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Abstract: Objective To optimize the extraction process of Beiliujinu (Siphonostegiae Herba, SH)-Gushibu (Drynariae Rhizoma,
DR) by network pharmacology and design space method, determine the range of extraction process parameters, improve the
utilization rate of raw medicinal materials and reduce energy consumption, so as to reduce carbon emissions and protect the
environment. Methods The active components were screened by network pharmacology, and naringin and luteolin were
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determined as the index components under the relevant items of “Chinese Pharmacopoeia” 2020 edition. The Plackett-Burman
experimental design was carried out by Minitab 17 software. The extraction times, extraction time and solvent multiple were
preliminarily determined as the critical process parameters (CPP). The Box-Behnken three-factor three-level experimental design was
carried out by software Design-Expert 10, and the mathematical model between the critical quality attribute (CQA) and CPP was
established. Finally, the probability-based design space was obtained by Monte Carlo method, and the interior and exterior points
were verified. Results The optimal extraction process was determined as follows: ethanol concentration 45%, extraction three
times, extraction time 2—3 h each time, and solvent multiple 11—15 times. Conclusion The verification results show that the
theoretical value obtained by using the design space method to optimize the extraction process of SH-DR is close to the predicted
value, indicating that the method is stable and reliable, which can avoid the potential excessive extraction drawbacks of conventional
design methods, and can save resources and reduce carbon emissions in mass production.
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Fig. 1 Component-target gene interaction network diagram
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Table 1 Solvent screening results table

RIS XTIk Xofh Xslf& Xal% Yi/mg Yo/mg Ya/% 255 1E5)
1 2 10 0 75.60 0.19 875 38.00
2 10 45 170.19 22.26 8.78 95.60
2 10 50 11250 14.76 7.68 67.54
2 10 55 122.80 21.26 7.96 81.00
2 10 60 6.04 20.63 8.11 52.89
2
2
2

10 65 95.49 2397 7.76 78.46
10 70 154.65 25.01 7.70 93.89
10 75 138.54 21.157.26 82.93
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1
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0.004 X4: Y3=0.014 5+0.020 43 X;+0.011 47 X+
1.633X 1073 X3—2.15X107% X4o HZENHH N 3,
HHR 3 Al A1 Y1 ~Y3 %) Xo~Xo B X3 B3, FriEfL
RS pareto LI 3, HIE] 3 AT AAKRE SR
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BEREEL Xs VBN FL A IS4 T 255
2.4.3 Box-Behnken SEEGT T B EHEHIEL (XD
FEHUBTIE] (XD~ IIVEEAEEL (Xo) XAt & il -#
PEAMER T Z g2 A, I H % Design-Expert



PR P 202448 #53% B8 Chinese Traditional and Herbal Drugs 2022 April Vol. 53 No. 8 © 2345«
# 2 Plackett-Burman S2Iig i 54 R
Table 2 Plackett-Burman experimental design and results
WIS XK Xolh XalfE Xal% Yimg  Yo/mg  Ya/% | i385 XUk Xolh Xalff Xa% Yi/mg  Yao/mg  Ya/%
1 1 3 15 60 116.23 16.28 8.55 7 3 3 15 40 149.73 2137 1275
2 1 1 8 40 56.88 440 5.09 8 3 1 8 40 99.66 14.77 951
3 3 3 8 60 159.72 1410 11.90 9 1 3 15 40 8277 1236 7.70
4 1 1 15 60 89.19 16.65 7.02 10 3 1 8 60 9144 1262 8.28
5 1 3 8 40 9012 842 711 11 1 1 8 60 3229 725 4.09
6 3 1 15 40 13296 2442 10.95 12 3 3 8 60 13397 19.28 10.69
x=3 HESH
Table 3 Analysis of variance
RZE Y1 Y2 Y3
%ﬁngEWﬁ¥ﬁﬂ Wy P P EXUSFSM BJ7 FE PE EBUSFSR By FiE PHE
BA 4 12592700 3148.180 7.660 0.011  257.780 64.445 3.820 0.059 7.036X1073 1.759X10°° 18.240 0.001
i 4 12592700 3148.180 7.660 0.011  257.780 64.445 3.820 0.059 7.036X1073 1.759X10°° 18.240 0.001
X1 1 7500.000 7500.000 18.250 0.004  141.453  141.453 8.390 0.023 5.010X10°° 5.010X 1072 51.960 0.000
X2 1 4412900 4412.930 10.740 0.014 11.407 11.407 0.680 0.438 1.578X10° 1.578X 107 16.360 0.005
X3 1 670.200 670.210 1.630 0.242  104.903  104.903 6.220 0.041 3.920X10* 3.920X10* 4.070 0.084
Xa 1 9.600 9.580 0.020 0.883 0.016 0.016 0.000 0.976 5.500X 1075 5.500X 10> 0.580 0.473
R 7 2 877.400 411.060 117.988 16.855 6.750X10* 9.600X10°°
i 1 375.768 375.768 7.711X10°°
%, # 4 Box-Behnken IRt 5L£ER
Table 4 Box-Behnken experimental design and results
X2 g5 X IR Xolh  Xs/ff Ydmg  Yaimg Y%
1 2 2.0 8.0 21812 2417 8.68
. 2 2 20 150 296.80 3537 10.66
X4 2.365 3 3 20 115 38624 4092 1227
4 2 1.0 8.0 23117 2142 8.08
0 1 2 3 4 5
KRR 5 2 15 115 29483 2613 956
E3 FRENMRIE pareto B (TRIALAITS, o =005) 6 3 15 150 37339 4073 1194
Fig. 3 Pareto diagram of standardization effect (response 7 1 1.0 115 13235 1561 5.59
value is a comprehensive score, a = 0.05) 8 2 1.0 150 266.76  30.12 9.24
10 1 Box-Behnken %1t 3 Fl& 3 /KPS, 193 9 2 15 115 26091 2868  9.82
17 Nk d, HpdhoAEE 5 RiRK, 10 2 15 115 27903 2512 958
Box-Behnken Sz i 5545 5 .32 4. 1 1 20 115 18765 2119  7.12
25 ENFM-BHAMEM T ZHMEMBIE 2 1 15 150 18937 2178 753
iZ il Box-Behnken S2i /a4t B, %H Monte 13 2 1.5 115 27869 2966  9.26
Carlo FAKHUE T bR UL 280, Wi 4ehL 14 1 15 80 12754 1325 555
BUDL10 000 7K, KN 0.02, iAbpER A 09 15 3 15 80 26744 2340 1041
AJ DL AR R Ha R AT A 1 4k BL34-98] g ST kAR ], 16 2 15 115 280.22 25.63 9.37
17 3 1.0 115 309.85 24.49 9.20

K Matlab (2016b) 3 f4-#2 4L Monte Carlo {5 &
A E SRR W - B AME I T 2 S50 it
| (- 4.

R T2V e S A (-1, 0.9,
-0.9). S (-0.9, 0.94, —-0.78) “FATi#4T 2 4H5L
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Fig. 4 Space diagram of extraction process design of
SH-DR
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Table 5 \Verification of design space results

5 XUk Xo/min Xs/fF Yimg Yo/mg Ya/% ZEEPEa
1 2 116 10 127.78 26.39 9.81  99.99
2 2 116 10 126.04 18.03 956 86.27
3 1 114 9 7657 1519 6.38 60.01
4 1 114 9 79.04 1301 595 56.60
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