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Optimization of water extraction technology of Yiqi Huoxue Prescription based
on orthogonal test design and BP neural network

Y1 Li-juan, LI Ya, ZOU Su-lan, LIU Lan, JIAO Xiao-qi, GUO Xiao-tong
Hunan University of Chinese Medicine, Changsha 410208, China

Abstract: Objective To optimize the water extraction technology parameters of Yiqi Huoxue Prescription (YHP). Methods On the
basis of single factor experiment, orthogonal experiment design was used to evaluate the transfer rate and extraction yield of salvianolic
acid B and hydroxysafflower yellow A by using adding water, extraction time and soaking time as factors. The comprehensive score
was obtained by Gl-entropy weight method. The optimal water extraction technology was obtained by orthogonal test design, and
another method-BP neural network modeling was used to optimize the network model and target optimization. The two analytical
methods were compared in the verification experiment to find the optimal water extraction technology parameters of YHP. Results
Based on the comparison of the two analytical methods, it was found that the comprehensive score of the optimal water extraction
technology obtained by orthogonal test analysis was slightly higher than that obtained by BP neural network modeling. Therefore, it
was finally determined that the optimal water extraction technology parameters of YHP were as follow: water extraction for three
times, soaking for 0.5 h, adding water of 20 times, and extracting time for 3.5 h. Conclusion The optimal water extraction technology
of YHP is stable and feasible, which provides new ideas and references for the development and modernization of new drugs of
compound Chinese medicine.
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HAE 1 AFERELERRTEAERD . FEANCH#E
WA, 0 3E T2 TR R A 3t AR ) . 2014
e ELO S WORIG ST R E R B R R R 2R TT
OFEA RIFTH, ERENGE OB R E. &
SR RY, FRTEI > 2 B RIE 7 TH R A
HHEMERPL,

&M (Yiqi Huoxue Prescription, YHP)
G R R R R S — R BRI R R, i
B P2 aie. T AREE R A a7 O
o HHUBEAEZ, VIR FIKEM,
SN, FBhERiEmES . 5k
O, SRR AN, LA
MKz . GETEIRRIRK R ZP LR HHAH
WUl rBTC 3 AE Y, AHIE T 9 77 (8 I R A FH 400K
T e ot i LUK, A DR L 5 5 i 1 R e
AP, HTHIERICT 2R T o WA R S T2
Z, AAREKIR T2, AL BNk H KR
TZ2mESH, BUEBUKBEYEAR B PR B
(SAB). FRILZILTMEE A (HSYA) MEBERY
REGRERITFMIEIE, 248 ILE YHP K
L2235, M fRuEH g R R A BN

Gl-BGER Gl VEI S RAGEMZH A AL
T3, e B AT IR A 3 W0 PR B SR IS N - R AR )
WAERR R, JCHIE S E R BA WK E
Ji AR ST BP 2 I 2 8 — P iR 22 i E
WEEIRING 2 E RN g, BA(S 5 5T mfE Rk
W7 R ) AR 1 I SR AT A8 B IR RE s 5], 3
THFAE R R R ALK Lo(3Y) IEA
wit, FH GU-EPGEAT A E IR A T HE LR &V
FEXT HE IE AT R I /AT AT BP A5 o 28 2455 2 Fh ot
Jii%, X YHP B tEK e T 22807 30 .

1 NESHH
1.1 {25

Agilent Technologies 1200 Series & X VRAH (1
1%, Agilent ChemStation i TAEu;, 3 EZHEfe
AW DK-98-11A B REIR /K By, REZRITRE
S A IRA T KQ-3200B AUAMS PG EEE, Eil
FERBHEIAMRAA; JE-1002 BFRF,
HHBEI2EEERAR; CP114 44 RF, i
BB ARA IR AR 101 RS TR, b
HHONACER A IR A A
12 K%

SR SAB (L5 P18I9F65871, HPLC {5

R H=98%). HSYA (iS5 R31A9F69105,
HPLC 5 F B0 $0=98%) BT L5447
BHEHRAT; ik, WK, BIREPEERE
B2, BIES TR, L8 Rgaiphg, Hih
225 2 o pr 4l

Fr&. afe. IRE. BT, WIETHREEE
TR R I AF IR AF], S A B #IRM
R T S A IR AR Rk BBV S E, PSR
NSRS TZ BV S Salviae miltiorrhiza Bge.
(TR AR AR 25, 2048 5 Bl 448 B W) 40 4k
Carthamus tinctorius L. W TEAE, RENZFLEF
RE R B IRE Poria cocos (Schw.) Wolf /& &
%, BTN FERHE R JE Y BRI
Descurainia sophia (L.) Webb. ex Prantl. 1 /5%
HFhTo
2 FAEEHER
2.1 YHP K28 mismhos &

FREL YHP 52541 100 g (J12 30 g, 204¢ 10 g,
R%E 30 g, 251 302, DBl UAFEKIE T Z %04
AT AR R, 8, JEREH, BifS.
2.2 SAB ®EBEHNE
221 kRS RGUE MNP Hypersil BDS
Cis 3% (250 mm X 4.6 mm, 5 um); PALZSE-0.1%
BRI (22 0 78) RVBIAHSE B YL A
30 °C; RFRIR BN 1.2 mL/min; #617% K 286 nm;
HEFERDN 10 pLs FRRIEARER SAB WETHE N AV
F 6 000,

2.2.2 SAB XM RVEHRAEI&  FEEFREC SAB Xt
BB 10 mg CRIEJE) T 10 mL SR, I EE-
K (81 2) IREGH T SAB 1.00 mg/mL HJ¥%
W, 1,

223 PSP RIER PSS RERETS
MR GE=57) 1504 mg, B BEMHLHT,
FEIMNHEE-K (8 12) IRAH S0mL, %%, #K
SERE, AT (TR 140 W, S5 42 kHz) 30
YR, RARRE, HHEE-K (8:2) IREHTANE
BRI R, A, i, K ENGER S mL,
4 10 mL &I, IMHEE-/K (8 1 2) RSB
BRI, $85, 38, WEEm, wa.

224 PSR SIERAHSE  BREFESM
YHP [AME258F, % “2.17 TR J7iddlig A i
PR VT

225 EHREMHIRKE KBEWEGE “2227 “2237
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“2.17 F1“2.2.47 TR JTIERI 241 SAB X HE S VAR
FH 2R VAW . YHP /KSR AR S A 2
B R VA 10 pL, 78 “2.2.17 Tifail 4
TIE, SERWE 1. B 1 AT AR
T B R WL SAB Ab HI B (it i, e ARATETC
T4t

SAB A
'SAB B

C

SAB
|
D
0 5 10 15 20 25 30
t/min

1 SAB XM (A). A&#idm (B). YHP KigHiXmA
©) SRS (D) B HPLC

Fig.1 HPLC of SAB reference substance (A), S. miltiorrhiza
test substance (B), YHP water extract test substance (C), and

S. miltiorrhiza negative test substance (D)

22,6 ZMEXRFRMEL FEHERE 1.00 mg/mL
SAB X & SISO AT RE LU RR AR, R B o R
T, 4 oA 2 W B o HE R VR 10 L, 4292.2.17
TR B % RN e, DL T B iR B A AL bR
(XD, AN FERIBNIALSR (V), Ziilbrifk iz,
53] SAB HI[EIH G HE Y=8 120.5 X—459.41, r*=
0.999 9, s/~ SAB 7E 100~1 000 pg/mL 2 B IF£E
PR R,

227 FEHFEEALS  REWEEE “2.2.27 WUR ik
il 2% ¥ SAB X IE M, £ “2.2.17 Bk T
FEEHFE 6 U BUGEFE 10 uL, SAB I RSD
N 0.17%, RIACEHRGEFE R LT

2.2.8 HEEMRE A T2 N “2.17 1
T 6 iy YHP /KSRANR AR, 1% “2.2.17
TR s AR RE, 4559 SAB =41 RSD K

1.00%, RHTTEEEMERLF.
229 FoEtEille A — T 24T YHP Kig
P N T HI 45 04 3 64 94 120 24 h #%
“22.17 TUFEIEFAERENE, 455 SAB WA
) RSD N 1.32%, #KHH YHP /KRR AR TE 24
h WAE
2.2.10 FEREIEERRLE  BClE SAB &M
YHP /KEEHRE 6 7, B 1 mL, FEINA
0.2 mg/mL SAB X HE AR 1 mL, % “2.2.17 TiF
AR T . 5 R BN, SAB ISP LAl
WCE N 95.37%, RSD A 0.34%, 15t BiZ% 72zl i R
R4f.
2.2.11 SAB HREMIIE  REREUZ “2.2.37
T 75 0 2% (P2 250 (A S VA AN 4 “2.17 Tl
TR YHP KSR AR % 10 uL, fE
“2.2.17 BEIEFATTIE, sk SAB A, 7
B FFZ 256 SAB &R (No) F1 YHP /K$2
W SAB B & (N, Htxasrt & YHP /KIEH
1 SAB KR (y).

y1=N/No
2.3 HSYA ##ERANE
2.3.1 kS RGUE N AL Hypersil BDS
Cis B3 F: (250 mmX 4.6 mm, 5 um); PLHEE-2
0. 7% R /KA (26 12 1 72) NIREhA SR vE
Bt AR 30 °Cs ARFREN 1.0 mL/min; Al
WK N 403 nm; FEFEE 10 pL; PR ESHCEIZ HSYA
W THE R AMEE T 3 000,
2.3.2 HSYA RS AIH% R R HSYA
YT 10 mg (RRIEJE) T 10 mL &, 1 25%
P 5 251 B 1.00 mg/mL (VAW EIAS.
2.3.3 AR R I H A RS A
WA GE=57) 400.6 mg, B EEHLMET,
FEIMAN 25%HEE 50 mL, FREFE, A4 ()
300 W, #i% 50 kHz) 40 min, JHARE &,
1 25% FHEEANERCR R, FEA), ISR, B
RAACLI LR VT
2.3.4  ZAERA AR IR I BUR S LR
YHP BHPEZGHE, $ “2.17 TR 7 Em AL e 1t
PR VT
235 LREMERE RERIE “2327 “2337
“2.17 K “2.3.4”7 TR J7vEH £ HSYA XSV
Wi A BER SRR YHP /KRR S s R
LIAERATE SRR IS 10 pL, 7E “2.3.17 Tifai
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Fig. 2 HPLC of HSYA reference substance (A), safflower
test substance (B), YHP water extract test substance (C), and

safflower negative test substance (D)

23.6 ZMEXRFRMEL FHERE 1.00 mg/mL
HSYA X RS BOEAT R LU ke, Hlk— RA &=
WRBEW L, 53 RS 26 W& 0 BRI 10 L, 3%
“2.3.17 TUR RS S5 A RN E , DAREREVR B Al
W (X0, DAHR TR AR (YD, 2filbRitE
ik, 152 HSYA IR H 75 F2 Y=16 816 X—401.19,
»=0.999 6, Fs~x HSYA 7£ 50~1 000 pg/mL £ R
UL MR R

237 FEEEERLE  OREEEL “2.3.27 TR
HSYA XHHESER, 75 “2.3.17 TR @&t ER
BERE 6 UK, FREERE 10 uL, HSYA IETH K RSD
H0.36%, RUIHREEHERLF

23.8 HEMHAK HE—TZFM4 T % “2.17 I
Tk 6y YHP AKIRAHR AW, % “2.3.17
WUN Bl 4 HERE, 455 HSYA Fisma % RSD
N 1.24%, KYITTEELME R,

239 FaEtEilE  HUE— YHP /KERAEA S SR
SR TFH 5 04 31 649 120 24 h ll5E, #%2.3.17
TNt 26 ERED 5, HSYA UMY RSD A
1.41%, XU YHP /K2 il i IR AE 24 h WASSE .
2.3.10 JOFEREIACREIREE  BXCE HSYA FEM

YHP /KIS 6 17, By 1 mL, FEZEMA
0.13 mg/mL HSYA X8 5AW 1 mL, $% “2.3.17 T
N EOTE AR . S5 ER, HSYA BN
FEEUS Ry 98.73%, RSD N 1.40%, i Hi% 7% M
R BT .
2.3.11 HSYA ®%BERPIHE  FEEWRIGZ “233”
T 77 k) 4% R 2L A 256 A St VA N 4 2.1 Tl
TR YHP KPRHHR SRS 10 uL, 7E
“2.3.17 WEIEFAETIE, ek HSYA W,
THELIEZi M HSYA & & (My) F1 YHP 7K$2
WF HSYA &8 (M), AT E YHP K2
W HSYA W2 (132).

y2=MI/Mo
24 RESERLMEN

FEEFEL “2.17 1T 2% (1) YHP /K329 25.00
mL, B FEREEEHENZERIG, EKIG FET
JG, T 105 CEZ T3 h, BETHRMEF, B
30 min, MEFEEGE T E, HAXITHRESS
(y3), EWFE}FO

yi=mV x/25m &
m NREFRE, VN YHP KRBSET, m o8 YHP 2t
JEY5E
2.5 ZIgFREVLEE IR
251 GliE GlERERERSIE (AHP) [k
fith b SSGEE i —Fh IR0, B AHP HA T
FERFNTE 7 — B s i fe 7, fikdE YHP &7
HH AL JER DURD Dh R S 25 3 ot g YHP 7K 3
MNP T R RN yi=y2>y3, HAHLL IR R
HIRLCEE AN AR N 1 i Eyz) =1, nr3 (y25y3) =
1.6, HJat AN ELRRIBE /L (wo.

wi=(1+ i ll[r,-)’1
=2 =k

Wk—1=rwk, k=n, n—1, =, 2 (n AT EO
252 WEBGE  BEBGE R —PORTE & 48 AR IR 4G H s
P A5 B2 1R/ R o8 & Fm AL EE 1R 25 LA
%o ZIBAR I R UG HOE S (RN, SR AL RS B2
K, HAEZR G VP pri VR F HBROR, BRI
BCEREOR, R, HAT T BCE /NS, SR Eva
Gear Version1.1.6820 3 {443 7l v1 55 YHP 7/K$2 .21 3
PPN FE PR B R EL i)

253 HEBEMHHE" H Gl %S 2K A
N wi, BIPGES R EMBER wr, WHA
H (wp #HARATIHE.
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2.6 EEURHMER

FRECYHP 25840k Fr 36 100 g, 55 1 OKIRATR
Y 0.5h 08 fFEMIK. KHE 1.5hs 5 2 KRy
B 6 fEERK. KR 1 h, 53 YUK 6
GERMAKS KPR 1 he 2B EAREUKEL 1. 2. 3
R, IKERM A 8085 SAB. HSYA [ 3
H5REEENTFMIE, SRR 1, 53 UK

T KRRBOKEG T

Table 1 Design of water extraction times

REREL  SAB HR /% HSYA R /% 2 BHE/%
1R 43.567 4 53.793 4 17.841 1
2 17.890 7 10.025 1 6.3352
3R 6.405 8 23043 24175
H3WER% 94391 3.484 9 9.090 5

*F2

SAB HI#:# 2 52 B2 P 5 1 LB REHE 10%,
B A E TR ECH 3 1K

27 EXRERITRERSH

271 ERREmEIFS 4R FRECYHP 258435 100
g, TEPRIURECA TR 225 500 (1 2 a1, dE oK
= (A). $EHEE (B). BiEHE (C) fENE%E
K2, Wit 3 &K 3 KT Lo(3Y MIELRK., &5
G1-JiBLZ%f SAB. HSYA MIEBR 5REHRE
TEREVP TR, IERRREAKFILE 2,

K G805 YHP HIREN Fabn it AT 455 1
(P, Py RkIEAGEAT IR . YHP KIS PE
TR AR LR 3, KIE T2 IEA RIS R IR
2, T ZHZEmHTILE 4.

Pi= Zn: (100 wp)/pjmax

=

272 EACRIE RN % 4 7 ESHTTAL

KRIZERZREERKFRER

Table 2 Factors level and result of orthogonal test of water extraction technology

T A/ B/h C/h  D(#%) SABEBE/Y% HSYA BBRE/Y% BEERY% P;
1 6, 4, 4(1) 1.0, 0.5, 0.5(1) 0(1) 1) 54,5710 65.2919 224241 858794
2 6, 4, 4(1) 1.5, 1.0, 1.0Q2) 0.5(2) ) 65.442 6 69.292 6 23.6647 937075
3 6, 4, 4(1) 2.0, 1.5, 1.53) 1.0(3) 3) 50.608 0 62.869 6 243283  83.4074
4 8 6, 6(2) 1.0, 0.5, 0.5(1) 0.5(2) 3) 60.257 6 72.997 1 240653 952391
5 8 6, 6(2) 15, 1.0, 1.0Q2) 1.0(3) 1) 65.942 1 67.576 0 246457  92.9256
6 8 6, 6(2) 20, 1.5, 1.53) 0(1) ) 59.915 1 64.462 1 253536  88.5362
7 10, 8, 8(3) 1.0, 0.5, 0.5(1) 1.0(3) ) 65.211 8 64.617 0 250256  90.3539
8 10, 8, 8(3) 1.5, 1.0, 1.0(2) 0(1) (3) 712525 62.965 1 25.8614  91.4917
9 10, 8, 8(3) 2.0, 1.5, 1.5(3) 0.5(2) 6} 68.540 0 64.189 9 257337  91.5164
Ki 262.99 271.47 26591 27032
K> 276.70 278.12 280.46  272.60
K3 273.36 263.46 266.69  270.14
R 13.71 14.66 14.56 2.46
#*x3 RENMIZIFEMERNEE x4 BERIZHEST
Table 3  Weight values of evaluation indicators for Table 4 Analysis of variance of extraction technology
extraction technology BEE  RETHM EHE FA§ P
PRI bR wi w2 w A 34.056 0 2 272130 0.0350°
SAB %% 0.3809 0.2311 0.249 3 B 35.9450 2 28.7220 0.0340°
HSYA ##% % 0.3810 0.573 8 0.619 1 C 44.695 0 2 357140 0.027 0
REMRE 0.238 1 0.195 1 0.1316 D (%) 1.251 0 2

FHZEAE 0=0.05 KX SEER LS RILEEVF 0 56 B
HUERN, R 2 M 4 A, &R B e 4
ZavE BE RN C>B>A, H C>C>C,

P<0.05 NEFE
P <0.05 is significant

B>>Bi>Bs, Av>Az>Al. 6 EREG W, B
KRB mKFAE ABLCo NEFEIRIU T2, BlEYE
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0.5 h, $EHUNF[E] 3.5 h, HI7KE 20 £ (56 1 k00 8
BEK. BREL 1S h, 552 N6 fEEK. $REEL 1 h,
53 0m 6 fEEuK. FREL 1 h).
2.8 BP #HEZMLEEE K I H2-21

A28 F Matlab 2018a 237 BP 4 /X 28 45
BT 3 JREE R BP MR 28 R4 HINZ N 3.
B2 N 10, FrEN 1, AT s 3 ANgE
Habs, BUInKE. $EHU AR TR
RN LA, BIZEAVED. ¥k 2 1 9 HEdE» 5
B — R XGEAT ISR, SHORE NEE. TR 9
A HCHE RN NHVE AR B At g, 45 5 9 413K
PE R TR R 2 20504 0.215 0. 0.348 4. 0.220 6.
0.054 9. 0.139 4. 0.130 3. 0.137 0. 0.086 8 0.179 3,
SPMEAN 01525, B BEMEE . AR5 Eia
gE R SR R, 45 R I 3, AI4nEE ST BP
PR R 28 A Y B R AT AT SR

PR 2 19 9 250 B sV NN SR 24T I 25
BRI H, FEHERE BT 2644, Bl sk
BN 8~321 (BKN6), REHIEN0.5~65 h
CGEPKA 1.5, BIHTEN 0~1h GEKN 0.2), #
It BP #4248 @RI AT A3 2] 150 N EAE T

96
i
N

92

Pj

88/

— PZE T Py
— SEBR Py
84

I 3 s 7 9
Hikes
3 BP #HEMEAEMHIIERNIEER
Fig. 3 Reliability iability verification test results of BP

neural network

LZEitsr, ANhifE &R EKIR TS, SRIES.
HI3% 5 AT %, BP PHE L8 TOIAS 2] YHP R K
RTZNRGE 3 U IKE 14 £, F2BUNE] 2 h,
PRI T h G 1 khn e f5EsK. $2EL1 h, 32
PO 4 fEEK. FREL0.5h, 5 3 KN4 fEEK. $]
1 0.5h).
®5 BP HEMETNER
Table 5 Prediction results of BP neural network

ST MUKE/AE PRI/ IR IES /R P

1 8 0.5 0 86.226 9

2 8 0.5 0.2 86.260 7

3 8 0.5 0.4 86.3111
4 8 0.5 0.6 86.422 3

5 8 0.5 0.8 86.831 4
38 14 2.0 0.2 87.579 1
39 14 2.0 0.4 89.6519
40 14 2.0 0.6 93.7413
41 14 2.0 0.8 99.651 1
42 14 2.0 1.0 101.188 2
146 32 6.5 0.2 80.279 8
147 32 6.5 0.4 80.4157
148 32 6.5 0.6 81.645 4
149 32 6.5 0.8 85.781 6
150 32 6.5 1.0 91.5553

2.9 FESCIE

¥ H1 2 P b 7 R4S B SRR T 245 Ry
BT T25E R, ME SAB. HSYA MR %R
5RERR, WHIHL P, RS REATRT, N
MRAHIE YHP MtEKIR TS, BiEseshss i
WR 6. M IRIGIUESLIGEE Fonl 5, IERIRE T
BB AEKIE T 20 P ig & T BP #hEE M 4 @ A

R6 WIELIWLER (n=3)
Table 6 Verification test results (n = 3)

AR AWIRCS SAB ¥ #83/% HSYA ¥ #3/% BREEREY% P; FEIE RSD/%
BRI 4T 85.787 5 62.227 7 24.697 8 95.359 7 954164  0.1493
84.970 4 62.286 8 25.065 5 95311 1
84.947 8 62.551 4 25.165 6 95.578 5
BP 12 o 25 S 5 70.754 6 63.5302 23.1196 90.401 6 913215  0.8858
73.720 3 64.008 7 22719 4 91.641 4
73.478 4 64.126 5 232399 91.9215
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FIRAEKIR T ZM Py WM& WE % YHP fefkK
BT ZBHONIRIE 0.5 he HIZKE 20 £5. $LEU A
3.5 hs
3 g
3.1 REUREEHHE

FKFPIESAFEET SAB MFFFREZ,
I e T R U P T GO, R AN B A
WHFIT X SAB [Mggm, 5228+ SAB i
TEORE, WIRIRGEHIR 20.40%, W JE T 14651
41.94%, i SAB W AFaE, ZREHEHEY
Wi K. T YHP RUEASERdRI L2 )E, 5
FLA 2% BRI L2 R 4 W55 T Mg RIS —
RYNV L 20, SAB PR SEN, ASLES R
55 3 KUKHE SAB IHEFE AR B A3 P o5 1 b gl 32
T 10%,  HuR 20 e BRI 3 IR
3.2 EEIBMHIAE

HSYA /&L HIK A RO sy, R4 IEH
FBE AL B 1220, B G2 AR WL R A
B OO T2 L Rk o LR I 554 Y 127280,
SAB 2 FFSIIKIE AR B 1230, B 2 R I
EPIR AN IS S K R AR A A O JUL S5k 100/
WG EA R ERBY, Kk, AWFFiEeE Lk 2
PR N EE 48 R, N YHP A 2085 K5 &
P AR B R S %
3.3 BP #HEME

VAR, BURIZ AT H 250 7045 14k A v
FAAE) 3z, Heande s 250550 T 20158 71, FIH
SRR A AL T A 48 S5 71k 6 2 250 )@
PR T2 FHAT 20 ST BP AP 22 9 25 3d ik 5
YGRS 3EFP R SR f ST o A N sy AR 2 (]
IR R, HIIRE MK IS R AEERE 7 1H B
BT R LHEH T IR AR L R, BP
P2 I 286 1] DATE ARSI BU D e A & /D (11 O T s
H 32257 2] R B RIE BN st 264

AT TR AL G Ge it 2% 7732 A 1 1R A8 58 45
MR L B ¥2 98 7928 57, BP AP 4RI 2 Fih
AFEITTER YHP B KR T2 T30, A
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