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Abstract: To explore the antioxidant activity and mechanism of Centranthera grandiflora Benth roots based on network phar-
macology and in vitro experiments. Antioxidant activity were evaluated by DPPH radical scavenging assay, ABTS radical scav-
enging assay,and hydroxyl radical scavenging method. The TCMSP database, and literature mining were used to collect active
ingredients of C. grandiflora roots ,target genes related to oxidative stress were collected through the OMIM and GeneCards da-
tabase ,and protein interaction networks ( PPT) were constructed through the STRING database. GO and KEGG enrichment

analyses were performed on the potential targets using the R language. Molecular docking of key active ingredients with poten-
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tial targets using AutoDock 1.5.7 software. The results showed that C. grandiflora roots extract had a certain ability on DP-
PH, ABTS, and hydroxyl radicals scavenging, with 1C, values of 0. 166,0. 054 and 0. 180 mg/mL, respectively. Twenty-two

active ingredients of C. grandiflora roots, 86 target genes, and 84 intersection targets were collected, including STAT3,

HSP90AA1,HDACI ,etc. Go function enrichment analysis found 3386 items, including molecular functions such as carbohy-

drate binding and nuclear receptor activity. KEGG pathway enrichment analysis found 211 items (P < 0.05), involving

PI3K/AKT, and other signaling pathways related to C. grandiflora roots. The molecular docking results showed that the predic-

ted key component, showed good binding to the core targets, binding energies <-1.2 kcal/mol. The Western blot results

showed that the extract of C. grandiflora roots significantly upregulated the expression of p-PI3K and p-Akt proteins. The a-

bove results suggest that the extract of C. grandiflora roots can exert antioxidant activity by activating the PI3K-Akt signaling

pathway. This study provides a reference for the study on the clinical use and application of C. grandiflora roots.

Key words: C. grandiflora Benth roots ; antioxidant activity ; network pharmacology ; molecular docking;in vitro experiments;
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php) . Swiss target prediction %% 3% JFE ( http ://www.
Swisstargetprediction. ch) . PubChem (4% £ ( https://
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AutoDockTools 1.5.7 .PyMOL,
1.1.2 I N 5%

HROMRRAZME LR S8, ham
A LTI B 24 A S BT R A I S XS
A B 5 TR A ) K AL T R B Centranthera grandiflora
Benth fyAR, C2C12 /)N RS ILER A ( = R Rk R
T HRAH TR S SR E M) 51, 1- A2
—RHHLAPF(DPPH) (415 : CU6GIC-ZG) \2,2"- Bk A
XL (3-2, H % T WE e ohk-6-itfi 12 ) ( ABTS) (It 5
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92728) \p-AKT Hi 4 (75 :4060S) (CST A7) 5 iy
A= 1M 7E (5 : 1010D053, 5 [ FE 3R K /R BH &
H]) ; PVDF J& (it5 : A30683441 , Millipore 2\ ] ) 5 il
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Fig. 1  In vitro antioxidant activity of CGE and V|
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BE 60% A MTEERR, T RPILE—MIERAER 2.2 BREREUERS SRR
HIBE A RS Y o [, 29005 T34 21 B 4 TR i3 TCMSP s 128 LS SCHRAG 28 , R TR
TR i FERY ICo [E0 0. 180 mg/mL, KB J)m, G w45 2 1 22 4B 7 ARG PR o (WL 3%

AR A BT AT 1 1) o[RS 3RAS T 86 N T Lo VR FIHE &
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Table 1 Detail information of active compounds in C. grandiflora roots
e G HEY g 27 3CHik
No. No. Compound Chemical formula Reference
1 CGl MBS Aucubin CyHyy Oy 5
2 CG2 E 4 1F Mussaenoside C7Hy 04 5
3 CG3 8-3 45 T1F 8-Epiloganin € Hy 04 5
4 CG4 8-% I TR 8-Epiloganic acid C1Hy 0y 5
5 CG5S FEBE Catalpol CyHyy Oy 5
6 CG6 W R Gardoside methyl ester C17Hy 0,0 5
7 CG7 FUBFHFMR Geniposidic acid C1sHp, 040 5
8 CG8 6-0-F 3 A K5, 6-0-Methylaucubin Ci6Hp Og 5
9 folel’) ZERTHF A Plantainoside A CpyHyg Oy 3
10 CG10 WALAETF A Calceolarioside A Cy3Hy Oy, 3
11 CGl1 ERETF Acteoside CaoHag 05 3
12 CGI12 KAEBARRFEEF A Centrantheroside A Gy Hy6 09 3
13 Co13 KAEHARETESE B Centrantheroside B CpyHye 0,4 3
14 cGl4 KAEHIRRELEF C Centrantheroside C Ci9Hz0 09 3
15 CG15 FAEMIRRE T D Centrantheroside D CyoHyy 00 3
16 CG16 KAETARRELFF E Centrantheroside E CyHy504 3
17 CG17 Hr B F Neo-melasmoside CioHz, Oy 3
18 CG19 FHSLT % Azafrin CyHy 0, 4
19 CG21 HE W 2 3F C Rehmaionoside C CigHz, Oy 3
20 cc22 B-73 £ B-Stiosterol CypHsy O 3
21 €623 H 2 Mannitol CeH,, 04 4
2 €G24 B-1% N B-Daucosterol CasHgo Og 3

2.3 HRERNENLMHESAIRE

A2 iE Ak L R RO T R (WL 2)

FE OMIM %¥j5 % | GeneCards ¥l 7 v Shfifige  HeAG3 82 P dlmi,
PRI T 14 187 AN A AL A B HE L. R 86

Fig. 2

HEIR FACRE
Centranthera grandiflora Benth roots ~ Oxidative stress

B2 BHEIREERSSEULNHZERLRS

Intersecting targets of active ingredients of C. grandiflora roots and oxidative stress
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Fig. 3 Protein-protein interaction diagram

R2 PPIMBHZOER
Table 2 Core targets of PPI network

5 (i P BE LA AL
Target Degree centrality Betweenness centrality Closeness centrality
STAT3 23 0.160 124 0.483 660

HSP90AAL 22 0.177 137 0.500 000
HDAC1 22 0.176 355 0.477 419
PPARG 18 0.246 206 0.493 333

HSP90AB1 15 0.028 919 0.435 294
GSK3B 14 0.073 643 0.440 476

AR 14 0.023 941 0.411 111
112 13 0. 144 003 0. 462 500
NR3C1 12 0.019 557 0.443 114
PGR 9 0.039 266 0.402 173
KDR 9 0.014 148 0.406 593
HSPA8 9 0.017 633 0.402 174
ADA 9 0.090 777 0.368 159
MET 7 0.027 418 0.377 551
LGALS3 7 0.038 773 0.397 849
KDM5B 7 0.014 613 0.344 186
AHCY 7 0.083 968 0.397 849
RARA 6 0.013 533 0.344 186
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214% 2 ( Continued Tab.2)

LYY BEAE /i AU e et
Target Degree centrality Betweenness centrality Closeness centrality
G6PD 6 0.120 759 0.389 473
EGLN1 6 0.019 683 0.352 381
BACEl 5 0.022 162 0.371 859
TBK1 4 0.027 027 0.364 532
RORC 4 0.019 828 0.352 381

2.5 GO #1 KEGGC EE&EEEA T

Xof B A GARVA ST A AL 82 S S AR HE pi it
17 GO &EH M. GO 43 A4 A4 Py id 72 (biological
process, BP) Al i 2 i ( cell component, CC) 43T
HE ( molecular function, MF)3 #841. 45 5 345 3]
133864 GO WAAH, A 2847 MrH S
Vi B J5 HIA OC, 188 2% H -5 4 Mg 4H A )7 THI AH G |
35140 B 50 7R A K, P ENNE
K HEF 3 B4 T 10 D2 H (UL 4) o 7E4E
YR B UAR E S 5N 2R (E S
% (intracellular receptor signaling pathway ) . % 11 4=
Y146 W33 #2 (nucleoside biosynthetic process) HEH:AL
Y A% i B ( glycosyl compound metabolic
process) \RNA & 1 J3 3l 7 19 % 2 4R ( tran-

scription initiation from RNA polymerase 1l promoter) |
WAL & W) A4 W) & i B2 (glycosyl compound bio-
synthetic process ) &5 4 o 754 MU 2H Bl 7 1, B 4
AR 3 A R T 40 0 5 2% Y i ( cytoplasmic vesicle lu-
men) & £F4E R BER H-1 5 MUK IR (ficolin-1-
rich granule lumen) &1 Jli¥ (vesicle lumen) V&[4
JiE (lysosomal lumen) | & & £F 4 it & 25 (-1 /) BURL
(ficolin-1-rich granule) ZE¥ {7 . 7E4r T X RE 7 M,
By AR 2R AR K AL G 456 (carbohydrate
binding) ¥ SZ A 15 14 ( nuclear receptor activity ) %%
SEHH 1% N 7 45 4 (transcription coactivator bind-
ing) BAMEZE A (monosaccharide binding) | Bo A< 15 1k
e 5 R F 1% M (ligand-activated transcription factor
activity ) 4,

GO Results of Three Ontologies
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Fig. 5 Enrichment analysis of KEGG signaling pathway
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Table 3 Binding energy for docking of active ingredients with key targets

TR A 254 fE Binding energy ( kcal/mol )

Active component STAT3 HSP90AAL HDACI
FRYLLZE Azafrin 4.93 4.7 4.87
B4 ¥ 5 B-Stiosterol -5.78 -5.49 -5.63
BB Aucubin -1.97 -1.17 -3.37
£ M4 461 Mussaenoside 2.17 2.28 2.57
8-F Lk 111 8-Epiloganin 3.54 2.52 2.00
o T Hr g Gardoside methyl ester 4.21 311 2.62
6-0-H 3k H FEfR B, 6-0O-Methylaucubin -3.00 -1.90 2.42
BBV Neo-melasmoside 2.34 -1.31 -1.40
KAET R T D Centrantheroside D 2.97 2.36 -1.75
KAEGARR LT E Centrantheroside E 4.30 3.23 -3.58
FERE Catalpol -1.49 -1.72 2.57

P
A

7 MEBIEEREANS FHEERE
Fig. 7 Molecular docking process between azafrin and target protein
T A FLHBZIZK 5 STAT3 ;B ALHSZL 2K 55 HSPOOAAL ; C RLESLL 215 MAPK3, 45— g i H Ak Bl 5 5 — 3 R A 18] 55 =51 o R [
Note: A ; Azafrin and STAT3 ;B Azafrin and HSP9OAAL ; C: Azafrin and MAPK3. The first column is the overall diagram of the docking;The second

column is the residue interaction diagram;The third column is the encapsulation diagram.

2.8 Western blot #il] PBK/Akt FSEEEXE Wk O R A AR OP AT FE, &g
HEIRIE KEGG 3 # 5 4, S B PI3K/ Ak {5 53 i 5 BT A &
TEAWSLY , RAMSMUAE R CSIE T RSTRNIRCE IR SC . IR ] Western blot Xf
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Fig. 8 Effect of extract from C. grandiflora roots on the expression of key proteins
TE: A: PBK/AKT il i 2 3215 R Western blot #1455 ;B %40 p-AKT 5 AKT AiXF b i HgL; C: & 41 p-PI3K &5 PI3K ARXT 15 AL
a: 25 FO IR ;b Ve BIPERS IRE s ¢ Hy O, FERYL ;d: COE IG5 HE 41 (200 pg/mL) se: COE HFl 41 (300 pg/mL) ;f: CCE @il (400 pg/
mL) , Note:A:Western blot detection results of PI3K/AKT pathway protein expression ;B : Comparison of the relative expression of P-AKT and AKT in
each group; C; Comparison of the relative expression of P-PI3K and PI3K in each group;a:Blank control group;b:V positive control group;c:H,0,

model group;d:CGE low dose group (200 pwg/mL) ;e:CGE medium dose group (300 pg/mL) ;f: CGE high dose group (400 pg/mL).
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Friie )1, HAE— @ WL N, B ARSI = 3 MR, BB R R T ESIE R . PR R,
A EE R B @ AR, RIS B a AR AR RS L3R mT LIa i 1y i S e s Ak
320 peg/mL Bf, 3 Fh B B 2L A9 3 BR R 0 Bk fif} ( superoxide dismutase, SOD) Vi 445, 3 K& % %F ZH
73.86% .83. 89% . 59. 15% , 1Cs, {H 5339 Hy 0. 166 S AL b s (0 PR VE F o IR, 368 7T DD 2ok 38
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