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Optimization of extraction process of main active ingredients in Buyang Huanwu
Decoction based on two analytical methods

YIN Fei, YANG Jie-hong, FANG Yu-chen, YU Li, ZHOU Hui-fen, JIN Wei-feng, HE Yu, WAN Hai-tong
Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract: Objective To optimize the extraction process of main active ingredients from Buyang Huanwu Decoction (BHD) by
comparing BP neural network combined with genetic algorithm under R language environment with response surface analysis.
Methods On the basis of single factor test, the response surface design method was adopted and the main active ingredients of the
extract were determined by HPLC. The results were presented in the form of extraction rate. The comprehensive evaluation value of the
results was obtained by using the entropy method. Based on this, the best extraction process and the predictive comprehensive
evaluation value of extraction rate were firstly obtained by using response surface analysis method. In order to find another best
extraction process and comprehensive evaluation predictive value of the main active ingredients in BHD, the optimization of the
network model and the discovery of the optimal target were conducted through the BP neural network combined with genetic
algorithm under R language environment, respectively. Results The optimum extraction technology in response surface analysis were
as follows: Extraction time was 1.8 h; Ethanol concentration was 51%; Extraction temperature was 91 ‘C; Liquid material ratio was
14 © 1. Under the condition, the comprehensive predicted value was 908.45; The average of the verification test was 897.58; The
relative error was 1.20%. The best extraction process by BP neural network combined with genetic algorithm under R language
environment was as follows: extraction time was 2 h; Ethanol concentration was 40%; Extraction temperature was 100 ‘C; Liquid

material ratio was 14 © 1. Under the condition, the predicted value was 907.71; The average of the verification test was 905.33; And the
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relative error was 0.26%. Conclusion Through the comparison of the two analytical methods, it was found that the relative error of

neural network combined with genetic algorithm is smaller and the fitting degree with the verification test is higher. That was to say,

BP neural network model combined with genetic algorithm in R language environment was more suitable than response surface

analysis to optimize the extraction process of the main active ingredients in BHD, which provided a new idea and reference for the

discovery of active ingredients and modernization of Traditional Chinese Medicine.

Key words: Buyang Huanwu Decoction; extraction process; response surface methodology; R language; neural network; genetic

algorithm; HPLC; hydroxyl-safflor yellow A; paeoniflorin; ferulic acid; calycosin; formononetin
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1 SEAXEE& (A) 71 BHD #& (B) A HPLC
Fig. 1 HPLC of mixed reference (A) and BHD samples (B)
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1 WEERERTARERER n=3)
Table 1 Design and results of RSM (n = 3)
Jf%5 Ah  B/% C/C D/ BN ge ) LZEvHIME
HSYA B FUgile  BEREE TR
1 2.0 40 85 14 1401.75 1817.24 178.00 58.75 30.00 904.78
2 2.0 70 85 14 1175.00 1757.40 235.00 68.75 43.75 836.20
3 2.0 40 95 10 1320.30 1681.85 181.25 52.50 26.25 847.95
4 1.0 40 95 14 1 246.30 1 867.00 206.23 62.50 33.75 875.08
5 1.5 55 90 12 1431.00 1 659.85 248.55 63.75 36.25 895.36
6 1.0 70 85 10 851.40 2 081.85 190.00 63.75 40.00 798.31
7 1.5 55 90 12 1 502.07 1592.80 237.50 65.00 37.50 899.88
8 1.5 55 90 16 1272.10 1901.31 248.75 72.50 38.75 902.53
9 1.0 40 95 10 1137.20 1906.24 193.75 52.50 27.50 845.31
10 1.5 55 90 12 1323.67 1851.85 243.75 65.00 36.25 904.95
11 2.0 40 95 14 1 308.65 1 730.00 228.75 60.00 32.50 867.87
12 1.5 85 90 12 1103.46 1 884.41 181.25 53.75 33.75 827.74
13 2.5 55 90 12 1 168.30 2 041.65 241.25 45.00 36.25 897.04
14 1.0 40 85 14 1 480.50 1.390.00 170.00 56.25 27.50 828.99
15 1.5 55 90 12 1 446.35 1 629.60 246.25 68.75 38.75 893.55
16 1.5 55 90 8 1 308.75 1718.55 201.25 58.75 33.75 858.93
17 1.0 70 85 14 947.10 2092.40 196.25 60.00 36.25 831.15
18 1.0 70 95 10 1 142.80 1791.46 210.00 56.25 33.75 825.63
19 1.5 55 80 12 1428.23 1 480.00 152.50 45.00 25.00 827.67
20 2.0 70 85 10 933.10 2 108.75 213.75 63.75 35.00 834.87
21 1.0 40 85 10 1284.40 1766.75 182.50 53.75 27.50 856.79
22 2.0 40 85 10 1371.20 1 590.50 165.00 45.00 22.50 837.83
23 1.5 25 90 12 1321.25 1746.20 181.25 32.50 13.75 859.24
24 2.0 70 95 14 1259.95 1754.15 221.25 58.75 36.25 856.76
25 1.5 55 90 12 1411.20 1720.00 242.50 63.75 36.25 901.58
26 2.0 70 95 10 1 052.00 1902.32 207.50 55.00 33.75 822.00
27 0.5 55 90 12 1 360.90 1720.00 210.00 58.75 33.75 877.54
28 1.5 55 90 12 1416.70 1703.40 248.75 66.25 37.50 901.36
29 1.5 55 100 12 1 181.25 2 059.00 225.00 65.00 35.00 903.57
30 1.0 70 95 14 1 054.55 1942.50 212.50 57.50 33.75 833.46
ME A 908.45, SZIGWE (A TN MEMATRE 3 19

1.20%; R 15 5 A8 77 V5N B SES- PR 45V FANME
905.33, FHMME A 907.71, SEI& & {E A TR AE /)
FIXHRZE N 0.26%. M _EIRIAER AT LIS 2],
N T BTN 25 SR B AR B R IR S AR AL RO, (HH:
RIG TR E/NT R B SHR 9%, HARX R
ZRT RIBSHAIE. BIIAKH R 1B SR 754
bS5 FEECT Z I A 45 55 T (e ) & B AR
U B SR B 1R P 28 O PR AT B AR, 0%
AR YA T 0] SN2 T 57 o

3.1 ZWERMAE
ZIRMISSCHR AN B, SR 1) Z B A
A SREURE. SRR FE AR LS HS YA
AT BTEEIR . BE R EEAT R R IR
BORREM . 438 T IR EL SR 3 4 0.
20%- 40%-+ 60%-+ 80%- 100%, FEHIXEL 1. 2. 3.
4 %, HEHUSE 0.5, 1.0. 1.5, 2.0, 2.5, 3.0h, #2
HUEEE 60, 70, 80+ 90. 100 °C, ikl 104 154
20, 25 %, KL OBEARFR - E. SRECNTR]. SR EUR
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x2 2MEEASRETIZHEIEAR

Table 2 Verification of two methods under optimal process

PHE/ (ngg )

VR IWARES IOAF RIS - T R P —— SHEWNE CPWE
Wi J87 TH] 43+ A FEM 1 1406.70 171340  248.75 66.25 37.50 900.54 897.58
P 2 1393.67 175185  243.75 65.00 36.25 903.85
FEM 3 146207 1602.80  237.50 65.00 37.50 889.71
FES 4 146235  1619.60  246.25 68.75 38.75 896.25
RiBF T FEM S 137550 178690  235.50 66.50 38.50 908.89 905.33
FEd 6 1335.60 1789.50  246.70 67.00 37.25 895.40
FEdh 7 137580  1793.80 24820 68.50 38.25 909.55
FEf 8 141850 172650  248.60 68.25 38.00 907.48

R ZEEF X HSYA. ~jZ51F. B3R, BER
B FI PSRN AL R IR BRI i K. SRS R R B
PEEL 3 G, 5 RS iRBCRE A BN, #E
IR, GO ERE, FHIRIUREUEN 2 K.
3.2 EFEIEMHTE

¥ O SCHRIRERIAN (P E 25 ) 2015 4EARN,
HSYA SELAERIKEM RSy, WAL EEE
e sy, B M MUORSE. JiEth. Piiss
2RI, AEAR PRI RSN R I H f 4 g
TER; ARATHUATE A EE SO E, BE
PUEZE. PR B, PUEAL. Pt Ll AT
HE B R, E4R0E, AT A AR ER,
REMS O A BN T RERERS . 2 9 0 )11 2 o g B B R
(W ZGEE TSR il R e 8 AL, AR
H-O1, e 2 R e ok D 34 55 5 O e 2 e A0 BB A%
A -2 RN S R SR 1 KT R A AR AR
PHER, Rk A M R e .
1 B85 S o A 2 SR A MR, PR IR, K
KA 2R ER, B AR R E
5N T AR i 5 L P R SRR g R 5T
R AR B R SR &, SRR R A
HARBIL T AR R R R A A
FEH FR 5 M e N5 %4665, 8 BHD
R A3 IR B VAN AN A R 2
3.3 RHENE R ARESE

FEARSESCERIRE A (P E 258 2015 4R
0 HSYA. ~Z5tF. FIEERE . Bas s s m AT 4m
T E M HPLC 4 1FR AL FBEZ Il T+
MRS Z R FE-KRZRFEM - KRG A
Uk, ASZIG L LUK 2 B RGE NI s AT W B
Fo HTAFEN AT, RARE, BT

SO URBIAH RN D B R R B e ] LA
SRR, S8 T R B 2 06-0.05 % IR /K ¥ Tt
ITERIEVEMLAEIE HSYA A5Z51F . FUBEIR. BER
SEAMTIE R IE D B, IERI BESR, HEAR
W RLLF, RO Z i E A O £ 5-0.05% B IR KV
o BT 5 MRS RO 5 70 B IR RINIGE , ek
FI B3 “2.1.17 TR LA A I R IF 78 0 et R
FIVBRREE AMAipe K AT, KB 5 R b il #R 42 230
nm KLHRAG RN, s B AR AT R 3 &
.
3.4 WERUEMTIE

H RTAEAI ORI TT Y, S K 2 X R ARIR T 4L
H, IXFEXTER A REIERRBOR, A TSR
NIRRT REANMERR IR AR
FATE], 2573 e AN 48 b ) B R 2 T IR T AN [F]
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