iR PT RE S B B TR 4544
SZE) T ORI, AT B BN B, A b, 58 BCRT A Y
80 min s B E Hh R B TR R R o
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Fig.1 Effect of extraction time on extraction rate
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RN 50 °C i $2 R IA 2 i KAME 0.819% , R, W

S J R Fh S 2 R 1) B A PR IBGILRE 2l S0 °C
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Fig.2 Effect of extraction temperature on extraction rate
2.1.3 R S B SR OR R R L A2 e nlEl
3 AT UL, P HRCA [ A5 1 R 0 3G 22 0 T AR
FLIkF] 1020 J& , 5 8 M 0 $2 HOR G TR, U 5=



T EHE&

@%si&@h‘«il

PR AV Y COA . EDRHR EE S 12 24 B i B H
Mg TORHE L o 10 20 B pg 42 B3R, 25 18 2] 5L 50 11
ATPRAEE DA KT 22 i, PRI e 4% 1: 8 (1016 1: 24

BB LLEA T IE A2 186 o
0.851

0.60 T T T T
1:8 1712 1:16 1:20 1:24
B

B3 RHR L S IR A 5

Fig.3 Influence of solid-liquid ratio on extraction rate
22 EXRBWEHER

TERR ZE S B0 (1 LAl b, FRIRIESS 3R L (3°) 1y
PN 2K A5 A7 I A2 186, 2k AR B B0l 75%
1Y L BEAEE ), 25 588 v S5 B A S HOCR, r a4
RN 3 Fros . B 2853 B W, X R v S5 B i 4
BRI 52 ) e R 2 MR L, LR R SR U 18], e s
PRBGEE o BRAESRAMF A IR ALB, G, BRIV IR |]
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A1 80 min M LESA 1:24 R E 50 °C BHEBCREAE,
S 0.802% , M4 = T B AR AE S y = 0.699x +
0.036,R* =1 $ufetl AR B o T 5 Ry AR b i
W i A (8.00 £0.03) mg/g, BT EE 438N 0.8% o
2.3 CCK-8 X il 5 & ik X 3 12 BN 4 Xt FL BR 28 44
Ra RO L& 5EHD HI4E A

AR G B e T DR R R o L R e 4 R B 1)
M FEZG A PR IS , it CCK—8 2 A6 i 5 X 41 Aty
FIBEFEINRIME R o S5RUNE 4 s, 76 24 h B, i)
>} 400,200,100 .50 .25 ng/mL (25t f5 , MDA -
MB-231 4 g (¥ 3% 110 25.12% 46.67% .60.53% |
84.55% .106.97% , MCF —7 41 i (¥ 7% 11~ 18.07% .
27.07% 51.54% .68.53% .99.58% , 11l [ 25 25 4
Qe By | e o = A L ) DR A B S
TEARFMREGYE T ¥ BEMH2ER (p <0.05),
TE 48 h B, AN IEH B 25 A ¥ 5 , MDA - MB-231
20 1 WE R 15.28% (17.29% . 42.65% . 77.76% .
89.03% , MCF — 7 4l il /9 %% 71~ 15.33% .22.73% .
43.73% 62.66% .87.73% , Wil K Z Wi I T+, 7E A |
WRBEZGWIME R T, Al 3G T R ] SR A W S e 2=
5(p <0.05) , 7€ 72 h B], A [\] v J2 i 25 ) 4k 38 )=
MDA — MB — 231 4 Jifd i 7% J1 F 14.28% . 19.91% |

120F  MCF-10A 024 48 @72 A 1207 5  MDA-MB-231 B
100} @l a 100 | . 024 248 @72
S 8ol | £ 80 b
R :: E = B c
w60 [ = o s
= B=: = e
S = F 40 b ER.
201} 20Ff = =
olLL: =2 S ! 0 MEE--NE=E-E i ,
25 100 0 100 200 400
2 FE (ng/mL) 2 B (ng/mL)
100 - c 120 i
MDA-MB-231 ay e | MCE-7 H24 548 @72
sl 024 248 @72 . 100l
b :!' i
~60f A& d i s 80r
S ::= =X
ﬁ' a0l E g 60+ &
HE —] = 2
= b = 40} b
S0 B b & =
5 i 5= it 20t E
0 I . B o B [ X HE _ _ :
Lal 0 T E= = N B . |
sl %25 50 100 200 400 25 50 100 200 400
I ZiPIR JE (ng/mL) IR (ng/mL)
120
MCEF-7 024 248 @72
100}
= 80
s
® 60
i
= 40}
20}
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2K % (ng/mL)
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Fig4 The inhibitory effect of Korean soybean paste extract on MCF-10A ,MDA-MB-231 and MCF-7 cells
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Table 3 Orthogonal experimental design and results

e = A B C 3% (%)
1 1 1 1 0.653
2 1 2 2 0.737
3 1 3 3 0.753
4 2 1 2 0.688
5 2 2 3 0.802
6 2 3 1 0.716
7 3 1 3 0.668
8 3 2 1 0.641
9 3 3 2 0.695
K, 2.143 2.009 2.010
K, 2.206 2.120 2.120
K, 2.004 2.164 2.250
k, 0.714 0.700 0.670
k, 0.735 0.707 0.707
k, 0.668 0.721 0.750
R 0.067 0.021 0.080

30.23% .33.36% .44.48% , MCF — 7 % 41 fg 7% 1 K
5.41% 13.58% 25.05% .32.97% .44.38% , 1 ] R &
A, P 2 A I 24 ) e R R B, A S
N AR YA 22 57 (p <0.05) o T IE & LR 40
it MCF—10A H, B 400 ng/mL AbFH 72 h 4, AS 6] e
By MIE I E R e 2= 5 (p >0.05) , H AU iE )
TEZGYIVER] 24 .48 h JG¥I7E 90% L) I, ZE/EH 72 h
JE 4RI ST TE 80% LU b, BN 14 TG ST HE 90% L
o JC AN ERE M, Al TS ) HE 80% ~90% Sl WE EE M,
AT DRI i O e SR UM AEAE T 24 .48 h B 45 vk 5 X
TE & FLAR AN A TCFE M , ARIE LA B i e Jm S0 e v
s b ARG B 43 301 2 400,100 .25 ng/ml,
YEFHRF RIS AE 48 h,ilad DL 3 nT LU H BEE 25
R R B3N, A RS 7 R SR RAER, Tl 5 ke ek v, A
F AR TR HER , 0] 2 7 i it ka4, kT
I R e i R e B B L TR R AT s [ AR 1) = A i)
FLARIRE AU ARG 51 .

24 ZYLEEXMIREARATCHAXEARIEZE
EapA!

B 5 (A) BHEE % H 5 8 D MCF-7 F1 MDA -
MB-231 P L IR g 40 I 21K | vb | o vk 5 24 ) Ah B
48 h J5 Western Blot il J# 740 3¢ 25 1 (19 2 1515 4,
K5 th(B) . (C) A& Imagel 437 19 2577 AL, 45
R BN, 25 AL BELH HH 4 8 T2 25 Bax ,caspase—3 A
ik 525 AXT AR L 8 2 LT (p <0.05) 1
PUAT-E A Bel-2 WA EH B TR, H 2 A&
A PE o
3 itip

B A7 P Ao S 3 e 4 B O TR = A LR UL
b, R AR B Ml il B AR B R R A B
PREGEE R I B AR AR B L R R I 4R
B S A T A MR BUS AL G T
FE PR BO b, 2L A 1T T IR BOR S Y
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-
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20 MDA-MB-231 B Bax/p-actin
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141
S12F
E1.04
T 08}
0.6 |
0.4+
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0 1 1

h=n

I =

FIS 254k S LIRS A0 R s T AH S 3 AR A R AR
Fig.5 Changes in expression of apoptosis—related
proteins in breast cancer cells after drug treatment

Mo PEME AR A5 BB g v, 3 dk et A [l 37 A

AP P Y P A B, A R R HOTT iR W R A T

BT, A AR A5 P2 B 30 min fr 45 K 5 55 B i fY

430 0.452% , Jin#4 (8] 3 $2 B 120 min B9 45 %y

0.310% , A EIALHEHL 2 R G TR H 240 min Y KEL

S BT R 0.451% o A S IE o 5 DR 3 F 138

WG, XA A I i IR e A TR P g R O S A

17 Tl , B2 5w 3% 0.802% , E— 2042

ey T HARHOCR fEURHRIIE SR RE 8 18 21 5253 iU A

BT WTE 2 W 55 B i 5L AT 0 1Y Dk, X

Jili g | SPL VRS s A5 2 BE RS 2] 00 4 e A e A

PRV T VR . A2 D ESE T 6328 AN Bl

rhER AT FLIR R B LA, NGETHSE SR b 2 B R N
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B A 25 B AR LA B R B 28 55, AS B BBl A
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BN, I B I T O S SR A A 8 A 50 A IO

PEZLIR R 0 O LR, TR 45 AF SR TR

S B X R UL R I A 9 S Y S ], 5 2R I s R

57 2 I BEAS I 2 b R AR L IR A R, X S AR I

P R 2 S BT R 0 4110 ) 7L R i 200 i 34 B 1) 445 SR AH )
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ik, T Bel -2 )RR, RILE 2P, cck—8 3k
AR = S LR fef A S S T R A 0 ekl L R e 4 L
YaFE , % 1E B FLAR 40 ML JCFE @I 4/E H , Bax Fl caspase—3
MR EAHAEHE YA #RT, Bel-2 RIEEH I
TR X 535 5 BRI oY gt S — 20, TT IR ik
R S A ok LR 9 A B P B AE g T LR R T
—EMIFER .
4 ZE5ig

3 I B PR B ST O IE AS R e A5 Y, 3 R HE A
T T B BSCAR 174 532 i) e R 1) R R VR L, R R B R
M), e M ER BUHR . B AR PR B A 4 R - $ B )
80 min K} ¥ [k 1: 24 JE B 50 C, ki A5 %
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