PER 202218 B53% H 1 Chinese Traditional and Herbal Drugs 2022 January Vol. 53 No. 1 +51-

BT SR AALEIER ff SRR H 2 H 5

MRt 12, k4R L2, HRE4 L2, E 2 L2 iR LY
1. WL KEZ524 08, 299015 B2 LR, Wil Bl 310058
2. HAHHEZFE SR E Wil KA X BHE L, Wi il 310058

# E: BY FEPISREGEEANR, ISR CZREERKT. FE  ETHIRIRS LR % 5P 200
PP ER RS el . EOREE T HURIERY, SR L2440 T PHR BRI IS, 125 240, T i ma 37 dh ik g o7
T2 SR N1#SH KRR, BR &3 7MW B (salvianolicacid B, SAB). FHER E (salvianolic acid E, SAE).
S (lithospermic acid, LA). FHBEZ A (salvianolicacid A, SAA) FIfFZFK (salvianicacid, DSS) 5 R4 HIHEHE) /1
SR BETVIGIESS AL By PR B HERR . FHRER A FIPHS RGBT 4060 2 2510 151.85. 2776
19.46. 214.61. 105.68, BB BINMMERRLF. 518 B TSRS REEREMNE. L2235, iR T xR,
NFHSARBUOL R i SR AL R AR

KRR HORIRZ): PR, P2 RIG SRR, PHRER: BRI 2R

HhESES: R283.6 SCERFRASRS: A MXEHRS: 0253 -2670(2022)01 - 0051 - 09

DOI: 10.7501/5.issn.0253-2670.2022.01.008

Study on extraction Kinetics of Salviae Miltiorrhizae Radix et Rhizoma based on
data-driven and mechanism model

CHEN Ze-qi" 2, XIE Xin-yuan'-2, CHEN Si-ming'- 2, FU Hao'2, QU Hai-bin':2

1. Pharmaceutical Informatics Institute, College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310058, China

2. Innovation Center in Zhejiang University, State Key Laboratory of Component-Based Chinese Medicine, Hangzhou 310058,
China

Abstract: Objective In order to obtain the process knowledge of Danshen (Salviae Miltiorrhizae Radix et Rhizoma, SMRR) extraction
and improve the level of quality control in extraction process. Methods The transfer and transformation rules of salvianolic acid in
the extraction process of SMRR were studied based on data-driven and mechanism modeling methods. First, the extraction kinetic
parameters of salvianolic acid under different process conditions were obtained by mechanism model, and then the relationship between
the extraction kinetic parameters and process parameters was established by response surface methodology. Results The extraction
kinetics models of salvianolic acid B, salvianolic acid E, lithospermic acid, salvianolic acid A, and salvianic acid were established. The
results of model validation showed that the average absolute deviations of salvianolic acid B, salvianolic acid E, lithospermic acid,
salvianolic acid A, and salvianic acid were 151.85, 27.76, 19.46, 214.61, 105.68, respectively, indicating that the models performed
well. Conclusion This study revealed the relationship among raw material attributes, process parameters and product quality
attributes in the extraction process of SMRR, and provided theoretical knowledge for the quality control of its extraction process.
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Fig. 1 Main degradation pathway of salvianolic acid B during extraction process!'4
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Table 1 D-optimal experimental design and fitting results of SMRR extraction process

5 RE/K pHIE BAWE/(Lmin™) gk wwes  lgd  1gB gk wmme 1gC gk wsw gD 1gE  1gF  1gG

1 363.15 3.6 0.5 —3.795 2.021 —2.030 —2.726 —4.524 —2.204 —3.553 -5.762 —4.096 —

2 35315 6.0 0.5 —3.493 1911 —2.216 —-3.914 -3.799 —2.782 —3.785 —6.713 —4.360 —8.124

3 35315 6.6 1.5 -3.112 1910 -2.223 -5.000 —3.418 —2.809 —3.723 —6.642 —4.358 —7.139
4 35315 6.6 0.5 -3.211 1.926 -2.147 -5.000 -3.367 —2.721 —-3.727 —6.593 —4.288 —7.343

5 36315 48 1.5 —3.557 2.054 —2.051 —2914 —4.137 —2.332 —3.554 -5.794 —-4.042 —

6 37315 3.6 1.5 —3.281 2.152 —1.927 -2.473 —4.139 —2.029 —-3.436 —-5.222 -3.779 —

7 35315 3.6 1.0 - - - - - - - - - -

8 353.15 3.6 1.5 —4.438 1.883 —2.234 -3.124 —-5.199 —2.648 —3.817 —6.877 —4.487 —

9 36315 6.6 1.0 —2.628 2.136 —1.849 —2.820 —2.813 —2.324 —3.449 -5.670 —3.976 —6.160
10 35315 42 0.5 —4.063 1.860 —2.257 -3.149 —4.893 —2.674 —3.801 —6.780 —4.474 —
11 373.15 3.6 0.5 —3.142 2.160 —1.921 -2.474 —-4.165 —2.017 —3.410 -5.228 -3.816 —
12 37315 6.6 0.5 —2.333 2209 —-1.615 —2.443 -2.545 —1.942 —3.320 —4.966 —3.775 —5.493
13 36315 5.4 1.0 —3.354 2.084 —2.049 -3.169 -3.810 —2.379 —3.534 —5.837 —4.040 —8.125
14 37315 6.6 1.5 —2.342 2293 —-1.654 —2.498 -2.511 —2.000 —3.259 —5.027 —3.772 —5.520
15 37315 48 1.0 -3.101 2.160 —1.922 —-2.577 -3.795 —2.065 —3.411 —-5.219 —3.805 —7.154
16 363.15 5.4 1.0 —3.298 2.123 -2.016 —-3.019 -3.754 —2.344 —3.498 —5.783 —4.021 —7.804
17  363.15 5.4 1.0 —3.270 —2.044 —2.059 -3.048 —3.742 —2.344 —3.539 —-5.705 —4.006 —7.634
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Table 2 ANOVA results of phenolic acid kinetic model parameters

T S 4 R ur pH e pH2 pH/T R?
lgk nwme  14.243 (0.000) —6 320.120 (0.000) —0.445 (0.000) - 0.077 (0.008) - 0.976
IgA 7.492 (0.000) —2 025.370 (0.000)  0.028 (0.001) - - 0.949
IgB —2.036 (0.000) 206.608 (0.000)  1.294 (0.000) - 0.034 (0.001)  —574.747 (0.000) 0.980
lgk nwme  —36.440 (0.000) 12 580.100 (0.000) 11.440 (0.001) - —4245.130 (0.001) 0.904
lgC 9.751 (0.000) —5 998.230 (0.000)  0.573 (0.000) - - 0.977
lgh #wm 4.183 (0.000) —2335.260 (0.000) 1.216 (0.092) - —447.987 (0.012) 0.980
IgD 3.835(0.000) —2 749.920 (0.000) 0.036 (0.000) - - 0.965
IgE —173.562 (0.000) 132 139.000 (0.000) 0.067 (0.000) —25 902 300 (0.000) - 0.994
IgF 6.694 (0.000) —4 075.500 (0.000) 0.156 (0.011) - —0.012 (0.008) - 0.962
1gG 89.346 (0.000) —37 551.500 (0.000) —9.325 (0.000) - 3'809.580 (0.013) 0.959
5 PR S RSO P B, “—” AL ARFRAZ TRt 00 (R AR 3%

the parentheses are the corresponding P values of each regression coefficient, “~” indicates the corresponding item with no significance
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Fig. 2 Contour of phenolic acid kinetic model parameters
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Table 3 Optimized results of regression coefficients
T S 4 wHI ur pH e pH2 pH/T
lgk yimm B 17.242 —7014.186 -1.018 - 0.146 -
1gA 7.607 —2 043.805 0.015 - - -
1gB 8.148 -3 785.927 —0.863 - —0.014 355.184
lgk simm e —84.190 28 628.946 23.242 - —8283.846 -
1gC 10.570 -6 730.172 0.780 - - -
lgk som 11.161 —4 833.202 -0.279 - - 86.446
gD 4.008 -2 816.820 0.040 - - -
1gE —150.027 114 827.220 0.021 —22 692 084 - -
1gF 8.571 —4172.028 —0.587 - 0.069 -
1gG 96.846 —41016.786 —-11.207 - - 4571.111
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Fig.5 Predicted values of optimized phenolic acid kinetic models against measured values
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Fig. 6 Predicted results of validation group
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Table 4 Average peak area and average absolute deviation

of salvianolic acid in validation group

% S U T AR P38 24 % 2
FHEA R B 9 109.97 151.85
FHRH R E 465.60 27.76
B 785.94 19.46
FHR R A 1631.51 214.61
VEE ¥ 647.29 105.68
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