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Abstract ; To explore the mechanism of the natural compound hypaphorine in promoting wound healing ,network pharmacology
and in vitro and in vivo experimental models was used. The target of hypaphorine was digged through the SwissTargetPrediction
database and wound healing targets were obtained through the GeneCards database;Then, intersecting targets between drug
targets and disease targets were screened through Venn online and protein interaction networks ( PPI) were constructed
through a String database and Cytoscape 3.7. 1 ;Further,the Micro Bioinformatics Online Bioinformatics Platform and Metas-
cape were utilized to conduct GO and KEGG enrichment analysis on the core targets; Finally, cellular inflammation and the
mouse model of back injury in diabetes rats were established for in vitro and in vivo experimental verification. The results
showed that there were 100 targets for the action of hypaphorine 6 612 targets for wound healing,60 common targets,and 5
core targets. The KEGG enrichment pathway mainly includes signaling pathways related to cancer pathogenesis,PPAR signa-

ling pathway, chemical carcinogenesis reactive oxygen species,and so on. In vitro cell experiments have shown that HYP can
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inhibit the expression of NOD-like receptor thermal protein domain associated protein 3 (NLRP3) , interleukin-1 beta ( IL-

1B) , tumour necrosis factor-a (TNF-a) and reactive oxygen species (ROS) to inhibit the inflammation process in RAW

264.7 cells and upregulate the expression of peroxisome proliferator-activated receptor y ( PPARy) and phospho-Akt ( p-

Akt) to promotes fibroblast migration. Animal experiments showed that HYP could significantly promote the healing of chronic

wounds in diabetes rats. The results of HE and Masson staining showed that HYP promoted the re-epithelization of wound sites

in diabetes rats. Immunohistochemical and western blot results indicate that HYP inhibits the release of inflammatory factors

in chronic wounds, accelerating the transition from the inflammatory phase to tissue regeneration phase. In summary , this study

explores that HYP may regulate PPARy pathway to inhibit the expression of NLRP3,IL-18, TNF-« and iNOS, and promote

the fibroblast proliferation, which play a role in promoting chronic wound healing.
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Fig. 1  Structures of hypaphorine

RYERT it — RSN S B9 & B HYP fig 3 40
28 F 40 L P F TL-18 F1 TNF-a 93235, BT
W, FRATTAE Bl Do 2% 24 322 A T B, MR N A KAF- T
BV AE A5 10 A P
1 #MRl5H%
1.1 KIEzh¥

ASZEG T FH e SD R R, 1 i 3T 3 v A=
YIRH A BR 2 /] (B A8 UE 45 : 20220004006806 ) , 8
A AREE 200 g, T % T B 2 g S50 S 4 e B B
W5 i s S R A VLR R S s 2 D 4%
B vE T 217, S48 P % 5 - IN. No20211215S0
360310[563 ],
1.2 FERFIRILE

RAW 264.7 /N ELEAKE 1 40 i 2 F1 1929 /L
BCET 220 (P B2 BE AN M ) s DMEM /35 5 4% 77
FEFR A ML (45 :SH30022 SH30071. 03, T8k &
R B4 2 7)) ; 18 £ B (lipopolysaccharide , LPS )
(4145 : 12880 , 4l i : =99% , 2 [H] Sigma /A F]) 5 FilHi
ik (41t :B11334-1g, 4liJF: =98% , g +-HRH A
BN F] ) 5 4% R 2 %5 2% (b5 60256 ES80, 41 Ji . =
98% B EYRE (L) Ay ABRAF) 3 AR
K -T2 e (SABC 71 £ . Masson J €835 & (it
2. D006-14 ,1001-1-1 . D026-1-3 , g 50 22 3k 4= 9 Bt
HABR A ; IL-18, TNF-a, PPARy | Akt p-Akt J%
iNOS i (L2 . 16806-1-AP . 17590-1-AP  16643-1-
AP 80455-1-RR ,66444-1-Ig 80517-1-RR , Proteintech
] ) 5 Bracting 1 2E BT AR =BT (it 5 ab8226
ab6721 , Abcam /3] ) ; DCFH-DA {548 58 G4 Fn
MCC950 a5 (L2 . HY-D0940-37146 \HY-12815A/
(CS542-7 ,MCE A7) o

VAL YL (EGLIS0H + C, pkRALER A R
AT AT R AL (RM2135, Pk -RAER A BR A F )



Vol. 36

BEARAESE R B 05 1 S B0 I 46 24 B4 AT e SE B Bk 1961

Y] 335 2 48 ( Pannoramic MIDI, 3DHISTECN
8] ) s L ROF (AX2202ZH/E  BLEEH AR A PR
Al ) e A (1X73,, OLYMPUS A /] ) 5 ¥ R B0
PL(5424R, F& [ eppendorf 23 7)) 5 4= H Sk 7% %Ok
S (K RE 5200Multi, i K AERHE A BRA A ) 5
AL (Accuri C6 Plus, SE[E BD A H]) ;42 H 5l
wGER PCR &5 ( LightCycler 480 1I, 3¢ [E % [G 2y
CiD

1.3 WKZGIEF S

1.3.1 Hypaphorine # ¥, & & B Fn)

i#i 1k PubChem %X ¥ /& ( http://pubchem. ncbi.
nlm. nih. gov/ ) $82 F B AT I Al 9 1) 9 SC G )
“ hypaphorine ”, 75 #| 1F #f 45 # BY “ Canonical
SMILES” ,HI“C[ N+ J(C) (C)C(CCl =CNC2 =CC
=CC=C21)C(=0)[0-]", B )5 ¥ L5 A Swis-
sTargetPrediction 4% % ( http ;//www. swisstargetpre-
diction. ch/') , £5 2| AH 5C f4) T 0 $ 5 26 3 A0 [ 44
PR o
1.3.2 elfffEAakde s ik

i iF GeneCards %% % FE ( https://www. gene-
cards. org/) 382 G B A] “ wound healing” , 15 21 H #H
CHE R
1.3.3 “HYP-wound healing” ¥e,% X & & %4

i Venny 7F 2k 2 18] T. E. ( hitps ;://bioinfogp.
cnb. csic. es/tools/venny/ ) , iy A HYP {7 T #0555 JL
PRUFIA% 11 0 0 A i, 2 0 5 24 ) A A 05 52
AR T AR 2 ] 8 o BE PRA L
1.3.4 ZarFmsihE

14 Venny |8 52 F275 21 (1 2 588 i A B String
045 FE ( https ./ /stringdb. org/ ) , F1| F Cytoscape 3. 7. 1
B2 ) 55 E HAF M 4% ( protein-protein interaction
network , PPT) [&] .

1.3.5 GO 4= KEGG 247

iz A} Metascape ( https://metascape. org/gp/in-
dex. html#/main/stepl ) #:47 GO T HE /3 #7 Fl KEGG
{5538 w37, GO TRE 7 b A0 45 A= Wy ad 72 (bi-
ological process, BP) . 43T ZJfE ( molecular function,
MF) 4 it 20 1% ( cellular component, CC) , I &5 Bh i
HAR-TELE YR B It AT T AL 23 #T
1.4 FAPZIRIGIE
1.4.1 mpszsk

RAW 264.7 21 1929 A% 2T 4t 240 i 43 55 1% 7%
TEH 1% 7585 R-AEH R AP DMEM 58 4 55 57

F(CF 10% A 1iE) L, & T 37 € 5% CO, Kigk
REFRRETR , 24 40 B R 1 R RS 98 80% I 47 f%
AR 1537 U E KIS 4 i T e 225256
1.4.2 =t k2% PCR #&# NLRP3 IL-18 #=
TNF-a % mRNA % ik K-

FEAE T X B K1) RAW 264. 7 4 g LA 45 AL
2 X 10° A/ FLAY 3 BEH R T oAU b, R RE JS 4
T 30) S 6 0 47 43 411, 3 Sk 2 3 % BE 4L ( control,,
Con) AL (IMALUWSE R 1 pg/mL () LPS) 44
(model, Mod ) . HYP flk 7| & (1 pg/mL f¥) LPS 1
12.5 pmol/L HYP) 24 (HYP in low dose, HYP-L) |
HYP #5& (1 pg/mL A9 LPS Fl 25 pwmol/L HYP)
24 (HYP in medium dose, HYP-M ) ‘HYP = #| & (1
pwg/mL 1) LPS F1 50 pmol/L HYP) ( HYP in high
dose , HYP-H) 4H , F 37 C U35 F=46 H % H 24 h,
f8 41 TRIzol 32057 $2 MU 2H RNA, FREC T pg 306 %% o
1% cDNA J5, H| SYBR Green #475¢ . € f PCR &
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Table 1 RT-qPCR primer sequences of

internal reference and target genes

A IS (5 —3")

Gene Primer sequence(5'—3")

F:5"-CATCTTCTCAAAATTCGAGTGACAA-3’

INF-oc R:5'-TGGGAGTAGACAAGGTACAACCC-3'
. F.5'-GCTGAAAGCTCTCCACCTCAATG-3'
1B R.5'-TGTCGTTGCTTGGTTCTCCTTG-3
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g R:CATCCGCAGCCAGTGAACAGAG
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Fig. 2  Potential targets of hypaphorine
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Fig. 3 Intersecting targets of hypaphorine and wound healing
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Fig. 5 GO function enrichment analysis
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Fig. 6 KEGG pathway enrichment analysis
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Fig. 7  Effects of HYP on mRNA expression of inflammation related factors NLRP3 ,IL-1B8 and TNF-« (; +s,n=4)
.5 Con dH AL, * P <0.05, " * P <0.01;5 Mod #H [£#%,#P <0.05," P <0.01, Note:Compared with Con, * P <0.05,* * P <0.01;
Compared with Mod,*P <0.05,"P <0.01.
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Fig. 8 Effect of HYP on ROS expression in RAW 264.7 cells(x +s,n=3)
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Fig. 9 Effect of RAW 264.7 cell supernatant on the migration ability of 1.929 cells(; ts,n=3)
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Fig. 12 Histomorphological changes of wound skin in diabetes rats
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