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W W Fh | 2% JE 75 -PF 28 SE 40 15 A9 PPL W 4% [
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P AR A3 A, LA TI0I A2 AR RE RO I TE S RE . Horh,
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B2 2R B Bt 2 24 A W B R BT 5 T S S sl ) vl
RKET 12 h JEHEH 12 h JBWG BK Al AR5
S CL i v [ R 2 b B B 24 LR ORI S i 2
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1.6 FEMHFSEF FH RIS R (ble-
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tt; I6 7 2 M ( polysaccharide of Brassica rapa L.
BRPs) Hi 188 4k 5 /K 1 16 X 25 9 0 5% T 42 4L ; PFD
(#1551 150603 ) W [ b 57 HE 35 e 250 B 13 A BR 28
A5 5 RNA #2050 & (155 . CW31458) g B b5t
FR A2 AR MR AT BR 2 B 5 B e s iR & L SYBR
PrHa ) & (525 . R302-01 ,Q712-02) I [ F§ 5L ik
MERE A MR A R A 5 9800E (5245 : 100767015 )
WA 1L s 24 M A B 7 5 I SR I F-ac
(‘tumor necrosis factor-a, TNF-a) ( 555 :60029-1) Ity
H i = AR A IR | B BRI LR 3 e
( phosphatidylinositol 3-kinase, PI3K) | 22 % iR/ Ji &,
FREE H 4B 1 (akstrain transforming 1, AKT1) ( 5%
5 :F1205 [F164401 ) It F 52 [ Selleck A= W)RHLA FR
3]s TritonX-100 ( £85-: T8200 ), W F Jb 5t & 3K 5
BHE A BR A A5 1L 1 L DAPL (5845 ZL1-9056
ZL1-9557 ) F At 5t k2 S i A R A BR A H
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A32723) 1t {35 [E R RBHE A BRA |5 /N sh ) Rk
R (LS . VMR-PAK) 1 | BE [& MSS 23 A ; 42 F 3
YIF A R S (815 P250-03 ) 14 [ £ F F) P+ 35 /K
/7] 3 BioDrop i it £ 1A% R 43 BT A ( 845 BD-
DUO-01) 4 [ 74 & Analytik Jena AG 2\ 7] ; Applied
Biosystems PCR {3 ( 15-. A34322) Il H 3£ [E FE 2k &
AT O R AR B (185 . CSIM 110) 19 A
SR ERHCA AT,

1.7 SEWzh¥oE SRR %GZS  SPF % C57BL/
6J Mtk /N BGE N MR 3R 1 S B 4 4. 0E
WX Z] BLM 41 .BLM + BRPs 41 .BLM + PFD 41,
TEABEET , SE3E L/ N S YRR A URE T SR RR /N B
SR 5 X TE %o BRZH /N BRI A T B RS T 0. 9%
FACEATS I, oA 45 4 /N BRI SRR ST T BLM (2
U/kg) o d&MEK H , IE 5 X5 BEZL A BLM 270N B
SRR 0. 9% FALAN 1, BLM + BRPs 415 BLM +
PFD 41/ 507 B BRPs (5 g/kg) \PFD (200 mg/
kg) , BER 1 IR, L4525 21 d,
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— 38 3 5L qRT-PCR AR M T TNF-o, PI3K
AKT1 2G4/ F mRNA k1500, % RNA if
) S N BRUA i 5 S RNA | BioDrop 32 260
nm 1280 nm KT AOGE(E , PP RNA 2 Jf
IR T MR R 5 SR & e 45, B 1 pe
RNA #4730 %% 5511 % ¢DNA , {fi 1] SYBR iR 7] & %
PiHHTE Applied Biosystems PCR {¥ [ #£17 PCR, Jf:LL
GAPDH HB I SR A 2 241k H4 mRNA A%t
RIRKF, BTH/NRFSI M EE R L,

®1 ERABDRSIMFT

Tab.1 Primer sequence from mouse species

Primer name Primer sequence (5'-3")

PI3K F: TGTGGCTGACGCAGAAAGGT
R:GTGGGGCAAATCCTCATCATC
AKTI1 F: CAGTTTGTTGCTGTGTCCCAT
R: GGCTCTCCTGTCACCAAGATTA
TNF-a F. GGTGCCTATGTCTCAGCCTCTT
R: GCCATAGAACTGATGAGAGGGAG
GAPDH F: ATGGGAAGCTGGTCATCAAC
R: GTGGTTCACACCCATCACAA

1.10 #EEXNEBBMEXLEBDKTE Cul 4,
BLM 41 .BLM + BRPs #1 BLM + PFD 2 4] F &5 i 28
PEJ5 FH 0. 5% TritonX-100 #H1TiH BALEE , 28 5% 1113
Mg e, 5% 5% — 0 (TNF-a 1 @ 500; PI3K
1:250;AKT1 1 :100) 7E 4CWH % FIA R Y
P ( AlexaFluor 555/ AlexaFluor 488 #ric,1 :

500) 9% 1 h J5, /1 DAPL Xt4H4UHTE Y, &5,
fit PR W AUBE SR ORI R B 5

1.11 %itZE4E R GraphPad Prism 9.4.0 %
AT i AT S B B AT B2 4 B, S 45 R LA
x x5 FN A BRI 2 22381, P < 0. 05

- 2229 -
NEFAGIT
2 BHR
2.1 ZFEMRSRBXREAMRE ks

68 FIE MY, R RG2S T By AEY)
. BIBRIEREN 0 K M s )5, 45 3 50 75 16 P Al
SIHITETERE A 390 (1 1) ol KR EETTEE SR
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#22,

2.2 PFEAMIFE KKK RAELNLRTERES
TREIE T 2508085 P 7 R 2 R AR 1 SR R 4k
a2 i PR P 24 5040 P2, 45 1) PR X 1
S35 294 85 32,710 F1 212 A, M 5 A HE S
HEPFHA 10134 (E 1),

2.3 EETFPF B PPI M4 st Venny2. 1.0
W35 K IE T S IPF  PF 5 A H X RE SRS FE 75 -PF
SEAEHE AT 89 A (B 1) o B ix SEAZ AL fi A &
String- =l e NG| Multiple Proteins 28] , REIEHESPF

Brassica rapa L. PF
301 89 924
(22.9%) (6.8%) (70.3%)

El1 ZEEF PFEEAHEERE

Fig.1 Venn diagram of the targets from Brassica rapa L. and PF

R2 BETARENNAES

Tab.2 Monoglycosides and their corresponding targets

Glycoside active ingredient Corresponding target

Kaempferol-3-O-glucoside

AKRIB1, CA2, CA7, CAl12, CA4, ACHE, NOX4, ADRA2C, NQO2, RPS6KA3, NMUR2, ADRA2A, CD38,

PDESA, PTGS2, ADORA1, TNF, 112, XDH, ALOXS, SLC29A1

Isorhamnetin-3-0-glucoside

AKRIB1, CA2, CA7, CA12, CA4, NOX4, ADRA2C, ACHE, NQO2, RPS6KA3, NMUR2, ADRA2A, PTGS2,

CD38, XDH, TNF, IL2, ADORA1, PDESA, ALOXS, SLC29A1, TERT

Quercetin-3-0-glucoside

AKRIB1, RPS6KA3, CA2, CA7, CAl12, CA4, NMUR2, ADRA2A, ADRA2C, ACHE, NOX4, NQO2, CD38,

PTGS2, XDH, PDESA, TNF, 112, ADORAIL, ALOXS, SLC29A1, TERT

Sinapoyl glucoside
Syringin
ADORA3, PNP

p-Coumaric acid-B-D-glucoside

PRKCA, MMP2, MMP12, ADORA3, SLC28A2, IMPDHI, AKRIBI, SLC29A1, HSP9OAAL
TYR, CA2, CA7, CAl, CA3, CAl2, CAl4, CA9, CA4, CASA, CA6, ADK, ADA, ADORA2A, AKRIC3,

Nrf2/ARE, NADPH, NF-kB, COX-2/PGE2, ERB
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ACEERE S ) PP 2% (&1 2) . i i Cytoscape3. 9. 1
BRAEXT PP 26 v (55 B HEA TR b o BT, 1531
TS HE AT 10 0 B AR B A (181 3) . Hiv,
TNF-o 5 85 BE(H B 5 , AKT1 R, /R FEFIRYT PF
AT M A0 A5, Horp TNF-o A1 AKT1 7] fEZE I
PR R R RO E

B2 3tE5S PF RELAM PPI ML
Fig.2 PPI network of the intersection targets between

Brassica rapa L. and PF
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TNF-a
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3 Cytoscape ZGFMFEE BT PF RIET 10 (XS
Fig.3 The top 10 key targets for Brassica rapa L. in the

treatment of PF calculated by Cytoscape software

2.4 GO E¥IhEEFn KEGG BEEESN il
AR X IEH - PR SRR AT GO A=Y 20
REZMT, &5 R I, Je ¥ 697 PF YR Y S R 2
I %P4 (reactive oxygen species, ROS) Ui 544
B AR S A8 2 LA K 22/ 9 R RV
MAPK  AKT1 S5 757 ; 40 A 20 43 3 200 K S 43
JE AN BT S 4 ) 5 o0 T I RE R R R A

PR 6P R B TR B 45 & L 22 SR KT /K i ity
WEPESE(F 4) , KEGG Zp T4 i R, I8 1RYT PF
(i fe F 5 M PI3K-Akt . VEGF \EtbB £ 4155
(I 5)

4 FEEHERFT PF XBHEAM GO EMINEEEEN T
Fig.4 GO function enrichment analysis on key targets

of Brassica rapa L. in the treatment of PF

5 SEEIRST PF XBE LM KEGG BREEN
Fig.5 KEGG pathway enrichment analysis on key

targets of Brassica rapa L. in the treatment of PF

2.5 BRPs %t BLM ¥ PF /NRAZELA RN HE
P g5 I Bon | IEHO IR/ U 5 52 3, R
RN 5 5 IEH X IR ZHAH L, BLM 470N BN
WSERZETL , i (E) B 3 I8, I A R M 4 B i i 5 i
5 BLM ZHAH L, BRPs #1 PED ] 41kl BLM 355 89/)N
SR Ve P 184 5 VR 28 AE AN B3RV (1K1 6) . Masson
Yo S5 BN IR H O RN BUI 20 28U /D 5 i
JREF 2, T AL B S ; 5 1E H X B AR Lt BLM 41
NSO T O A2 B K I DR £F 4 DA ; 5 BLM 414




FMBEMKFF®  Acta Universitatis Medicinalis Anhui

2025 Dec;60(12) - 2231 -

L., BRPs 1 PFD 7] B & i 5% BLM 335 /) BgU it 20 2
MRS IREFAE IR (L 6) o X E45IR4RR  BRPs 1] Bk
2 BLM J3/N BRI 20 2O B4

2.6 BRPs Xt BLM # PF /R il 42 TNF-a.
PI3K,AKT1 mRNA KFEFEM 5 I1EH X R4
&, BLM 20/ B 41 40 TNF-o, PI3K . AKTI mRNA
IKFTHE (P <0.05) ;5 BLM 414, BRPs 7] T i
BLM Z( PF /NI AL 34 3 FRIE ) mRNA 7K
(P <0.05),PFD fg F## PI3K 1 AKTI mRNA 7K
(P <0.05) , 4k, TNF-oo mRNA 7K 5 F e
(K7),

2.7 BRPs X BLM # PF /)R i 42 22 TNF-a,
PBBK.AKT1 EH/KFER N 5 IE 5 X R4
He, BLM 4H /) Uil 40 20 Ff TNF-o  PI3K 1 AKT1 f4
oo FE A i 1G5 3R 1 Rk AP TR (P <
0.01), £ BRPs #il PFD T-TiiJ5 , i b B HEA 2L

a b

0 BLM 5500 LR =Fh i Ay BESRGA . Horpr,
BRPs ZbFRZH 1Y) TNF-o \PI3K 1 AKT1 25 [ &k [%
(P <0.01) ; PFD Ab B £H 12 B i 25480 5 300 441 4
H, g9 EoR FBE AL BLM 455, = Fh 1 Rk 1
TH(P<0.05) (& 8).,

it

PR L S 2% , i PR R = e U 1367 24
Yy, BN I U — T IR PR, H AT, B
AT 2 F PR JRYTZ5W) PED RIEIA R A ST R
BRELI 52 P22 , PR IR0 2577 (e R OR, 7EIX—
HEN, HA R0 T B KRR 0% i % 2
HAL, BEIEE R N AR L S, B R
[ 300 P T o o 0 0 i ) 80 L {EL BT PR ) AL
—HAWIH,

ABIF T S ) 24 24 B2 45 5 ST R IR 5T

3

c d

HE
Masson
6 BRPs X BLM FIHUNRETALFEZHM %200
Fig.6 The effects of BRPs on lung histopathology in BLM-challenged mice x200
a: Control group; b: BLM group; ¢: BLM + BRPs group; d: BLM + PFD group.
3 15 10
3 M T 10 jniies
282 , £E 45 o
A = < <=
=< ° o <
L‘a > o O #
EER 28 g2 4 "
% § #h §
#t
- : -
sl o
0 0 0
a b c d a b c d a b c d
E7 qRT-PCR jllFE TNF-o, PI3K #1 AKT1 mRNA 7K

Fig.7 mRNA levels of TNF-a, PI3K and AKT1 measured by qRT-PCR

a: Control group; b: BLM group; ¢:BLM + BRPs group; d: BLM + PFD group; * P <0.05,

0.01 vs BLM group.

*** P <0.001 vs Control group; P <0.05, #P <
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Fig.8 Protein levels of TNF-«, 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 Control group; *P <0.05,

#P<0.01, ® P <0.001 vs BLM group.

JEFPL PF TG PE, 45 R WoR, 205 B2 R A
A PR TEFHIRIT PE I B
U, JE e sh Wy SE 56 I UE A BRPs WG4, 2
H A B4 25 20 ) IS R i 1 22 0 2K
Ry A 28 A3 o P e G M I, I T TNF-o 11
AKT1 R S S, (A B2, TNF-a

YR RAE SN B I sl R -, T SE4E 98RE 41 A JT:
PRI AT S A0 i 0k R 1, Ik PR e g
AKT1 D3 i< 97 45 5 g 40 B 2 R Ak A I T e, 52 i)
RIE Sl fe 2 X R IR R AT
A 0 1 DI i) R 428 R0 R 200 i 7 38 4 2 A I A HE YR
SPVER . HE—20 0 i s il T X — i AR .
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ROS R S AL R 3 s 7 K PI3K-AKT 15 53 5 4
P E A ROS 1B N AR 5 0 1, il i 3 R E
RN AR E PR kR 1) PI3K/AKT 18 % 5 2 PF 1
WU R, RO I vl ek PIP3 AR g, 1 1 47 55
PDK1 FI AKT 4 A 5 368 ao 1l 198 b 930K s 1o i
TUE NF-kB 45 S R0 4, HEsh 27 e fb & S Xl
Je S SRS HLH 1 0 UE R4S T WA

TESYREIh WIEEE] BLM 2H /)N U 45 4 2
LA A M | e TR ™ o, 4R /N B PR B AR
PRI i BRPs fENS 0 5 M LR LS iR
SRR S HYEZG Y PRD MY, w125 EDIE T HPt PR
W, AN, FE4rF)Z 1, BRPs AT g 0] TNF-o
PI3K Fll AKT1 BY%% 57K 2 75 HoAE AL -5 40
RAEAS 530 % S PIBK-AKT B A G, X—85
PFD W] fig 35 238 o B3 5 L & FEAE A T AN
[ 525 T BRPs (MR
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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 Xiuli'
('Key Laboratory of Chronic Diseases, School of Basic Medical Sciences, North China University
of Science and Technology, Tangshan 063210;>NHC Key Laboratory of Biotechnology for Microbial
Drugs, Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences & Peking Union Medical
College, Beijing 100050; °Food Testing Research Laboratory ,Xinjiang Uygur Autonomous Region
Institute of Materia Medica, Urumgi 830000 ; *Intensive Care Unit,North China University
of Science and Technology Affiliated Hospital, Tangshan 063210)

Abstract Objective To explore the active components, key targets, and mechanism of action of turnip in allevia-
ting pulmonary fibrosis ( PF) based on network pharmacology and animal experiments. Methods The active com-
ponents 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.
qRT-PCR was used to detect the mRNA expression of tumor necrosis factor-a ( TNF-a) , phosphatidylinositol 3-ki-
nase (PI3K), and akstrain transforming 1 ( AKT1), and immunofluorescence staining was used to measure the
protein expression of TNF-a, 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 colla-
gen 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-at, PI3K and AKT1 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-a/PI3K Akt signaling pathway.

Key words Brassica rapa L. ; polysaccharide of Brassica rapa L. ; pulmonary fibrosis; network pharmacology ;
tumor necrosis factor-o; PI3K-Akt signaling pathway; TNF-a signaling pathway
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