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Investigating the mechanism of nickel cobalt manganese lithium’s effects
on human bronchial epithelial cell damage based on non-targeted

metabolomics
XIAN Si-min", DENG Yao-tang, LI Guo-liang, WU You-yi, ZHOU Jia—zhen, ZHAO Zhi-qiang, YI Mu-shi, HU Yue, LIU Li-li
“School of Public Health, Sun Yai-sen University, Guangzhou, Guangdong 510080, China

Abstract: Objective To investigate the effects of nickel cobalt manganese lithium (NCM) on the metabolic pathways of
human bronchial epithelial cells (BEAS-2B). Methods The MTS assay was employed to assess the impact of NCM on the
viability of BEAS-2B cells, determining exposure concentrations of 0, 50, 100, and 200 pg/ml. Cell samples were collected
after 48 hours of exposure. Intracellular metabolites were analyzed using ultra—high—performance liquid chromatography —
quadrupole time—of—flight mass spectrometry (UPLC-Q-TOF-MS), and partial least squares discriminant analysis (PLS-DA)
was utilized to investigate changes in the metabolic profile. Differential metabolites were selected based on a variable
importance in projection (VIP) value > 1, followed by pathway enrichment analysis. Transmission electron microscopy and
JC—-1 fluorescence probes were used to assess the effects of NCM on cellular ultrastructure and mitochondrial membrane
potential (MMP). Results Compared to the control group, exposure to different concentrations of NCM resulted in a dose—
dependent decrease in the viability of BEAS-2B cells. A total of 788 substances were detected in the metabolomic samples;
281, 284, and 274 differential metabolites were identified at exposure concentrations of 50, 100, and 200 pwg/ml, respectively.
Among these, 82 differential metabolites were common across all exposure groups, with the highest proportion being lipid
metabolites. The differential metabolites were significantly enriched in metabolic pathways such as coenzyme Q biosynthesis,
riboflavin metabolism, and very long—chain fatty acid oxidation. NCM exposure led to mitochondrial swelling, reduced cristae,
and fragmentation in BEAS-2B cells, significantly decreasing MMP levels. Conclusion NCM exposure has a pronounced
impact on the metabolic profile of BEAS -2B cells and induces mitochondrial damage, with the toxicological pathways
primarily involving coenzyme Q biosynthesis.

Keywords: Nickel cobalt manganese lithium; BEAS-2B cells; Metabolomics

EE2TE : [HE ARREIESTIH (81972990); A4 A SRl -4 1 LI H (2024A1515012530)
PEE RN I (1997—) , 2 WA i3E W5 T 1) < 3095 555 5l L 7 1)
BE1EE  XFTFT, E-mail : 11i257@163.com



- 1210 -

AR P27 2025 4557 52 4255 7] Modern Preventive Medicine, 2025, Vol. 52, NO. 7

2020 47 A E BB R H AR H bR, FEILE & R,
T EAGERE B LR RS . AR T R HAE A
EAR MR T e O RE FL Tt =k, R A A
P28 (lithium nickel cobalt manganese oxide, NCM ) J&—
P2 & mEZ AW, A a sl =5 HM ez
— B RZLZAE 1.5 ~ 11.5 pum Z[8])>3, J& T rl A i
R, AP IR B A PR IRGE HE AR A, 7
70 F P 2 R R NCM s 2 e 4 3k ok T /)N £ 40
KRR, O K R BFTE 2 B, 2R K SOk an
PM,s™ AL RES BRI T NS ] 3 Ao
W s M I T R 4, 3 A RA AN . AR
HIF, O T NCM JoUkz ) %) B 2k iy A g A I 5245 8K
IRk, A D S A A BT SE RO, NCM 275
AT LSS0 U R 2 A A0 R, I B B i 41 4
FURAE B S F —1a (HIF-1o) 2 F) R E T
e, (A EARTEVE AL B

AR 2 H F TR AR X 43 F- i #E 1 000Da LA
PN TR 0 Sh AR AR, AT Sz e AR B 24
YRR | 4T ZR G0 R AT AR ) P il 200 2 3
JE AR A BIAR Ak, DT 8 7% 36 A28 Ak 59500 22 B] )
SRIE-2 B iz ALY O R 58 45 2 A4
G, AR AR A ] R 1], X2
JE A THRIFGY , REAE XA A T A R £, (R AR g
W S AR, J5 A S —Fh T ) B 2245, e S
ST AT AR, SR R BRI E R EH
REXT AT HEA T ARG R . T NCM XA 9 52
i O SR T, R 58 X6 52w 4 A 4 R 2 it TC A
g8, B, A T AT T NCM ORI g 52, A
HIF 5% 2R FH AR #0 ) 40 38F 41 2% 35 R BF 98 NCM 5] 2
BEAS-2B 4l A ry ek As , i vt 25 A It o
MrHZ 5ACHHE I, ik — PR NCM 5 R
RGN B8 I
1 HEE T
11 e NSRS LRI BEAS-2B, BT 5%
CO, 37°CHTEIRAR SR, 2 ~ 3 d J51EM0 1 1R,
1.2 E B TAES FECH), B (P38 ) 28
6 e R ), BEbR A (N3 AE 4 ), 1290 Infinity 1T
—6545 U SO A — DU AT B[] BT 35
(UPLC—Q—TOF—MS) , Cosmosil Hilich 1 Poroshell 120
EC-C18 {13+ (Cosmosil, ZZHEE ) , 1B 5 1 T W f3les
(TEM, Hitachi) .
1.3 At 5RA NCM I H FARGERARA R (5%
7 MA-EN-CA-002002) , iZ A B R AR R, 4l >
98% , R T 7K, RiAR (B R 4.42 pm, H A A H AL
Rt S 25 AR B R & 2 SCEE, (AN AR 2R

K B A R T 2 R 2R KR

DMEM/F12 }i 553 . 35 /B R . BEA B
(Gibco), R4 1L (BI),CellTiter 96 ® AQueous
OneSolution Cell Proliferation Assay (MTS i ] & ,
Promega ) , 80% H1 i | iR | R | £ )1 (Sigma ) , Zihi
PR LA A I 5 (JC—1, SRR o
14 %
1.4 MTS EERGI 40 ING 7 F 4r 420 T 96 fL
M, Wi RE S & NCM 5 R0 T Y48, NCM IR B
4351k 6.25.12.5.25.50.100,200 F 400 pe/ml, Y7
ZHAARTR] NCM MR B2 e 75 1Y BEAS-2B 41, Xf R4l
AL YFEN BEAS-2B it , JUki 2 R AS & 41 Y
AR EE NCM, 25 LA & 4 i A1 NCM. 48 h J5in
A 20 pl MTS, 7E 5% CO,.37°CINREFRAATHER 2 h,
K2 BEE(OD) . 4TS 1B A 2R [(OD gy
—0D 21 =OD g )/(OD 406 —=OD :4,)] x 100% CEF NCM
WKL OD MAHR Y TE4H OD Hhisk 26 LA I3 kL 14 75
ORI,
1.4.2 ARITHRE S LR YL B AL H AR MTS &%
S, BT HRZH ARG AR S ) 20 (0,50, 100 A 200
pe/ml), YLsg 48 h JEUWCHE
1.4.3 MR e  geifs, I PBS B4
Ji 2 Y, SN —80°C Ti¥e 809% 1 B K 41 i, Wig 5 41
M2 1.5 ml EP A&, vk E AR B 6% 1 min, 2080 L
I 0.22 pom 1 P8 A8 U85 REI o B R i AR
FEAC A 30 wl A1,
1.4.4 PN E /4 UPLC-Q-TOF-MS
AR A AR . BT S5 (B EAT IR 35°C s R
B3 wl; WEIAHTE 0.4 ml/min; FBIAH A M 20
mmol/L FREZ Y 0.1% H FR/KIE W ; i A B S 2N
(& 0.1%H R ); VEMAMH 0~1 min,98.0% A, >
1 ~5 min,98.0% ~60.0% A, >5 ~12 min,60.0% ~
30.0% A, >12 ~ 15 min,30.0% ~5.0% A, >15 ~20
min,5.0% A, >20 ~21 min,5.0% ~98.0% A, >21 ~
26 min,98.0% A, JiEAcF RIS LB FEE
TR AT IS E S RE; REHE N 3
spectra/s; BANE ILE 320°C ; H B AR E 8 L/min;
AP 12 Limin; IT#GRE 350°C. 7F Profinder B.
08.00 x4 (Agilent 23 F] ) R T >R 45 1 JL 4 B4 32
Froeekid ug W) DT e A AL BE . AR G %
SESET MNP . B e R R R il
FH METLIN 588 2 647 Fe Xt o
1.4.5 MHMEEHWE Y Ea, AR
I VR [, PP 19 1 2, S K (B35 I
YA Bl g, o fiTH TEM SR EIBIEE
1.4.6 RBRBERAI(MMP)RTN Y35 5 i3



PRI BE2F 2025 4E55 52 48255 7] Modern Preventive Medicine, 2025, Vol. 52, NO. 7

- 1211 -

e, A 2 ml GHAEREFRIEA JC-1 YR AW, 37°C
I 20 min, Ji YL S i (1 x P4 2 ¥, R H
D RTA L G R URRESE B FURANES O oY R S S B[y
X MMP 7K1l

1.4.7  Gitordr (1) 4iis i, [ 1M
SPSS 23.0 FAF AT B G2 1T 50 B Al GraphPad Prism
8.0 B HEATVEIR, Bl DL CF-YME = i 22 ) 2w .
Y[R 25 53 LU BCR L R R 2081, 2 dl
FOXT BRZH P Le e (d ] Dunnett— 5, 25 BB 50T
5 LR BIFRUE R P<0.05(RUMRGES ). (2)f 5
Y5307 o f# ] MetaboAnalyst 6.0 *F 55, % /> —
e A0 5 53 A (PLS-DA ) 22 BLEARC I 22 5 . PLS-DA
R BTN 2 4k SIMCA 14.1 8F, SR 7 4558
SCEGUEAT 200 Y b HEFN A T, DAAS s E
BLEE(VIP) > 1 R 550 722 SeA R o e 719, A4
PRI 2 T AR5 A ARG £ 22 1 Super
Class RN 22 AREPIIA2E . (3)FEsmENHT. 2
SIS 5 fE N Image J 842647

2 # B
2.1 NCM st i& hea %0 K 1 s, 5% 08
A
® BE
g}) A FHIEA
SR
Q ¥ BREE
%2
:" o
=
a
2
I -10 0 10 20

Pl (7.1%)

-0.2
-04 L

L, TR NCM YL 4 15 g S50 ARk
%, WeFEFIA 50 we/ml B IRSE 24 X (F=50.91,
P<0.01). JEZAMISLI s NCM L3k B R 50,
100 #1200 pg/ml.

2.2 dryemARataF oA SRR E] 788 At
Yy, i3 PLS-DA #4534, A&l 2A ,NCM 43
R AN M A, A AL R AT B
55 L, Q? A A 4 5 N AL 5 A8 A5 7 T AL BR i)
fpih, IE B R R AR R LA S, LA 2B, 6
BRI ] 5, o] T JR SR AT

150

100 i

HEE 1)

50 oy

0 625125 25 50 100 200 400

NCMR E (ug/ml)
1 :"P<0.01;"P<0.001.

B 1 NCM XS M g 52
Figure 1 Effects of NCM concentrations on the viability of cells
B

O_BA i I __' _______ 4

0.6
04
0.2

0

@ R2
H Q2

02 0 02 04 06 08 1

FE: PR A O PLS-DA [&1; 18] B W EHAGI0 1 P P2 43 B R —  F sy
B 2 PLS-DA 73#r J A5

Figure 2 PLS-DA analysis and permutation test

2.3 EFRi#minit 55T 50 pe/ml Yl i
TEF 281 4~ 2E AR s 7 100 pg/ml G35 410 L 2
284 2 AR 7E 200 pe/ml YT R R 274
AR . £ Y2l 22 AR () E B O AL
Kl 3A, AN Yerp L A 22 AR AL A 82 >,
Kl 3B fita, 3 fm] 22 AR 9 Fh 24T 400 K
B, BB BRI NE B o 7  HedRe =i o 14.63%

2.4 KA@M WK 4A ~ C Fis, AR R
Ii) 22 S A P L[] 1 ' A B R Tl Q A= B i
B R KRR . SRR EE
W EKHEA T S (RiE b, e 25 A AR 2R E
Ji 25 S HA G4 SO AT Q A= i i
(1) 2— NS IR I —6- HHAASR R, ULIE 4D,

2.5 NCM x#m o8 45 M e %ok Sl I 5200
SER N B Q ARG RGE I A B 3 (P<<0.05)  Hl
it Q X FLbL AR IE H DR A 45 22 X, i T
LRRIE SRR UIMHOC, Bk H TEM &
NCM 258 J& A H i s A 22 4k . aniEl 5 7 ,NCM
ACBRIG SRR A A K, DX A, IS I 224, i X e
HZRARSE T 5) P ATHES , U] NCM 2 85 ]
RED | BEAS-2B HIZ b AL & 574 o

2.6 NCM P& f kit & 42 (MMP) ¢ % wh LA
MMP ZAACRLRAA D RER EZ 85, WKl 6 iR, 5
XTHRZ LA, B A L300 S 3G, MMP 328 9 B A1
(F=34.59,P<0.05), 5B NCM n] fE5 | BEAS-2B
YRR e G o



- 1212 -

AR P27 2025 4557 52 4255 7] Modern Preventive Medicine, 2025, Vol. 52, NO. 7

A B
fiR B4 AR e sa
THRARTES
SRR iTEY
[H
74 54 98 ] o2
LG
WA R
82 UL &4
FE R
71 50 AhlaRian
HHLAT LA
..
mELY
BEEAER
7 ®E
ANELED
B, BERREEEUS
Eﬁ”%gﬂ 0. 00 2.00 4,00 6. 00 8. 00 10. 00 12, 00 14. 00
A A 22 SR 5 R B R ] 28 AR 4 25
3 HU RPN RSO L2
Figure 3 Overlapping and classification of differentiated metabolites in each grou
g ppng group
A R B B QL °
R e AL o e B i 0 R b .
SHMEQIE Y A R . T B
Btk i ® TR R I B A
SOOI o 3 . SRR RV B 14
i A B R O R £ B LA . ﬁﬁ;ﬁ;ﬁgﬁgg i
HEAMCA A A = A
MR X A I
RERRR A . Rkl
i B i
kA R R R
LLESN R A AU
?‘Eiiﬂﬁﬁﬁﬁ}ﬁi EE R
Eﬁgﬁi‘{tﬁi it = R i
RN L LES R
C SHERQEA & Ik . D 3r
EE B T AR S L .
BRERSH e &
S MR B 2 1 B LA | e
e A A i X
S RO B ol . "
IR b
B AR -1} @
T A= 45 Rl
Tk PR ALt KT
msfe F &S S
NCMSR E(ig/mi)

TE A BLC % Rl AU B 5 B D Oy 2- NS A —6- MR AR X R IA 5 "P<0.01,
4 HHZFYE LI

Figure 4 Differential metabolite enrichment analysis in each group

3 it it

W, = M N 2 A AT 2SR Y — BEA 8] R RER

JHAEE Ll P R R A A (R ATt B4 o 1 3 ARG
NCM VB — Rl et A P2 bk, sk A T 8 WU, NCM 7E IR Hh b o] DL G208 MR ic e . R

B ERAEES T DI, JCIE R O AR il A



PRI BE2F 2025 4E55 52 48255 7] Modern Preventive Medicine, 2025, Vol. 52, NO. 7

- 1213 -

HE,NCM AR VEAE R FERZ A . HU2, B AT ARG (gt
BRSOV AT B = o IR AR BE NCM HUE A
FEAO G TN R R TR DL, & BIHLIAR 22 G0 R I AR 40 il
iReFabn th AR AR EAf D) A0 g B AL N 38 75 K 3B
A, R, ARSI A 2 s 3
5% NCM #£ 88X} BEAS-2B 4 Jifg i & A2 22 i, ol
RAIRGT NCM [P R g s tEpLl He 2 & .
Hop g R e 22 A T, S e
FIENERYIT . NEIACH 50 5 0 R G % 1)
FHE . BEREZRY BT S i A AR, ABIFSR A B NCM
AT 5 | A 200 3% e R R AR PR A, DL T 1, A 2
SN ZFP RS NE R Y B AR 2 B B B, X R
NCM 5 |36 4 20 B3 P A T e S5 S e A =2
LA . EANShHIRTFE FIASR R TR 0T i F 5T
FIPEoR NCM /] LU SR A AE, i B4 Gl 5 il R
RIEF VI . 2R R 05 A 20 e B 25
k88 r A 2R b, B A Qi e A W 28 i, AR
W5 T RAEM LA, 275 NCM 51 i il
SN ] Be S AR B ZE ALA DG Be i ZE L
FFEELF b PR SRR . AENBLFefbpinrh £

NCMR E(ug/ml)

Aggregates Monomer

Merge

TR IS AR P KOV 35 25 e A B A A2 4 e it g
iR /K- RT s 4% BEAS-2B 44 L 52 6] Jii 5% Ak (EMT )
B3l [RGB SR S T BES S NCM U £F 41k i
AL

Opg/ml

B 5 NCM X 2 o it A 5

Figure 5 Effects of NCM on the ultrastructure of cells

-
A
N

sk

LA AR R
|

[

2

*kk
kK

0 50 100 200
NCM B (ug/ml)

B A S MMP 28GR Bl B i MMP %2 #5341 (n=3) ;"P<<0.01;™"P<<0.001.
6 NCM X} MMP HJ5405
Figure 6 Effects of NCM on the MMP

AWEFE R, AR 30 B 2H 3 ) 5 4R 1 d 2 AR
WG Q AW A s, HTE ZBAHE Q
BALFRHEE Q1 ~ Q13, AMPIAF7E By 24T | Q10
(CoQ10) . CoQ10 IEH RIS FAEF L A 1 1E 5 1
ReZoCH %, nrilid 2R Uk B E AT,
A B TRE MMP, B 135 11 BT AL AT DNA 422,
5T KB, CoQ10 LA A B2 1 5 =X % LPS 5|
R Al o 1289 Rz 20 i 2 b AR P Bk . 24 A0 MMP R
B, R fl SRR G R A, I8 RE SRR AIRZ R R ROS
HI Ca* 7K IR IZ L br AR TR, 5y — TR A & B0

CoQ10 FTLARH IE MMP TR, 25 G AR AE R, e
22 AR AL 2- NSRRI 6 B S
W R Q A s AR i i R AR, KBk
AT HEFEIA CoQ10 MY . ABFFUEERNZY) i TE
NCM b2 H BT R RS, X T fE 2L
CoQ10 A BLIH /L , AR M b 8L e Ty, IR T3
BRI RERERS , X AT AE R NCM & #EPE LT =
— TN 3% S H B R0 MMP 45 21 &5 7% NCM 40 B
BEAS-2B 4l i £ 7 % 24538 BB 3031 B MMP [
i, F AT LASEE , NCM. ] BESE S R IE CoQ10 7K F-5]



- 1214 -

AR P27 2025 4557 52 4255 7] Modern Preventive Medicine, 2025, Vol. 52, NO. 7

RRES AL TL TN ES SOl iv% {VRii e 2l ity Ll I8
AT — B SR BR I . &5, AWFoE RN
PRI, A X LA M P AT A T, R R T
SRR AR Ak, S S nT [ iU A i g A MR
PEAFRGEI AT o R AR 7 R FH ARSI ) R 2H 2
SRAEHS 2 AT I 25 250, (0 R TR 2 2= R
(4 JR BRI, ELRE XA A E A TR X S it T 0 £ a8
AT SRS A TR o o, S S % SR 2
AR A A AT 5 o ARWF ST B B UAE TR T
NCM X ASZSAE b R 4 A s, Sy R 22
SRR PENLH IR RIG LR R , T A M A3 O A B
ARG . 25 L AR FE g E S R
WHEH 2 AR PR NCM X BEAS-2B 21 ifd 4 5
B, K BUIESAC AL ARG Q B & AT n]
AEJE NCM if5 TN Bt Y S PR 2, ok fR mT g
NCM ¥ TEREPERE A
Pz ZEARR  AHFSE AR AT A2 oo

Sk

(1] AT, sk R0, 55 AR REH AR R B BUIRY]. #riT A
71,2020,39(3):75-81.

Mei J, Zhang J, Liu SY, et al. Development status of battery energy
storage technology[J]. Zhejiang Electric Power, 2020, 39(3): 75-81.
(In Chinese)

(2]  FEBE,XIHE, A, 2. AR LiNi0.5C00.2Mn0.302 )
AU YEREN]. ik, 2024,54(4):482-486.

Wang HB, Liu Y, Sun JJ, et al. Development status of battery energy
storage technology|[J]. Battery Bimonthly, 2024, 54 (4): 482-486.(In
Chinese)

[3] &V, Wi, EWG, 5. AR EA =T ERA R
NCM613 Bl &iF5E]. MR T.,2023,52(11):2550-2555
Cao YP, Hu M, Wang JY, et al. Preparation of ternary single—crystal
NCM613 cathode materials for Lithium battery [J]. Contemporary
Chemical Industry, 2023, 52(11): 2550-2555.(In Chinese)

[4] Bozich J, Hang MM, Hamers R, et al. Core chemistry influences the
toxicity of multicomponent metal oxide nanomaterials, Lithium
Nickel Manganese Cobalt oxide, and Lithium Cobalt oxide to
Daphnia magna [J]. Environmental Toxicology and Chemistry /
SETAC, 2017, 36(9): 2493-2502.

[5] Wang SM, Zhou QX, Tian YZ, et al. The lung microbiota affects
pulmonary inflammation and oxidative stress induced by PM2.5
exposure [J]. Environmental Science & Technology, 2022, 56 (17):
12368-12379.

[6] Wei YG, You YC, Zhang JR, et al. Crystalline silica—induced
macrophage pyroptosisinteracting with mitophagy contributes to
pulmonaryfibrosis via modulating mitochondria homeostasis [J].
Journal of Hazardous Materials, 2023, 454: 131562-131576.

[7] LiX, Zhang JZ, Wang MY, et al. Pulmonary surfactant homeostasis
dysfunction mediates multiwalled Carbon nanotubes induced lung
fibrosis via elevating surface tension [J]. ACS Nano, 2024, 18 (4):
2828-2840.

[8] Kang HW, Huang DY, Zhang W, et al. Inhaled polystyrene

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

microplastics  impaired  lung  function  through  pulmonary
flora/TLR4-mediated Iron homeostasis imbalance [J]. Science of the
Total Environment, 2024, 946: 174300.

Sironval V, Palmai—Pallag M, Vanbever R, et al. HIF-1 « is a key
mediator of the lung inflammatory potential of lithium—ion battery
particles|J]. Particle and Fibre Toxicology, 2019, 16(1): 35-46.

West PR, Weir AM, Smith AM,

developmental toxicity of phamaceuticals usinghuman embryonic

and  Applied

et al. Predicting human

stem cells and metabolomics [J]. Toxicology
Pharmacology, 2010, 247(1): 18-27.

Victor oluwaloseyi A, Aduragbemi Noah O, Lydia Oluwatoyin A, et
al. Metabolomics of male infertility [J]. Clinica Chimica Acta, 2024,
556: 117850.

Panner SM, Finelli R, Agarwal A,
metabolomics—Current and future perspectives in clinical andrology

[J]. Andrologia, 2021, 53(2): e13711.

Deng YT, Li GL, Xie LJ, et al. Associations of occupational exposure

et al. Proteomics and

to micro-LiNiCoMnO2 particles with systemic inflammation and
cardiac dysfunction in cathode material production for Lithium
batteries|J]. Environmental Pollution, 2024(359): 124694-124702.
Hou S8, Li C, Wang YH, et al. Silica nanoparticles cause activation
of NLRP3 inflammasome in-vitro model-using microglia [J].
International Journal of Nanomedicine, 2022, 17: 5247-5264.

Zhang RJ, Yao Y,Tu LY,et al.Non—targeted metabolomics of multiple
human cells revealing differential toxic effects of perfluorooctanoic
acid[J]. Journal of Hazardous Materials, 2021, 409: 125017-125027.
Zhou RP, Chen Y, Li SF, et al. TRPM7 Channel inhibition attenuates
rheumatoid arthritis articular chondrocyte ferroptosis by suppression
of the PKCa-NOX4 axis [J]. 2022, 55:
102411-102424.

Redox Biology,

Xiong NX, Gao XF, Zhao HY, et al. Using arterial - venous analysis
to characterize cancer metabolic consumption in patients [J]. Nature
Communications, 2020, 11(1): 3169.

Consolo NRB, Samuelsson LM, Barbosa LCGS, et al.Characterization
of chicken muscle disorders through metabolomics, pathway analysis,
and water relaxometry: a pilot study [J]. Poultry Science, 2020, 99
(11): 6247-6257.

Mantle D, Hargreaves IP, Domingo JC, et al. Mitochondrial
dysfunction and coenzyme Q10 supplementation in postviral fatigue
syndrome: an overview [J]. International Journal of Molecular
Sciences, 2024, 25(1): 574-589.

Testai L, Martelli A, Lorenzo FL, et al. Coenzyme Q10: clinical
applications beyond cardiovascular diseases [J]. Nutrients, 2021, 13
(5): 1697-1718.

FERIOR, SRS Y, S5 IR G AT DR ZE bl A
WFFEHE ). S5 # 2R 4%, 2015,21(4) :219-223.

Du LN, Shan JJ, Xie T, et al. Research progress in lipids and
lipidomics associated with respiratory system diseases [J]. Chinese
Journal of Experimental Traditional Medical Formulae, 2015, 21(4):
219-223.(In Chinese)

B, AT BOR. MR BRSO 5 A rh O BIF ST 2E ).
rhAESIG AN R AR, 2023,40(5) :999-1003.

Liu Y, Li N, Geng Q. The progress of lipid metabolism in lung injury
[J]. Chinese Journal of Experimental Surgery, 2023, 40 (5):
999-1003.(In Chinese)



PRI BE2F 2025 4E55 52 48255 7] Modern Preventive Medicine, 2025, Vol. 52, NO. 7

- 1215 -

[23] Chung KP, Hsu CL, Fan LC, et al. Mitofusins regulate lipid [ 29 ] Arenas—Jal M, Sune—Negre JM, Garcia—Montoya E. Coenzyme Q10
metabolism to mediate the development of lung fibrosis [J]. Nature supplementation: Efficacy, safety, and formulation challenges [J].
Communications, 2019, 10(1): 3390. Comprehensive Reviews in Food Science and Food Safety, 2020, 19

[24 ] Sunaga H, Matsui H, Ueno M, et al. Deranged fatty acid composition (2): 574-594.
causes pulmonary fibrosis in Elovl6—deficient mice [J]. Nature [30] BfACF. 2T MKP——1/Nef2/Drpl {5530 BEERZ A Q10 X2
Communications, 2013, 4(1): 2563. PERGHL /N PR E D). BB VL ARl A%, 2022,

[25] Kim H, Yoo H, Lee K, etal. Stearic acid attenuates profibrotic Chen YP. Protective effect of coenzyme Q10 on acute lung injury
signalling in idiopathic pulmonary fibrosis [J]. Respirology, 2021, 26 mice by regulating MKP-1/Nrf2/Drpl signaling pathway [D].
(3): 255-263. Heilongjiang: Northeast Agricultural University, 2022.(In Chinese)

[26] FATF, BI85, FHEE Q10 P MrE R TIWFE ik J [31] ZE3CHe SRR, Ih K2, 55, SR3AM /GPROL i@ DHODH/
1. i 5% ,2015,36(19): 188-190. CoQ10 ML A K AN ML RIS (1] P ESIBKEE AL,
Wang HL, Wu TR, Zhan XM. Recent advance on antioxidant and 2024,32(6):466-472.
application of coenzyme Q10 [J]. Food Research and Development, Qin WH, Yuan CC, Sun YH, et al. Succinate/GPR91 promotes
2015, 36(19): 188-190.(In Chinese) mitochondrial damage in vascular endothelial cells through

[27] Hussein RM, Sawy DM, Kandeil MA, et al. Chlorogenic acid, DHODH/CoQ10[J]. Chinese Journal of Arteriosclerosis, 2024, 32(6):
quercetin, coenzyme Q10 and silymarin modulate Keap1-Nrf2/heme 466-472.(In Chinese)
oxygenase—1 signaling in thioacetamide—induced acute liver toxicity [32] Jing L, Kumari S, Mendelev N, et al. Coenzyme Q10 ameliorates
[J]. Life Sciences, 2021(277): 119460-119470. ultraviolet B irradiation induced cell death through inhibition of

[28] Aaseth ], Alexander J, Alehagen U. Coenzyme Q10 supplementation mitochondrial intrinsic cell death pathway[J]. International Journal of
— In ageing and disease[J]. Mechanisms of Ageing and Development, Molecular Sciences, 2011, 12(1): 8302-8315.

2021, 19(2): 574-594. 75 B #5:2024-11-30

(EH% 1187 W) [16] MEEFRERNLNPTED 2, TEEFRYARIERE TR, 1
5053 BB Y SR BT KA KRB0, 4 EBR PR 2T 23 S i REAE BT 17 SR
PE% 2024,27(12):1431-1437. [J]. "ERTE2E AR, 2022,23(5):321-339.

Zhang Y, Hou QQ, Qi Q, et al. Relationship between cardiovascular Obesity Prevention and Control Branch of Chinese Nutrition Society,
health score of life's essential 8 and new—onset atrial fibrillation: a Clinical Nutrition Branch of Chinese Nutrition Society, Behavioral
large sample, long—term follow—up study [J]. Chinese General Health Branch of Chinese Preventive Medicine Society, et al. Expert
Practice, 2024, 27(12): 1431-1437.(In Chinese) consensus on obesity prevention and treatment in China [J]. China

[11] Howard G, Cushman M, Blair J, et al. Comparative discrimination of Preventive Medicine, 2022, 23(5): 321-339.(In Chinese)

Life's Simple 7 and Life's Essential 8 to stratify cardiovascular risk: [17] Herraiz—Adillo G, Higueras—Fresnillo S, Ahlqvist VH, et al. Life's
is the added complexity worth it? [J]. Circulation, 2024, 149 (12): essential 8 and Life's simple 7 in relation to coronary Atherosclerosis:
005-913. results from the population-based SCAPIS project [J]. Mayo Clin

[12] Popkin BM, Du S, Zhai F, et al. Cohort profile: the China health and Proc, 2024, 99(1): 69-80.
nutrition survey—monitoring and understanding socio—economic and [ 18] Hassani S, Ovbiagele B, Markovic D, et al. Association between
health change in China,1989 - 2011 [J]. International Journal of abnormal sleep duration and stroke in the United States [J].
Epidemiology, 2010, 39(6): 1435-1440. Neurology, 2024, 103(7): €209807.

[13] Lewey J, Beckie TM, Brown HL, et al. Opportunities in the [19] Xiao X, Qin ZX, Lv XY, et al. Dietary patterns and cardiometabolic
postpartum period to reduce cardiovascular disease risk after adverse risks in diverse less—developed ethnic minority regions: results from
pregnancy outcomes: a scientific statement from the American Heart the China Multi—Ethnic Cohort (CMEC) Study[J]. Lancet Reg Health
Association[]]. Circulation, 2024, 149(7): €330-346. West Pac, 2021, 15: 100252.

[14] IRBE. AEZEEUK G 52 HIET HOCRD]. Wk rhEE [20] Stefan N, Haring HU, Hu FB, et al. Metabolically healthy obesity:
Bl k2 ,2023. epidemiology, mechanisms, and clinical implications [J]. Lancet
Wen L. The relationship between different types of physical activity Diabetes Endocrinol, 2013, 1(2): 152-162.
and all-cause mortality [D]. Shenyang: China Medical University, [21] GaoX, MaX, Lin P, etal. Predictive value of cardiovascular health
2023.(In Chinese) score for health outcomes in patients with PCI: comparison between

[15] Xing A, Tian X, Wang Y, et al. Life's essential 8'cardiovascular Life's Simple 7 and Life's Essential 8 [J]. International Journal of

health with premature cardiovascular disease and all-cause mortality
in young adults: the Kailuan prospective cohort study [J]. European

Journal of Preventive Cardiology, 2023, 30(7): 593-600.

Environmental Research and Public Health, 2023, 20(4): 3084.
Wods B #1:2024-11-02



