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Network pharmacology analysis and experimental
verification of hypaphorine for the treatment of wound

healing
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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 Metascape 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,6612 targets for wound healing, 60 common targets, and 5 core targets.



The KEGG enrichment pathway mainly includes signaling pathways related to cancer pathogenesis, PPAR
signaling pathway, chemical carcinogenesis reactive oxygen species, and so on. /n vitro cell experiments have
shown that HYP can inhibit the expression of NOD-like receptor thermal protein domain associated protein 3
(NLRP3), interleukin-1 beta (IL-1p), 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-14. TNF-a 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
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AU BT A SD KRB, W HE EWENSR w AR AR A F (GRIEHR S :
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RAW 264.7 /> BB AZ B AN A 2380 929 /)N Bl 4T 4E 40 i (b [ERF B 40 i 22 ) : DMEM
R SRR R G (S SH30022. SH30071.03, FEER K/RBHLA R 5 IEZ K
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IL-18. TNF-a PPARy, Akt.p-Akt & iNOS FifAk (5 : 16806-1-AP. 17590-1-AP 16643-1-AP .
80455-1-RR. 66444-1-Ig. 80517-1-RR, Proteintech A #) ; p-actin Ml *EHif Pt (L5
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4t (LightCycler 480 II, EEZ KAFD) .

1.3 MEHBFE S
1.3.1 Hypaphorine #9 3z & & B 7 )

B3t PubChem (45 J% (http: //pubchem.ncbi.nlm.nih.gov/) %2 F A~ B 47 HllAR sl (1) 55 5C
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RAW 264.7 AN AT L929 AT HEAN ML B3 T7 T 5 1% 55 2 -HE 5 20 WHLH) DMEM 58
AREFEHE (B 10%08F M5, BT 37°C. 5% COx B3R R 3%, MKl 3% i
JEHR 80% M FEAT AR, K s FR B X H A KM AN FH T )5 225856 .
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dose, HYP-M) . HYP & fl& (1 pg/mL [ LPS 1 50 umol/L HYP) (HYP in high dose,
HYP-H) 41, T 37 CHHfusE7a/ i 24 h. {1 TRIzol IXFIFEEZ 4L RNA, FHH 1 pg
WSS cDNA Ji&, I SYBR Green #E1T %6 ) € &t PCR &, LhB-actin 1E A2, SR 2°°C
ETHE B SR A 41/ % -1p Cinterleukin-1 beta, IL-14) « J{98E 3RS A F-a (tumour necrosis
factor-a, TNF-a) . NOD F£32 4k H 45/ A S B2 1 3 (NOD-like receptor thermal protein
domain associated protein 3, NLRP3) mRNA [FJFHXIREE . WZ A HIPERF G751 1Lk
1.

# 1 A3 K BRER RT-qPCR 375

Table 1 RT-qPCR primer sequences of internal reference and target genes

£ SIMFH] (5'—3")
Gene Primer sequence (5'—3")
F: 5-CATCTTCTCAAAATTCGAGTGACAA-3'
NF-a R: 5-TGGGAGTAGACAAGGTACAACCC-3'
F: 5-GCTGAAAGCTCTCCACCTCAATG-3'
7 R: 5-TGTCGTTGCTTGGTTCTCCTTG-3'
F: GCCGTCTACGTCTTCTTCCTTTCC
NLRP3
R: CATCCGCAGCCAGTGAACAGAG
P-actin F: 5- CATGGAGTCCTGTGGCATCC-3'




R: 5-CTCCTTCTGCATCCTGTCGG-3'

1.4.3 A XM KM F A (reactive oxygen species, ROS) % ik K-F
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1.4.51.929 mfie + 40 x & & K L T

¥ 1929 ZH 4% 5x105 AN/ALIIREEEE IR T 6 FLARH, WHBERESR 12h )5, MM
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Masson S € : 44 % 20 It i Ab 1 5 () B2 Bk 2 2307) 1 4% Masson S 37 G A FH Ui B L 65 )5
TR SRR 2 R QB T%, ffCBERG, MRS R, T 25 T s
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Fe L IR FEEAT G e A 5256 . OB 5 L2300 F FH 3%H202 36T 10 min, BAKIEA
VR, @MEEPUR: VA ET 0.01 mol/L MBI I E MM FF4E 2-3 min J5, %
HEER, HIBRER 12 K. G@PBS Rt miEs, BT, Ssd e hag0RmE
F 5%BSA H MW, =EiRFFE 20 mine @AY, W EMRERSUE, B BT R 4nw
T, 4°CHE M E . ©PBS PRk M, W& AR 47 37 °C, 20 min. ©PBS ek ik, N
SABC ¥ 5, 37°C, 2h. @PBS WMk, #HINACL & A DAB, %20 10 min /4,
UKL B, @AIAZE S | min, ZEWKVESS, KibxBL, #HF. f£RME R0
8,
1.4.9 Western blot &M Ak 028 KE R TR X =

FREL 30 mg JZJRALZLF EP &, I 300 uL 22 (RIPA 4 W B0 7] -
HEBEPHIF Y 100010 1), BYRERTE, @AHN. BT 0K ERY# 30 min /5, 12000 r/min,
4°CES0 10 min, B EIWE. ARJFHHTEAE &R, Bk, BE. HHAMRE, B85i%
ECL 5 Ut B #E EHLEE, Imagel HEATAKE 7047 o
1.4.10 Suit 34k

FTAT s g R USRI ZE ( x+s) Fon, MR KRB =AML IESRI R,
GraphPad Prism 8.0 Gt i FHHR P AT AT 4B, P<<0.05 #INAZERA Gt Lo
2 LWHER
2.1 MBHIBESFER

AT 0 2 247 35 2 43 A AN B AT AR BRORE £ A FBE /0 100 A (L 2) . ilid GeneCards
B RN 1 T AV E AR FIRE 23 6612 AN, 45 P 35 HE mldEAT & 8R40 M, FEIRHE Rl 60 AN (UL
Kl 3) o PPI 2% [r R B 7 M R B FE P TE DG B B Dy 3 S O il A 48 B P 0 0 2 Ay
( peroxisome proliferator activated receptor gamma, PPARy) . C-X-C %7 #a{b [ 7k 8
(C-X-C motif chemokine ligand 8, CXCL8, XK IL-8) « Ifil /M AT AE KK T2 4K B (platelet



derived growth factor receptor beta, PDGFRA) . HZ1&E 1 B (cathepsin B, CTSB) . I
Bk K1 ¥ (angiotensin I converting enzyme, ACE) Ala[ %1 ¢ & W i 409 & B 2
(prostaglandin-endoperoxide synthase 2, PTGS2) (LKl 4) , IXLEHE 5355 5 RIERFE,

W AR B 2 £ 1 A )4 P 2 R a4 ORI AR R L2 AR

2 IR E I
Fig.2 Potential targets of hypaphorine
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Fig.3 Intersecting targets of hypaphorine and wound healing
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Fig.4 Protein-protein interaction diagram
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Fig.5 GO function enrichment analysis
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(renin-angiotensin system)  Jig/J7 40 H /g fig (1)1 4% (regulation of lipolysis in adipocytes) .

1175 25 g Zfi (serotonergic synapse) « JiE ¥ /K i 1432 (pathways in cancer) ' % 73 (renin
secretion) . PPAR {5 i@ (PPAR signaling pathway) . & #%#: (adherens junction)
B (melanogenesis) « 457 HUE 1 1% 4 (chemical carcinogenesis-reactive oxygen

species) 4.
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Fig.6 KEGG pathway enrichment analysis
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HE 7 /5, 5 Con 4AHEL, Mod 41+ NLRP3. IL-18H1 TNF-aff] mRNA [k /K F
BETE, MEAFEFE HYP A4, NLRP3. IL-15F1 TNF-aff] mRNA (1% KT &
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Fig.7 Effects of HYP on mRNA expression of inflammation related factors NLRP3, IL-14 and TNF-a ( x s, n=
4)
TE: 5 Con ALLEL, "P<0.05, "P<0.01; 5 Mod ALL#:, #*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.
2.3 HYP %} ROS RiA&HIFMG

f I 8 AT, R F RAW 264.7 418 ROS FikKFEZEF 5 (P<0.001) , HYP 4



2ifa R, AR EER HYP X ROS FI& B2 A&, 1 25 umol/L #1 50 pmol/L HYP AJ LA
B TEL ROS IR KF (P<0.05. P<0.01) o XFEI HYP H A HIH] R IEL M h ROS
AMEA.

A

B
150 =
i I
- S 100 k%
| 8=
o
g5 A
Hao
J//W\‘_‘N_ =9 50
0 10 103 104 105 P U, -
FITC-A & & ng N \85
: $

B 8 HYP % RAW 264.7 Zlffl ROS RIAFIM ( x =5, n=3)
Fig.8 Effect of HYP on ROS expression in RAW 264.7 cells( x £ s, n=23)
#: 5 Con HLLER, ""P<0.001; 5 Mod ZHLLER, *P<0.05, *P<0.01.
Note: Compared with Con, ***P<0.01; Compared with Mod,*P<0.05, #P<0.01.
2.4 RAW 264.7 #ff1_E5&&xT L929 4RAIIEFE 6E SIRIS2 M0
DA b SEge 45 5 DSk, HYP HAT #) B Wk 4 i 285 (1 4E B 50 pmol/L i (R 8UR e £
R, A S5 2 A 4 S 36K LA 50 pmol/L HYP #E4THF 58 . MK 9 Al%1, 5 Con ZHAAEL,
Mod. HYP-H bR 24 h RS ER B AA W A4, 48 h i), Mod 240 LT #% 2R 25 W]
/T Con 21 (P<<0.01) , T HYP-H ZHANEHIER 5 Mod ZHAH HLAT WY 2 4 K (P<<0.05),
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ek W




150—] === Con
’g: == Mod
< E= HYP-H
Q
=
#
Z 1004 Ed
=
=
2
=
50
w®
=
ol
H
0 =
24 48
i 1] Time (h)

&l 9 RAW 264.7 4Hff_E3EB0 1929 SHHIERREIIIELI ( x5, n=3)
Fig.9 Effect of RAW 264.7 cell supernatant on the migration ability of L929 cells( xts,n=3)
VE: 5 Con HHLE, "P<0.01; 5 Mod HELE, #P<0.05.
Note: Compared with Con,”P<0.01; Compared with Mod,*P<0.05.
2.5 RAW 264.7 4RfE L& iGxt L929 M X ERRIEMN N

FAANE 2 RAW 264.7 4 5 AR EE 1929 4if )5, i 10 i, SXF&AHE,
Mod HALFE (1) L929 4 fig 1 PPARyF A N, [FHf iNOS. IL-183&1% B, Ti>RA HYP-H
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F S AL R

B
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Fig.10 Effect of RAW 264.7 cell supernatant on the expression of related proteins in L929 cells( xts,n=73)
VE: 5 Con HHEE, "P<0.05, "P<0.01; 5 Mod #HtE:, #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.11 Progress of wound healing in different groups of diabetes rats( x + s, n = 4)

5 Mod ALLE, "P<0.05, "P<0.01.

Note: Compared with Mod, "P<0.05, **P<0.01.
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Fig.12 Histomorphological changes of wound skin in diabetes rats
2.8 BERRAR O ERIRAHEFEFR

IR AR AL A T 2 T 60T & A R E I S AN B, Masson ZL 35T LUK
JRLZT 4 G B 5 €0, T DAL T B T 2R €5 ) R R T DS O % 1] B 1) 1 A U2 JER 2T 44 )
Eri. WK 13 Fias, B RGN, 5% 460 T 4 43 b 1 8 € [X 3 T AR 25 1 ok i 2
YA & A AR R E T KRERIEASE. 5 7d, HYP AR MCC950 44E5 T Mod 4
BAFYEDTAR; 28 12d, HYP 281 MCC950 I RIFAFAETTRA .2 T Mod 4: 28 16d, %
MR AR B G R, R T PRI 4EH 5], HYP 4 MCC950 2H HA 7 st i ik 41
ZUEPERE, B4R S HE SCIM R RI 45 A0 — 8 FRUE] HYP W] DU BEGI 20 23
R AR A, e A



Mod HYP MCC950

16d

B 13 FAKRAERRALSRFEALEFEHBL (2000 (x£s, n=4)
Fig. 13 Regeneration of collagen fibers in skin tissue of rats in cach group (20x) ( x+s, n=4)
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Fig.15 Inflammatory factors expression in diabetes rats( xts, n=4)
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Note: Compared with Mod, *P<0.05.
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