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Preliminary exploration of the mechanism of action of Brassica rapa L. in treating pulmonary fibrosis based

on network pharmacology and animal experiments

Sun Mingyu?, Liu Guihua®, Guo Junting?, Cheng Aibin*, Xin Jing'?, Miao Qingfang?, Gao Ruijuan?, Men Xiulit
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Abstract Objective To explore the active components, key targets, and mechanism of action of turnip in
alleviating pulmonary fibrosis (PF) based on network pharmacology and animal experiments. Methods The active
components and targets of Brassica rapa L. were screened using the traditional Chinese medicine systems
pharmacology database and analysis platform database, and PF-related targets were obtained from disease
databases such as online mendelian inheritance of man (OMIM) and DrugBank. The intersection targets were used
to construct a protein-protein interaction (PPI) network to identify core targets, followed by gene oncology
(GO)/Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis. In the animal experiments,
a bleomycin-induced PF mouse model was established. Pathological changes in lung tissue were evaluated using
HE and Masson staining. gqRT-PCR was used to detect the mMRNA expression of tumor necrosis factor-a (TNF-a),
phosphatidylinositol 3-kinase (P13K), and akstrain transforming 1 (AKT1), and immunofluorescence staining was
used to measure the protein expression of TNF-o, PI3K, and AKT1. Results The 68 active components identified
in Brassica rapa L. may regulate PI3K- Akt signaling pathway by acting on 89 potential targets such as TNF - a
and AKT1. The results of animal experiments showed that polysaccharide of Brassica rapa L. (BRPs) could
significantly reduce the degree of bleomycin induced pulmonary fibrosis in mice; HE and Masson staining of lung
tissue showed that compared with the model group, the damage of alveolar structure, the infiltration of
inflammatory cells and the deposition of collagen fibers in the BRPs treatment group were significantly reduced.
Further mechanism studies showed that BRPs could significantly down-regulate the mRNA and protein expression
levels of TNF-a, PI3K and AKTL1 in lung tissue of pulmonary fibrosis mice. Conclusion Brassica rapa L. can
synergistically alleviate pulmonary fibrosis through "multi-component, multi-target and multi-channel™ approach;

BRPs is one of the main active components, and plays an anti-fibrosis role by inhibiting TNF-o/PI3K Akt



signaling pathway.

Key words Brassica rapa L.; polysaccharide of Brassica rapa L.; pulmonary fibrosis; network pharmacology;

tumor necrosis factor-a; PI3K-Akt signaling pathway; TGF-B1 signaling pathway.
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SPF &% C57BL/6J MM NRIGRIMEWTR 1 5, BENL N 4 4. IEHEXRAL. BLM 4. BLM+BRPs
4. BLM+PFD ZH. S&RERT, SEilid /s kIR TS U0 RIS /N B, 885 5% I 5 % B2 /N B AT B 0K
ENTHTE 0.9%FALBVETR, HARSA/N R BRIERIE BLM (2 Ukg) o X, EFX 4L
BLM ZH/)™ B JEE 1 254K F0 0.9% 5L EVAW, BLM+BRPs 415 BLM+PFD 4H/)N 2> IHEE BRPs (5 g/kg) <

PFD (200 mg/kg) » K 1R, &E&:47521d.
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Tab. 1 Primer sequence from mouse species

Primer Name Primer sequence (5'-3")

PI3K F: TGTGGCTGACGCAGAAAGGT

R:GTGGGGCAAATCCTCATCATC
AKT1 F: CAGTTTGTTGCTGTGTCCCAT

R: GGCTCTCCTGTCACCAAGATTA
TNF-o F: GGTGCCTATGTCTCAGCCTCTT

R: GCCATAGAACTGATGAGAGGGAG
GAPDH F: ATGGGAAGCTGGTCATCAAC

R: GTGGTTCACACCCATCACAA
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Tab.2 Monoglycosides and their corresponding targets

Glycoside active
ingredient

Corresponding target

Kaempferol-3-O-glucoside

Isorhamnetin-3-O-glucoside

Quercetin-3-O-glucoside

Sinapoyl glucoside

Syringin

p-Coumaric acid-B-D-
glucoside

AKR1B1, CA2, CA7, CA12, CA4, ACHE, NOX4, ADRA2C, NQO2,
RPS6KA3, NMUR2, ADRA2A, CD38, PDE5A, PTGS2, ADORA1, TNF,
IL2, XDH, ALOX5, SLC29A1

AKR1B1, CA2, CA7, CA12, CA4, NOX4, ADRA2C, ACHE, NQO2,
RPS6KA3, NMUR2, ADRA2A, PTGS2, CD38, XDH, TNF, IL2,
ADORAL, PDE5A, ALOX5, SLC29A1, TERT

AKR1B1, RPS6KA3, CA2, CA7, CAl1l2, CA4, NMUR2, ADRA2A,
ADRA2C, ACHE, NOX4, NQO2, CD38, PTGS2, XDH, PDE5A, TNF,
IL2, ADORAL, ALOX5, SLC29A1, TERT

PRKCA, MMP2, MMP12, ADORAS3, SLC28A2, IMPDH1, AKRI1BI,
SLC29A1, HSP90AA1

TYR, CA2, CA7, CAl, CA3, CAl12, CAl4, CA9, CA4, CA5A, CAG,
ADK, ADA, ADORA2A, AKR1C3, ADORAS, PNP

Nrf2/ARE, NADPH, NF-kB, COX-2/PGE2, ER
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Fig.1 Venn diagram of the targets from Brassica rapa L. and PF



K 2 3EH S PF TR R PP 4%

Fig.2 PPI network of the intersection targets between Brassica rapa L. and PF

P 3 Cytoscape #{-TWFEEIGIT PF HIRT 10 Aroos@sn i



Fig.3 The top 10 key targets for Brassica rapa L. in the treatment of PF calculated by Cytoscape software
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4) o KEGG 745 IR, JEHIRIT PF S48 & PI3K-Akt. VEGF. ErbB 5% %% f5 Tl (&

5 .
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Fig.4 GO function enrichment analysis on key targets of Brassica rapa L. in the treatment of PF



B 5 FEHEIRIT PF RSN KEGG @ EE T

Fig.5 KEGG pathway enrichment analysis on key targets of Brassica rapa L. in the treatment of PF
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B TR R IR R SR A 4 TR 5 BLM 4UAHLE, BRPs il PFD W] B Bk BLM il /IS BRI 41 43 fr e J5t

UG (F6) o XL RILIR, BRPs A BLM Hli# s &RU2H 440 B 45455

HE

Masson

Fig.6 The effects of BRPs on lung histopathology in BLM-challenged mice <200



a: Control group; b: BLM group; c: BLM+BRPs group; d: BLM+PFD group.

2.6 BRPs % BLM 3 PF JNRIFTHL TNF-a. PI3K. AKT1 mRaNA KFRIE 5 IEH 6 R4 H A,
BLM ZH/NRUMZHZE TNF-a. PI3K. AKT1 mRNA 7K FFHE (P<<0.05) ; 5 BLM #Htb%:, BRPs 7] i
BLM £ PF /NRIZHZ A BIR 3 FF3ERI ) mRNA 7KF (P<<0.05) , PFD A& N PISK A1 AKT1 mRNA 7K

F (P<<0.05) , It4, TNF-o mRNA KFE FRE#EE (BD .

& 7 gRT-PCR JWE TNF-a. PISK #1 AKT1 mRNA /K%
Fig.7 mRNA levels of TNF-a, PI3K and AKT1 measured by qRT-PCR

a: Control group; b: BLM group; c:BLM+BRPs group; d: BLM+PFD group; *P<<0.05, ***P<0.001 vs Ctrl

group; *P<<0.05, #P<<0.01 vs BLM group.

2.7 BRPs X} BLM 3 PF /NRIAHLR TNF-0. PI3K. AKTL1 EAAKFREH S5IEF X AL, BLM
AN RIALZH TNF-a. PIBK Al AKTL )5 56 ne I B4 58, RAREKFET&E (P<0.01) « &
BRPs fll PFD F-1i)i5, WAFIALFLIIAEA 20H] BLM 531 iR =FE A Rk, Hd, BRPs 434
ff) TNF-o. PI3K Fl AKT1 AKX H K (P < 0.01) ; PFD A BRI IAMIIFIVER, iR
SREEEL BLM Mgy, —MEARIAHEZE T (P<0.05) (E8) .






B 8 ARG E TNF-a. PI3K T AKT1 FEAKF

Fig.8 Protein levels of TNF-a, PI3K and AKT1 measured by immunofluorescence

a: Control group; b: BLM group; ¢: BLM+BRPs group; d: BLM+PFD group; **P<<0.01, ***P<<0.001 vs Ctrl

group; #P<<0.05, #P<<0.01, #*P<<0.01vs BLM group.
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