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Optimization of extraction process of Impatientis Balsaminae Caulis

based on network pharmacology and mixture weighting methods”
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(1. Department of Acupuncture and Rehabilitation, the First Affiliated Hospital of Traditional Chinese Medicine of Chengdu Medical College,
Chengdu 610500, Chinaj 2. Department of Pharmacy, Chengdu Medical College, Chengdu 610500, China)

Abstract Objective: To optimize the extraction process of Impatientis Balsaminae Caulis in the treatment of
degenerative osteoarthritis based on network pharmacology, mixture weighting and response surface method.
Methods: Network pharmacology and L.C — MS techniques were used to determine the active ingredients of Impati-
entis Balsaminae Caulis in the treatment of osteoarthritis , and they were taken as evaluation indexes. The extraction
process of Impatientis Balsaminae Caulis was optimized by analytic hierarchy process( AHP) — criteria importance
through intercriteria correlation ( CRITIC ) mixed weighting method and Box — Behnken response surface design.
Results: Scopoletin, quercetin and kaempferol were the active ingredients in the treatment of osteoarthritis. The
optimal extraction process was to add 5 times of 82% ethanol and reflux twice, 35 min each time. Conclusion: The
treatment of osteoarthritis can be achieved by regulating target genes and related signaling pathways through various

active components. The weight coefficient determined by AHP — CRITIC hybrid weighting method is objective and
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reasonable, and the optimized extraction process is stable and feasible.

Keywords: Impatientis Balsaminae Caulis; osteoarthritis; network pharmacology; molecular docking; analytic

hierarchy process( AHP) ; criteria importance through intercrieria correlation( CRITIC) ; response surface method
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Tab.1 Basic information of 8 active compounds in Impatientis Balsaminae Caulis
CAS 144 (compound ) 23T (chemical formula) X430 fi & (relative molecular mass)

574 -84 -5 7% H7 2 (fraxetin) C,yHgO5 208. 167
117 -39 -5 i iz Z ((quercetin) CisH,00, 302. 236
92 -61 -5 7K B %5 N ( scopoletin ) CyHgO4 192. 168
520 -18 -3 1L 25} ( kaempferol ) CysH,Oq 286. 236
305 -01 -1 7% Hz 2, (esculetin) CyHg Oy 178. 141
99 -50 -3 JiJLZSHR ( protocatehuic acid) C,Hs0, 154. 120
83-72-7 2 - 3 - 1,4 — Z5[ (2 - hydroxy — 1,4 - naphthoquinone ) CioHgO4 174. 153
13306 -05 -3 K252 (cyanidin) CsH,, Og 287.244

225 4%, 4 4H 43 (cellular component,CC)39 2%, /3T

IhEE (molecular function, MF)63 4%, il 5 LK 3 25
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gets of Impatientis Balsaminae Caulis
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Fig. 2 Drug - disease target gene — protein interaction network
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Tab.2 Drug - disease core target genes

B 5 (target ) £, %% ( definition ) FE{E (degree) AL E (centrality)
SRC iy PR 8% 42 iR 2 1 J4 fif ( proto — oncogene tyrosine — protein kinase Src) 23 0.427 830 212
PIK3R1 NS BELEE 3 — #4759 3L o phosphoinositide — 3 — kinase regulatory subunit alpha) 17 0. 115 595 741
PTPN11 BB A R TR EFAE AZ 4 11 B (tyrosine — protein phosphatase non — receptor type 11) 15 0.073 224 353
ESR1 MEI 2 37 /7K ( estrogen receptor; nuclear hormone receptor ) 13 0.227 951 022
AKT1 AKT 22518/ 712 R 1% 1 ( AKT serine/threonine kinase 1) 11 0. 144 175 979
EGFR e e KR 1321 (epidermal growth factor receptor) 10 0. 019 349 643
PTK2 Kb BEI G 1 (focal adhesion kinase 1) 10 0. 051 542 837
PTPN1 s 4 iR 1 A W R T 3228 1 580 (tyrosine — protein phosphatase non — receptor type 1) 8 0. 048 275 949
PDGFRB i/ IRATHE A K R 75244 B (platelet — derived growth factor receptor beta) 7 0. 004 424 645
ERBB2 ZARES R IR I erbB —2 (receptor tyrosine — protein kinase erbB —2) 7 0. 086 726 065
GO Enrichment
GO0:0043066~negative regulation of apoptotic process - ]
GO:0046777~protein autophosphorylation - ®
GO:0070374~positive regulation of ERKland ERK2 cascade 13 { @
GO:0018108~peptidyl- tyrosine phosphorylation 4 @
GO:0001525~angiogenesis - =
GO:0001934~positive regulation of protein phosphorylation {1 e ~
GO:0007169~transmembrane receptor protein tyrosine kinase signaling pathway | e
G0:0048015~phosphatidylinositol- mediated signaling -
GO:0006979~response to oxidative stress - «
GO:0043406~positive regulation of MAP kinase activity -
GO:0005886~plasma membrane - o
G0:0005829~cytosol - @ count
GO:0016020~membrane - o : 4218
G0:0005576~extracellular region ® @ 50
E: GO:0005615~extracellular space - e g ogol0 P
5 G0:0005739~mitochondrion - o
GO:0048471~perinuclear region of cytoplasm 1 ® 12
GO:0016324~apical plasma membrane '’
GO:0043235~receptor complex u 6
GO:0031234~extrinsic component of cytoplasmic side of plasma membrane
GO:0005515~protein binding A @
GO:0005524~ATP binding A
G0:0042802~identical protein binding [
GO:0019899~enzyme binding 1 ®
GO:0004713~protein tyrosine kinase activity 1 @
GO:0004672~protein kinase activity - E
GO0:0004714~transmembrane receptor protein tyrosine kinase activity 1 @
G0O:0046934~phosphatidylinositol- 4,5- bisphosphate 3-kinase activity -
G0:0019838~growth factor binding -
GO:0005158~insulin receptor binding
215 5IO 7I5
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B3 GO E&EHH=IaE
Fig. 3 Bubble chart of GO enrichment analysis
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Tab.3 The active component is docked with the molecules of the main target
)i Wi 45468 (binding energy) / (keal » mol =1)
(component) SRC AKT1 EGFR ERBB2 ESR1 PDGFRB  PIK3RI1 PTK2 PTPN11 PTPN1
KB N TR (scopoletin) -6.3 -4.6 -4.0 -5.2 -5.5 -5.6 -5.4 -5.5 -6.3 -5.4
25 2 2.2 (esculetin) -6.7 -4.9 -4.7 -5.1 -5.3 -5.2 -5.6 -5.9 -6.2 -6.1
7% Ji2 2% (fraxetin) -5.8 -4.7 -4.5 -5.1 -5.7 -4.4 -5.5 -5.3 -6.2 -6.3
1L 25 5 ( kaempferol ) -6.1 -6.5 -5.7 -6.4 -7.1 -5.4 -6.9 -7.6 -7.4 -7.4
Hi Kz 2 ((quercetin) -6.2 -6.9 -5.4 -6.2 -6.4 -5.7 -6.4 -7.3 -7.1 -17.5
K35 % (cyanidin) -7.8 -6.7 -5.6 -5.8 -7.0 -5.9 -6.2 -7.17 -7.0 -7.6

252.0 g, HEEIR WL 1%, @A (T3 100 W, 5l %
40 kHz) 21 30 min, JC_F3E A 0. 22 wm flFLIE K
TLUE, BRI , BV
2.2.2 LC-MS  Fuigscfh: &4 ESI( H M
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Fig. 6 TIC chromatogram (A) and secondary mass spectra (B — D) of each component in Impatientis Balsaminae Caulis under positive ion mode

RO S



W S M F R ChinJ Pharm Anal 2024, 44(11) @

. 1938 -
2.3 PRSI E TR T
2.3.1 BAEXEEERAE S SRR RS

T ik E 2R L LLIZS B D6 RE T i A PR, IR By
AEZAS RS mL, FL ] BT A B2 1..02.1.00,1..00
mg + mL ™" YRR — A0 B S £ R, R O M
XTREH g 25 1. 25 ml, 11 2% B 4 B A AR 1. 73
mL, AR B R B i A 0. 72 mLL, i 75% L%
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Il
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Fig.7 HPLC chromatograms of mixed references (A) and Impatientis Balsaminae Caulis sample (B)
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50% 100% 150% (1) LB I A AR R 45 N B A 2%
11125 P o B S VAT, 2. 3. 27 T T i il A

W, 452 3. 37 WUN (i S F b AT , S5 R AR
T iR 3R L L2 I A AR [mDiSe 38 53531 Oy 102, 5%
98.6% .100.2% ,RSD 43 %]/ 2.0% .1.8% .1.9% ,
SRR LT E AR SRR & il g 2K
2.4 AHP - CRITIC A IAGE AL SR T2

2.4.1 Box - Behnken M 1 1 46 1. 75 i 38 %
TF o MR AR A R 2R, W 4R U ] (A)
(10.30.50 min) . ZEHE (B) (75% 85% 95% ) .
BREEL(C) (5.17.5 30 %) S #2 M A 2, $ R S0 [
E N2 K, M Design — Expert 12 ¥4, % -1.0.1
A9 =K i B, A5 48 A 8000 5 8 O R AL, EAT
Box — Behnken i i [ 5056 15 i F . BRI ZR K FE30 Tk
Uit INSEN e e

F4 MEERERITSER

Tab. 4 Response surface test design and results

s A HEH ] B Wk i C RHRLE JF i # (mass fraction) /(g - g7') L
(compf)ljd) (extraction (ethanol (solid - liquid FRETEI] Witz 22 1125 ( composite

time ) /min concentration ) /% ratio) (scopolide) ( quercetin) (kaempferol) score )
1 30(0) 75(-1) 5(-1) 77.159 80. 953 55. 863 71.911
2 30(0) 85(0) 17.5(0) 38.592 58.903 41. 456 50.291
3 10( -1) 85(0) 30(1) 45. 851 65. 501 46. 697 56.514
4 30(0) 85(0) 17.5(0) 58.187 37.160 43.734 42.163
5 30(0) 85(0) 17.5(0) 76. 118 38.011 44.578 45.258
6 50(1) 95(1) 17.5(0) 57.239 40. 295 39.097 42,115
7 50(1) 85(0) 5(-1) 81.394 72.722 60. 981 69. 864
8 10( -1) 75(-1) 17.5(0) 48.554 56.936 26. 868 45. 596
9 30(0) 95(1) 30(1) 58.218 41. 189 41. 305 43.467
10 30(0) 85(0) 17.5(0) 41. 051 59. 095 43. 062 51.263
11 30(0) 75(-1) 30(1) 66. 945 32.567 4.330 27. 473
12 30(0) 95(1) 5(-1) 55.419 52.206 48.559 51.387
13 50(1) 85(0) 30(1) 40.611 15. 810 3.546 14. 895
14 10( -1) 85(0) 5(-1) 45.110 66. 401 50. 490 58. 184
15 50(1) 75(-1) 17.5(0) 43.209 13.924 3.595 14.258
16 30(0) 85(0) 17.5(0) 45.162 65.528 53.075 58. 609
17 10( -1) 95(1) 17.5(0) 38. 629 9.087 31.347 20. 551

7E (note) ; $55 H & K -4t (horizontal encoding in parentheses )

2.4.2 AHPIETRAMERL KBEERHHARER
o R B ECER , s B 3 AT R a0 8 D8 e ity 4
AR T LARAL, 8 5 5 E 45 18 br B A0 e
M 2R LA B AR R PN A S BRK PR e, &
RIS o RAMBUERAG AR & NEE M E R 10
2P AL EE R A9 M 0. 125 3 0. 490 6 .0. 384 1, 5%

FAFAERL (3. 000) , AUAHRT 3 40 076 W 45 1)
CI {2}y 0. 000, R f#53¢ 4 0. 520, K UL 145454 81 CR
{40,000 ( < 0. 1) , kA YOI 40 07 45 A 2
R, A AT L — SO

2.4.3 CRITIC B:iMEEAUE 4442 4 i BBD it
SESGIATRREALALET, [ HSER M = (SEME - B/l

RO S
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Tab.5 Pairwise comparison matrix of each active ingredient

oy REENEE R =
( component ) (scopolide)  (quercetin) ( kaempferol )
R 75 N (scopolide) 1. 000 0. 250 0.333
#it 2 25 ( quercetin) 4.000 1. 000 1.250
11125 3 ( kaempferol ) 3. 000 0. 800 1. 000

i)/ CRRA - /M) ] AHRAR /= 3 (1-r,) |

=83 (1 -r) o, =c/ 3 ¢, AR Y XF Ho 3 2
(8,) ShIME(f) (I (o) JEHFALE (o)) , 450
3 6 IRFAR A M L2 R R
4394 0. 348 4 .0.357 3.0.294 3,

%6 CRITIC REHHER
Tab. 6 CRITIC weight calculation results

Py
i
et —
S REENBE itz 1Ly
(inspection index)
(scopolide) (quercetin)  ( kaempferol )
Xt L5 ( contrast intensity ) 0.003 0 0.004 0 0.004 0
e (conflict) 1.348 0 0.917 0 0.892 0
(& B 5t (amount of information)  0.004 0 0.004 0 0.003 0
FEHRNE (Index weight ) 0.348 4 0.357 3 0.294 3

2.4.4 AHP - CRITIC IR & MAGETHEANE it
AHP 1 CRITIC 5, 43 A H 580 AR B %5 O R WA
% N UJZ%%E@*XE%&W s ﬁf‘ﬂﬁ E%*ﬂi s Wi i = Wapp;
wcnmm/ ZwAHPij W CRiTIC 5 ﬂ“ %: ﬁ%‘ﬁ ;F\ ﬁ % W EE N W &
R LZEm 3 AR AR E N 0. 131 5,
0.528 0.0.340 5,

2.4.5 ZEHTEMEERM RS SR AHP 3% (CRITIC
3H1 AHP — CRITIC YA IAGE T3 AL R4, 47
X SR AE R TLR G VA AR LR T, NGETE
A3A3HT, %F AHP 3 5 CRITIC 3, AHP 3£ 5 AHP -
CRITIC J& 4 inA: (CRITIC 35 AHP — CRITIC j&
AL P PR AT AH DG PE 3 A, AH O R B B
0.971 1. 000 0. 971, = F Ak B2 (P <0.01) , i
A3 3 AHP 3 CRITIC #: 1 AHP — CRITIC J& &
BOETHE MR G158 0 A — Bk, WAUE 2404
Hr,AHP 3% 5 CRITIC 353+ 55 19 AL 2 B0AH OGPy
0.105, —#FARMA EZE (P =0.933>0.05) , Ui ¥

RWEHR L

THERMAGEERARESNME. SEE5FE, RE
AHP - CRITIC 1B AL

xRT 3WMIMEGRTEFER
Tab.7 Comprehensive scoring results of three

weighted methods

1385 ( compound ) AHP CRITIC AHP - CRITIC
1 70. 840 72.247 71.911
2 49. 657 46. 692 50.291
3 55.816 53.121 56.514
4 42.320 46. 420 42.163
5 45.308 53.220 45.258
6 41.958 45. 846 42.115
7 69. 299 72.288 69. 864
8 44.337 45. 167 45.596
9 43.367 47.156 43. 467

10 50. 676 48.090 51.263
11 26. 029 36.234 27.473
12 51.208 52.252 51.387
13 14. 207 20. 841 14. 895
14 57.622 54.301 58. 184
15 13. 626 21. 087 14. 258
16 58.193 54.767 58. 609
17 21.339 25.931 20. 551

2.4.6 FHEALELS 5 #T 12 ] Design — Expert 12
AR 4 A H R K-S AHP - CRITIC 5t
FZRER TG A5 B T FE
Y=-404.15 -3.624 +13.88B - 7.75C + 0. 066AB -

0.053AC +0.073BC —0.0224% - 0. 108> +0.058C*

r=0.976 6

H Y RIREGEE 1800, A Ron$E Ut (8] 1575, B

FOR CIEHRPERR o7, C Fon BRI A7 o BOE R BN
0.945 6, YL HIBE R 5 B RLAF, il Ia iR 22/, aT
WA RRS £5 5 VF 0 AT 70 B AT , Xof 122 46 2 0 £ 7
T, B R W 8, LALEG 15 20w LA,
P <0.05, StHZImH JyfE i 2 , i e e P =0.700 3,
T 1 7 NS S e I o £ T 74 AP B
Design — Expert 125445 31 77 7 55 = £k b w1z 1o [
DB € e ARSI 2248, L 8 0 MRS AU 40 5 4
RIFEE G PR D0 B 0L 5 1 35 B B4R T
LSRN S {5 82% LI, IR AEE 2 K,
AR 35 min,
2.4.7 TZEAE RN RERRTZ,
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Tab. 8 Analysis of variance results
Jr 2K ST H B ¥ir p »
(source of variance) (mean sum) (degree of freedom ) (mean square)
#71 (model ) 4 499. 02 9 499. 89 16. 02 0.000 7
A 197.13 1 197.13 6.32 0. 040 2
B 0.368 5 1 0.368 5 0.0118 0.916 5
C 1 485.01 1 1 485.01 47. 60 0. 000 2
AB 699. 65 1 699. 65 22.43 0.002 1
AC 710. 20 1 710. 20 22.76 0.002 0
BC 333.41 1 333.41 10. 69 0.013 7
A2 325. 40 1 325. 40 10.43 0.014 5
B 429.17 1 429.17 13.76 0.007 6
c? 351.62 1 351. 62 11.27 0.012 1
2% (residual error) 218.39 7 31.20 / /
H4T0 ( missing fit) 59. 85 3 19.95 0. 5034 0.700 3
4fii5 2% ( pure error) 158. 54 4 39. 63 / /
e 1E A ( corrected sum ) 4717. 41 16 / / /
I 1l il

43(composite score)

oz 220

S

<o

g)é\

0.5
A: R [ 1-1

(extraction time)/min

1. $2HUNE] 5 £ B3 B ((extraction time & ethanol concentration )

0
05
B: LERHRSE
(ethanol concentration)/%

[8] 5 RH EL (extraction time & solid — liquid ratio)
B8 EERXLEZEEDFMMA NG R

Fig.8 Response surface of the influence of various factors on the comprehensive score

43(composite score)
=]
=1

w20
<o

g)é\

(solid-liquid ratio)

II. Z15EHe 58K L ( ethanol concentration & solid — liquid ratio) Il $2HAT

0.5
1 0% AgEEU

C: Rtk

(extraction time)/min  (solid-liquid ratio)

11

03 B2k

(ethanol concentration)/%

BOE 525 b 3, A (il i i, e IR R ISR ICT ZR80E nl AT, Al T XUAL 2 B 55 25 44

FIEIR T 285 W, BRI 9. KWLk

R IZHIEHR

14 $ B A

Tab.9 Process verification results

R4 S ft (content) (pg - g7') RSD/
(‘component) 1 2 3 I (mean) %o
KB N TR (scopolide ) 78. 280 79. 483 78. 136 78. 633 0.94
i Jz 2 ((quercetin) 81. 648 82.326 81. 605 81. 860 0.49
111 25 i ( kaempferol ) 55. 698 56. 082 56. 575 56.118 0.78
254143 ( composite score) 72.369 73.016 72. 626 72. 670 0. 45

RO S
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3 itig JCE PR LE A o SV R T A (EE Uy ik

A5 R T 248 25 B2 ] 31 WP AR JRUAL
B EIRYT B R R BT P AT TR0, kB
AREE MR MR L2855 m] RE 2 HOR R ME T
FEIE Vo XS0 P o /E T EGFR (SRC |
AKT1 .ESR1 .PIK3R1 ,MMPO %5 3¢ #8159 11 8 1
Z SR (55 % (RAS {5538 % . PI3K - Akt {5
S HIF - 15 508 3% 55 R FEIR T3 R TR
ER

B R R AR AL 5 54 S 2 i (MMP) |
S PR R DAL G i g R I AT A A 2 b R 3R
FIMISE S 4% 2 F A I 45 S s RS B
B Z 07 B T R BT TETE PRy, (HE i
LC - MS £AR I B 5 AR AS 3 A 7] P35 P 80, i
AT ST 2R B 75 IR (B2 3R L L 2 i 3 S
AT HEE . ARE N EE B A HUR B Y 25 JE
Ve, BT B O R M E EE Y R,
WAN — OSMANZE " fff 53 3 B 4 B %45 A i T 400 1
i 5 W S NO KB A0 A 4K b B i (1 4t i A
R -IB(IL - 1B), B & R R Wi 2 852 )
TR R 45 R O 4R R PR T A PINP 9 K
o M ER BTG 0 A 20 OIS | e A
PR TSGR, AR P A1 S 36 349 35 T A B 25 g
FREAR A MEAN BT BB B, 0820 TL — 18 e SR SE A
¥ (tumor necrosis factor, TNF — o) . HZH I/~ Z& -6
(IL—6) Z A A T Fak 550w " BA BT
HRW RO M E. LM L RA
PLA U B S R B T g R L A
13 i v B RO 110 7 U 2 IL - 18 H iy PEG2
HNO FE R A, EIE R B T R BCE 40 i iNOS
Hl Cox =2 MR, M 1kBa [ [ ff 1 NF - B 1%
b, B B R

A 5% B T AHP — CRITIC & & hn A ¥
Box — Behnkena 1 [ 35 , 38 52 40 127 FOEL ik T
— A B LA E T R B R ) SR A B IO A
A5 5 82% LB, [ $E B 2 WK, BRI 35 min,
AR S RO UL I 1 B4 BT 25 A O A HL 2 2R ]
VERIT RSB TS M E R o 2R I 298 b5 4585 JNAL
PETE R, 1R PR ACE REOW K T 2 255 10 2 1
Bl G B B, J2 W B i CAHP) 2 AR 46 X —
JE B WIS 1 T2 UL W 25 4 R 5 3 LN i
14 %5 WL T 46 SR 42 T A RO 46 6k # — B Ik

RWEHR L

AN TN Z X A B A R AR K T CRITIC
VRIS T B $5 AR 2 WA, S RE AR B WL 5
Boo AT 38 i I BCGR AR T7 2 K AHP 3k A
CRITIC YE M4 & , 300 E 2 W 3R, 15 248 bR A9 23
BV, AR LR G VR B R 2 1 R L A
Hik
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