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Study on three indicator flavonoids extraction of multi-objective optimization
formula of Yangyin Tongnao Granules by R language

YU Li, ZHANG Yu-yan, YANG Jie-hong, ZHOU Hui-fen, JIN Wei-feng, WAN Hai-tong

Cerebrovascular Disease Research Institute, Zhejiang Chinese Medicine University, Hangzhou 310053, China

Abstract: Objective Multi-objectively optimizing the extraction technology for three indicator flavonoids in the formula of Yangyin
Tongnao Granules. Methods Taking the extraction yield of puerarin, calycosin, and formononetin in the formula of Yangyin Tongnao
Granules as the detecting indicators, the extraction technology was investigated by 4 factors 3 levels orthogonal test design method.
Using R language, combining the entropy weight method to give weight, and establishing the BP neural network model, using the
genetic algorithm to target the optimization of network, so as to get the best extraction technology for puerarin, calycosin, and
formononetin. Results The optimization of extraction technology was as follows: ethanol concentration was 85%, extraction time was
1.5 h, extraction temperature was 80 C, and ethanol dosage was 25 times. Under the condition, the predictive value of model
comprehensive evaluation was 0.389, the predictive value of the average comprehensive evaluation obtained in the experiment was
0.394, the relative error was 1.27%. So it had a better network prediction. Conclusion Combining the feasibility and repeatability of
the extraction yield and extraction technology for the three index component to establish the mathematical model for analyzing and
predicting the extraction technology of puerarin, calycosin, and formononetin in the formula of Yangyin Tongnao Granules and
providing a new reference to realize the multi-objective optimization of the extraction technology for the active constituents in Chinese
materia medica.
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FELFW (Sartorius) BS110S HL TR, Jbnt
FEZ ARV R~ 7] Millipore Simpicity #fi7K
1%, 2% Millipore /A 7] ; HH FR A TEE 7K #40,
TR AR A FR A ] ;. SHB-THA 13 /K 32 F 2
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R R B %, EME N XS RHY
Rehmannia glutinosa Libosch. [FT-EHAE, ZH N
SRMEDEY 5 Pueraria lobata (Willd.) Ohwi [1)45
R, wm N SR Y M S K Astragalus
membranaceus (Fisch.) Bge. 1A, )15 4T

BHEM)IES Ligusticum chuanxiong Hort. [F]TEAHR
2K, BIRFE (PEZGI) 2010 ERRANDSHITEER
1 R4} The R Foundation for Statistical
Computing J & ) R version 3.1.1 # A, BGE. #i
25 W A AR A A5 A% 570 rgenoud T2 H AL,
2 HESHR
21 BiRZR. EXSFHEANTWERLN HPLC [F
R 7E
211 (O (OREkh Zorbax SB-Cig A (150
mmX4.6 mm, 5 um); VSN LNE-0.1%B R IR
IR, RN ERL BEVE R : 0~5 min, 8%&
i5: 5~10 min, 8%~15%Z/1%; 10~15 min, 15%~
30%Z M5 15~20 min, 30%~50%Z.JE; AR E
1.00 mL/min; 3K 251 nm; kiR 30 °C; it
FEE 20 pL.
2.1.2 HUREEBIHI ORI AR R BE
ST AR AL O B IS R, BARE T IR T
10 mL P, IMFERZIEL, RoEA, Hik
FEE 1.44 mg/mL 15— W0l il BT
i RS 206 B BT 10 mL Bofirh, I EE &
ZIEL, RS, HIE B # T 0.67 mg/mL
FITERIAE 2 0.64 mg/mL YR 7555 JE A s 4690 43931
R IR 2 Mg 5.0 mL #12.0 mL, & T
[i]— 10 mL S, A EMBERZIE, w5, |
PR AT IR (R 25 720.0 pg/mL. BE T K
Ml 134.0 pg/mL. T-HN{EE 128.0 pg/mL ).
2.3 FR[YTE i UL A 5 R FR S R
(P& 447 B I FUkL 4 7 Hh 24 11 LB AR X 24
Mag, Fi%RE, BT RER T, A 70%
LW 300 mL, FROEFTHE, &80 C R n#kalie
3h, JBARE, fMNEBKRITE, R, HhE,
RIS ICA W . PRI A R T, MidE
FREA R, 10 mL =, N ERZE, #%
A, F0.22 pum (BFLIEREIERL, IRV AR
oS
2.1.4  RGIEN RS o WO B B
W AR VAR 20 pL, VEABCR R, W .
3 Bl IR L S B, Ay B REAA B E 24 )
2010 “ERCESR AT 1.5, ik LA 1.
2.1.5 MEXRRMFERE WENRSEREN 15
WL SRS LU VLB R IR FE R, 3
2~8 SR AT AR “2.1.17 TR (i 414
SE VTR, DG HE B IR FE A R AR AR (XD, Al
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IS R TR (B A b (YD, il bRdE il 2k,
WHERIAFE. B E Y=78.365 X+22.355, r=
0.999 8; T FEE] Y=117.12 X+39.539, r=
0.999 9; T:Hift. % Y=141.18 X+1.778, r=0.999 9,
B HEAE 5.63~720.00 pg/mL B RIFL&TEC R, B
BT 1.05~134.00 pg/mL 5 RIFLMEL R,
TEWIAE ZAE 1.00~128.00 pg/mL 5 R EFLEMEIE R .
2.1.6 AEEEAE  REIRE 2 SRA N
W % “2.1.17 AL E R IR 6 I, KR
G P EAR R BE R TRE R 1
o AR I F o5 RSD fE 23000 0.53%. 0.74%.
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. BEREEAI TSR R ) AT A, TR
73 40 RSD E 43 5100 1.74%+2.47%+2.32%,
T2 LB R

2.1.9  JFEEIRCRRIRE B E ) R — 2
Yo [ 388 o Foksr 28 7 Th 2 ) LU FR I 25 8E 4 g, K
FHRE, L6y, FR “2.1.37 WUTVERIAFEEE:
SV, BEO SORT R IO B R T R it A 3.0
mL. BSE5 DR AR A 20 i #5960 pL,
G P TR, FE R AR AT I e, B R
I Il 99.2%, RSD {H 4 2.59%;
A R T35 [ % K 97.52%, RSD {H A 3.31%; 1
WAL P2 IR Hg 96.65%, RSD {HN 3.72%.
2.2 EXREIEIT

221 K& 7R IR R B
S SR Y10 R 5 3 FhFR bR AP R T 4
ANHZE: LEAARBY B (A $REURTE] (B). $#2HL
W (C). 2 (D), 34T 4 BZE 3 KT Lo(3%
BRI W, Tk s AR T 2. WK 1.
222 WRE7VE IR R ALy Th 2 L
BIFRECZHF 200 g5 359 17, %M IEASIRE W TH 41
AT, BRI PE 1 R, RIRERIUS 04
g, FERZEKRBRT, IR R, N 50
mL S, NMAEER LR, RS, RS B IR

=N
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F1 L) EXRBREHARRER n=3)
Table 1 Design and results of Lo(3%) orthogonal test (n = 3)

SES FECE(ngg ™)

s _ CRA VR
A% B/h C/C D/fi% HRER B TR
1 55(1) 1.5 (1) 60 (1) 15 (1) 1790 10.15 5.80 0317
2 55 (1) 2.0 (2) 70 (2) 20 (2) 1923 15.20 5.30 0.342
3 55(1) 2.5(3) 80 (3) 25 (3) 2140 13.10 6.45 0.379
4 70 (2) 1.5 (1) 70 (2) 25 (3) 2212 6.10 5.60 0.388
5 70 (2) 2.0 (2) 80 (3) 15 (1) 1860 7.80 5.95 0.328
6 70 (2) 2.5(3) 60 (1) 20 (2) 1900 14.70 4.90 0.337
7 85 (3) 1.5 (1) 80 (3) 20 (2) 1980 7.30 4.50 0.348
8 85 (3) 2.0 (2) 60 (1) 25 (3) 2168 1.54 4.40 0.384
9 85 (3) 2.5(3) 70 (2) 15 (1) 1852 7.30 5.15 0.326
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52 mL &1 250 mL s, IHRERZE, f5,
BIF3 9 MRS, B ECE KA N &R . S ia
EERE . BRI R IRICE . $2H
K= FARbR I ) R AR M R, BRI 1
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WETE 2 FIRCE 2050 5104 0.1734 0.436 11 0.391, %%
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PRZE N 4 B T 3
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K S5 7y =X, BN A 1000, HT i
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N 1X107, HAhSHIS BN BAME. 1B R B
RIGHEAT R, L FIEG RN 4 R~ Bt
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H 0 48 TR 2 S PPl 0.389 0 45 F11% 45 JL I 44T
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[ 80 C, LFEHIHE 25 fif.

2.5 IHERIE
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M, FE4fy, BT CREFARIRTRICEE, e S
i B MR 38 . BRSSP AE R AR IOR . 4
R 20 3R 2 WA, HoPZRa PR E R 0.394,
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Table 2 Varification under optimal condition

FRECE/(pgg ")

Gl 7 : : —— ZiEIPA
BRE BEREE UWIER
1 2278 10.90 5.05 0.401
2 2220 11.00 5.70 0.392
3 2187 10.10 5.65 0.385
4 2254 9.65 5.00 0.397
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WP /K AT B FE Ve RE VI PR il 5. B
BRI AE WS B, R B BRI H 0.1%
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