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Research on Water Extraction Process of Flos Lonicerae-Fructus Forsythuae Based on Network Pharmacology and Design

Space

CUI Ting, LI Meizhou, GAN Lifan, LIN Jiaming, LIANG Lijin, HUANG Xingpeng, ZHANG Zhipeng

(Guangdong Yifang Pharmaceutical Co. Lid., Guangdong Provincial Key Laboratory of Traditional Chinese Medicine Formula Granule,
Foshan 528244, China)

ABSTRACT: OBJECTIVE To optimize the water extraction process of Flos Lonicerae-Fructus Forsythuae and determine the range
of water extraction process parameters. METHODS The active components were screened by network pharmacology, and the indica-
tor ingredients were determined in combination with the quality markers under the relevant terms of Chinese Pharmacopoeia 2020 edition
and the literature. Take exiraction yield and the extraction rate of the indicative component as the critical quality attributes of the water
extraction process to screen critical process parameters. The mathematical model was established by Box-Behnken experimental design
to investigate the interaction between CQAs and CPPs and build the design space of the water extraction process of Flos Lonicerae—Fruc-
tus Forsythuae. RESULTS The extraction percentages of phenolic acids, forsythoside A and forsythin were screened as the index
components; specifications of medicinal slices, extraction time and water addition were the key process parameters. Based on the estab-
lishment and optimization of the design space, the optimum water extraction process was obtained as follows: the medicinal slice of
Lian-Qiao was broken into 0. 8~1.2 cm, adding 12 times the amount of water in the first and extract for 30—50 min, 10 times the a-
mount of water in the second and extract for 25-30 min. CONCLUSION The verification results show that the measured value ob-
tained by using the design space method to optimize the water extraction process is close to the predicted value, indicating that the
method is stable and reliable, which can provide ideas for its further process development and quality control for the couple medicines
of Flos Lonicerae-Fructus Forsythuae.
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Table 1 The key active components of Flos Lonicerae-Fructus Forsythuae

T FLTEI L AT WU A 2406 P RO IR T I I 3 SR
AT R, 33 IR R LR 1,

#H4y  MOL ID Ew Pubchem CID OB/% DL/%
MOL000449 [ER] 5280794 43.83  0.76
MOL001494 Mandenol 5282184 42.00 0.19
MOL001495 W RER 2 TR 6371716  46.10  0.20
MOL002773 B-M4a%x 5280489 37.18  0.58
MOL002914 Eriodyctiol ( flavanone ) 373261 41.35  0.24

(=)-(3R,8S,9R,9aS,10aS) -9-ethenyl-8- ( beta-D-glucopyranosyloxy ) -
A~ MOL003006 2,3,9,9a,10, 10a-hexahydro-5-oxo-5H , 8 H-pyrano[ 4 ,3-d ] / 87.47  0.23
R . L
M oxazolo[ 3,2-a] pyridine-3-carboxylic acid_qt
f MOL003014 Secologanic dibutylacetal _qt / 53.65 0.29
MOL003036 ZINC03978781 11870462  43.83  0.76
MOL003044 Chryseriol 5280666 35.85  0.27
MOL003095 S-FRFE-T-FHEI-2-(3,4,5-=HEFERL) (AR 10970376  51.96  0.41
MOLO003111 Centauroside_qt / 55.79 0.50
MOL003117 loniceracetalides B_qt / 61.19 0.19
MOL003128 Dinethylsecologanoside / 48.46  0.48
MOL000173 Wogonin 5281703 30.68  0.23
MOL000211 Mairin 64971 55.38  0.78
MOL000522 A 100528 69.67  0.88
MOL000791 Taf F 4T 10237 81.25  0.57
MOL003283 (2R,3R,4S)-4-( 4—H}.fdroxy—3—metho?(y—phenyl) -7-methoxy-2,3- 160521 66.51 0.39
dimethylol-tetralin-6-ol
MOL003290 (3R,4R)-3,4-Bis[ (3,4-dimethoxyphenyl ) methyl | oxolan-2-one 384877 52.30 0.48

i MOL003295 (+) A BB o Lk / 53.08  0.57
MOL003305 R 24721571 36.40  0.86
MOL003306 AConl_001697 21722915  85.12  0.57
MO1003308 (+) —FANETs 5 B k- 4—D-B- A A / 61.20  0.57
MOLO003315 3Beta-acetyl-20,25-epoxydammarane-24alpha-ol / 33.07 0.79
MOL003322 T S P / 95.04  0.57
MOL003330 (-) - ER 3083590  42.06 0.74
MOL003347 Hyperforin 441298 44.03  0.61
MOL003370 Onjixanthone | 5320290 34.45  0.84
MOLO000006 ARRFE 5280445 36.16  0.25
MOL000098 Witz & 5280343 46.43  0.28
MOL000358 B4 B 222284 36.91  0.75

4 MOL000414 WP 1549111 54.97  0.05

JH. MOL000415 BT 5280805 3.20 0.68

B MOL000422 122 5280863 41.88 0.24

PERL  MOL003065 [SES N 9798666 10.48  0.33

4% MOL003066 BTk R 5280633 10.65  0.33
MOL003068 4,5-——0-MnHEBE 4 TR 6474309 1.73 0. 69
MOL003331 ERMEETE A 5281773 3.05 0. 61
MOL003871 ES NI 1794427 13.61  0.31
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Fig.2 Analysis of GO function of ingredient action targets of Flos Lonicerae-Fructus Forsythuae
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102. 85% .101. 60% , RSD & 435K 1. 34% 1. 15% .
0.95% .0.32% .0.91% 2. 76% 1. 47% , 3¢ BHZ 7 1
ISR R 4f
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Fig. 6 Fishbone diagram for water extraction process

parameters of Flos Lonicerae-Fructus Forsythuae
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1.5 cm W5 1.0 em W5 0. 8 em EFE 0.5 cm
FIARRVGOR WA BRI R 5 45 8T ik &, @ it
] 351 A — A 20 min, —Fi 15 min, —FI 30 min, —.
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B 60 min , FEATHRIURE F] B R 25 4 S5 R IL3E 3 ~
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JEHEARAAE FEAR R RSN S A ; Bl £
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S5 AL R 25 Wy P Jo | 193 1R 288 1 Y AR B
Jo B Ay SR AR B0, W o 4 B AL — TR 24 0 4R T
2% 5 /INIRE N 0. 8 em, i KK B U 8] S — I
60 min, —F{ 30 min, JF-Z % ( Hh 24 7 MUK TR 4%
] 5 bR RE B ZR ) A S oK B 5
FE S MK A HCh — RO 12 A% &K, R 10 fi%
2K,
2.4.4 CQAs fll CPPs UffiE  FET LU EAAR L
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W% 58 CQAs, FEIUILAR (X, ) | & Ut i)
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Table 3 Single factor extraction specification

investigation
& N
FEHGR —— om— R/
#%/cm ESM;C Lﬁ AH R R %
A 2. 14 1.52 0.10 26. 61
1.5 1.93 2.71 0.16 29.93
1.0 2.09 3.50 0.20 31.70
0.8 1.96 3.98 0.24 32.46
0.5 1.95 3.30 0.15 32.46

B P B 2 KA 2024 4F 1 56 40 B4 1 )

R4 BERFRNAEZE

Table 4 Single factor extraction time investigation

FEHCR/ %

L R

[]/min RLES i jusSiRes %
% A

20+15 2.27 3.37 0.23 33.13

30+30 2.33 3.34 0.23 34.02

60+30 2.47 3.38 0.26 35.29

60+60 2.51 3.38 0.27 35.86

T :30+30 F/R—RIATA 30 min, ZRIATZ 30 min,

2.5 Box-Behnken j%;

2.5.1 Box-Behnken {52111 F|H Design-Expert
11 B AF AT = R =K 17 YOS, Kb
HEE 5 RIS,

%5 Box-Behnken ZWM T ZSHRKFIRITEER

Table 5 Process parameters and levels design and results of Box-Behnken experiments

SES M 7 L
s

X,/cm X,/min X, Y\ /% Y,/ % Y,/ % Y,/ %
1 1.0 60+30 12+10 35.63 2.45 3.34 0.28
2 1.5 30+30 10+8 32.31 2.32 3.03 0.21
3 1.0 60+30 10+8 33.62 2.13 3.03 0.23
4 1.0 30+30 11+9 33.81 2.34 3.42 0.25
5 0.8 20+15 11+9 33.07 2.23 3.54 0.24
6 1.5 60+30 11+9 34.59 2.41 3.11 0.26
7 1.0 30+30 11+9 34.20 2.30 3.36 0.24
8 1.0 20+15 12+10 33.92 2.32 3.50 0.24
9 0.8 30+30 10+8 33.51 2.29 3.57 0.24
10 1.0 30+30 11+9 34.48 2.26 3.29 0.24
11 1.0 20+15 10+8 32.21 2.24 3.17 0.22
12 1.0 30+30 11+9 34.18 2.31 3.33 0.24
13 1.5 30+30 12+10 33.50 2.35 3.17 0.24
14 1.0 30+30 11+9 34.17 2.29 3.30 0.24
15 0.8 60+30 11+9 34.81 2.29 3.32 0.28
16 0.8 30+30 12+10 34.57 2.39 3.62 0.26
17 1.5 20+15 11+9 32.32 2.26 2.90 0.20

1 :60+30 F/R—RIAT 60 min, ZFIFI 30 min;12+10 Fn— R0 12 587K, ZFiin 10 fE&8K .,

2.5.2 BAIPYES 5P SR M 20
Xt 44 CQAs(Y, .Y, Y, .Y,) AR CPP(X, X,
X)) AT A, @ mIE B F .Y, =34 17 -
0. 405 0X,+0. 891 3X,+0. 764 3X,+0. 132 5X X, +
0. 032 5X,X, + 0. 075 OX,X, - 0. 421 5X,” -
0.049 0X,”-0. 274 0X,*; Y, =2. 30+0. 017 5X, +
0. 053 8X,+0. 041 3X,+0. 022 5X,X,-0. 017 5X, X, +
0. 010 0X,X,+0. 000 0X,*-0. 002 5X,>+0. 037 5X,;

Y,=3. 34-0. 230 0X, - 0. 038 7X, +0. 103 8X, +
0.107 5X,X, + 0. 022 5X,X, - 0. 005 OX,X, -
0.017 5X,2-0. 105 0X,?+0. 025 0X,>; Y, =0. 242 0
0.013 8X,+0. 018 7X,+0. 015 0X, +0. 005 0X X, +
0. 002 5X,X, + 0. 007 5X,X, — 0. 001 OX,> +
0. 004 0X,?-0. 003 5X,>,

2 m A R RE R 5 H R
0.943 1,0.871 0.0. 926 3.0.935 4, % R* 435K
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%18 — 55 —

0.869 9.0.705 0.0. 831 6.0.852 4, JFFEMILEH
KRBR IR T 0. 87, F HHIZA A Gt fi B R o
Wil o7 (A A8 Ak, TR AR O 220 R KT 0. 70, 21

(] AR TR D5 BE Bt | Al DA Z A R HEA T 40T
2.5.3 ESH R Design-Expert 11 8%
Y as AT 25001, T =i R Lk 6,

Fz6 MEIFRBFESWMER
Table 6 ANOVA results of regression model
) Y, Y, Y, Y,

KR F P F P F P F P
iR 12. 88 0.001 4 5.25 0.0199 9.78 0.003 3 11.27 0.002 1
X, 11.38 0.011 9 2.37 0.167 3 60. 12 0. 000 1 23.27 0.001 9
X, 55.12 0. 000 1 22.39 0. 002 1 1.71 0.232 7 42.37 0. 000 3
X, 38. 64 0. 000 4 13.19 0. 008 4 12.23 0.010 0 27. 69 0.001 2
XX, 0. 61 0. 460 7 1.96 0.204 0 6.57 0. 037 4 1. 54 0.254 8
XX, 0. 04 0.853 6 1. 19 0.3120 0.29 0. 608 3 0.39 0.554 8
X, X, 0.19 0.6720 0. 39 0.553 3 0.01 0.908 5 3.46 0.105 1
X2 6. 49 0.038 3 0. 00 1. 000 0 0.18 0.681 5 0. 06 0. 806 4
X2 0. 09 0.775 7 0. 02 0.877 6 6. 59 0.037 1 1. 04 0.3425
X2 2.74 0.1417 5.74 0.047 8 0.37 0.560 2 0.79 0.402 6
EIou 3.41 0.1332 1.50 0.3429 4.64 0.086 2 6.25 0.054 4

6 WLAE M, 3 IR 28 o $E LR
AT A $RIBCR 3 T B R g ] ) A5 A
JrZEY B (P<0.05) , RPN 25 | 32 0 T AR
R Ge b2 75 S, 4% B 3R 55 ) 17 1 =2 1] T A
MR, Y, Y, IUT X, X, X, [ P {EE/NT0.05,
RHZ=AHEE Y, Y, HHABEZW, Y, T
X, X, /) PAE/NTF 0.05, 38 X, XF YV, TCH20,
SAEEREEHT A X, >X>X,, XX, X XS
X, X, B P IHI KT 0.05, =AW E ML EAE
Xt Y, Y, Y, BEmR B, Y, WX, X, B
PA{E/NTF0.05, %0 X, XF Y, TCREM, =R Z 50
BEHET 0 X, >X,>X,, X X, XX, ) PEHHKT
0.05, W KK 128 BAE X Y, 15 AN 3

%

XX, 1 P4 0.037 4,/MT0.05,&W] X, Al X, 1)
EHAR X Y, PSR,
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Fig.7 Contour analysis and response surface figure of content of extract rate
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Fig.8 Contour analysis and response surface figure of the extraction rate of phenolic acids
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Fig.9 Contour analysis and response surface figure of the extraction rate of forsythoside A
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Fig. 10 Contour analysis and response surface figure of the extraction rate of forsythin
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Fig. 11 Design space of water extract process of Flos Lonicerae-Fructus Forsythuae
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Table 7 Selection of experimental verification points for design space
=2 X,/em X,/min X, TR A H i B
YZ1 1.0 45+30 12+10 Y, \Y, .Y, Y, YITE 95% B A5 X [N
Y72 1.2 30+15 12+10 Y, Y, Y, Y, TIAE 959 EAR X 6] N, R4 7E X ] Ak
Y73 1.5 20+15 12+10 Y)Y, Y5 Y, BIANTE 95% 845 X ] 4

T :45+30 FR—FIHTE 45 min, RN 30 min; 12+10 FR— A0 12 F5E7K, R0 10 58K,
F8 FITTHEBIEER( %)
Table 8 Results of verification test for design space( %)

Y, Y, Y, Y,
T SEIE ToE SENME To{E SENE A SENE
YZ1 35.12 35.24 2.33 2.37 3.44 3.58 0.27 0.26
Y272 33.98 34.32 2.26 2.21 3.42 3.63 0.24 0.26
YZ3 33.56 33.13 2.22 2.27 3.08 3.18 0.21 0.23
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