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Abstract: Objective

resin, and to study their in wvitro antioxidant activity. Methods

To optimize the separation and purification process of total saponins from Akebiae Fructus by macroporous
Appropriate macroporous resins were selected for separation and
purification of Akebiae Fructus by comparing the adsorption rate, desorption rate, and desorption effect of different resins on the

Akebiae Fructus extracts. Taking the total saponins content as the index, the sample loading conditions were determined by the
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single factor test, and the elution process of total saponins from Akebiae Fructus was optimized by the Box — Behnken response
surface design. The scavenging capacity of DPPH and ABTS free radicals and the total antioxidant capacity of saponins from
Akebiae Fructus were determined to evaluate their antioxidant activities in vitro. Results The sample loading conditions were
determined as follows:S — 8 macroporous resin was used,the mass concentration of the sample solution was 200 mg/ mL,the ratio
of sample volume to resin volume was 2:1(V/V),the pH was 2.5,and the flow rate was 1.0 mL/ min. The sample was eluted
with 9 BV 60% ethanol solution at a flow rate of 1.0 mL/ min. The IC,, values of total saponins of Akebiae Fructus on DPPH
and ABTS radical scavenging were 0.15 mg/mL and 1.54 mg/mL,respectively. The total antioxidant capacity was 4. 86 pmol / mL.

Conclusion S — 8 macroporous resin can effectively separate and purify the total saponins of Akebiae Fructus, and the optimal

sample loading and elution process can provide a theoretical basis for the development of this herb. The total saponins of Akebiae

Fructus have certain antioxidant activity.

Key words: Akebiae Fructus;macroporous resin;total saponins;separation and purification;antioxidant activity
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2.3 KIL#ATALIE

A3 IFREC—E BB D101, AB — 8,D1300, HPD300,
HPD400, HPD500, ADS — 7,ADS - 8,S — 8,D4020 I K
FLRAG , 75 oK 2. PR 24 h i FH 4K 96 2= e
WK 5 ATARTR 4% Fh RS WL 217K (4% S B AL i)
WRUE, SR Ve 2 ik, i T A5 4 TS TR IR & H
2.4 KIBEER Sk

ERASIL FHR TS FRECD101,AB - 8,D1300, HPD300,
HPD400, HPD500, ADS — 7,ADS - 8,S — 8,D4020 %l 1
BHAE4S 1.0 g, il A 20 mL 5 4 B 4 400 mg / mL () 75
PR BU TS, 100 mL B SEHEIE D, %, B R
PR CG 33 R 150 v/ min) 4@ 375 24 h, 7253 W B, U8, B
— RE AN B A TR, 452 2. 2 30 Dy 325 00 A i 9
LA IR IR R B 5 K LA X T A R
AR B2 W B 36 (%) = [(Co = €V, 1 W] % 100%.
K, Coo WIS SR PR EE , C, RIS i
SV TRV, Vo AR, WO IR B (T .
LR,

FRAS AR AT B A S RS Y 10 B A K
oS T, 43 B 100 mL HLZEHEE U, 251 A 80%
CEVER 20 mL, % &), &8 R (5% 340 150 v/ min) 835
12 h, i H 50 70 i b, B W B S WA, #2 2. 2 0
D7 35 05 e B O B IR [ AL LA B X
TR~ SRR () AR R O 23 5 A BT RICR , A B3R (%) =
C,Cy 1 WX 100%, fift W BESCR (%) = fFEW R 7 W %6 x
100%. 25, C, W FRMTH B , €, MR PR DL 1. 7]
W, ,S — 8 FRUSCFLAR g %o T 61—~ o F 4 A0 WA A 23 A g e
3 55 i 2 BT AACR I A AR v, I S — 8 AR R ]
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150 v/ min)¥R3% 12 h, W5 W BRI 95 0 B B A A
oW E AT, pH A 2. 5 B R R AR i (52, 72% ), ik
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Fig.1 Effect of pH of the sample solution on the adsorption
effect of total saponins
I RS 45 Tl 2k < K 2 e I8 1 FLAL BR Y S — 8 UK
FLAIE 5 mL, B 100 mL HIEHEEH A, 70 5 A i e
4 100 ~ 800 mg / mL B il K1+ FE U W, T 0,25,
50 CK R RAE IR HR 3% 12 h, 00 5 W R A
B IR (Q.),0, = (G- CIOVIW,
A, Co a6 B T , €, 20 W BP0
TR HREE VORI 2 W] R, B
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Fig.2 Adsorption isotherm of S —8 macroporous resin on the

Akebiae Fructus extract
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Tab.1 Static adsorption and analytical comparison of total saponins of Akebiae Fructus by different macroporous resins

A5 M #2742 (mm) Wk @mAR(m®/g) F#3L4% (nm) B & (%) iR I 2 (%) B IR RO (%)
D101 M 0.20~0. 60 400 ~ 600 10.0~12.0 44. 67 40. 27 90. 15
D1300 e AR 0.30~1.25 = 600 9.0~10.0 38.27 34.83 91.01
AB -8 M 0.30~1.25 480~ 520 13.0~14.0 49. 44 42.55 86. 06
HPD300  dE# i 0.30~1.20 800 ~ 870 5.0~5.5 46. 18 36. 66 79.39
HPD400  354%H 0.30~1.20 500 ~ 550 7.5~8.0 32.65 29.70 90. 96
HPD500  #&H 0.30~1.20 500~ 550 5.5~7.5 33.34 30. 38 91.12
ADS-7 GRARM 0.30~1.25 =100 25~30 61.33 53.22 86.78
ADS-8 dEMk 0.30~1.20 450~ 500 12~16 44.74 37.38 83.55
S-8 AR 0.315~1.25 100~ 120 25~30 68. 58 66. 46 96.91
D4020 AR 0.30~1.25 540~ 580 10.0~10.5 55.10 48.57 88. 15
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%, R WIMRIEA B TRAE AW, kS — 8 TR i v it i1
T B ARG AR
W o 25 R 2 < G 28 i BCLA B 1Y) S — 8 AU R AL AW
5 mL, 535 E 100 mL HZEHEIE A, A BT Ry
200 mg / mL T FHEEUEE W 15 mL, 25 CFIKBFEIR
(F538 A 150 v/ min) fEIR IR , & 10 min HUH 1 A4AMHETE
R, 28 e B S AN AR B 5 0, I R, R
BEIT I B (), 0, = (Cy = COVI W, €, h 1 1] Z)
SURATHREE O I 3 R, 0 ~ 40 min PN R B A A] Y4
TP T, 40 ~ 120 min PN FPRZEIHZE , 120 min
Ji 3RV TV, A sl G TR B B BRI I A A A R o
2.5 h g AT

1

Q,/mg-g~
0.15 1
0.14 1 R
0.13 4 L

t / min
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B3 S - 8BYKFLI AR T 0 FHR B4 B IR Bt 3 ) = i 2%
Fig.3 Adsorption kinetics curve of S —8 macroporous resin on

the Akebiae Fructus extract

REE BURAL IS A S - 8 RIR A 40 mL, B ¥ELE
P2 AR B A i, DA — e T R R ) TN - R O i
W EARE RS RE N 1.0 mL / min, 2 20 mL Y8 1 153
RV, DO R O AR, 2 M L Y O R
HZ o T VR FE O EREWY 17 10 B, DA h 38 B ik
Mo FH B 4TI 585 5 0 3t Hh R b S SR vk B 2
Fb, R FRERAY 1/ 10, Ko ik FAERCA 80 mL,
BY_ B SRR ARRR L N 2:1(V V).

C iy / mg-mlL -1
0.04

01 FEEE /mL
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B4 S - 8 KFLIAHE T FREN FI2 BN ROttt 58 %

Fig. 4 Leakage curve of S —8 macroporous resin on the Akebiae

Fructus extract
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Pl LT R R85 BUTAL B 7 S — 8 B R AL R
20 mlL, ¥ E AT, B 40 mL pH h 2. 5 BY T5A1 T 32 50U
TR (B BE S 200 mg / mL) , A 1 mL / min IR I
R, SR 2.5 h 5 1 6 BV IR B ZE 18K B 2% , A v ]
3 BV 10%,20%,30% , 40% , 50% , 60% , 70% , 80% , 90%
QBRI AR DR , T 540 nm P A0 I

60

WeOGRE  THA S AT B & L FR IR 5 AT AT, 3 BV 50% &
W T O 0 R 4 T L 25 75 ORI A R Y
Kad RO BT 257, 43k 6,9, 12 BV AR Y
40% ,50% , 60% TS WCHEA T 0w 1 TR 5, 6% A AR U
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18 1 e i
167 -
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Fig.5 Elution amount of total saponins under different volume

fractions of ethanol as eluents

Box — Behnken M 7 8] 12 56 2% 82 18 i 1. 25 - 520k
T2 R 2R = ZA RV RARL (R A)  ERE R4
SHEC(RER B) BT (PR 3R C) o F TV B i e A K
R 7] 55 4% P AR T () et D)5 S T 2 R O R0
P UE I T ok , SR G VR AR 5 4 7730 156 0. 5,
1.0,1. 5 mL/ min 4500 7 TR o SR H = P 28 =K P
N7 T 40 mL pH A 2. 5 A= 24 s ik o0 200 mg / mL
B T5UE0 T UMD A W, LA 1.0 mL / min BB R, 4%
2. 2T 70 S T OB R e 1 T P R S K
LR 2RI AR AR 3, T B A R R 4,
¥ H] Design Expert 10. 0. 13K/ 53Hr , DAV AR vk
ISR A2 BH 5 R O T Ay g iy AR B R MR
i) o7 AL, AT 4G 20 B, AL Y = 10,276 35 A +
6. 84528 B+37.23737C-0.10321 AB-0.820 19 AC -
0.059 156 BC—0. 1872542-0. 049331 B>~ 12. 29081 C*-
191.552 93l & 4 A1, Hor AL B, B2 A 52 Ml A 12 3%
(P<0.01),AB,C* 52 B 3% (P < 0.05) s t FAE ]
ST, 25 PR 2 R 2 TR AR Y s i R o R & /N Sy ok
JI3E 0 A4 B A3 B8 > W B0 SRR FR > R B I L 4 o 4%
M) PRI 28 R B A FH X 90 260 7 B [ AR R i) ) = 4
U AT S W AN S GO I C1 I D AT o o
JBEFRIAFL9. 00 BV, P AR TR 53451 59. 80% It it i
1. 12 mL / min, 2% & 250 A9 /T4 M: , o >k 9 BV
60% LW R BRG], e A 1. 0 mL / min, #47
KR

ISR G B S — 8 AU R AL AE 20 mL, A
pH 4y 2.5 Y UR1 142 BUW S W 40 mL, P 1. 0 mL / min
FyPiE EAE,9 BV 60% S EEUERE (R 1. 0 mL / min),
AT 34y o 5 BT T BB R 4508 76. 09%,
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#2 Box - Behnken MR EiX 8 F = 57Kk F
Tab.2 Factors and levels of the Box — Behnken test

R4 AEDNWER

Tab.4 Results of the analysis of variance

KE HEFABY) B % B(%) B # C(mL/ min) FERKR FHA BAEE  HF F1& PA&
1 6 40 0.5 FEA 968. 78 9 107.64 25.01  0.0002
2 0 >0 1.0 61.6 1 61.6 14. 31 0. 006 9
3 12 60 1.5
B 683. 12 1 683.12 158.71 <0.000 1
#&3 Box - Behnkeni®IEiZit54& R
10.73 1 10.73 2.49  0.1584
Tab.3 Design and results of the Box — Behnken test
AB 38.35 1 38.35 8.91 0.020 4
P HE Radeik s &  BaFenk
A B C E(%) A B C & AC 6.05 1 6.05 1.41 0.274 3
1 1 1 2 49. 69 10 2 3 1 71. 67 BC 0.35 1 0.35 0.08 0.783 8
2 312 62.96 11 213 58. 63 A2 11.96 1 11.96 2.78  0.1395
3132 75.72 122 33 75.16 B2 102. 47 1 102.47  23.81 0.001 8
4 3312 766l 132212 778 c 39.75 1 39.75  9.24  0.0189
5 1 21 64. 59 4 2 2 2 73.22
% £ 30.13 7 4.30
6 3 21 71.07 15 2 2 2 69. 46
el
7 193 67, 60 6 2 29 24,51 % IR 14. 64 3 4.88 1.26  0.4001
8 323 69.16 17 222 7335 wRZ 1549 4 3.87
9 2 1 1 53.96 B2 998. 91 16
BRI /% . BRI % BRI/ %
80‘_‘ —] 80+ 80 +

70 ;
60 .

70

607

50+ 50 ¢ 50+

40 40 ¢ 40 -

60 P et P

55 sl 15 el 157 g
50 z z 11 g
e g 9 1.10 g = e 9 o9 - = 50
6 7 o 7 o7 o0
VEmEHIAR 80 % 40 6 7 PRBERARL/ BV GBS / mLemin-1 05 6 Vel AR/ BY PERSVEE S mL-min- 1 0. 540 kAR / %
A C

A RBLAVRAR — RBLAMRAR S 2L B, BRALAVRR - Bl G RBLAAR 2 - HBLIRR
El6 JERB\EMERXTMF LS EH B NA =400 5 E

A. Volume of eluent — Volume fraction of eluent B. Volume of eluent — Flow rate of elution

C. Volume fraction of eluent — Flow rate of elution

Fig. 6 Three dimensional response surface plot of the influence of the interaction of various factors on the recovery rate of total

saponins from Akebiae Fructus

76. 64% , 76. 59% , -3 4 76. 44% (RSD 4 0. 40%) , 5
TR 77. 219% HH2E - 0. 77%, F W% T 2 Fa5E il 4E.
2.7 WAMFEREHFEKIMELFENE

DPPH [ i 3& 75 Br e J1 0 2 : =% Sk [18], A
95% L BEIR W BCH] 0. 1 mmol / L % DPPH ¥ & (1lfi JH B1
Bt ) o L0, 4 mIL Z.F5 5 0. 2 mL DPPH Y, 1R E) ME N
23 IR IR (Ay) 5 W 0. 4 mL A [] 9k B i 2 7 R %
W5 0.2 mLIC/K S BE IR S) AR R RE S 6 RRZE (A,) 5 )
HLO. 4 mLAS[R) MR BE SR AT R SV 5 0. 2 mL DPPH
W RS AR AR 4 (4,) 037 CREOGIFF 30 min, T
517 nm P K AR E WG  DPPH H i JE 35 5% (%) =
[1-(A,=A)) 1 Ay] X 100% . 455K FRH , B FE IR
f) R EEAE 0. 03 ~ 1. 67 mg / mL L [F P95 DPPH H Hi

HIHFR R R R BRI G Y =0.003 5X -
0. 009 1(R?=0. 994 6) ,*FEAMHRMEEE(1C5) 40. 15 mg/mL,

ABTS H H1 FE ¥ B 8 1 2« 225 30k 19], MR
7 mmol /L ABTSIEH54. 9mmol /L i B FRAPVA WL, % 1:1
(VIVIRA, 2 IREHE Y 12 ~ 16 h, i A7 FH 25 1
IKFRRE, T 734 nm B AM I E OGHEE R 0. 70 + 0. 02,1
B 0.5 mL ABTS 59, 0. 1 mL 258 7K, IRA1 ME R
25 AR IREH (A,) s I 0. 5 mL ABTS W 5 o SRR 0 i
WL ARA), 0. 1 mL AN R BE S R I, A ik 2
(A)) o 25 IRBEE SN 20 min, T 734 nm I K AR 2 W5 56
JE ABTS H HIETEBR R (%) = [(Ay— A}) / Ay] X 100%.,
BA T Y=0.3185X+0. 027 3(R*=0. 998 8),ICs, 4
1. 54 mg/ mL, 22 B S8 RE S 0T MR AR 0. 33 ~
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2.67 mg/ mL {5 Fl 5 ABTS [ B 505 B R 8806 &
RAf
SRR RE TR < H BT A A RE R DR A

Ui I BRATE W5 8 T2 IV B s A V5 T P 28 TR K B AN

) o B ok B, 25 AR EN 2R AR TS R Y = 4. 421 8X +

0. 001 1(R*=0. 999 3) , & WG i V. 2k ¥ 2 7E 0. 001 56 ~
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