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Effects of different concentrations of brusatol on silicosis fibrosis in mice KANG Huimin, LI Rou,
WANG Hangqin, ZHENG Yunfan, CHEN Shi (School of Medicine, Hunan Normal University, Chang-
sha, Hunan 410000, China)

Abstract:

[Background] Silicosis is a diffuse fibrosis of the lungs caused by long-term inhalation of free silicon
dioxide (SiO,). It has a complex pathogenesis and lacks effective treatment. Brusatol (Bru) has a
variety of biological activities, and its role in silicosis fibrosis is unclear yet.

[Objective] To investigate the effects of different concentrations of Bru on SiO,-induced silicosis
fibrosis in mice.

[Methods] Thirty male C57BL/6J mice were randomly divided into five groups: a control group, a
silica group, and three Bru intervention groups with low, medium, and high doses (1, 2, and
4 mg-kg™), with 6 mice in each group. Except the control group, the remaining groups were establis-
hed as SiO,-induced silicosis mouse models by using a single tracheal infusion of 50 uL 60 mg-mL™
SiO, suspension. The control group was dosed with equal amount of saline. The Bru intervention
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groups were injected intraperitoneally with Bru for 5 consecutive days and then injected every other day. After 28 d of exposure, the
mice were executed and lung tissues were collected. The lung coefficient of the mice was measured, and the pathological changes of the
lung tissues were observed after hematoxylin-eosin (HE) and Masson staining. The levels of apoptotic protein Cleaved-caspase 3, fibrosis-
related protein a-smooth muscle actin (a-SMA), type | collagen (Col-I), autophagy-associated protein Beclinl, microtubule-associated
protein 1 light chain 3 (LC3), Sequestosome 1 (p62/SQSTM1), Kelch like ECH-associated protein-1 (Keap1), and nuclear factor erythroid 2
related factor 2 (Nrf2) were detected by Western blot. The mRNA levels of Caspase 3, a-SMA, and Col-I were measured by realtime fluo-
rescence-based quantitative PCR.

Compared with the control group, the lung coefficient of mice in the silica group was significantly increased (P < 0.01); the lung
tissues of the silicosis mice showed damaged alveolar walls, along with infiltration of inflammatory cells, fibrous nodules, and collagen
deposition; furthermore, the protein and mRNA levels of Cleaved-caspase 3, a-SMA, and Col-I were significantly increased (P <0.01); the
expression levels of Beclin1, LC3-1I/1, p62, and Nrf2 were increased, while that of Keap1 was decreased (P < 0.05). The interventions with low
and medium doses of Bru reduced lung coefficient (P < 0.05) and protected against pathological damage and collagen deposition in the lung
tissues of the silicosis mice; the protein and mRNA expression levels of Cleaved-caspase 3, a-SMA, and Col-l were significantly decreasedin the
low and medium dose groups (P <0.05, P<0.01), the expression levels of Beclinl, LC3-Il/1, p62, and Nrf2 were also decreased (P <0.05,
P <0.01), and the expression level of Keap1 was increased in the medium dose group (P < 0.05). However, compared with the silica group,
the differences in lung coefficient, pathological damage, and protein and mRNA expression levels of Cleaved-caspase 3, a-SMA, and Col-I
in the Bru high dose group were not statistically significant (P> 0.05). In addition, the high dose of Bru decreased Beclin1, LC3-Il/I, and
Nrf2 expression levels (P < 0.01), did not change p62 protein expression level (P >0.05), while increased Keap1 protein level (P < 0.01).

Low and medium doses of Bru might regulate autophagy through the Keap1-Nrf2 pathway, ameliorate autophagic degradation
impairment, reduce pulmonary coefficient, attenuate apoptosis, and delay the progression of fibrosis in SiO,-induced silicosis mice.

silicosis; brusatol; lung fibrosis; autophagy; apoptosis
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Nrf2 JIE p62 (R AV IR 1% B W, ZARRY Fh T 4E 1k
E i, A RIKRIL sio, BN R FHEE, H5F
UAREIRER Bru T, #R17 Bru 3P/ NERBSBHLT 1L
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WEVNRIER SRS 1 B, XRREHmITERFEE
MEFHRCIEZASHUE(ERS: 2021-308),

KR & Sio, BRI (Min-U-Sil 5, 97% <5 pm, &
Silica) E T HASAHEREE 1 h EATF TR EIEE KA,
FEHIRL 60 mg-mL™ Sio, Bk, EEEXEEFER. 1B
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quantitative PCR, RT-qPCR) 1 M ffi2H £3 48 X mRNA B
Tk
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RE KA, 1RIE Prime Script RT IR & (RK20429,
EEZEERR RARBFHFTYEER, £/ SYBR Green
Master Mix 177 & (RK21204, R E E 1825 ) # 1T RT-
qPCR. LA GAPDH fEAASERA, R 2 AT E
FEREXNREE, 5B MEFIER L
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Table 1 Primer names and sequences

5|¥&FF 514 51(5'-3")
Caspase 3 IE[E]: GCTGACTTCCTGTATGCTTACTC [ [E]: AATTCCGTTGCCACCTTCCT

Col-I 1E[A): CAGTGGCGGTTATGACTTCAG [%[A]: GGCTGCGGATGTTCTCAATC
a-SMA  1E[E): GAACACGGCATCATCACCAA /% [Al: ATCTCCAGAGTCCAGCACAATA

GAPDH  IE[Fl: AATGGTGAAGGTCGGTGTGA [R[H: CGCTCCTGGAAGATGGTGAT

1.7 FitESH

X F8 GraphPad Prism 8.0 ZX {4 # 1 TEHIE A 1T 9o
T ERERMIES D B LIIEATEE (xts) "R T
LA B LL IR R B R R E S E0 T, AR LR
FEFHNRXRARNEEMNE R E(least significant dif-
ference, LSD), /5 & 55 B X A Dunnett's T3 ¥ %0,
P<0.05 NIRTREFRABRITFE X,

2 &
2.1 FREIRE Bru X365 Aifi/) 62 Bl 2 SRAY 201
FERUNK 2 B, R4 28 d f5, 5XTEBLEELL, B
PHNRBRBAS(P<0.01); 44F Bru TG,
Bru 1. PFIZLH/NEAMARELTBE(P<0.05), M Bru i
FIEH SR LA ESRTHRITFEREN(P>0.05),
2.2 R[ERE Bru XFEYBifi/ ) B BiiZA 4R TR IR RV 220
HE REBERIE 1A FiR, SXTERA/NREL, 7
DA/NRIHERLEM IR, BRI, KEXEME
=, R LTS, Bru . TFIE4H/)BMALRK
MEARRRIRL, IR IR LA ERE G, M Bru
SFEA/) BIALRE SHAARL R IEENE,
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£ 2 FEIRE Bru JE7FH/EITR B9 (x £ 5, n=6)

Table 2 Effects of different concentrations of Bru on lung coeffi-
cient of silicosis mice (xts , n=6)

gzl FfiE %/ (mg-g™)
XTERLE 5.2740.26
ANz 7.4040.47"
BrufFI =4 6.45+0.43"
BrufI E4H 6.39+0.42°
Brus &4 6.73£0.56
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2.3 RREARE Bru XJHfii/) 58 A2 25 40 R 8 = B9 =201

0.01), M Bru &F|EH 58420 28] Cleaved-caspase 3
HNREAEFRTRITFERX(P>0.05) WE 2,
2.4 RERE Bru XIE7BNRATALR T EMEXRER
Bz mRNA FRIARIRZ M
£ERNE 3 B, Sio, BE 5|/ VB4R Col-l
M a-SMA EHKFEHE(P<0.01), M Bru {f. BFIE
HEHKFETE(P<0.01),Bru BHIEHEWAIAE
B LEARITFERNX(P>0.05), RT-qPCR ¥ Col-I F a-
SMA BIFE RK LR EHEMIER
2.5 TI‘J,ZU‘ Bru ?TE?HI_'E/J\LLL%QH—,\ A1)
SR UE 4 Fw, FHEEFXTERA, Eﬁ"‘éﬁﬁ A4S
X% A Beclinl. LC3- 1l /| BN EREYEH p62 BIFK
IXBAR NP <0.05, P<0.01), M Bru 1. F. SFIE
A 519 LA ABLE Beclind. LC3- 11 /1 B T P& (P<0.05,

Ex3mEEMELL, B L4 Cleaved-caspase 3 FIRIA P<0.01); Bru . FFI = 4H p62 FKIAKFIEERFK
MEERKFIHRE(P<0.01); Bru TFi/E, Bruf. 1 (P<0.05, P<0.01), M BrumFEH S5 L HMEL
7 £4H Cleaved-caspase 3 B 7K S F P& (P<0.05, P< p62 EAMNRAEFSTARITFENX(P>0.05),
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Figure 1 Histopathological changes of lung tissues of mice in each group (n=6)

wWww.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2024, 41(5) 543

%%%

Caspase 3 _._-_“_-
Cleaved-caspase 3 !‘ - i

GAPDH --—-|

™

%15 6

2 aa o aa

= 1.0 Sk 4

) St

2 bb 7 LE

205 932 bb

g sz bb

£

z 0

S B PP P &_&@ & &P

A7, 4\\\,@@ Fa7aSS, &

%«0 %&0 %&\) Q,(Q Q,‘\) Q}‘Q

] A: ERHKE; B: Cleaved-caspase 3 ZHMBITFRIAE; C: Cleaved-
caspase 3 MRNA FHXT RIXE, aa: 5XFERAMELL, P<0.01, 5L
£H48LL, b: P<0.05; bb: P<0.010

2 BHPNEMBLATHEXERR MRNA RiABEW (n=6)

Figure 2 Changes in apoptosis-related protein and mRNA expres-
sion in lung tissues of mice in each group (n=6)
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Figure 3 Changes in fibrosis-related protein and mRNA expression

in lung tissues of mice in each group (n=6)
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Figure 4 Changes in protein expression of p62, Beclinl, and LC3

in lung tissues of mice in each group (n=6)
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WA ARG S B RTLEA, RZBYH
AT, Bru RPAISREEFNEER 92 2 —, AT
FTERRIIRE, AARE LRI ARBKRE Bru 2K
F /N ERE, RIE. BFE Bru T REE
EE 85 Bili/)\ BB Bl 2R 2, 31 £F 4 (L AE X AR E Y Col-l
N a-SMA BIFRIK, &R B AR R B9 5, M
=72 Bru Xt _EIRTEIRAIR M AERE, 3271 1. 2 mgkg™
Bru E B IR FLT L (LRI,

B E AR ARIMER SIS EETE B
WA EREE. KBRNEENSHZ—, Beclinl
LC3 REEMNEBEXEL, N SERANA K. LC3
DR IEMNE, FERIED, B L3 ZIZEL
BT HERAZ IR LC3- 1, HTMiE S B RAY
£ K5HE, Bt Le3- 11 /1 B /bt B B AR 25 10,
p62 BIEFEMERPHNXBER, 5Z2EVEMNES
HEEEBWABAETREYIER, TR ES
p62 ERANER RIS AT pe2 PENZENERR
%, B EREMBINEZ IR AR ELIE. PFIE
Bru T F B9 6% A /)» B Al 46 43 # Beclinl. LC3-11/1 70
p62 NE B FRIATE, IEPAR. F5IE Bru RIHDHIEY A
NRATALR B BREIE M, NE B R ERER. AT S
—MiEF AR T, 5BRETIEX, ARIEE, B
MEACIES 209 p62 R RIEHAARA T, EMA
HARY Bff 53t & TR PR S B R B2 % = DN sio, iIFE S WY
AMs BT, Caspase 3 BIATIRRR PR BN AR
K+, YWECEG, JEE caspase 3 5| & T hf Cas-
pase KEX % N, AR B/K R EXRY 5 K EI4RAR & 22
MizZEB, NI SAET >, Eit, 7EHE Cas-
pase 3 Bl Cleaved-caspase 3 I AT EHHRER
178, HEX F 2 Caspase 3 IFRIAKF KRR
ATRRE. RARMERER. F5FIZ Bru B] 2FEH
Cleaved-caspase 3 BY5RiX, Fe /R~ K. HF 2 Bru AT EEE
I 24 E B FERERERS AR Sio, ik BYARRRR T, AT
S7I= Bru Xt p62 # Cleaved-caspase 3 ;&8 A Z BYHN
HER, B2 Bru RolE B RPEREREENET,
XAJgEE =2 Bru RRIFETBY LT AW IERNIRE
Z=%

Nrf2 B—MEENZERE T, LM aLhi
AZENEBRETH R EEBERT, Nrf2 5 Keapl 45
BEMTFHBED, B ZE-EEBEERER,
EEWRIET, Nrf2 5 Keapl SR H# NAIEIZ, 1%
SMatERNER, RIPEREZRRERMINER4E

REIRET, FFFTIESE Keapl-Nrf2 @R AT B
%27 BIMEEIRT, TEENEYRESHNARSEF,
EERCE N2 EBHBATERY, M N2 N4 S
FAMBIABA TS, thoh, B RKAS R
p62 AR TR E S Keapl LS, EST Nrf2 FETH
&, — N RI4RRRE T F0 B S, Bru # 2 A
E Nrf2 BYB RUINHIF, B AR FE—F N T8
Fii/\ER B 4E 2800 Keapl-Nrf2 B9 H 7K F LUE S Bru
T EBEES Keapl-Nrf2 BEEE X, AAREREK
BH, sio, R EG/NEAL  Nrf2 7K F1E 10, Keapl
K TPFE, 187 Si0, & Keapl-Nrf2 IBE&o Bru NI
¥ 7 H Sio, 51 #2 89 Nrf2 F1 Keapl EH/KFMZ 1L,
127K Bru AIBEIEBIT Keapl-Nrf2 i@ IR E1T B VR 4E iR 1Y
Fetefeth, B FRMR, Chen FXR I Nrf2 ERBE/)N
BIn&Et RS, NREEIFSHNERAES,
MESK T3 EHDE Nrf2 Bl SEE IR R KRB A RN
Ao ZRRNLER BN Bru &FIE4E Nrf2 EAKFER
16, M ERY /N RRE RS2 Bru BT EEIDSI T
Nrf2 Xt Sio, RERNER |4 BUE, FRFE T |t k&
HNEnh, SEARNEEERZMBIE L%, M
AT MRAIAE,

KRR EE U TERY: &8 EHEN/NERE
&, REERITARKRE Bru XY/ R A E IR0,
EXREIKITHE, ZBIKIL Bru SR, RIRF Bru XF
NREBRESWE M, TGRS @E, &5 T4
BERR Bru WIER, #—FHRITEFIE Bru FIRR,
UKz BATA Bru Fiby BT L (L BN 1o

22 b, K. P FI 2 (1. 2 mgkg™)Bru A BE 18 3T
Keapl-Nrf2 @R IAIE B, 2UE B IEARFERS, R4
BT, R EWRERE, AMARNLILE
R KRB, HRFE. FFE Bru, SFIE Bru B X
MEEZFRETHR, FAlt, FRROPARHEETF
B Bru FIZ2RERE, HEEH P HE Bru JTEYAHLT
SEBIFRLINLE, B E T IR EE MBI,
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