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Abstract ; This study aims to investigate the targets and mechanisms of hydroxysafflower yellow A (HSYA) in the treatment of
pulmonary fibrosis (PF) based on network pharmacology and animal experiments. Network pharmacology databases such as
SwissTarget Prediction, PharmMapper, GeneCards, OMIM ,and TTD were used to screen the targets of HSYA and PF,common
target and protein-protein interaction ( PPT) network were obtained by the intersection. Using the DAVID database for GO and
KEGG enrichment analysis, to explore the possible molecular mechanisms of HSYA treatment for PF. The mouse model of pul-
monary fibrosis was established by bleomycin. The morphology of lung tissue was observed by HE and Masson staining, and
the content of hydroxyproline (HYP) in lung tissue was detected ; Immunohistochemistry and Western blot were used to detect
the proteins related to phosphatidylinositol 3-kinase/protein kinase B/mammalian target of rapamycin ( PI3K/AKT/mTOR )
pathway in mouse lung tissue. The network pharmacology method screened 132 common targets for drug diseases; GO enrich-

ment analysis yielded 719 entries while KEGG pathway enrichment analysis screened 160 signaling pathways , mainly involving
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PI3K-AKT,Ras,MAPK and other signaling pathways. IHC and Western blot results showed that the protein expression of

PI3K,AKT,and mTOR in the lung tissue of the HSYA group was significantly reduced compared to the model group (P <0.

01). Network pharmacology analysis and animal experimental results suggest that HSYA may affect the pathogenesis of PF by

regulating the PI3K/AKT/mTOR signaling pathway , providing scientific basis for the clinical application of HSYA.
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Fig. 1 Venn diagram of HSYA and PF targets
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Fig. 2 Relationship network diagram of HSYA-common target-PF
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Fig. 3 PPI network of potential targets of HSYA in the treatment of PF
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Table 1  The core targets of HSYA treatment for PF

B JE(H R EN BB
Target Degree Betweenness Closeness
EGFR 41 0.103 316 0.572 165
HSP90AA1 41 0.110 035 0.533 654
STAT3 40 0.072 369 0.536 232
AKT1 40 0.074 402 0.569231
SRC 40 0.075 243 0.531 100
ILIB 36 0.124 833 0.554 999
MMP9 30 0.101 629 0.533 654
JUN 28 0.029 692 0.518 692
STAT1 25 0.013 189 0.491 150
MAPKS8 25 0.039 115 0.497 758
ESR1 25 0.030 111 0.518 692
PIK3CA 24 0.009 020 0.451 219
ALB 22 0. 150 322 0.500 000
BCI2L1 21 0.026 252 0.474 359
JAK2 21 0.007 037 0.468 354
RHOA 21 0.024 856 0.480 519
MTOR 20 0.004 653 0.454 918
MAPK14 19 0.032 665 0.470 339
IGF1 19 0.014 642 0.482 609
PTGS2 18 0.058 327 0.497 758
EP300 17 0.009 864 0.464 435
HRAS 16 0.004 179 0.438 735
PPARG 14 0.001 818 0.460 581
MET 14 0.003 824 0.453 061
KDR 13 0.003 410 0.445 783
GSK3B 13 0.003 707 0.435 294
CCL5 13 0.022 125 0.449 393
CDC42 13 0.002 601 0.444 000
SYK 13 0.004 0254 0.400 722
PGR 13 0.005 285 0.440 476
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K ARSI E 2 20D T R HES O
TEHUAT 20 Zf%50 2 i 1Bl , R W] HSYA W] R o
S PI3K-AKT . Ras . MAPK %8 2 25 1 ok % ¥ 4t
PF/EH] (UL S) o ¥ HE 2 SE AT Y 30 38 AL
KEGG 5 F 1 HT 20 4515 538 1% A Cytoscape 3.9. 1
AR A P -2 ) - - B 2 T I 2 A A
52 AT RE,282 S (LEL6) o
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Fig.4 GO enrichment analysis of PF-related targets treated by HSYA
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Fig. 5 KEGG pathway enrichment analysis of potential targets of HSYA in the treatment of PF
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Fig. 6 The “disease-drug-pathway-target” network of HSYA in the treatment of PF
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Fig. 7 The effect of HSYA on alveolar inflammation in mice with pulmonary fibrosis (HE, x400)

8 HSYA X it 44K /N BR AR SR L #R B9 #50 ( Masson, x 400)
Fig. 8 The effect of HSYA on collagen deposition in mice with pulmonary fibrosis ( Masson, x400)
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. Note : Compared with Con,*P <0.05,* P <0.01 ; Compared with Mod, *
PI3K AKT ,mTOR %Jj—i(P <0. 05) ’Zmlz] 9 ‘lz] 10\% P<0.05," " P<0.01,the same below.
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Fig. 9 Immunohistochemical determination of PI3K/AKT/mTOR pathway related protein expression in mouse lung tissue( x400)

Con Mod HSYA Dex

PI3K

AKT

p-mTOR

mTOR

B-actin

10 FHNRAEALAH PIBK/AKT/mTOR i# B & B 2% BT 4 R
Fig. 10 Immunoblot results of PI3K/AKT/mTOR pathway proteins in lung tissue of mice in each group
£3 REAKKNEHENRIHALR D PBKAKT mTOR BARKMFHREERIT( v £ s,n = 5)
Table 3 Average optical density statistics of PI3K,AKT,and mTOR protein expression

in lung tissue of mice in each group by THC ( x + s,n = 5)

215 Group PI3K AKT mTOR
Con 1.38+0.12 1.21+0.16 0.67 £0.13
Mod 6.36 +0.25% 5.80 +0.24% 5.76 +0.22%

HSYA 4.52+0.16** 3.76 £0.18* * 3.64 £0.14"

Dex 5.63+£0.21" 4.50+£0.23" 4.53+£0.11°
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%4 Western blot #& & 28/NRAZAZR tf PI3K/AKT/mTOR ;BEIEXEZEMEXMRIE( » = s,n = 5)
Table 4 Relative expression of PI3K/AKT/mTOR pathway related proteins in

lung tissue of mice in each group by Western blot( x + s,n = 5)

4151 Group p-PI3K/PI3K p-AKT/AKT p-mTOR/mTOR
Con 0.37 +£0.01 0.38 +0.01 0.31 £0.01
Mod 1.06 +0.03* 1.12 £0.06* 1.02 £0.06*

HSYA 0.52+0.03** 0.55+0.03* " 0.48 £0.01**
Dex 0.64+0.04** 0.66 +0.03 * * 0.58 £0.02**
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