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Effects of coal mine dust on lung function in rats
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Abstract: Objective To explore the impacts of coal mine dust on lung function in rats, so as to provide the basis for
the early prevention and treatment of coal worker's pneumoconiosis. Methods Seventy—two SPF—grade 8—week—old male
Sprague—Dawley rats were randomly divided into the coal dust group, the coal-silica dust group, the silica dust group
and the control group. The rats in the first three groups of rats were administered 1 mL corresponding dust suspension
into the lungs using non—exposure tracheal instillation, while the rats in the control group were administered 1 mL nor-
mal saline. Respiratory rate (f), forced vital capacity (FVC), peak expiratory flow (PEF) and dynamic pulmonary compli-
ance (Cdyn) were measured at 1, 3 and 6 months after dust exposure. Lung tissues were collected to measure reactive ox-
ygen species (ROS) and adenosine triphosphate (ATP) levels using corresponding ELISA kits and ATP assay kits, respec-
tively. The relative mRNA expressions of peroxisome proliferators—activated receptor gamma coactivator l-alpha (PGC-la)
and mitochondrial transcription factor A (TFAM) were detected using real-time fluorescent quantitative polymerase chain
reaction assay. The relative protein expressions of PGC—la and TFAM were detected using Western blotting. Results
There was no interaction between dust type and exposure duration on f (P>0.05), but there were interactions on FVC,
PEF and Cdyn (all P<0.05). Compared with the control group at 6 months after dust exposure, the f of the rats in the
silica dust group were increased, while the FVC and PEF of the rats in the coal-silica dust and silica dust groups were

decreased, and Cdyn of the rats in the coal dust, coal-silica dust and silica dust groups were decreased (all P<0.05).
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There were interactions between dust type and exposure duration on ROS and ATP levels, the relative mRNA and pro-

tein expressions of PGC—la and TFAM (all P<0.05). Compared with the control group at 3 and 6 months after dust ex-

posure, the ROS levels in the rats in the coal dust, coal-silica dust and silica dust groups were increased, while the

ATP levels, the relative mRNA and protein expressions of PGC—la and TFAM were decreased (all P<0.05). Conclusion

The lung function impairment in rats caused by different types of coal mine dust is related to PGC—la-mediated mito-

chondrial biogenesis dysfunction, which leads to increased ROS levels, decreased ATP and TFAM levels.

Keywords: coal dust; silica dust; lung function; mitochondrial biogenesis
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BUILT 4k, SEmRIBIIEE = AHFEERM, ROS A
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BFEHEAE (5% Si0,) . BEZR (99.9% Si0,) FERER
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1.3.1 shordH BT

KEGE RN PEMR R 1 J8G, HeE BEALYA AT IR
g, el EREAFIREAA, A 18 Ho SR
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SR I W2 351 2% (respiratory rate, f) . F Ji fili i &
(forced vital capacity, FVC) . fx K FF S 04 i #
(peak expiratory flow, PEF) F13J 2 ifi i iz P (dy-
namic pulmonary compliance, Cdyn),

1.3.3  KEMZZ ROS Mz

1 g KEFFLHLAA 10 mL RIPA Lysis Buffer,
FUK A%, 9 391xg B0 10 min, B EIER . K
KER ROS B G2 W B o 300 6, MRS B AR
WINA TAER i 42 BB, 37 CHFE 60 min,
AL LIRSS Modle BFFRY T 450 nm KT
MEAALOEREEE, LhbafEihdk, 118 ROS &k,
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20 mg, FEHLE RNA, % 4K HL cDNA, 20 pL
PCR ¥ 1 {K & . 2xMagicSYBR Mixture 10 nL,
¢DNA 2 uL, EFiE514% 04 pL, ddH0 %0 %
20 who RN RAF: AZPE, 95 °C 30 s; AEME,
95 °C 5 s; B K/EMH, 60 °C 30 s, 45 MEH. LU
GAPDH fE N ZHH, RH 2“5 PGC-la,
TFAM mRNA fHX}RA G, RS IWFHILE 1,

F® 1 PGC-la. TFAMHI GAPDH HEH 5191751
Table 1 PGC-Io, TFAM and GAPDH gene primer sequences

HEH JPo (50 =37 )

PGC-laa  F: 5’ —CCACTACAGACACCGCACACATC-3’

R: 5’ -GTATTCGTCCCTCTTGAGCCTTTCG-3’
TFAM F: 5° -TCATGACGAGTTCTGCCGTT-3’

R: 5’ -CTTCACAAACCCGCACGAAA-3’
GAPDH F: 5 ~AAACCCATCACCATCTTCCA-3’

R: 5 -GTGGTTCACACCCATCACAA-3’

1.3.6  KEHHA PCC-1a. TFAM #HHZEIAIE
FEIBOR BRI ZH SRR 1, 2R ] B 5 B 3 253000

PGC-1la, TFAM #H H ik, B 20 mg M2 LU A

100~200 wL RIPA Lysis Buffer, vk I m ff e 24

fite, MER AWK, 100 CUWEHEREAMNS, &
FIRE R80T 10% - hot A 1 7 208 TR A Tk A 5 e P
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|, EHMH, YA, MA PGC-1a (1: 2 000) .
TFAM (1:1600) —¥i, 4 CEEA, HIMAZ
PR E . UERE. ke, EE 3 REXR
FH Image] 1.8.0 #KAF43#T PGC-1a. TFAM % 4 4577
JREE(E, DAXTRRZKEEM IbnifE, T HARA PGC-1a
F TFAM & FHAHXT R IR HE
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K HI SPSS 22.0 A4S, Em ORHIR MIE
BOAAMRSRAB B e 2 (axs) Hiid . CHAEH
K AT R B 7 2250 05 [al—BFE R, ZH 1R Hh K
KRR R I 225001, PP HLECR T 1LSD—t 35, DU
P<0.05 hERAGIE X,
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2.1 KA aeIgiribi

Ye A AR Ye 2 B A6 £ (F yigenin=0.606, P=
0.724) ANFAERZHAEH, X FVC (F spgenin=15.837,
P<0.001) . PEF (F s =3.850, P=0.003) . Cdyn
(F aipas=4.543, P=0.001) fFAECHAEH, BI#E
TSI AU K322 14 K FRUI ) R8240 Bt G 2 B [ 34
i, Jedr 6 MAE, SXMA R, rEAdd
KEF T, MEREbdl, B4 KR FVC. PEF B#
ik, JHEdl, kAR R Cdyn FEAE (35
P<0.05). W% 2.
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Table 2 Comparison of lung function indicators in rats of the four groups at different exposure time (x+s)

EiEL2 X B4 o]

JE k] fikzbhed F{E P

/' (N/min)
e 14 )]
Y234
e 64 )]

FVC/mL
R 1A
SRS
Yk A

PEF/ (mL/s)
R 1A
TR
Yk A

Cdyn/ (mL/em H.0)
R 14A
R34 A

ek 64

97.17+2.14
95.83+3.06
98.17+3.54

99.50+3.27
96.33+2.34
99.17+1.83

8.61+0.57
11.45+0.74
9.29+0.84

7.87+1.20
10.60+1.02
8.76x1.09

18.49+1.58"
24.76+2.52
15.00+4.73

22.52+1.97
26.13+2.70
19.03+2.97

0.16+0.04
0.11+0.02

0.14+0.02

0.13+0.02
0.09+0.02
0.05+0.02"

102.50+0.8442% 6.311 0.003
98.33+1.03 1.581 0.225
102.83+1.83"%% 4.076 0.021

99.83+1.47%
97.50+1.87
100.00+2.10

7.56+0.80"
9.17+0.90"%
4.27+1.40"%

7.55+0.55" 2.201 0.119
5.17+1.27V%% 46.641 <0.001
3.72+1.24"% 37913 <0.001

17.32+2.13%
22.52+1.447
8.28+3.2502

16.27+1.48%% 13.706
18.09+1.6202% 16.216
5.72+3.3672 16.848

<0.001
<0.001
<0.001

0.06+0.0272% 11.801 <0.001
0.06+0.03"% 6.914 0.002
0.04+0.04" 20.662 <0.001

0.13+0.03
0.06+0.017%
0.04+0.02"

TE: VEXPRRA LR, P<0.05; PHHAEILE, P<0.05; PHBHEAHILE, P<0.05,
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2.2 KEML ROS. ATP A& i
Ye DB FIFN YL 2R E] X ROS (F gymensin=35.643,
P<0.001) . ATP (F wuu=55.939, P<0.001) & &

S EAEM . b 3. 6 MHJE, SXFR4 i,
Mool | MERED g Fnsk b R RUZHZE ROS & T}
5, ATP &E[EIL (1 P<0.05)., WL#E 3,

® 3 AEYAE 4 2K FITLHL ROS Al ATP S AL (72s)
Table 3 Comparison of ROS and ATP levels in rats of the four groups at different exposure time (x+s)

Bzt Xof I LSt JERE Y] ikl F1H P{E
ROS 1/ (ng/mL)
P11 A 0.04+0 0.05+0 0.06+0.01" 0.08+0.03"2% 6.020 0.019
Yerh 34 H 0.04=0 0.08+0" 0.18+0.027% 0.21£0"2% 280.787  <0.001
Yerb 64~ H 0.05+0 0.13+0.02" 0.24+0.01"% 0.25+0.01"? 158.593  <0.001
ATP &4t/ (pmol/gprot)
P11 A 801.95+11.20 741.65+12.55" 718.09+13.03" 644.02+37.58"2% 27439  <0.001
P 34H 799.54+14.61 711.97+38.01" 514.33+25.52"% 314.58+20.73%% 204.848 <0.001
e 64~ H 797.67+16.21 557.05+36.79” 338.95+22.05"% 210.69+24.2572% 296.226  <0.001
e VXA, P<0.05; PHEALE, P<0.05; YHEERELIE:, P<0.05,

2.3 KRAMLL PGC-la, TFAM /K- rbx

P2 RN G AR B B X PGC-1ar (F s =
8.192, P<0.001) FlI TFAM (F speurn =16.956, P<
0.001) mRNA X} £ K& . PGC-la (F mumamm =
10.817, P<0.001) FI TFAM (F s =5.080, P=

0.002) HEAFAXT RIS EAATESCHAEM ., 2 3. 6 1
A, SxRA i, Had . BErkbd kb K
U414 PGC~1a, TFAM mRNA AHXF kit f&EH
FXT IR EFRAE (¥ P<0.05), WL 4.

&4 ARFEIGLEE 4 HREUHHZ PCC-1a FIl TFAM K F-HEAE (vss)
Table 4 Comparison of PGC~1a and TFAM levels in rats of the four groups at different exposure time (x+s)

SN it B4 pURai| TR Tkl FAH P{E
PGC-la mRNA MR ik
Y 14N H 1.00 0.92+0.05 0.80+0.07"% 0.76+0.09"% 9.894 0.005
Y3 H 1.00 0.810.05" 0.70+0.09** 0.67+0.08"% 15.559 0.001
Yeh 64~ H 1.00 0.78+0.02" 0.46+0.03"2 0.43+0.02"% 549.499 <0.001
TFAM mRNA MR ikt
e 1A 1.00 0.92+0.05 0.80+0.04"2 0.610.1272% 17.489 <0.001
P34 A 1.00 0.67+0.03" 0.31+0.09"® 189.217 <0.001
Y6 1.00 0.51+0.06" 0.23+0.1172 0.07+0.0372% 124.550 <0.001
PGC-la B RN Rk AT
P 14-H 1.00 0.96:0.02 0.93+0.04 0.82:0.0202% 29.344 <0.001
Perp 34 H 1.00 0.89+0.05" 0.82+0.10" 0.74+0.10™% 6.844 0.013
P64 H 1.00 0.89+0.05" 0.57+0.04"2 0.47+0.0872% 80.866 <0.001
TFAM 2 AR ik
P 14 H 1.00 0.95+0.03 0.79+0.07"2 0.75+0.03"% 29.889 <0.001
Y34 H 1.00 0.83+0.04" 0.77+0.03" 0.70+0.02"% 62.378 <0.001
Yerb 64~ H 1.00 0.78+0.06" 0.60+0.06"% 0.510.1072% 31.328 <0.001

e VHXTRA b, P<0.05; PR i, P<0.05; CEERERA R, P<0.05,

o 2 T K e e L PN S 8 b 0 AR
SRR A2 Tl kA fEbP 1. 3.6
ANA DGR Il A8 & A B, SRR IN R BR
f. FVC. PEF F1 Cdyn fiBhfgsH T bR, 450 Wos,

3 it it

NP LR A L S WA /)
RE, 2 Mk o ] g DA 38 468 £ 52 B B LG 7, il T g
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Bt gLt alEE i, A Gv R4 KE FVC, PEF. Cdyn
RS, MRkl REAAIFRINECH S, IR UFES
Si0, LRGN, R AEBH ST il A R AL
KR REZ ™ 5

SXFREAMIE, mRHARR S, 5/FR
1 R 25 R —E, T RERE S YR I E] SR Si0,
FrE RN, IR AR LR RN, 5 AR R
oy fig B A I SO S AR, il AREEMERS ., FVC
B AR DL T BIR T P S R . o P B FE M e i 55
68 B 5 5 Al A 0 A7 BRI % 1. PEF B2 /)N
OB ARAL, R R e BN P Y U
B 1o R AE DX 82 AR T A il R Ml R T g
SRR RN, BT AR ™, FVC, PEF %
TR I S (E AR AIK . Cdyn S22 o5t Jili £F 2k Ak 19 22 2 4
B 12, GAO A5 15T SR AR KR 55 2 R 1k IR 2 A
TEVEHENT R B PR ZE M i i & 3, KB
AE TR, BRI P N R, A IE 45 0 R 45 UL
R4 FVC, PEF il Cdyn 28465 o8 25 AR .

REETHY ARG, KEM4HZ ROS ST,
5 B A L2 3] 1) K BRIt 2H 2 A8 Ab P i s R Y — 3
B 5 e 2 I R B JREm Ry 2B v i i Si0, F i R,
JlZH4] ROS SHETHEr . ATP SRR, 48Rk
TTREMIIT LU . 2R AR AT SN IR R
FEAE R PGy, 2 ROS FRAE R R EORYR, 4Lk
KRR Z T, SRR AL, Pl REFEL
Y ROS =i 17 PR T RE SZ 5 T AR AR
W R B DI RE O AV ZEDLH] . KUMARI 45 U 7E
P W R R RUP LB, SRk A R Th RE R
ik, SAMTE & BLASFALL

SRR AW K R R A A Sk A, O
1 PGC—1a B AT . PCC-1a & —Fhik 3t
IR T, TFAM & PGC-la RN T2
—, W PGC—1lo I J5 AT DL B A T4k ik
DNA (mitochondrial DNA, mtDNA), 355 E & i fn
BESk, YEFRLCRIRMIE R DhEE, b ] LAY B AE
mtDNA JE B — DA L5, -4 mtDNA %252 ROS
MR 7 ARBFFEAE R R, B YRR
Wi e Sio, & a3, KEM4HE PCC-1a.
TFAM mRNA AH X & 1k 5 R PR 5 2 0 e
fiK, BT AL EEM PGC—1a, 4k iiG
TFAM Z 5L RDIREZ i . PCC—1a ik T
SRR G S T REZEEL 1, DT LA AR P
At I ROS;  [RIES 5 R 0 1 A AL B R b I R 3=
KEIRE S 32, ROS A g AZ BRI 7, 54

\ar.

mtDNA | AR, #F— 20 iR 2 R U g 46
Y, TERCEMEREER > ik, PGC-1a /T HILA
AW e e B AN 8 ROS B, i i b f
AT ROS BIBGHIRE ST, AT RESE IRy AL BOK U
TIsett i X H e A

ZE LRTIR, AREZERUES Ry 8ok R i
W, BRSO IR S5 Si0, A
HANF 3 PGC-1a S HOLRLIR A W) K A B RS, 51
i ROS FHETHE . ATP & Al TFAM /K&K A
XK, H T ARIMERIR AT HHICHLH]

Sk

[1] ZOSKY G R, HOY R F, SILVERSTONE E J, et al.Coal workers'
pneumoconiosis: an Australian perspective [J] . Med ] Aust,
2016, 204 (11): 414-418.

[2] LEUNG C C, YUIT, CHEN W.Silicosis [J] .Lancet, 2012,
379 (9830): 2008-2018.

[3] VAN DER VLIET A, JANSSEN-HEININGER Y M W, ANATHY
V.Oxidative stress in chronic lung disease: from mitochondrial dys-
function to dysregulated redox signaling [J] . Mol Aspects Med,
2018, 63: 59-69.

[4] CARDANHO-RAMOS C, MORAIS V A.Mitochondrial biogenesis
in neurons: how and where [J/OL] .Int J Mol Sci, 2021, 22
[2024-11-25] . https://pubmed. ncbi. nlm. nih. gov / 34884861. DOI :
10.3390/ijms222313059.

[5] CHEN Y L, YANG M, HUANG W X, et al.Mitochondrial meta-
bolic reprogramming by CD36 signaling drives macrophage inflam-
matory responses [J] .Circ Res, 2019, 125 (12): 1087-1102.

[6] MUM, LIB, ZOU Y J, et al.Coal dust exposure triggers hetero-
geneity of transcriptional profiles in mouse pneumoconiosis and vi-
tamin D remedies [J] .Part Fibre Toxicol, 2022, 19 (1): 1-21.

(7] PhF . S [ B o BUM 2T 2 AL MK2/NF-KB/Lin28/
let~7e/IL-6 fF 5B IIACE [D] . A INPEBERIR:, 2023.
SUN Y H.The alteration of MK2/NF-«B/Lin28/let—7e/1L.-6 signaling
pathway in different types of coal mine dustinduced pulmonary fibro-
sis [D] .Taiyuan: Shanxi Medical University, 2023. (in Chinese)

[8] TweEk, Fidm, M, . KBS 2EEE No- T SLAR 1T

HIHEALRD No- TR IR RNA 2568 1 20T [J] . FilprEEs:,
2024, 36 (9): 825-828.
DING X H, LU Y, HAO J R, et al. Analysis of N6-methyl-
adenosine methylation and N6-methyladenosine RNA binding pro-
tein 1 in rats with subchronic aluminum exposure [J] .China Prev
Med J, 2024, 36 (9): 825-828. (in Chinese)

[9] WEISSMAN D N.Progressive massive fibrosis: an overview of the
recent literature [J/OL] .Pharmacol Ther, 2022 [2024-11-25] .
https://pubmed. nebi. nlm. nih. gov/35732247.DOI:  10.1016/]. phar-
mthera.2022.108232.

[10] BLACKLEY D J, LANEY A'S, HALLDIN C N, et al.Profusion of
opacities in simple coal worker's pneumoconiosis is associated with

reduced lung function [J] .Chest, 2015, 148 (5): 1293-1299.



TR E2E 2025451 A5 37 #5514

China Prev Med J, Jan. 2025, Vol. 37, No.1 .

101 -

[11] FeRAE . REUETANEh BT (D], 4 5 MRS, 2009. [16] LIUX T, LUB, FUJL, et al.Amorphous silica nanoparticles in-
QIAO J H.The study of coal worker's pneumoconiosis (CWP) rat duce inflammation via activation of NLRP3 inflammasome and
model [D] .Changchun: Jilin University, 2009. (in Chinese) HMGB1/TLR4/MYD88/NF-kb signaling pathway in HUVEC cells

[12] #5m, PEsds Wistar REUIIRES L EEHEME ()] . [J/0L] .] Hazard Mater, 2021, 404 [2024-11-25] . https:/
SEEENER, 2013, 21 (6): 102-104. pubmed. ncbi. nlm. nih. gov / 33053467. DOI:  10.1016 / j. jhazmat.
AN Z Y, PANG B S.Assessment of normal reference range of lung 2020.124050.
function of Wistar rats [J] .Acta Lab Anim Sci Sin, 2013, 21 [17] ADAMCAKOVA J, MOKRA D.New insights into pathomechanisms
(6): 102-104. (in Chinese) and treatment possibilities for lung silicosis [J/OL] .Int J Mol Sci,

[13] =8, #mE, SEE, % . KREBMETIEYT R T A 2021, 22 [2024-11-25] . https://pubmed. ncbi. nlm. nih. gov /

[ & NPT S i 90 il (1) . P EYTFRE A, 33920534.D01: 10.3390/ijms22084162.
2009, 18 (8): 677-679. [18] KUMARI S, SINGH P, SINGH R.Repeated silica exposures lead
YUAN Y, HAUNG J H, MA G X, et al.Long—term therapeutic to silicosis severity via PINK1/PARKIN mediated mitochondrial
effects observation of large volume lung lavage on lung function of dysfunction in mice model [J/OL] .Cell Signal, 2024 [2024-11-
coal workers' pneumoconiosis [J] . Chin J Convalescent Med, 25 ] . https://pubmed. nchi. nlm. nih. gov/38944258. DO :  10.1016/
2009, 18 (8): 677-679. (in Chinese) j.cellsig.2024.111272.

[14] wwsy, WApl], REVE, .82 FIRE T AL i < e sy [19] ABU SHELBAYEH O, ARROUM T, MORRIS S, et al.PGC-1al-
Mro[J] . HEBALEE2E, 2011, 38 (5): 409-410. pha is a master regulator of mitochondrial lifecycle and ROS stress
GAO H, CAO S M, YU C X, et al. Analysis on lung function response [J] .Antioxidants (Basel), 2023, 12 (5): 1-24.
measurement in 82 patients with coal workers' pneumoconiosis [20] NARALA V R, NARALA S R, AIYA SUBRAMANI P, et al.

[J] .China Occup Med, 2011, 38 (5): 409-410. (in Chinese)
GAO H X, SU Y, ZHANG A L, et al. MiR-34c-5p plays a pro-
tective role in chronic obstructive pulmonary disease via targeting

CCL22 [J] .Exp Lung Res, 2019, 45 (1/2): 1-12.

Role of mitochondria in inflammatory lung diseases [J] . Front

Pharmacol, 2024, 15: 1-20.

iR B 2024-07-24 {EEHHEA: 2024-11-25 KX4EE: RV

> o
TVRTRERTERR “

e T e T T e e Ve Ve v ve

R o e e e T B i e e e o o o T R o e e o e e e e e
= =
RS =

2025 AT 18 SCPEET 3

N RTINS #, s e RESR, sl R ke, KT 2025 4EARSTF DL T 10 SOFIET 3l .
R A BEIRFF IR 5~ 10 B, MUEMFH I OREIET; BEMRE, TFHEFEMRF IS 1R, 25 3000
JC; BT 10 G, Kl 1000 T, EF5 e SCE AR TIE MG A RS FD X, JF b ER R P2
FHEATIXUEAERE TR WEMEE, S @& RS S g .

(Wi BE2r) AW IE R FHOR 2 45 . WLAE TR B2 FIn . KR BEA) Sk i g i Rt
B B2 5 DA, S rp i B R/ R s ERHAZL.OIT (rh ERGS SRR TD - (P
AR HFAER) ST EREETEN RS TG (RCCSE) TR BHE P A 52 ma ) F5 4k
(WICD) 5. A AP R IX E2A RG] (WPRIM) . 2 EML:3CH (CA) . EESFI7 M FITE R
(ULRICHSWEB) . 2 8F e KA TFIEHEZE (ICT World of Journal ) 25 P4 2MAI4 B RIS

2022 AFARTGE 31 JRUTIAR A RS2, 2021 4005 LR AR XA T, 2020 4F AL —
EEdt st EPRE A4 (BIBF) 2020 H DK S0 ) 80

PR TS (0571) 87115487, HAuMk: www.zjyfyxzz.com,

& - s -

(TR ) iRt



