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Effect of noise on morphological structure and functions of rat liver LI Ningning®, CUI Yanan?,
SHE Xiaojun®, CUI Bo®, YU Shanfa™® (1. Department of Scientific Research and Foreign Affairs,
Henan Medical College, Zhengzhou, Henan 451191, China; 2. College of Public Health,
Zhengzhou University, Zhengzhou, Henan 450001, China; 3. Institute of Environmental and
Operational Medicine, Academy of Military Medical Science, Academy of Military Science,
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Abstract:

[Background] Noise can cause not only auditory system injury, but also liver damage. However,
the biomarkers and pathological mechanism of noise-induced liver injury are not clear yet.

[Objective] To observe the effect of noise on the morphological structure and functions of rat
liver.

[Methods] A total of 30 Wistar rats were randomly divided into a normal control group, a low
noise exposure group [(95 dB sound pressure level (SPL)], and a high noise exposure group (105
dB SPL). After 30 days of noise exposure, blood was collected, and livers were harvested and
fixed. The pathological changes of livers were observed. The levels of biochemical indicators of
liver function, blood glucose, and blood lipid were measured. Serum metabolites were detected by
ultra-high-pressure liquid chromatography-tandem quadrupole time-of-flight mass spectrometry
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(UPLC/Q-TOF-MS). Differential metabolite markers and metabolic pathways were identified.

Compared with the control group, the body weight gain decreased in the low noise group and the high noise group after noise
exposure (P<0.001, P<0.05). The pathological results showed that noise caused the rat livers” morphological and structural damage at
various degrees, and damage of the high noise exposure group was more serious. Compared with the control group, the serum levels of
aspartate aminotransferase, albumin, and glycosylated serum protein in the low noise exposure group were increased (P < 0.05), but the
total bile acid level was decreased (P<0.05). The serum levels of alanine aminotransferase, aspartate aminotransferase, albumin,
triglyceride, low density lipoprotein, and glycosylated serum protein in the high noise group exposure were increased (P < 0.05), but the
glucose level was decreased (P <0.05). In the serum metabolomics analysis, 11 differential metabolites were screened out in the low
noise exposure group, which were mainly enriched in 3 pathways (thiamine metabolism, primary bile acid biosynthesis, and bile
secretion) related to liver metabolism. Four differential metabolites were screened out in the high exposure noise group, which were
mainly enriched in four significantly different metabolic pathways (insulin signaling pathway, non-alcoholic fatty liver disease, bile

secretion, and insulin secretion). All the metabolic pathways involved in bile acid secretion and metabolism.

Nosie exposure can not only damage the liver structure of rats, but also affects the metabolism functions of liver. The

mechanism may be related to bile acid secretion metabolic pathway.

noise exposure; liver injury; metabolomics; biomarker; ultra-high-pressure liquid chromatography-tandem quadrupole time-

of-flight mass spectrometry; bile acid
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258 H 9 RARFITHRIT DT
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i, IR K HITRE, EARE L H/VF 1dB SPL,
M RRIEEIS M. BERBENEREK, RER
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B RN BIIMEEF SR EFHARPTRIETH
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AMMS-04-2020-063) o

BERE ST 1% X B ELZER( 70 mg-kg ™) IR EERREE R
BE, AEEEaBKERLD, 4 °C. 3 000 r-min (B0 ¥
£ 15cm), B 15 min [FEXLEE, -80 °C A FE .
BY 50 pL 075, F2£ B2 ¥ £ NEFIHHER(ALT,
AST. BEH. 4IRS, S RBEEEEE. 258
TTER. BEIZRETER. B3R ABHER) Al MAE. MmASIE+R
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A BRERFEM S, Bt k5T, R ER & H A R AT
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BY 100 uL 75, MONFS B EZ/
ZRE/NGERAFALL 2:2:1) , SRIBRA LU EE H R
BB 30 min, -20 °C & 10 min, F 17 500 r-min”™
(BOH#1E 10cm), BiL) 20 min, X EBET TR, KR
BB ION 100 L ZEEKBR(ZHE  7K=1:1, {&F2
tb) &35, iR HE, 17 500 rrmin (B.OF 2 10cm), 4 °C
B0 15 min, BY 50 pL E5EREE LD
FRXABEER
e EIE-BEXORAT TR E] BRI ( UPLC/Q-TOF-MS) &
M ARRAIREY), BIEBEEREEIE(N (1290
Infinity LC, 2 [F Agilent Technologies) 0 B f&, AL
{¥(Triple TOF 6600, 3= [E AB SCIEX) #1TFRIE 2 #fr, 9
51K FA B 15t ZE B3 55 ( electron spray ionization, ESI) IE 55
FRABFERNHTERN, (1) BIEZMH. BigHE:
ACQUITY UPLC BEH Amide & i #£ (1.7 um, 2.1 mmx
100 mm, B/R= waters) , & 25 °C, AR 0.5 mL-min™,
R 2 uL; TREIHE A ALEK+25 mmol- L ZER R+
25 mmol-L™ &K, TRENHE B R ZBE; B EREIE R
T : 0~0.5 min, 95% B; 0.5~7 min, B M 95%%£% 14 ZF 1k,
ZE 65%; 7~8 min, B M 65%£% 1 X ZE 40%; 8~9 min,
B 4EF 1T 40%; 9~9.1 min, B M 40%£& M T 1L FE 95%;
9.1~12 min, B 43 F7E 95%; BN IR HERET

4°C Bopi#tE2R S, (2) ER M. eSURIRES N
T EUSEBIMNASR 1(Gas1), 60; HWEHMAS
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600 °C; MAZEEE(ISVF) £5.5 kV( IE A FEFFET) . 4K
Rt SR A R A B R E R T (information dependent
acquisition, IDA) KB U T: shSHBREIRE FEE,
4; FRAAEREE 10 MERERE,
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Wiff 1% =X IR 88 $ 3B &2 ProteoWizard 3R 14 %% 2 BY
MzXML A& UG, KA XCMS BAXT RIGEUIREH 1T ISR
B, REBEERE. REEMBFE, B3 5EBRT
12 N BfF 3R Ffi(National Institute of Standards and
Technology, NIST) #4189 R BB BT i8] JEH
D FRE. ZREXIEE. RMiEEEHE R#HTILA,
N EMERPRREIHITEETE. BREEFNN
BHIRA R 4B ropls” #1TIERX REx/ N3k #1515
#r (orthogonal partial least squares discriminant analysis,
OPLS-DA), 3X 15 T £ M & {& (variable importance of
projection, VIP) . fK#E VIP>1 5 Student's t {0 IGFY P
B<0.05 MIANBASHBREZREA. WRASS
REREHAPNEZERR Y. &5 ER
MetaboAnalyst( http://www.metaboanalyst.ca) 1 ;X &R
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and Genomes, KEGG) X1 E & FRiA B 1514 13 1738 B§
3o

—RREIERISE It 2171 A SPss 21.0 . B 5k
REHIEANEE N ESK, ESHANBTISE:
FREZE(X+S) KRR ; FFIES S A DU EE]
BB M( Py, Pys) BEATHEIT R IES DR AFIRAERA
KRB ED, MWLLIRTT ETTHI R A Dunnnett's T3
L%, 75 ETTRIRA LsD-t 1038, FRSESHHEM
FAMI RIS, 1I7KE a=0.05,

ExRALLLR, REEENRA KRB AEIEKE
EIPE{%(3Y P<0.01) 0 WE 1o

REREBEAANBFARYEIRNT AREZEERF
Rigghk. FFMSEY 5K, FTAAREIRSE, SRFEX A KIEARE
=i, MIRERBAKXNRIFARE R, SRE
FEAHZE RIS, SUBRIRRERERA™ B, WE 2
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Figure 1 The weight changes of rats in each group
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Figure 2 The histopathological changes of liver of
rats in each group

2.3 gAY K RIFINEERIR IR
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KEURSEARKEE=ZHENESERITFE
X(34 P<0.05), S¥THRLAMELL, RIRFRELHARIM
K asT. BERREREURSEARRESNLE
M, BERERITFERN (¥ P<0.05); MERER
BAABRMES AT, ASTURBEARERELRSE
M, BERERITFEREN( P<0.05), ZFIERER
REREASEREREAZENERIEERIT
RN &L 1
2.4 IEEITARMEE. MASHYRIE

SRALLR, REESEEAARBHIEER
KREFAE(P<0.05), sREZEZHEERERERK
(P<0.05), HiM=F:. REEREER. Bt EER
REFE(3Y P<0.05), MEREHZBIZINE. MASHE
IWREERTAITFREN &K 2

®1 BFHEKXBRFTHEEIER

Table 1 The liver function indexes of rats in each group

eae Y HRLE IR BgE o
Eistn 9 9 Z/x P
(n=9) SE4HA(n=7) BEH(n=9)

ALT/EME/(U-L7) 39.9945.90 50.71#9.43 64.11+14.77° 11302 <0.001
ASTSEME /(UL 92.25+12.38 166.69+27.21°257.02493.34° 32,676 <0.001
BEARZ . .
. 31.6141.21 34.04+1.13° 33.92+1.65 8643  0.002
REE/(g:L7)
Bt 132.28+31.89 131.93+33.99 127.924#36.10 0.044  0.957
SEME /(UL e D e ’ :
[atal s 0.56+0.68  1.71#0.62  1.98+1.30  0.302  0.085
ERIEME /(UL R e e ) ’
SREHER 70.10 25.70 39.50 6211 0.045
RE®/(umol-L™)  (34.45, 86.65) (17.40, 39.00) (27.55,46.50) ’
HiZBIR 3.30 4.86 4.62 5713 0057
REE®/(umol-L™) (3.18,4.73)  (4.50,5.88)  (4.46,5.09) ' ’
[E#EABLT R 3.30 4.86 4.62 1388 0500
SREE®/(umol-LY) (3.18,4.72)  (4.50,5.88) (4.46,5.09) ' ’

GE] *: S534BB4BHELL, P<0.05, a: x£53 bl M(Pys, Pys)o

®R2 RAEKRME. MmAEKRE
Table 2 The levels of blood glucose and lipid of
rats in each group

BA{T(Unit) : mmol-L™

WA ERERES SRERES

s (n=9) (n=7) (n=9) ZE Pl
aEE 9.18+1.67 8.36£1.90 6.30:t1.30° 8318 0.016
Hm= 1.71#0.21 1.8240.15 1.95:0.25° 3941 0.034
S REEEE 0.09£0.05 0.06£0.03 0.06£0.02 2.758  0.085
BEEREER’ 051009 0.520.06 0.540.09 0302 0.742
REZEEREER" 031007 0.31+0.05 0.40+0.08" 467  0.020
EhEEs 0-91 L2 L4 13791 o001

(0.90,0.97)  (1.11,1.43) (1.09,1.19)
BE] *: 5348BLAMELL, P<0.05, a: x+55 bl M(Pss, Pss)o

2.5 SHIEAEEXARIMEER IR A EHER
¥ vip>1, P<0.05 BYER AR EYI#ETT KEGG 1B
HEELAM, RAREREANERNEYMEIEEET
3 X 5B XBER(E 3A), SREZREAN
FEEET 4 FAENAREHERK(E 3B), BAEHER
B R EIBEABR 7 S, 42 KEGG 1B RTHIE, H
FEEME(glucose) . ZEEABTH (acetylcholine) . Z£HEA
B3( L-carnitine) M1AEER (cholic acid) B & E R E A+
HNESKHY, MRREZEHAPRIEER
(acetylcholine) . 7z fi€ P & ( L-carnitine) #1 BB B& ( cholic
acid) X 3MESRK G, £OEMBRS HBER
(taurolithocholic acid sulfate) « FaBBE&( lithocholic acid) «
H = BB B2 h(glycocholate) . H & BB E& (glycocholic
acid)  #ERH A ABEREE (chenodeoxycholate) . FRARE-Fh
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2 (thiamine monophosphate) . DL-BS&EL( DL-tyrosine)
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CElA: REESEEANERRNHRCHMEEN 3 Z5FEAEAEX
HYIB &, Thiamine metabolism: ERAZZFTFRMEE; Primary bile acid
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Figure 3 Enrichment analysis of differential metabolite pathways
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Bk. FFMSEY 3K, AR E K. FRIFSE, HEFEER
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WIRGIREZHINE; SXTBAEL, EREAK
FRIMJE ALT, AST K 2B S, RIREREAM
7B AST K, SIEFERBEHME ALT F1 AST KFHIF
BB RITER N, BaIXIAFIIEEREN, R EE
RESEIEIT, W ALT. AST &, ER 4. FEMTEE
BZ2RAEZL, RENFARIRG—RASSIEIN

BEMNEENT, RETEFARKEIRTE, ALT. AST ZF
AERBRBANM, e NEMmES ALT. ASTEEEFH
=, ALT. AST TEMA PRI ESHARZHRIBE RET]
XD, AL RIRLE RRIAX KRS RE
HRFIE B LIS T A ERNHG, MEREREA
ARMBEFR AT KFEHEKREERZNNT, FIEERE
REMII N ENIBIR R LA E BENRT, XAEER
HFREFESEEHAAEFRGREERE, BT
FE IR REHR RN EZNTHKE, HolgeR
AL ERERNE=E—ENREME, HPAEI AT
IhE I MF IR E M RGREERRZ—E
BRI R

XFIRENFRNFEMBEEEIRE, BEEFIXTF
I 75 52 25 S T A 353 45 AL o1 15 R PR ™ Y, 53X 75 T B B
REEXNRLD, BXSHHAREBE MM ER AT,
FELRER. AT R RAAEMFNEEHMEL
5, B iz A e EE NS E YA RRE R ST T
EMMNEER, RAZRHRBEEFH . FiE
A FRB B YR AR R AL FR = AR
BN ET, Al 2N AT EMInERNTHERMRRA
ENHIREAT S RSEEN DT EERIEERYM
LEEMRBHBEEI DT, 2 EA UPLC/Q-TOF-MS
AR, @it OPLS-DA 734, ATk & vip>1 AKX P<0.05
HES MY, FIET11#1T KeGG B ELE, ZIN:
RREREAESMARYEIEETEEIXERNRE
REHEXNBRE, SRERBAFIEEETIZES
R AL RS, 1B 1518 B 3974 K B B HBR 3 A 1K
;2 KEGG IEERREREZEARIEH 11 ME
SREY, BREREATEL 4 HMESREY.

BEHER R — X LARE E B2 A R BHE BT BE A & A EY
REIER ©FF, TERSRF R A EEE P RIZEEE
ER™, fEA—MESHF, BAREB SRS
&, WA EFE X 218, G ER BB RRZA 1 F4E
&, 25BEAH. BRRMFREBENATE >,
FrLARE R X AL AT sE = B 1R S BAEHIFER
BNRE, BAREFREFTRESKTEERN, &5
ARSI, B IR RN R ER AL EINEER
=4, BSFARET . FEMELREE> ), BT
AETERE A BRI P S EE ML, SRETRRNEK. 72
W BUEEERYIXER, A, BBABREWHATIA
NG REIZARE T ERENBEEYMTRE
>, AR T XS TR RAHRGVIGEHEES
sEENY,

www.jeom.org


www.jeom.org

444 545572 &% | Journal of Environmental and Occupational Medicine | 2022, 39(4)

ALWMBEHMRNERE TR, BREZEAN
MEREERME BYMEEE. Hh=BEMNRZE
BEERKFEHR,; RIREREAMSDEARKFRE
1, IR RBEABRRSH Til. AREHERES SEAEH
B, HERBRKSFELIEEEEER, EIb#
AT RIS SHIEL, e B S EUMEM MASF F 1Y
FREZ —. ¥R S 5% ol sE 2 AT 4EIRA
FISHMNER, ANHRASE—MRERE, 1%
HMEN FEELRE, ARG EX BRI /R,
MiEFEAERACHTIE, 5IEEACHIEEL , MEKET
p&; BFFRE Rt 2B SN E B HFR, BERHBI & B
DRI HEN T EE AR R e, (REEREER
ERCEEENEEERRK, Ho¥EREEZ £
BEL, B m s FRENEREE S MBERES S
BEAEREV & Ao ARFRR PRI K RAFIR%/E, MAEH
BRI, REEBERKFEAS, BEREHERMEK
FRSHE T,

REAEAFRE L, S B ERR SR, HROHNNRE
OB AE. (R, MRS MERFIMEFEMH
XFREABRRSTILMs RGN RERIRE:
Yamazaki Z°Y B3 13 #E A5 | R B4 14 AT
BRGNS ES I ERRIERE, S XERRNEY
FEAR(MER. FR&. FHAE) #1TIEEmIAFE 9, &
MEARBRESNEILRAYEFRGINGEIZ—;
Jia EPE 5 B R AR ER X351 2 B TR BT PR FRBY AT 2
SMEEYER, BRRGHAR, BER TS EE
FFARET . AR RERBREESHCNENER Y
R EREBRAANGCHEEFEENESEAR, 7
X EEMRT, B FREBRA, EFHIRS
2EEF5, B5 child-Pugh FFIEED R EIEHEX, A
YERRFEEL I BV E YIRS,

TRAREEREZL, KRN AR EAEAF
55 NEANEARKEEENTE, HE—FHRRZ
AXTEHEIE R, EEESHENERRFMUTES.
RBARNRRIRE BT EWMIREY KRB ER YT
IR MR B ERKRANE #—FTRRIRER
=5 R RERE BT B,

4R EFTR, AR AR E R 95 dB SPL A 105 dB
SPL &7 58 30 d &R AR AFATA R L1905 FFIh
BER®; BII XA UPLC/Q-TOF-MS &5 2T 2IES
TT 53 M7 75 VA K M 8 A K T IR 7R RGBS T IS PRI 1
BT 1L, HXT BT BERVCIETEES 72 4, #EM AT R (5
M EBSEABRAEHERE X, AlgEETRES

WFHIERRY.

SE R

[ 11SALEHI MS, NAMAVAR MR, TAMADON A, et al. The effects of acoustic
white noise on the rat central auditory system during the fetal and critical
neonatal periods: a stereological study [J]. Noise Health, 2017, 19(86) : 24-
30.

[2]3&%, BR, &E, & REXNER/NEAFERGNSINHRHE D]
FRERKFEFIR, 2021, 44(3): 275-279.

FENG MN, MA J, ZHAO T, et al. Research progress of mechanism of liver
injury induced by noise in obese mice[J]. J Southwest Med Univ, 2021,
44(3):275-279.

[3]KZA, BRE, AR KAHE, & SMRSREN BT AR LR
SSALRRIER M D], FEBERIAFEFIR, 2016, 39(2) : 200-202,206.
ZHANG Y H, XUE LJ, YIBULAYIN X, et al. Effects of high frequency noise on
female rat's multi-organ histology [J]. J Xinjiang Med Univ, 2016, 39(2):
200-202,206.

[ 4] OLIVEIRA MJ R, FREITAS D, CARVALHO AP O, et al. Exposure to industrial
wideband noise increases connective tissue in the rat liver[J]. Noise
Health, 2012, 14(60) : 227-229.

[5]1#74, w255, XN, &. B FEXRBHAFZHARAN CBREMT/ NREAY
MRFRGBR RS D], PEZE, 2019, 30(15) : 2031-2036.

YANG H, PENG F, LIU G, et al. Study on early toxicity of paracetamol to
drug-induced liver injury in mice based on lipid metabonomics
research [J]. China Pharm, 2019, 30(15): 2031-2036.

[ 6 ] MORAKINYO AO, SAMUEL TA, AWOBAJO FO, et al. Adverse effects of
noise stress on glucose homeostasis and insulin resistance in Sprague-
Dawley rats[J]. Heliyon, 2019, 5(12) : e03004.

[7]LIU L, WANG F, LU H, et al. Effects of noise exposure on systemic and
tissue-level markers of glucose homeostasis and insulin resistance in male
mice [J]. Environ Health Perspect, 2016, 124(9) : 1390-1398.

[ 8 1 BOUHIFD M, HARTUNG T, HOGBERG HT, et al. Review: toxicometabolo-
mics[J]. J Appl Toxicol, 2013, 33(12) : 1365-1383.

[9] =M%, FBESE, KIHT, F BETRIERANARAFTARIEGYATS
TN BT R (1], BB SR, 2021, 42(5): 772-786.

LI LM, ZANG QC, ZHANG RP, et al. Mass spectrometry-based metabo-
lomics in the study of in vitro drug hepatotoxicity evaluation[J]. J Chin
Mass Spectrom Soc, 2021, 42(5) : 772-786.

[10] X/ NEE, ROCBR, BB, . 29 RFR G E MRS MR R U],
EFRGZE, 2018, 27(1) : 47-52.

LIUXQ, WU W X, GENG X C, et al. Research progress of biomarkers of drug-
induced liver injury[J]. Chin J New Drugs, 2018, 27(1): 47-52.

[11] MENG X, GU Z, XIE X, et al. Acid sphingomyelinase mediates the noise-
induced liver disorder in mice [J]. Clin Exp Pharmacol Physiol, 2019, 46(6) :
556-566.

[12] CHAVEZ-TALAVERA O, TAILLEUX A, LEFEBVRE P, et al. Bile acid control of
metabolism and inflammation in obesity, type 2 diabetes, dyslipidemia,
and nonalcoholic fatty liver disease[J]. Gastroenterology, 2017, 152(7):
1679-1694.

[13] KONG B, SUN R, HUANG M, et al. Fibroblast growth factor 15-dependent
and bile acid-independent promotion of liver regeneration in mice[J].
Hepatology, 2018, 68(5): 1961-1976.

[14]1 MA Z, WANG X, YIN P, et al. Serum metabolome and targeted bile acid
profiling reveals potential novel biomarkers for drug-induced liver
injury [J1. Medicine (Baltimore), 2019, 98(31) : e16717.

[15] LI T, CHIANG JY L. Bile acid signaling in metabolic disease and drug
therapy[J]. Pharmacol Rev, 2014, 66( 4) : 948-983.

wWww.jeom.org


https://doi.org/10.4103/1463-1741.199239
https://doi.org/10.3969/j.issn.2096-3351.2021.03.017
https://doi.org/10.3969/j.issn.2096-3351.2021.03.017
https://doi.org/10.3969/j.issn.1009-5551.2016.02.018
https://doi.org/10.3969/j.issn.1009-5551.2016.02.018
https://doi.org/10.4103/1463-1741.102959
https://doi.org/10.4103/1463-1741.102959
https://doi.org/10.1016/j.heliyon.2019.e03004
https://doi.org/10.1289/EHP162
https://doi.org/10.1002/jat.2874
https://doi.org/10.1111/1440-1681.13083
https://doi.org/10.1053/j.gastro.2017.01.055
https://doi.org/10.1002/hep.30041
https://doi.org/10.1097/MD.0000000000016717
https://doi.org/10.1124/pr.113.008201
https://doi.org/10.4103/1463-1741.199239
https://doi.org/10.3969/j.issn.2096-3351.2021.03.017
https://doi.org/10.3969/j.issn.2096-3351.2021.03.017
https://doi.org/10.3969/j.issn.1009-5551.2016.02.018
https://doi.org/10.3969/j.issn.1009-5551.2016.02.018
https://doi.org/10.4103/1463-1741.102959
https://doi.org/10.4103/1463-1741.102959
https://doi.org/10.1016/j.heliyon.2019.e03004
https://doi.org/10.1289/EHP162
https://doi.org/10.1002/jat.2874
https://doi.org/10.1111/1440-1681.13083
https://doi.org/10.1053/j.gastro.2017.01.055
https://doi.org/10.1002/hep.30041
https://doi.org/10.1097/MD.0000000000016717
https://doi.org/10.1124/pr.113.008201
www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(4) 445

[16]LI N, DAWSON PA. Animal models to study bile acid metabolism[J].
Biochim Biophys Acta Mol Basis Dis, 2019, 1865(5) : 895-911.

[17] SCHADT HS, WOLF A, POGNAN F, et al. Bile acids in drug induced liver
injury: key players and surrogate markers[J]. Clin Res Hepatol
Gastroenterol, 2016, 40(3) : 257-266.

[18]LI T, UDAYAN A. Bile acid metabolism and signaling in cholestasis,
inflammation, and cancer[J]. Adv Pharmacol, 2015, 74: 263-302.

[19] JENA PK, SHENG LL, DI LUCENTE J, et al. Dysregulated bile acid synthesis
and dysbiosis are implicated in Western diet-induced systemic
inflammation, microglial activation, and reduced neuroplasticity[J].
FASEB J, 2018, 32(5) : 2866-2877.

[20]JIAO N, BAKER SS, CHAPA-RODRIGUEZ A, et al. Suppressed hepatic bile
acid signalling despite elevated production of primary and secondary bile
acids in NAFLD[J]. Gut, 2018, 67(10) : 1881-1891.

[21] BRBNDEN A, ALBER A, ROHDE U, et al. The bile acid-sequestering resin
sevelamer eliminates the acute GLP-1 stimulatory effect of endogenously
released bile acids in patients with type 2 diabetes[J]. Diabetes Obes
Metab, 2018, 20(2) : 362-369.

[22] £%. Bk AR BRI SAFRMIRGISIARHE D] EXMRLEF
1], 2012, 25(8) : 882-885.

WANG F. Mechanisms of hydrophobic bile acid mediating hepatocyte
injury[J1. ] Med Postgra, 2012, 25(8) : 882-885.

[23] KULLAK-UBLICK GA, ANDRADE RJ, MERZ M, et al. Drug-induced liver
injury: recent advances in diagnosis and risk assessment[J]. Gut, 2017,
66(6): 1154-1164.

[24] CHIANG JY L, FERRELL J M. Bile acid metabolism in liver pathobiology[J].
Gene Expr, 2018, 18(2): 71-87.

[25] LAN W, CHEN Z, CHEN Y, et al. Glycochenodeoxycholic acid impairs
transcription factor E3-dependent autophagy-lysosome machinery by

disrupting reactive oxygen species homeostasis in L02 cells[J]. Toxicol

Lett, 2020, 331: 11-21.

[26] =T, 8B, ==, & ETRBAFNN B ERESARSM
PR HIR S L], REZIERFER, 2020, 36(8) : 1068-1075.

LI XL, HU C, LI YH, et al. Mechanism study of acetaminophen-induced
acute liver injury in rats based on metabolomics[J]. Chin Pharmacol Bull,
2020, 36(8): 1068-1075.

[27] MASUBUCHI N, NISHIYA T, IMAOKA M, et al. Promising toxicological
biomarkers for the diagnosis of liver injury types: bile acid metabolic
profiles and oxidative stress marker as screening tools in drug
development[J]. Chem Biol Interact, 2016, 255: 74-82.

[28] LUO L, AUBRECHT J, LI D, et al. Assessment of serum bile acid profiles as
biomarkers of liver injury and liver disease in humans[J]. PLoS One, 2018,
13(3): e0193824.

[29] 2138, A2 k. FFohae MRS MABEX S MERERFTEEFHNRAN
B[] SRERZE, 2021, 28(7) : 899-901.

WU GZ, SU JY. Application value of combined detection of liver function,
blood lipid and blood glucose in patients with fatty liver[J]. J Pract Med
Techn, 2021, 28(7) : 899-901.

[30] LI M, CAI SY, BOYER JL. Mechanisms of bile acid mediated inflammation
in the liver [J]. Mol Aspects Med, 2017, 56: 45-53.

[31] YAMAZAKI M, MIYAKE M, SATO H, et al. Perturbation of bile acid
homeostasis is an early pathogenesis event of drug induced liver injury in
rats[J]. Toxicol Appl Pharmacol, 2013, 268(1) : 79-89.

[32]A W, XIE G, JIA W. Bile acid-microbiota crosstalk in gastrointestinal
inflammation and carcinogenesis [J]. Nat Rev Gastroenterol Hepatol, 2018,
15(2):111-128.

[33] WANG X, XIE G, ZHAO A, et al. Serum bile acids are associated with
pathological progression of hepatitis B-induced cirrhosis[J]. J Proteome
Res, 2016, 15(4): 1126-1134.

(B | DR, BERE . THRF)

(E3#5 438 T1)

[ 81 YAN F, WEN Z, WANG R, et al. Identification of the lipid biomarkers from
plasma in idiopathic pulmonary fibrosis by Lipidomics[J]. BMC Pulm Med,
2017,17(1): 174.

[91CHU SG, VILLALBA JA, LIANG X, et al. Palmitic acid-rich high-fat diet
exacerbates experimental pulmonary fibrosis by modulating endoplasmic
reticulum stress[J]. Am J Respir Cell Mol Biol, 2019, 61(6) : 737-746.

[10] TAGER AM, LACAMERA P, SHEA BS, et al. The lysophosphatidic acid
receptor LPA; links pulmonary fibrosis to lung injury by mediating
fibroblast recruitment and vascular leak[J]. Nat Med, 2008, 14( 1) : 45-54.

[11] SURYADEVARA V, RAMCHANDRAN R, KAMP DW, et al. Lipid mediators
regulate pulmonary fibrosis: potential mechanisms and signaling
pathways [J]. Int J Mol Sci, 2020, 21(12) : 4257.

[12] SHEA BS, BROOKS SF, FONTAINE BA, et al. Prolonged exposure to
sphingosine 1-phosphate receptor-1 agonists exacerbates vascular leak,
fibrosis, and mortality after lung injury[J]. Am J Respir Cell Mol Biol, 2010,
43(6): 662-673.

[13] MILARA J, NAVARRO R, JUAN G, et al. Sphingosine-1-phosphate is
increased in patients with idiopathic pulmonary fibrosis and mediates
epithelial to mesenchymal transition [J]. Thorax, 2012, 67(2) : 147-156.

[14]1BU S, ASANO Y, BUJOR A, et al. Dihydrosphingosine 1-phosphate has a

potent antifibrotic effect in scleroderma fibroblasts via normalization of
phosphatase and tensin homolog levels[J]. Arthritis Rheum, 2010, 62(7):
2117-2126.

[15] ZHAO YD, YIN L, ARCHER S, et al. Metabolic heterogeneity of idiopathic
pulmonary fibrosis: a metabolomic study[J]. BMJ Open Respir Res, 2017,
4(1):e000183.

[16] MEIER C, FREIBURGHAUS K, BOVET C, et al. Serum metabolites as
biomarkers in systemic sclerosis-associated interstitial lung disease[J]. Sci
Rep, 2020, 10(1): 21912.

[17] GAUGG M T, ENGLER A, BREGY L, et al. Molecular breath analysis supports
altered amino acid metabolism in idiopathic pulmonary fibrosis[J].
Respirology, 2019, 24(5): 437-444.

[18] SHOSHA E, FOUDA AY, NARAYANAN SP, et al. Is the arginase pathway a
novel therapeutic avenue for diabetic retinopathy?[J]. J Clin Med, 2020,
9(2):425.

[19]ZOU GL, ZHANG XR, MA YL, et al. The role of Nrf2/PIWIL2/purine
metabolism axis in controlling radiation-induced lung fibrosis[J]. Am J
Cancer Res, 2020, 10(9) : 2752-2767.

[20] LATTA VD, CABIATI M, ROCCHICCIOLI S, et al. The role of the adeno-
sinergic system in lung fibrosis[J]. Pharmacol Res, 2013, 76: 182-189.

(Fxe4mia . TR, R . TIEm)

wWww.jeom.org


https://doi.org/10.1016/j.bbadis.2018.05.011
https://doi.org/10.1016/j.clinre.2015.12.017
https://doi.org/10.1016/j.clinre.2015.12.017
https://doi.org/10.1096/fj.201700984RR
https://doi.org/10.1136/gutjnl-2017-314307
https://doi.org/10.1111/dom.13080
https://doi.org/10.1111/dom.13080
https://doi.org/10.3969/j.issn.1008-8199.2012.08.026
https://doi.org/10.3969/j.issn.1008-8199.2012.08.026
https://doi.org/10.3969/j.issn.1008-8199.2012.08.026
https://doi.org/10.1136/gutjnl-2016-313369
https://doi.org/10.3727/105221618X15156018385515
https://doi.org/10.3969/j.issn.1001-1978.2020.08.008
https://doi.org/10.3969/j.issn.1001-1978.2020.08.008
https://doi.org/10.1016/j.cbi.2015.09.012
https://doi.org/10.1371/journal.pone.0193824
https://doi.org/10.1016/j.mam.2017.06.001
https://doi.org/10.1016/j.taap.2013.01.018
https://doi.org/10.1038/nrgastro.2017.119
https://doi.org/10.1021/acs.jproteome.5b00217
https://doi.org/10.1021/acs.jproteome.5b00217
https://doi.org/10.1016/j.bbadis.2018.05.011
https://doi.org/10.1016/j.clinre.2015.12.017
https://doi.org/10.1016/j.clinre.2015.12.017
https://doi.org/10.1096/fj.201700984RR
https://doi.org/10.1136/gutjnl-2017-314307
https://doi.org/10.1111/dom.13080
https://doi.org/10.1111/dom.13080
https://doi.org/10.3969/j.issn.1008-8199.2012.08.026
https://doi.org/10.3969/j.issn.1008-8199.2012.08.026
https://doi.org/10.3969/j.issn.1008-8199.2012.08.026
https://doi.org/10.1136/gutjnl-2016-313369
https://doi.org/10.3727/105221618X15156018385515
https://doi.org/10.3969/j.issn.1001-1978.2020.08.008
https://doi.org/10.3969/j.issn.1001-1978.2020.08.008
https://doi.org/10.1016/j.cbi.2015.09.012
https://doi.org/10.1371/journal.pone.0193824
https://doi.org/10.1016/j.mam.2017.06.001
https://doi.org/10.1016/j.taap.2013.01.018
https://doi.org/10.1038/nrgastro.2017.119
https://doi.org/10.1021/acs.jproteome.5b00217
https://doi.org/10.1021/acs.jproteome.5b00217
https://doi.org/10.1016/j.bbadis.2018.05.011
https://doi.org/10.1016/j.clinre.2015.12.017
https://doi.org/10.1016/j.clinre.2015.12.017
https://doi.org/10.1096/fj.201700984RR
https://doi.org/10.1136/gutjnl-2017-314307
https://doi.org/10.1111/dom.13080
https://doi.org/10.1111/dom.13080
https://doi.org/10.3969/j.issn.1008-8199.2012.08.026
https://doi.org/10.3969/j.issn.1008-8199.2012.08.026
https://doi.org/10.3969/j.issn.1008-8199.2012.08.026
https://doi.org/10.1136/gutjnl-2016-313369
https://doi.org/10.3727/105221618X15156018385515
https://doi.org/10.3969/j.issn.1001-1978.2020.08.008
https://doi.org/10.3969/j.issn.1001-1978.2020.08.008
https://doi.org/10.1016/j.cbi.2015.09.012
https://doi.org/10.1371/journal.pone.0193824
https://doi.org/10.1016/j.mam.2017.06.001
https://doi.org/10.1016/j.taap.2013.01.018
https://doi.org/10.1038/nrgastro.2017.119
https://doi.org/10.1021/acs.jproteome.5b00217
https://doi.org/10.1021/acs.jproteome.5b00217
https://doi.org/10.1186/s12890-017-0513-4
https://doi.org/10.1165/rcmb.2018-0324OC
https://doi.org/10.1038/nm1685
https://doi.org/10.3390/ijms21124257
https://doi.org/10.1165/rcmb.2009-0345OC
https://doi.org/10.1136/thoraxjnl-2011-200026
https://doi.org/10.1136/bmjresp-2017-000183
https://doi.org/10.1038/s41598-020-78951-6
https://doi.org/10.1038/s41598-020-78951-6
https://doi.org/10.1111/resp.13465
https://doi.org/10.3390/jcm9020425
https://doi.org/10.1016/j.phrs.2013.08.004
https://doi.org/10.1186/s12890-017-0513-4
https://doi.org/10.1165/rcmb.2018-0324OC
https://doi.org/10.1038/nm1685
https://doi.org/10.3390/ijms21124257
https://doi.org/10.1165/rcmb.2009-0345OC
https://doi.org/10.1136/thoraxjnl-2011-200026
https://doi.org/10.1136/bmjresp-2017-000183
https://doi.org/10.1038/s41598-020-78951-6
https://doi.org/10.1038/s41598-020-78951-6
https://doi.org/10.1111/resp.13465
https://doi.org/10.3390/jcm9020425
https://doi.org/10.1016/j.phrs.2013.08.004
https://doi.org/10.1186/s12890-017-0513-4
https://doi.org/10.1165/rcmb.2018-0324OC
https://doi.org/10.1038/nm1685
https://doi.org/10.3390/ijms21124257
https://doi.org/10.1165/rcmb.2009-0345OC
https://doi.org/10.1136/thoraxjnl-2011-200026
https://doi.org/10.1136/bmjresp-2017-000183
https://doi.org/10.1038/s41598-020-78951-6
https://doi.org/10.1038/s41598-020-78951-6
https://doi.org/10.1111/resp.13465
https://doi.org/10.3390/jcm9020425
https://doi.org/10.1016/j.phrs.2013.08.004
https://doi.org/10.1186/s12890-017-0513-4
https://doi.org/10.1165/rcmb.2018-0324OC
https://doi.org/10.1038/nm1685
https://doi.org/10.3390/ijms21124257
https://doi.org/10.1165/rcmb.2009-0345OC
https://doi.org/10.1136/thoraxjnl-2011-200026
https://doi.org/10.1136/bmjresp-2017-000183
https://doi.org/10.1038/s41598-020-78951-6
https://doi.org/10.1038/s41598-020-78951-6
https://doi.org/10.1111/resp.13465
https://doi.org/10.3390/jcm9020425
https://doi.org/10.1016/j.phrs.2013.08.004
www.jeom.org

	1 对象与方法
	1.1 实验动物
	1.2 噪声暴露条件
	1.3 生化指标检测
	1.4 肝组织病理学检测
	1.5 代谢组学检测
	1.5.1 血清样本制备
	1.5.2 液相色谱-质谱分析条件
	1.5.3 生物信息学分析

	1.6 统计学分析

	2 结果
	2.1 噪声对大鼠体重的影响
	2.2 大鼠肝组织病理改变
	2.3 噪声对大鼠肝功能的影响
	2.4 噪声对大鼠血糖、血脂的影响
	2.5 与肝脏代谢有关大鼠血清差异性代谢物及代谢通路

	3 讨论

