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Abstract: Exploring 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 (PPI) 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 pulmonary 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
enrichment analysis yielded 719 entries while KEGG pathway enrichment analysis screened 160 signaling
pathways, mainly involving 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.
Key words: network pharmacology; hydroxysafflor yellow A; pulmonary fibrosis; PI3K/Akt/mTOR
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HAE R IR TE A v 5 24 R AR o WA ST R FH I % 24 3L kAT TN, P i )
P86 KARJC HSYA $1 PF BFEFINLEL, 9N — B IR 25 M RGBT F R 2%
1 M55 %
1.1 ¥
111 #4548 &

BAF: Venny2.1.0. Cytoscape3.9.1.

¥ Y% FE . PharmMapper % 4% & ( lilab-ecust.cn ) . SwissTargetPrediction % #f& J
(http://swisstargetprediction.ch/) . Uniport #(#f % (https://www.uniprot.org/ )+ GeneCards %{
# E Chttps://www.genecards.org/ )« OMIM % # 2 Chttps: //omim.org/ ) . TTD %{ #% &
( http://db.idrblab.net/ttd/ )  String %% 4% £ ( https://cn.string-db.org/ ) « DAVID #{ #7 /&
( https://david.nciferf.gov/ ) « M AEG-ELEME B EZ 0. T Mk =T &
(bioinformatics.com.cn).
1.1.2 #45 £ £3X5

HRER (T : 20067411, WriLsE s 254 B A7) ) HZEKFA SR (it : 320E051,
R R EAEMBHE AR AT D; HSYA (5 H811425, il AR AR AR, 4
J£>98%); BCA HEAEERME (5. 23223, E[E Thermo); Mg BEALEE 3- il
(phosphatidylinositol 3-kinase, PI3KOHLA & 14 - 25 F i B(phosphorylation protein kinase
B, p-AKT) #ifk. E A B (protein kinase B, AKT) Pifk. BEERIL-HAL3YIE A K
#ZE 1 (phosphorylation mammalian target of rapamycin, p-mTOR) /& S50 i 5
A0 M (mammalian target of rapamycin, mTOR) Hif& . f-actin Fifk (L5 : 154598, 81283,
8805. 109268. 32028. 8227, 3 [E abcam); IRk - M5 MEVLEE 3-% & (phosphorylation
phosphatidylinositol 3-kinase, p-PI3K) $if& (L5 : 0163, abbkine); & R (hydroxyproline,
HYP) iRX7f&. Masson 44 (#L5: 202105103, 202108116, Bt EEAHLHR A,
1.13 34

EFE ICR /NER, SPF 4%, 6~8 JHi%, “FIARIRE (16 +2) g, i HLH 4Rl R4 L5 5)
WIBARBRAT, AF-EFANIES: SCXK (5D 2021- 0006, {ERZI%iEE (22+2) °C. HXt
M 35%~45% 12h KDG/ME PRI AT S A NI TR . AB)Sei L2 1L v B 24 K 2 S &)
YCERZ i di iz (IR LS . AWE202404340).
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(P& Leica A 7)); MK3 Bgtrfl (GF=2FHEA7); ChemiScope 6000 Touch R4 ( i
IR EAER AR AF]D; Centrifuge 5810R &0 il (#2[H Eppendorf A ] ); DYY-6C B HJK
BCRYE (BT AN —1X38) ): Cary 50 E oMW CRIGRLCRH AR A IR A F)D;
PH-240A HHVEIREEEFF (Ll R EAERERAF]D.
1.2 i3k
1.2.1 R 2525047
1.2.1.1 HSYA [ FH 3 s ide

FIH SwissTargetPrediction. PharmMapper £ 26 2% HSYA [I/EHSE &, LFrE SR
(5, #id UniProt 248 R AT 48 fU5 BB AR IE o
1.2.1.2 PF FRJAH OCHE R 1%k

A“pulmonary fibrosis” N4, M GeneCards. OMIM. TTD ¥ 3L PF f{F %L
R, MIERE S AL, BN PF AOME A A
1.2.1.3 A 2 H)-HE mi -5 005" ) 4%

¥ HSYA [1E FHEE R0 PF HOAHSGHE T SN Venn BEIFELE T &, TP #CHE, BN HSYA
1697 PF BB LERE AL, Il “HSYA-JL R FE f{-PF M 45
1.2.1.4 #E#HEAEAE (protein-protein interaction, PPI) 4%

FEAERE 55 A% 2 STRING s 2, € ¥)FH 2y “Homo sapiens™, AHHAEH BIE BN K
T4T0.7. BEEHAR R TSV XA T Cytoscape 3.9.1 # A, 2zt PPI (451K, #% Degee
EMKEVNHER, KaT 30 S2/ENIRTT PF A% OHE R
1.2.1.5 XEAERE ST GO M KEGG & #40#r

i3S David HCHE X N 152 B RE s BEAT 23 A7, R A A5 AR 4 D AT A AR R
AR . B 512 H Cytoscape 3.9.1 B2 il - 25 - H0 25 -JE 5 W 45
122 #h4hEk
1.2.2.1 74, BRI

B/NREEHL A 4 4 (n=15), XTHHEZL (control, Con). M4 (model, Mod). HSYA
41 (hydroxysafflor yellow A, HSYA) A HZEKIA4]L (dexamethasone, Dex). K4k SCHRIY
Tk ST R R R A, A | d R A4 25T T, HSYA 4%, T HSYA (6 mg/kg);

HZERAN AL T HUFEARRS (3 mg/kg)s XTHAAL . BORLALLS T RISEHMIEAB A, 1 kd, #



BR824 28 do
1.2.2.2 BOM S Aa bt il

RYEH 29 d, BAHKHLS R/NRIIE . ZEME 4% 2 PR 2 72 h, F TR B0 g,
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1.2.2.3 HEWETEE L
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1.2.2.4 4 HYP & &illE

IR HY P AR & U B AT R, T 550 nm AR I 52 WO AR, LA Zirh HY P
i)y
1.2.2.5 HuyZ ARG I 28 (1 3Rk

DI i . R AR, UK KEAR AR 1 P P S A i O vE A K e T A g
THUEEE, S S AR AL A I —HU7E 4 AR, N =5 E 30 min,
DAB .5, ZARRE QMM 3 min, 384, FIH Image-Pro Plus 6.0 # A 53#7 H br i
FI R Rk & .
1.2.2.6 Western blot il & [ %1%

ML R IR (R &, T R B R - SR DT T e B i VK AT 2 8, B
¥ HAr e ¥ BN PVDF B, AR (1 5% B T340 35 PR R P I b RE S BT . R 23 30
AB-actin. PI3K. p-PI3K. AKT. p-AKT. mTOR. p-mTOR —#i7E 4 °Ci¢ B L%, MA—
PUEZIRME 90 min, RJFHFERIEEA, FIF Image ] PAFMHT K K EE.
1.2.3 KFBHT AT

FiF] SPSS 22.0 JEATGLT 40 HT, Ml LIPS + bR ( x+s) Fon. ZUIRZERL
BRI T 250, P<0.05 IWNZERBAGGH#E L.
2 B5R
2.1 MEATEETUNEGER
2.1.1 HSYA #9¥e & a

FIH PharmMapper (4 PG 2 3] HSYA FIAEF#E &5 299 4>, DA norm fit KT4F 0.4 N

W



e 46 E, 135 277 AL JEid SwissTargetPrediction $HE R 15 3 87 N & WA HE
ML AT AL E, RATUSIER R 335 1
2.1.2 PF &y ¥e B3R B

GeneCards 4 315 6 867 ML AL, 13 BIMIZ5 A Lh“relevance” Afabr, I o A7 ok
frifik, 9321540 MER: OMIM Hdla PR3k 23 MEAL; TTD Hdl ek 45 28 ML AT
I 3 ANBREAE PR AR E R I, L3RG PF BOME HBE S 1558 4

HSYA PF

& 1 HSYA 5 PF e S B E
Fig. 1 Venn diagram of HSYA and PF targets

2.1.3 ## HSYA %77 PF 69 & Bl ¥e & MW 4 B
W 1 R, ¥ HSYA FI PF [F#E &5 _EAE 2 ELE Venny P& AT BT, /53] 132 MEE S,
FIH Cytoscape 3.9.1 3 {2 il “HS YA- 3% [F] #L s -PF I 28 €], 1% 28 (045 134 /N7 50H1 263

Fib (LA 2).

B2 HSYA-JL[FELS-PF IR R ML E
Fig. 2 Relationship network diagram of HSYA-common target-PF
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2.1.4 PPI 89 W %Al 3£

FIFH STRING 3 2 BEAT ¥ AEVE P4 25U PPL 20 #T, FK 45 55\ Cytoscape 3.9.1 #f4:
HRE PPT 4G, 1ZE8 AL 112 A5 R A 570 256320, 1 AR IR I 1290 A7 I 465
FEE (ILE 3). R Cytoscape3.9.1 HAEXH PPI ML SR, SR MEHERT 30 A% L
A (R D

TGFBRZTSI
2 PIM1 9 \&am_s‘ﬁo&

\
rRaBiia /| :
CSTPRaBsgDNRARPVI REN

B 3 HSYA JR77 PF ¥7EHE R PPI %%
Fig. 3 PPI network of potential targets of HSYA in the treatment of PF

F 1 HSYA BT PF R0 EE
Table 1 The core targets of HSYA treatment for PF

=) EE A/ 240 Betweenness BEEJE Closeness
Target Degree
EGFR 41 0.103 316 0.572 165
HSP90AAL1 41 0.110 035 0.533 654
STAT3 40 0.072 369 0.536 232
AKTI1 40 0.074 402 0.569231
SRC 40 0.075 243 0.531 100
IL1B 36 0.124 833 0.554 999
MMP9 30 0.101 629 0.533 654
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PGR 13 0.005 285 0.440 476

2.1.5 GO % fit % KEGG i@ %% & & 547

2 GO WrIk1E 719 N H, AWt RE (biological process, BP). 4HAI4L %> (cellular
component, CC). 7> FIhf¢ (molecular function, MF) Z}5179 530 4. 70 . 119 4. 4
¥ P Value HE/F, 3EHU BP. CC. MF HE4 BT 10 A7 8095% H AT #LALE AEIRE (LI 4). BP
2 H 2008 LA ol AR R O . SRR B S S R IR E A BRI,
MF % H £ 53 KEisE & MRAMEARS S ATP &4 KBRS I%; CC 4 H X
J ficolin-1. 4HMAMX I, M. AR, KEGG i@ &£ 0I5 160 4@, RHE
wHESEE A H B2 B BHT R A, R ET 20 KB ORE, R HSYA Al ARl
15 PI3K-AKT. Ras. MAPK %55 Sl Bk A% 51 PF HIPEH (LI 50, K HE SERTHY
30 M S . KEGG 19 2] 1IHT 20 2515 518 3 5 N\ Cytoscape 3.9.1 ARG P ips- 2459 -HE rii -

HEE L%, ZPIEEEE 52 MR 282 %14 (LA 6).

Enrichment score

Biological proi:ess Cellular component Molecular function

Bl 4 HSYARYIT PF AHREEAK GO BEESHT
Fig. 4 GO enrichment analysis of PF-related targets treated by HSYA



AGE-RAGE signaling pathway in diabetic complications °
C—type lectin receptor signaling pathway 1 .
Fluid shear stress and atherosclerosis{ ]
Relaxin signaling pathway 1 °
Lipid and atherosclerosis [ ]
Estrogen signaling pathway L]
Measles ° 15
FoxO signaling pathway - o 10
Hepatitis B ° 5
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Proteoglycans in cancer L count
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Kaposi sarcoma—associated herpesvirus infection L] ®
Focal adhesion L4 @®
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Shigellosis{ °
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~log)g(pvalue)

5 10
Enrichment

B 5 HSYAJ&JT PF ¥ A KEGG @ BEMT
Fig. 5 KEGG pathway enrichment analysis of potential targets of HSYA in the treatment of PF

B 6 HSYA IGJT PF F“BOR-254)-Eik-40 = R 4%
Fig. 6 The “disease-drug-pathway-target” network of HSYA in the treatment of PF
T BN RARREE A SR R Y AR IR

Note: The orange hexagonal node represents the target; Green oval nodes represent pathways.

2.2 EISEHEER

2.2.1 A4 T AL

e ¢ AP A LI 7, ok F 2L PR Mo JEE 485 4 A A B S A s S TR AL Pl [ o 46 5, e
R PR A L R AR IR I VAT AL A S 5 A R R B AR . IR AL R AR
T 8, of HEZEL I e 45 40 e B AT+ AR AL 10 i ) O A O S 240 0 AN o AR B, AT R I fs
B (R R 2T 4 s HSYA St ZE KA ml B8 40 J I 2 (9 AR Ffi AR 2R
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B 7 HSYA X HB 444t/ BUE RO (HE, =x400)
Fig. 7 The effect of HSYA on alveolar inflammation in mice with pulmonary fibrosis (HE, x400)

K8 HSYA X4/ RERRITIRKEM (Masson, x400)
Fig. 8 The effect of HSYA on collagen deposition in mice with pulmonary fibrosis (Masson, x400)

222 44 HYP &%
X REEAR L, BN P HYP SEHEMZ (P<0.0D. HATHE, HIRT
BRI, HSYA Refig W S/ b/ N RIS HYP & 8FRE (P<0.05), W 2 Pix.
K2 AR HYP HFEIZE ( x+s, n=5)

Table 2 Determination of HYP content in lung tissue ( x £, n=15)

2H A HYP (ug/mg)
Group

Con 0.48+0.02

Mod 0.96+0.05%
HSYA 0.72+0.03*

Dex 0.7940.04™

7E: 5 Con lL#:, #P<0.05, #P<0.01; 5 Mod L#, *P<0.05, “P<0.01, T[H.
Note: Compared with Con, #P<0.05, #P<0.01; Compared with Mod, *P<0.05, " P<0.01, the same below.

2.2.3 %.9% /%A= Western blot M) PI3K/AKT/mTOR il 5% 48 % & & £ &
xR, BRI PI3K. AKT. mTOR FiA BB L (P<0.01). 2574
TI)E , A TR ZH , HSYA REm8 B W od/b /N Ui ZH 23 PIBK.AKT. mTOR ik (P<0.05),

WmE 9, B 10. £ 3. £ 4 iR,
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B9 4 LI E /DN R4 PIBK/AKT/mTOR EEAHFE EFRIE (x400)
Fig. 9 Immunohistochemical determination of PI3K/AKT/mTOR pathway related protein expression in mouse
lung tissue(x400)
23 GELARNEE DS RHALF PI3K. AKT. mTOR EERZKFIEFELT ( x+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 IHC ( xts n=>35)

2 PI3K AKT mTOR
Group

Con 1.38+0.12 1.21£0.16 0.67+0.13
Mod 6.360.25% 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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B 10 FH/NRATALSH PIBK/AKT/mTOR #5142 Bz 5
Fig. 10 Immunoblot results of PI3K/AKT/mTOR pathway proteins in lung tissue of mice in each group

£ 4 Western blot Kyl &4 /NFUHALAH PIBK/AKT/mTOR BEAAXEHAMRIE ( x£s5, 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=75)

HA p-PI3K/PI3K p-AKT/AKT p-mTOR/mTOR
Group

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""

3 ie54e

PF & — Pt AT P 1) 18] S5 1R 0, A BST 24 4 0 P et P58 4 L AP 40 i &1 S AR A s
fiE, 51 ST 45 46) AR SR AN 2F AL L R e HSYA T4 UE B0 L4 R4 i R M 45245
PR A T AL S 8% B AT AL SE DT A A 25 BAE ] . A BT FUAR W) HY SA T RE I I 4%
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PI3K/AKT/mTOR 1 ERK/MAPK J&# K] LPS /-5 (1) AS549 Fl H1299 4AR 65 . iEF8
Je 28020, 5k FF5 R B HSYA Al ] TGF-B1 % S NIH/3T3 405 PF HIEHIE 55 S,
U RN EXN R, HAERE S AN TGF-BRIIN, {H H §i 5% T HSYA 7£ PF 1 ({1E
WL A 764 B

AT FE S FH 0 45 25 31 25 AH SC KU R 3R IX HSYA PF IAHOGHE .5, 23518 1d STRING
B FExs 132 M AERE Sk4T 7 PPL 34T, SRJEHIA Cytoscape 3.9.1 BAFHIAE PPI 2%, i
AT MBI oM, R R HERT 30 A (SR AUVE AR O AT, R P AKT1. MTOR %5 ¢4
BAHA SR, #2755 HSYA JAIT PF IS R D).

GO Ihie B EM T4 R EoR, HSYA JRIT PF (IR FEH ¥ ) ) MF. CC. BP J iz, #£H
HSYA #i PF 2 Z ¥4, ZRHFMNEISIHE. KEGG BHEMHE/R, HSYA 76t EiE T i
7 PIBK-AKT. Ras. MAPK %5 5@ 4 K AELE PF K.

PI3K/AKT 155 i@ B8 AR L 2 A K Al R b 1) — AN GBS 5% 1T i, XTFRRT B 4F
YEAb SEmE B TEAE I 04, AKT 247 T PI3K FFISEEE 1, PI3K (I¥E 2 5 AKT B
FAGUS), AKT & —Fh 2 /75 G R, TE4UMA- . S8TE . RIS 2 Fhat i Th g p i &
FAEHOS, JELH AKT /T mTOR. NF-xB. FoxO3a 25 Fif#LA A, Xf4uusE. H
W TSR AN AR AR U7, DRI, AR 0 £ 24 B A TR0 4 S R S SRR AR AT, AR
SCIEEL PIBK/AKT/mTOR B AH G 8 (I HEATIRAIE . SEIR 45 R R, 24 HSYA WRIT A, Mgt
YEAL /N BRI IR 58 B AR AR A AR B AR 2B sk, BZH 2R HYP & & B PR (P<0.01);
i1 4 PI3K. AKT. mTOR #HHRIEL B EREIC (P<0.01), XU HSYA A el id 4%
PI3K/AKT/mTOR 15 ‘5B #% K40 PF IR, ATEENGTTRIEH .

Li BT, AW 2 25 B2 BOR S AR Y SES,  UESE HSYA BRI It £ 4E AL /)N
SRR M v 9% B i AR AR ARFE,  WTBE 5 R PIBK/AKT/mTOR {5 5@ 8% A 5%«

SE 3R
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