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[Abstract] Objective To explore the effect and mechanism of silybin on improving pulmonary fibrosis and oxidative stress
in mice. Methods A total of 120 mice were randomly divided into sham operation group, lung injury model group, dexamethasone
group, low-dose, medium-dose and high-dose silybin groups (20 mice each). The models of pulmonary injury mice were induced
by bleomycin. Mice in dexamethasone group, low-, medium- and high-dose silybin groups were given intragastric administration of

dexamethasone (3 mg/kg) and silybin (120, 240, 480 mg/kg), while sham operation group and lung injury model group were given
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the same volume of normal saline for 28 d. The bronchoalveolar lavage fluid (BALF) and pulmonary tissues of each group were
collected. The count of inflammatory cells in BALF was examined by microscopy. The pathological damage of pulmonary tissues
was observed by HE staining. The pulmonary wet/dry weight ratio (W/D) was detected by wet-dry weighting method. The content
of hydroxyproline (HYP) in pulmonary tissues, and levels of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), total
antioxidant capacity (T-AOC), malondialdehyde (MDA), tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6) and IL-1B in
BALF were detected by ELISA. The expressions of bone morphogenetic protein 9 (BMP9)/bone morphogenetic protein receptor 2
(BMPR2)/SMAD signaling pathways-related proteins were detected by Western blotting. Results
group, count of BALF inflammatory cells, scores of pulmonary injury and fibrosis, W/D, HYP, and MDA, TNF-«, IL-1{ and IL-6
levels in BALF increased significantly, while SOD, GSH-Px activity, T-AOC levels in BALF, as well as the relative expression levels

Compared with sham operation

of BMP9, BMPR2 and p-SMAD1/5/9 in lung tissues decreased significantly in lung injury model group (P<0.0S). Compared with
lung injury model group, count of BALF inflammatory cells, scores of pulmonary injury and fibrosis, W/D, HYP, and MDA, TNF-c,
IL-1PB and IL-6 levels in BALF decreased significantly, while SOD, GSH-Px activity, T-AOC level in BALF, and BMP9, BMPR2
and p-SMAD1/5/9 expression levels in lung tissues increased significantly in high-dose silybin group and dexamethasone group

(P<0.05). Conclusion The silybin may improve bleomycin-induced pulmonary fibrosis and oxidative stress in lung injury mice by

mediating BMP9/SMAD signaling pathways, and thereby repairing pulmonary injury.
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Tab.1 Comparison of inflammatory cells counts in BALF of mice in each group (x+s, n=20)
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Tab.2 Comparison of pulmonary injury of mice in each group (x+s, n=20)
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Tab.3 Comparison of oxidative stress-related indexes in BALF of mice in each group (U/mg, x+s, n=20)
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Tab.4 Comparison of the levels of inflammatory factors in BALF of mice in each group (pg/ml, x+s, n=20)
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Fig.2 Comparison of expression levels of BMP9/BMPR2/SMAD signaling pathways-related proteins in lung tissues of mice in

each group

BMPY. ‘HIEEA M H9; BMPR2. HIEEAME A ZA2; SEFRALK, (1)P<0.05; SitGEAIL LLE, (2)P<0.05; 57Kk
TR AL LR, (3)P<0.05; K KHMITEPFEAL LA, (4)P<0.05; H/K CHITEEFI =AML, (5)P<0.05

WA, RN S IEAS B . ST
Feds, i iR i 4] /N FBALEH TNE-a . IL-1B .
IL-6/KF- BRSO B A g, 7K
A S FE RN AL/ N FBALF T TNF-r |
IL-1B . IL-67KF-BH B REAL, #E—BFSoK Cai EhE
i 2 1 Jifi 21 e Ak /) U 2L S8 RE L DT D % i 461
Hi o BT Ak o A6 455 il 25 20 98 P4 405 0 8 4 e
B, % B2 AN A B TNF-o, BT L
AR AL TNE-B,, SEUMLF 4L B %
B, IL-6FIL-1BYENME RN A+, mad#i45 b
1 e A A 2 P AT T A i £ A b i R v ke 5
BRI, KRBT R AT AR/ TNF-a . TL-1B.
IL-67KF-, Jdde/ NI SNt R vy, B4 e T
il 21 4k /N B B T4 H .

R MG SR S R A EH
PR, R EAUA KA A AR . SOD .
GSH-PxFIT-AOCA R MR BT AL RE S, HAKF
1w 2 B ML S AL R UK BRI, T MDAYE R 4
RN 271, HKSF T 28 B AR N oK 7 T
o AWFFREE IR IR, A K CHIEFIERE N, /N
FUBALFHSOD . GSH-Pxifi 14} T-AO C/KF- B i

=, MDAJKF-B R FEAR, B/ B AL UK
FEAK . IFGE R, 200 1 AU OGR4 5 il 2F 4t
PR YIS, (A LA R T AL R W 8. A
FEh, SRFARA R, Ml 45 R 4 )N U 2
41 BMP9, BMPR2, p-SMADI1/5/9%% FMIXS ik
KV R BEAR ;S O BT 2E R, K R 5
Hh R R 2 N M ZE KA AN BRI 4 2L BMPY |
BMPR2., p-SMAD1/5/9% [l XF 2 ik 7K F- B . 7t
#, #RUIBMP9, BMPR2Alp-SMAD1/5/915 53
S i i — e R . BRI R, Bl 4ifb
I FEHBMP9, BMPR2Flp-SMAD1/5/915 5 #% i
IAFFLLRIH, BMPOZR IR KT W AIRAT B 1 il 27 4 £k
9% &, BMPR2Z Ik /K- B AR ] I 32k P4 B -] o
b, AT BN SRS T 2 S S 2 M il
MBI, SMAD R AR AL, BRI I
P AU A BTG R PER 72, % T BMP9/BMPR2/
SMADTE 518 % T 1 RE 4% {2 JE Mok 22 R 5 T 1O i 41
bk, K CEITETT LIRS S0 A T g AT

g LTk, AR ERN, KRRk
HRB RN AL BA ZMAEH, TagE e -



BMP9/BMPR2/SMADE 518 1% . J4% RAE 2 i
PP AN TR R I 2 AUy . (A S A i
R, Toikkt iR iR 22 ARG T AN oL, ARt
RTINS [+) F51) 6 7K i 5 X il £ 4 A6 RN A2 AR N B 5
%?&*EEQ%E%%LE’JE?HH M Z WA
ﬂiﬂaﬁufgﬁI A 5 BMP9/BMPR2/SMADTE 5

i AT b g e, HELARYE FBLE] AN B
ff, Ak ] IE RIK P — 20 S5k

[ &% it

[1] GongLL, Bao SP, Li PF. Analysis of clinical features and
surgical treatment of lung cancer combined with interstitial lung
disease[J]. Clin J Med Offic, 2021, 49(4): 385-388, 391. [F #i
HI, BIPET, AR PR I ) BT 0 e AR S Ak
BHATY (7], K B 24, 2021, 49(4): 385-388, 391.]

[2] Zhang C, Wu Z, Li JW, et al. Discharge may not be the end of
treatment: Pay attention to pulmonary fibrosis caused by severe
COVID-19([J]. ] Med Virol, 2021, 93(3): 1378-1386.

[3] Zhou SQ. Health management of idiopathic pulmonary
fibrosis[J]. ] New Med, 2013, 23(2): 126-128. [4FtH ¥4, 5 & 1

i 27 AL i BEAE BT ). BR 27 B MK, 2013, 23(2): 126-
128.]

[4] Wakwaya Y, Brown KK. Idiopathic pulmonary fibrosis:
epidemiology, diagnosis and outcomes[J]. Am J Med Sci, 2019,
357(5): 359-369.

[S] LiZH. Progress in diagnosis and treatment of idiopathic
pulmonary fibrosis[J]. Chin J Pract Intern Med, 2020, 40(S):
353-356. [ZHRME. 45 VR 6] BT e fki2ia vt [ 7], h
JHIPIRIA A, 2020, 40(5): 353-356.]

[6] Chen RJ, Wu YJ, Hu KL. Research progress on pharmacological
effects of silibinin[ J]. Shanghai J Tradit Chin Med, 2021, $5(2):
90-96. [FRILH, Rz, WIBLAL K W2 25 FAR et
JE[J]. BifErh R 2245, 2021, 55(2): 90-96.]

[7] Racanelli AC, Kikkers SA, Choi AMK, et al. Autophagy and
inflammation in chronic respiratory disease[]J]. Autophagy,
2018, 14(2): 221-232.

[8] Otoupalova E, Smith S, Cheng G, et al. Oxidative stress in
pulmonary fibrosis[ J]. Compr Physiol, 2020, 10(2): 509-547.

[9] Guo Z, Fan D, Tang QZ. Research progress on the mechanism of
action of reactive oxygen species in diabetic cardiomyopathy[J].
Med J Chin PLA, 2020, 45(12): 1294-1298. [ZF45%, i1, JEI
3 TR RO VU TP A9 VR I BILI AT 52 28 e (7).
Tl AR, 2020, 45(12): 1294-1298.]

[10] Zhang Z, Ge L, Zhang S, et al. The protective effects of MSC-
EXO against pulmonary hypertension through regulating
WntSa/BMP signalling pathway([]J]. J Cell Mol Med, 2020,
24(23): 13938-13948.

[11] Jiang Q Liu C, Liu S, et al. Dysregulation of BMP9/BMPR2/
SMAD signalling pathway contributes to pulmonary fibrosis and
pulmonary hypertension induced by bleomycin in rats[J]. Br J
Pharmacol, 2021, 178(1): 203-216.

[12] LiL, Wei L, Wang ZF, et al. Study on the mechanism of melittin
inhibiting pulmonary fibrosis induced by bleomycin in rats[J].
World Chin Med, 2019, 14(3): 105-111. [ZE41, f&3, TA,
. W Z R PR A R S/ U T 4E AL i HL R D5 T].
TR B2, 2019, 14(3): 105-111.]

(17]

(18]

(20]

(21]

(22]

[24]

Med J Chin PLA, Vol. 47, No. 12, December 28, 2022

Jiang YF, Fan XJ, Liu X, et al. Effect of naringin on bleomycin-
induced pulmonary fibrosis in mice and its mechanism[J]. Acta
Univ Med Anhui, 2021, 56(2): 202-207. [F1A75, JLHEAS, X1
¢, A% Al K 30 1 e B 2375 5 1) /D Bl il 2 4 A 1) otk
&,ﬁ\f’ﬁﬁﬁmﬁﬂ [J). BEERR 2R, 2021, 56(2): 202-
207.]
Yang TT, Wang W, Li GQ, et al. Protective effects of silibinin on
acute liver injury in mice[J]. Chin J Exp Tradit Med Form, 2016,
22(10): 102-106. [#lEts, T A4, 450 4x, 4. KRBT/
SR RT3 B R PR T (7], o R 923007 70 27 2% 3, 2016,
22(10): 102-106.]
Oldham JM, Vancheri C. Rethinking idiopathic pulmonary
fibrosis[ J]. Clin Chest Med, 2021, 42(2): 263-273.
Xu M]J, Li XG, Ma C, et al. Effect of human placental
mesenchymal stem cells transplantation on pulmonary vascular
endothelial permeability and lung injury repair in mice with
acute lung injury[J]. Chin ] Repar Reconstr Surg, 2020, 34(3):
120-125. [FRIIY, ZE0eE, DR, 45 AR EMSCsRE M 2
PN 053 /1 BRI LA P B 3 i35 P e it 28 808 40 168 A2 9 32 )
). hEBE BN, 2020, 34(3): 120-125.]
Li B, Yin GF, Fan XM. Involvement and mechanism of fecal
microbiota transplantation on endotoxic acute lung injury in
rats[J]. Chin J Microbiol Immunol, 2019, 39(11): 812-820. [%*
e, T DT, I FETERS AR R R P R AR S i
P3P BRI (T]. AR R Wi e e 24 2k s,
2019, 39(11): 812-820.]
Fu Y, Kong LF. Role of TRPV1 in pulmonary fibrosis induced
by intratracheal administration of gastric juice in rats[J]. Int J
Respir, 2019, 39(13): 973-979. [f-1i, LR TE. TRPV1ZE K
g &WEAETLEFﬂHﬂTQ?Qthﬁﬁz*E"WEFH[J]. ] BRI
Z%ik, 2019, 39(13): 973-979.]
Zhang JJ, Hu SX, Li H, et al. The effect of ligustrazine on
pulmonary fibrosis and inflammatory response in acute lung
injury rats induced by endotoxin[J]. Chin J Hosp Pharm, 2019,
39(3): 46-S1. [BRUAME, WIHEHE, 240 25 IS WX N #E 1%
10 A2 I 4B 0 I Bl 2T 4 PR S S 1 B9 98 55 VR 7],
o E B B 22 4, 2019, 39(3): 46-51.]
Qian F. Inflammatory mechanisms and novel molecular targets
in idiopathic pulmonary fibrosis[ J]. Chin J Pharm Toxicol, 2019,
33(10): 167-167. [£klg. F¢ A VERTET R4 ) S AE AL AT AL
SRR E 2 A B A ALK, 2019, 33(10): 167-
167.]
Huang CW, Zhao Q, Zhong LD, et al. Bevacizumab ameliorates
bleomycin-induced murine pulmonary fibrosis[J]. J Pract Med,
2019, 35(15): 2379-2383. W 3, AR, bt lh, <5, DL ARER
AP MR R R 0/ RUMEF 4EAL (7). 9 R 220,
2019, 35(15): 2379-2383.]
Wang X. Latest advances on cell aging involved in molecular
pathogenesis of idiopathic pulmonary fibrosis[J]. ] Med
Postgrad, 2021, 34(12): 1335-1339. [ T4 A # S Sk
PEIET Al 1 K L B T AT e e g 7). B2 Ak
2412, 2021, 34(12): 1335-1339.]
Gaskill CF, Carrier EJ, Kropski JA, et al. Disruption of lineage
specification in adult pulmonary mesenchymal progenitor cells
promotes microvascular dysfunction[]]. J Clin Invest, 2017,
127(6): 2262-2276.
Nossent EJ, Antigny F, Montani D, et al. Pulmonary vascular

remodeling patterns and expression of general control



RSG5 20224F 120128 4786 124

[22]

nonderepressible 2 (GCN2) in pulmonary veno-occlusive
disease[ J]. J Heart Lung Transplant, 2018, 37(5): 647-655.

Lv JL, Wang SH, Gao YR, et al. Effect of neodymium oxide
exposure on inflammatory factors and transforming growth

factor-B/Smads pathway in mouse lung itssues[ J]. J Environ

Occup Med, 2021, 38(9): 1022-1028. [ B {EH, T4, miff
9, S B ACRR R XN BU 41 45 T B Ak AR K
F-B/Smadsill B B LI [ ]]. FREE S B BE 2, 2021, 38(9):
1022-1028.]

(GHAESmH . 2I77)





