FIRF=WINFSE 5TF & Nat Prod Res Dev 2015 ,27:1092-1098

X E4S :1001-6880(2015)6-1092-07

RE N R R T 2R R A R T 5

N * ML 2 >
EOREFRC B, a0 i)
VR PR T2 B E Ay TRRAERE, PO 113122
ARG K2 R A A5 2 TR A S B 3 AR I 150040

O E s R D FR e | 0 T, P 1AL A MR AR M T B B R B E , A T S R R IE R R
AR T A6 BRBR I 11.5% , BN 1: 8, ZBEARBUIECH 50% , SHU[] D 30 min, 7EML 25 PF R, 0]
PR SR BEBE BN 29.5 pg/go [RIIEAIFTE T 508 B e (R B R AN B S8 AL T, BT 45 R R . 3 R e
WX i St SR A LA — R R R 1 mg/mL B 4030 23, 15% , A HIFE A5 0.2 mg/mL 4i/E
R C—EG A FIWR 1Y 578 B WE AT — 2 1) B a0 2 1 ) P (Y RE ), D BEA R B2 (R 0, 6 B 5 AN T 412
195 5 O B WE X AR N I IR 4 3 ol v A M AT — S MR T, O L /N BRUBE /KR s BT — 2 T R AT

SRSEIA) < 0 TN 5 57 R B W 7 TR 5 70 SAUA I s LR £
HE 5> S :R932 XHERFRIRAD : A DOI:10. 16333/j. 1001-6880. 2015. 06. 028

Optimization of Extraction Conditions for Isofaxidin from
Eleutherococcus senticosus and Its Antioxidant, Antitumor Activities
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Abstract: The extraction conditions of isofaxidin from Eleutherococcus senticosus were optimized by using the spherical
symmetrical design test and single factor experiments. The optimized extraction conditions were as follows : concentration
of sulfuric acid, solid-liquid ratio, concentration of ethanol , extraction time were 11.5% ,1:8,50% (v/v) and 30 min,
respectively. With the optimal extraction conditions, the yield of isofaxidin from E. senticosus was 29.5 pg/g. Besides, the
antioxidant activity and antitumor activity of the extract were studied. The results showed isofaxidin exhibited good inhibi-
tion activity of lipid peroxidation. Inhibition rate of 1 mg/mL isofaxidin was 23. 15% ,the same as 0.2 mg/mL of vitamin
C. In addition, isofaxidin exhibited radical scavenging activity against superoxide in a dose-dependent manner. Isofaxidin

also exhibited good in vivo and in vitro antitumor activities.
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B, 9& E AWARENESS /0 w] 5 1-15K 553 3 VR B 0
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A —IRPEER S kAR, 52 [ Pall Life Sciences 2y
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U32V @RI vKAf , H A< SANYO /4] ;PB-21 pH 3,
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WL g e 78 RSG5 BIRE o SIRE N 10 £ 5
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20 wL, AR R EE R
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BBUSE 8 g W o) B P A5 VS VR (50 pg/mL) K %%
WeHL0.5.1.2 4.6 mL, it B BEH] AL RE 1 mL 23 515
0.0025 .0. 0050 .0. 0100 0. 0200 ,0. 0300 mg 5 J7
WE Xof Bt DT IR, A R 5 R BB I T 93 A 8
B 20 L, 3 AVRAR TR, M5 . DL 28 B WE Tl v
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5], #EET 37 C /K 60 min, fill A 2 mL TCA-TBA-
HCl JR & (15 g TCA,0.37 g TBA,2. 1 mL ¥z,
FEZE 100 mL) ,90 ~100 C /KA 15 min, IEL A,
Lk 3000 rpm 5.0 10 min, DLZE A8 /K Ry BAPEXT BE B
[ IEWAE 535 nm PR AR E O (As) L
FHE AT PHZ(% ) = (Ac-As)/Ac x 100,
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Table 1  Factors and levels of response surface analysis
A BRERUE - _ . N
US4 A BRI B [Eli C ZRHABUS D HLF]
Concentration of e . . S .
level . . Solid-liquid ratio Ethanol concentration( % ) Extraction time( min)
sulfuric acid( % )
1 5 1:7 50 30
0 10 1:8 60 60
+1 15 1:9 70 90

A As RSO EE s Ae AN SRR L B IO
JZ.
2.4.2 FRECRABEAN BT A A FRER

FHARZR =19 AR 5 1 B A B B+ A R
Hpge 1. B 4.5 mL 50 mmol/L Tris-HCl 2% vh ik
(pH 8.2) ,4.2 mL Z&IF/K IRAIG T 25 CoKiB 1
15 20 min, U S SEEIITA 0.3 mL 3 mmol/L 47§
=1 (LA 10 mmol/L HCI B, 25 C /KT | H
MR A S EMELA L L, (7 : 25 4 2L 10 mmol/
L HCI % 3 mmol/L SF7K =) 7E 319 nm KT
DU SE G REAE Al I [] v B BB i, P bkt
T BARUOM A B, HZE MK ESR 2 1 mL, i
FrIEE H AR P(% ) = (Ay-Ai) /A, x 1001 157
R FRR . DRI B A= 2% C BRI XS R,
B EZIE 3 K,
2.5 REREHRMEEESE
2.5.1 MTT Fam 5k & vt 3 A AR 20 fo 3 54
9 1k sh 2o ) AE )

3 M BUAL FHEHE K I A549 (PC-3  Hela 4
M, & 10% G245 1035 9 RPM 11640 3% 55 1
Ji% 20000 >4l i/ mL,96 FLAR &AL HANA 200 L 4
AW, & T 37 C,5% CO, HiFRAa R % 24 h ¥
SR B I FH— 2 vk BE 1 DMSO ¥ i, B L rh i A%
MR SR e R R AN TR, & 37
°C,5% CO, ¥iF4f 3% 48 h, MTT ] PBS it i 5
mg/mL W, LA 20pL, & F 37 C,5%CO,
PBEAA TR R 4 ho Wi BTV, A PBS P 3 K, A
150 L DMSO ¥ ff UUVE Y, 4R 35 #5385, B hn X
D OD fH 153 24 Wy 0k i 9 48 i 1 400 ) 352 . i

FRANMLE IR (% ) = (1-525020 OD/Xt i 4l
0D) x 100%

2.5.2 SR by UERIE S g 09 3 H AE )
HUAE R HE Y S g0 M8 7K /N, TR AEUIE K

FHAEFRER K (1:6) R R, il AN AR 17, B 0. 1 mL

FHEE b, 0.02% 5 Wil 13, AE %88 T4,

T RN R T 95% o AR P8 240 M 8L, T T A%
PF R TR/ AT, 52 0.2 mL, &5
BENL T4 BOUNER 80 H, 3% Bk Ik & Bl , BEAL
G304 EHL, 4350 A BT A, S 8 B WE R PRI I
2, S8 B WE frg 7R B A S 1 g AR R B 4 AN
WA, B NREFIKES A2 7 d, RIRG 2RI
HALSESh Dy, fife ) DU, R, IR R AT SE 322 (0 A
5 AR B THEAME R, SRR (% ) = (152541
Py /X HR 2 - R ) X 100%
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W LY AR 53 BRI B BB ] 1) — /R 22 0[] 5 A5
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1.54C* +0. 56AB +0. 69BC,
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M AE AR H UK, S = R TR IRTE , 2R W R &R



Vol. 27

B R TN PP S R B WE B R T 200 A B HAT R BT 4 A I R Y 1095

SCHAERI 3 s o B W 2R PN 3R 52 B Il 2
AT

S5 i AR AR TE [F] — W IR DU, 3R OGR4
[ B, ZEAEE DX gl SR BOCR B R, I 1) i
g PR I HE ) i A, 2 T TR 3R B 22 A XS
B AR AR o 18] 1 Sk HH SR IR AEAS IR Y
SRV FICIEIRES S ON I

HRAEEAF A4 2R W IR s R AT ik, 1521
FRAEPEI T 255 BRI 11. 5% , [BI LN 1

18, LR ECN 50% , BEBCA] A 30 min, 7 1
FAET RER 2.1 (3R IO AN AR IBOR, , 28 = 0I
AT A I S, T A o) 0 S R R E S iy
29.5 ng/g.
3.2 BmESHHRIERE

FZ LA _E X5 Minitab 2053 B A5 21 04 5 6 8 i 17
{8, FERA A T AT = 4PATR S, S0 2
o FBEBER S H(29.34 0. 1) ng/g, SEIE
18(29.5 pne/g) HH2% 0. 54% ,JFSE T R HL A 4501 .
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Table 2 Box-Behnken designs and results

JRae e A
711\?:]& A B ¢ D yield iﬁ %ﬁzﬁ; f‘ig/g)

1 15 9 60 60 29.88
2 10 7 60 30 28.96
3 5 8 60 90 27.65
4 10 8 70 90 30.89
5 5 7 60 60 25.31
6 5 8 60 30 27.55
7 10 7 70 60 26.98
8 5 9 60 60 25.5
9 15 8 60 90 29.32
10 10 8 60 60 31.5
11 10 7 60 90 28.12
12 15 8 70 60 27.85
13 5 8 50 60 25.66
14 10 8 50 30 29.68
15 10 8 70 30 28.33
16 10 8 60 60 31.85
17 15 7 60 60 27.47
18 10 7 50 60 28.56
19 15 8 60 30 28.39
20 10 8 50 90 29.56
21 10 8 60 60 31.2
22 10 9 60 90 29.99
23 10 9 60 30 28.69
24 5 8 70 60 27.35
25 10 9 50 60 27.81
26 10 9 70 60 28.99
27 15 8 50 60 27.33




1096 KIRF=HIRRGE S5 % Vol. 27
®3 ERAFEEDEREHGTE
Table 3 Estimated values of the partial regression coefficients of the regression model
it ES 54 FEbRUEDR 2 T p
Source Coefficient Coefficient standard error
‘H 1& Constant 31.5167 0.3861 81.618 0
A 0.9350 0.1931 4.843 0.000
B 0.4550 0.1931 2.357 0.036
C 0.1492 0.1931 0.773 0.455
D 0.3275 0.1931 1.696 0.116
AxA -2.7600 0.2896 9.530 0.000
B*B -1. 8850 0.2896 -6.509 0.000
Cx*C -1.5438 0.2896 -5.330 0.000
DD -0.5262 0.2896 -1.817 0.094
A*B 0.5550 0.3344 1. 660 0.023
AxC -0.2925 0.3344 0.875 0.399
A=%D 0.2075 0.3344 0.620 0.547
Bx*C 0. 6900 0.3344 2.063 0.041
B D 0.5350 0.3344 1.600 0.136
C=D 0.6700 0.3344 2.004 0.068
x4 EEAEBEFTESH
Table 4 Variance analysis for the regression model
SR B Cﬂ:{{i‘fqzﬁ*ﬂ i)ﬁ%@ﬁﬂ] ﬁii@ﬁ%ﬂ
ontinuous sum Adjust the sum  Correction of mean F P
source bOF of squares of squares square sum
[1]J9 Regression 14 71.6463 71.6463 5.1176 11.44 0.000
281 Linearity 4 14.5291 14.5291 3.6323 8.12 0.002
75 Square 4 50.5258 50.5258 12.6314 28.24 0.000
2 HAEF Interaction 6 6.5914 6.5914 1.0986 2.46 0.087
34142 Residual error 12 5.3679 5.3679 0.4473
Sl Lack of fit 10 5.1563 5.1563 0.5156 4.87 0.182
Al {22 Pure error 2 0.2117 0.2117 0.1058
A1t Sum 26 77.0143 77.0143
s =0.6688 R* =96.03% R*adj =93.90%

3.3 REEEMESLEEIER

3.3.1 R kre s it Ak

DIRE S FTBE - O H S Ak 4 0 7= A 0
(MDA) 2%, B A B Lt Z- 2 (TBA) Al 5 MDA 2§
U4 2 7 A O 2T ) B, 14 JFE 532 nm A5 H
FOEIE ™ 3 S A A S R R I ) I YA
532 nm WEOGREAE , BRI RGN 55 128 Kz E FR 40 A o aod 4
Tefg s 265 SERFI, Sk He T i T Ak
HA—EMEIER . fERER 1 mg/mL 1, )]

KRR 23.15% , HiHIEAH S 0.2 mg/mL 44 2% C
—F,
3.3.2 FARERAHRBEANETARAEA
P13 Ry AN ) e 85 S 18 g el b 48U B 5 7~ 1 ik
AN BRAER , B IR 3 T 1, AN [R) v B ) S 8 Bz e EL A
—E M IERR A B 1 A ARG T, I REE W
PRGN, BB AW = o Y PHMEXT IRZEA R C 1Y
WEEN 0.2 mg/mL (BT, 4EAE 2R C TS RR R AT L
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Fig. 1 Response surface plot and contour plot showing the

effects of concentration of sulfuric acid and solid-lig-

uid ratio on yield of isofaxidin
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Table 5 Inhibitory effects of isofaxidin on lipid peroxidation
L I ik
Inhibit Concentration Inhibitory rate
nhibitor (me/ml) (%)

44 % C Vitamin C 0.2 22.31

S Fz BE Tsofaxidin 1 23.15

BE)75.16% , 544 % C AHEL, 518 B e 1) T 5 48
AHETHHRIEMGE A L4 % C,Hi EfH —
TEHTEBRAE T o
30
A28
§26
i
520

18
16

0 0204 0608 1.0 1.2
e B (mg/mL)
3 ARREREXENESRREFBBRENBRER
Fig. 3 Radical scavenging activity of isofaxidin against su-

peroxide

3.4 REREHERNIMLEE M
3.4.1 MTT EAm 7ok K v 2t 3 Fr AR 2 fe 3 75
849 4K 91 29 48] VE )

FRE S B 4505, B OD {E 53 AE KAl 5, 4
il 28 55 24 e AT, A5 o R S R B

1Cs, (CFRAMBIAE ) (. MTT K25 SRR ) 57 08
WEXH 3 Fof bR 200 M 2 A — R RO ARV D Bl S 0
B W B2 BR8P g 410 ol 3t T iy, S D A )5
HATHE (UL 4) o X 3 b e 40 6 Py > A o e S
1C5, L3 6

100 —+—A549-m-PC-3—+ Hela

80
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Fig. 4 Inhibitory effects of isofadixin on the growth of three

cell lines
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Table 6 1Cy values of the three cell lines treated with isofaxidin

AbHZ5Y) Drug ICs (pg/mL)
SR 7 BE Isofaxidin A549 PC-3 Hela
108. 89 94.05 31.60

3.4.2 kBRI N RFEARIG S g 09 A0 I 4E A

S 1 B2 WS /I Bl S AR B4 bl £ P4 SR ANk 7
J7so 27T GRW], 508 B WE M ERRTSE A 1K 75 25
2G2S g0/ BRF 2 0 I A R T AR B R K A L S
W Bz WE A 25 25 20 DL K BRI I Sk 25 25 2, RS
AR 69.20% 20.54% LI M 66.07% , i it 3¢ B
SR B WX /N BRI KR g BT — 3 TR, 1
FAVEBUE 25 T B 25

4 tig

3 3 ) 7 T S G 7 VR A T A o R B
I B WE Y fe A T 2 AR Mk B2 R 11, 5% , [ L
1:8, Z AR TR 50% , S U] 2 30 min, 78
AR, 508 J g P2 R R 29. 5 pg/g; 73 4h,
X S8 B BE BT B AL T PE AT PR, S R B BE B BT
B B AR 7 SR I, S W R E X i B et 4Lk
BA @M e, 7EMEE R 1 mg/mL i, 41
%k 23.15% , HMHIEAS 0.2 mg/mL 4i4E 2% C
AHY 5 S 58 e WE ot e 480 B 25 A E BE 0915 BR AR T
B 2R, AN [] e J32 114 S R B WE LA — 2 T ¥ o e
IS+ 1 B R0 RE T, IRl TR B A3 I T BR A
Wi, H25 0.2 mg/mL 4R R C HFERFAM
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Table 7  Inhibitory rate of Isofadixin by calculating S 4, tumor weight in mice
250 HIL7E I i 2
B . . o
Tyeatment Drug dose Counts of animals Tumor weight Inhibitory rate
o (mg/kg) (n) (g) (%)
faj 953 %o BB 2H Tumor-burdened group - 20 2.24 +0.39 0
BB Cyclophosphamide 20 20 0.76 £0.36 0. 660714286
S8 JE 254 Tsofadixin 200 20 1.78 £0.43 0.205357143
SR 7 IE i I A 45 25 Y
7R B VERIA BRI & 2 2544 200 20 0.69 +0.12 0.691964286

Isofadixin and cyclophosphamide

Pl , S8 2 WE )3 B bR AU BT B 1 SRR R D 55
AHEA—ERIERREE 1. BLAh, X5 5 57 e i Bt
IR R VT AR YRR SR A 7 T A T o ARt
95>k MTT ¥, % & 395 Hela 40 i AS49
N FT TS B PC-3 A R4 TR S0, 4 R &
RS 8 B W XoF 34 3 ol e 4 i X A — e B v
W 1C, 431k 108.89 94,05 31. 60 pwg/mL,
R AR R, AN, mR/NRSE R R, B
I Bz WE X S AR 1) AR A — AR L (R 2
55 T 5 R B e RN R IR CEER 5 20 25 L RN R B IR
Mz 25 4, 098 2853 51 R 20. 54% . 69. 20% LA K&
66.07% . &= Rl O ee J5 4= , (0 H i 322248 FH
FIMR AP LY, AR SO0 5568 Bz W i Bt 4 Ak A i
SRR PEHEATAIRSE , FETT 2 D45 7 W AL g 25 40 1)
[, B 5050 A T 30 HOm 25 44 G808, itk — 251 &
FFH FOM G 25 I E LS |
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