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LRI N AR 2 H4i i = AEROS 1 3 2241
fas'. ROS 2 2 b 7 8 e mi 138 o 7 v B 1 7
Pt e, PR B A% 8 B (electric  transport
chain, ETC)J2 HZ 5 &AL — RIIE ALK
MRS, HBBETCH T B S AR PR
0,7, e 5O,HHBLAT Agh & Fhd fL i fiefh, 45
NADPH#ALEE(NADPH oxidase, NOXs), O, fE4hi
E AW B AL B (manganese superoxide dismutase,
MnSOD)I1EF R 724 H,0,10,'. A INOHINOE
HBE(NO synthetase, NOS)HEAL™ " BBl 414, 4
W4k B (superoxide dismutase, SOD) & &= &%, &
FIEFRO, 7,0, T 5 NOJ M A BB B 5 FIONOO ™.
H,0,F Z HSOD#ALO, I AR BT, O, Al 53
BEIE 5 i R RN, 0, IR SN H,0,, — e AL
fit}, INADPH%E 1L EF4(NADPH oxidase 4, NOX4)F1%
NADPH#% ML (dual oxidase, DUOX1/2), HA Bk
W, LB O A NH,0,, THAZEO, . fELAA
e H Bk (glutathione, GSH)A HL T~ HEAA (1 2R AR 75 B H
K ILSE AL WU (glutathione  peroxidase, GPX)AIit 2= it
ZA M (catalase, CAT), LLJ DAL 5 %% 2 H (thiore-
doxin, TrxR)HL FHEA& I S A AR 0048 £& [ (perox-
ythioredoxin,PRDX)1-5HI/EH T, H,O0, ] #ik 5 7K
FO,. H,O,tH e 8k s B A= B v i 1 i 2 25k 1 H 2
6 53 32 BIOH Bl i, 24 Bs — N2, T R DA
RO IR E IS L., LeRE-5 02 [ b A= 1 i I
i FELOOs, TMCATH LLAMELOOH!" ") H,0,7F 8
i A Pyl (myeloperoxidase, MPO)I{EFH T AT B
B AR A R AR T R — E AL A AT DA
i B U I kA S A SO, TEZ R A
T it S AN L i ONOO ™. i S0V A R b ] Bl YK 2R
RS, I 508 i 28 A2 Al 2 bt H DK S8 A i v
A T 8 TR 6 P At (11 1) P2,

FAR T AN A2 WP s P A 2 2k
B TEEY 1, EEAAY R AR K B & 5 1
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T IR BIN-1aFIN- 1b2k-B 5. S RO R
A SYIIE I 7 A RIAE TR R, HEZ M (lipopoly-
saccharide, LPS)A1/{J8 $4 JE A - (tumor necrosis factor,
TNF) AT 5 /& 1) B T4 3% (reversed electron trans-
fer, RET), fEMEFEH, HF@ i ETC R Al 86 Fit 4
R IL, RETHEREE &1k T ML RifAROS 4,
XITEEWIL, RPN A=Az BEEAA 5™
PRI BRETCRROSIA = BERIEAN, oL —HR
SN TN R B SN H I R R A B R A
B th 7T LU AEROSP Y, 5 b s b i 5 0 2R 1
A BT LRAAEROSIF= 4, ifip66she. H LA
(monoamine oxidase, MAO)FINOX4. p66shciliz)iE fir
Tk Rt mid ALt K e, N T
B A T R, SO A AR MAOSESE
T2k AR A 5L FL A B IR T FAD RE % 1B 1k 5 % 1 54k
B AR A 2 7 A S R A A RS (13 1))

TEIER AR, VAN FIROSE ERFFE—
BT, FENURRRAST LT, "R NGRNAGE S 2T,
LR IR 5 A BT e, A 2R R, 2kl fa b
FIROSHI N, AR EARIBUR AL, AR Ze b iA,
SELRR T RERERG S (B A A S A R T R
Lo bR A T Re K ARG GG Sh R SR AFE G+, Ak
N RE T LR R D RERRAS, 2R AA 1) BE A% [ B 1
BESEINROS A, 5| Ak 17 8.

2 R b B SORLAR S A R

R 03 P S AR AR 8 PR R B8 i 3 RS PR AR s
4 fiT95 (alcoholic fatty liver disease, AFLD)FIIE{E %
4 JIg 5 P BT 93 (nonalcoholic fatty liver disease,
NAFLD). HHAELhfe 0 1E % 435 g A 2R bR [ e o
Bt b, SRR R E BRI RIS 1Ak, R
AR S A SLE B I 0 R AR S R i 23 1AL
6 B3 I A 7 16 S A5 1 A

2.1 {RSERE T

IR 2R A A 2 R T A I D RE IE W 5 T A+
HEMR . EAFLDK R 51, 2R A (K 45/ A Th
REH W R AR, 2 HERE R ZoR A S AL L &
£ BT PR M L 2, LB 2 BOR AL RERR 1L
ARG PERE G LA IR S RIS, 32k
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Figure 1 ROS production in mitochondria. There are many ways to generate ROS in mitochondria, including direct generation or generation of H,0,
and hydroxyl radical under the action of MnSOD and reducing metals due to the leakage of electrons in ETC. Free radicals attack lipids, form lipid free
radicals and react with oxygen to generate lipid peroxy radicals and NO superoxide or generate peroxynitrite with O, . The generated ROS can also be

cleared by endogenous antioxidant defense system

AR HROSHIRNS 1AL i, 35147 28 B AADNA, I3 ik
PR 5 B 1 o AR I B R A AR I VE T, D ATPIR &
BT B IROSE S IR T A I B AL
W), ArmtDNALL K ZERiARETCIE pdin 3, s 2 ki
B iERIE, 51 RERRMIKEER, FEUFMAET.
T JH- 24 . 22 R0 B A 78 /)N BREP) P A R 0 5% 2 fRloRE A R 28
FEAR 4 B {6 K P4502E 1 (CYP4502E 1) 14 A= 0 A5 44 it
P S, 3K A VARG 2 R TR 2R A R ) 5 — Bl AR AT SR
VEE IEH SR 4R A T S P A INOS (iNOS)
HOEBUD, (HPRE B SINOS, NOLL S RNS 8 nt™,
NOBRHMRNS = A LLAR, 18 1T LS i (i 2R c At
B B PR ML R A7 5 &, LB 1
FitEE, [EHEROSEHRNSE B T EULk ki (A Ak NI T
InE SRR i4% .

PR IC I SZ WA ) LB B 52 . AR
PR 75 T4 I & B (alcohol  dehydrogenase, ADH)LA A
LW & B (acetaldehyde dehydrogenase, ALDH)fEH
N R AA X AR TC R TCF . K AT 24T
il ADH-5 ALDHX 26 75 VRS AU F b R #EA FH  g

(I, AT SRR R, 51 R 2R Rk T BE 5245
AL, EENAD 5 mGSH, NADH/NAD' U AR 1 i,
e g i BAA Ak, 5 BU0NR A 1, kIR JEUA IE 2k, 1
ROSA O AL BOR R ki A T RE a8, ik —
I IIROSII A, N EE 2 b A S A N

2.2 AR AR P
NAFLDIE A 70 R 2%, KT R At f i) A
LB, A PR R ER R FEANAFLD ) A%
B BB — AR PIAT B, TR ES LT, K
SRRk EREANA S i 01 ES R ey € i
r, &AM I D7 14 28 (non-alcoholic steatohepati-
tis, NASH)R 44 75 10, SR1f, & patatinkf i sk
1 [13(patatin-like phospholipase 3, PNPLA3)J: K £ 25
PEFENASHI R e h e G, ik, Har«®
TR UE 2R, <2 EATH IO AN B0
NAFLD& &1 F 22K %, ROSH LAY 2 A A g
% (polyunsaturated fatty acid, PUFA)FF5| & JIgJf L4
b, el E AL = Y in4- 35 k-2 - F IR B
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WILEROSK, ‘EATE AT LAY BB HARAL 1, 37 KA
Bsem, ROS. g B A= P A iR A BE A T-a(tu-
mor necrosis factor-a, TNF-o)Jt[[Z 55 kT, M
T3 75 S B I 07 2 P R UNASH! . 2o
N P AEROSHY EFB AL, LA AL N AT BE AE
NAFLD K & H i s B Z A Y. NAFLDI R 4 5
NEJEEE VIR O, AEVRAH 2 A Bt s 0, iR
BT FIALEN BUR A AR AR 140, AL RO
o, (A AR B A K . IX R, ORI 52
ARG T TR B 51 R NAFLD () 6 B0 35,

JIE oAU 1 2R 1 2 15 NAFLD A i 1) LR R 2%,
IR, X6FF-95% 29 8 7 R (free fatty acids, FFAs) R IEFI
ISR T, X T HANAFLDIE L IS0k HLH 20 E
R 2R BE N VR T AR i X4, IR B R AP (insulin
resistance, IR)Z& W HILEX &5 F FINAFLDEh )5
v, 2 BRI Y IRAE A5 T 1077 40 AN 32 400 1<) g 177 23
R, BRI A SRR, FRAsHE I gk
A NFAAs BEAL I 2307, KBEFA AT 2L7E A
TR AR BE 4% #2 B 1 (carnitine  palmitoyl transferase 1,
CPT-1)# B Nt — DR B ZRifk, FHES e
ATHE. CPT-1/2p-F AL By, — Lok R 7t
ALY A G BE YD 0 52 M a(peroxisome  proliferator-
activated receptor o, PPARa) S H 3 K 11l AL
Pl A 34 5 A i 52 Ay SR 0TS IR 1o peroxisome  pro-
liferator activated receptor y Co activation factor la,
PGClo) ] Hg 58 CPT 145 5 JIg [l R 61k (fatty acid oxida-
tion, FAO)FHICIE R [ ZRIL. Bbah, Fia i FHPGC-1af]
TEPESZA, R TR A A S B PR K 2T 7K P T PR e
Re iR et A BT P bt B A TR AN 2 s
PP ARARE AL, HIIROS ™.

FENAFLDH)TE SO #2 b, — Sk A ETCHE
FAAEC DL A FFFAH L A BT FA A RE 6 38 5 28 BLAAFAO. ki
PRFAOFIETC 2 [8] (I Fft AN - 2 51 A ETCH) A -1t
T, MTEFFROSIT &, i 2 5 B AR A B &
U481

BORLAASE A SLUCEE IR 107 1 9 ) A R e Hh S ke
HEEH, I EMROSAMIS TR I AL 3 EUE,
0 R A1) I 24 L 23 WA A LG 255 B2 TG B (very low-den-
sity lipoprotein, VLDL), 75 5 JFF I g i A 22147, 454k 7
WRES T M B A A R AR 1 (&l UK
iR g DL B RIS IROS IR R L AL
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WAE AR Rt — DA Aok ik, ROSAERIE N, N
23 DRUNREANE, QRN < RVAIL /L % N VAW IR =
AN S 2 22 B o0 AT 42 40 1 5 B ) S A 2 A R A
SR, A B TR — DR RO B, D A B 2
Fott o IR T ¥ SR 2 T RE.

KRR AR G ERE A T &1

ENRWI R e, AASBUIRES T Re g2 MiE
IR DU S R B EOE, EERGE R E RGN E
H ¥4 EF(Adenosine 5'-monophosphate (AMP)-activated
protein kinase, AMPK)UA K& 22 22 J5 5 Ak B B (mito-
gen-activated protein kinase, MAPK)# &, X&HEN
AMPK UL KX MAPK I 2 AR AC 38 15 Hh 1R S B [R5 A
JX 3B sy TR R T T AR A S DA R AR AR O R 3R
B(E2)™.

3.1 AMPKE %

AMPKAETE A 2 A AR & 12 o 1 5C 8 7,
AMPK [y 7 3 B 6 AMP/ATP AR 925 44 i 1
H,0, 7] VA AMPK ¥ o- 7 J RN B- 02, il it s- 7 ik
H kAL B 0E AMPK ™. AMPK — BB, #hasi
i ATP Y AE 3 A2 00 20 A #2. I i AL i)
AMPKIE I i B0 Bt i afR (L B (acetyl CoA car-
boxylase, ACC)MNAEHIMRAA . thoh, WEILH
AMPK 2 il — F 512 55 IR AR A 52 A4 R i 1) s
%, fLHEPPARa, PPARYF S B 18 5 Jo k45 A 25 F1 (Ster-
ol regulatory element binding proteins, SREBPs), Jf- i
Fg 7 AR 5 AMPKGE IV 55 0 L0 B i
Fi(mam-malian target of rapamycin, mTOR )i % 521 &5
R BB RIBOIRAS T, Zobi R ip i it 5 &2
1, ATPE BUIR /D, HIAMPKIEAL, 7544 [ AMPK 53 T
M m TOR P 14 -5 2040 Mo A KR 2 3 T & i
AP AMPKGE AT LA 1o 0 £ A 4 A P i B
B FPGC-1af 77, B, AMPKIE I BIEH 5 K
“FEB(transcription factor EB, TFEB), TFEBH #4 &
HEERISPGC- 10 N 1) JE 31, SRAEREZ R A
KA R A mTOR S A A B4 K unc-5 LR HEy
1(unc-51-like kinase 1, ULK 1) n&kHiiA [ 1 ok 2 il
2R TR R, T B AMPKO 2R AR T RERa 25
e HEAEA.
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Figure 2 The main signaling pathways during mitochondrial oxidative stress in hepatocyte. ROS, as a signaling molecule, mainly activates
transcription factors such as AP-1 and upregulates the expression of metabolic and antioxidant proteins and enzymes in hepatocyte through AMPK and
MAPK pathways. ROS can also activate the AMPK pathway by activating the Il phase enzyme Nrf2.At the same time, Nrf2 binds to the ARE element
on DNA to promote the transcription of antioxidant genes and increase antioxidant defense. ROS enhances mitochondrial remodeling, promotes
protein synthesis and lipid metabolism, reduces ROS levels, and repairs DNA damage through these effects

AR 7 HE H, O, 18 3 I U s DR 7 A% TR - E2AH
KA F2(nuclearfactor erythroidderived 2-like 2, Nrf2)#
T AMPK AT LAY R IE. Nrf2-Keap 115 5 18 %
B AR B8 B R T R Y. R IE RS LF,
Nri2 2> i Keap 1 52 A 1432 2 S I I 76 20 i o B i,
Keap12kif BiKeap 1 ik ik /b v DL i FiANr2 8 H
FIE KV I B FL U RS R Nef24E R4 i S AL iE
JROIRAS B B EEHL 1) 2 38 e 5 43 Dk H IR (glutathione,
GSH)I{I & 5%, Nrf2 e s 0 w] LA S5 e H iks- 1%
# ¥ (glutathione s-transferase, GSTs)E3R1A5, GSTsA
—MEAEE SRS ER G AW
BT, Nrf2il it 567 T 2 40 40 2 R 3 1 X
WP Ak S Je 1 (Antioxidant  reflective  element,
ARE)4 &1 RPUAA A R ORI ZE R Rk, R,
AL R BOIR 2 TN AMPK 35 A6 6 9% 38 i 93/ i I AF
B AR IR AL . dERFARRLARARAS K B HTAR
A 35 PR e T R A TR 25, AT e 2 g iy A,

3.2  MAPKi#E
MAPK = 22 PUANIE SR, 53l A2 4S5 5 14

I (extracellular signal-regulated kinase, ERK), p38
22 4 JF VAL B B (p38 MAPK), c-JunZ 3 K b i i
(c-jun n-terminal kinase, JNK), ZHi4Ms 5 1 IS
(extracellular regulated protein kinases, ERKS5). ERK,
INK M p3 8% 5 f ) i 55 4 0 S A 3 JiR 1 4 Y e 3%
BN

ERKGH 2 MAPK S H v 5 L ) 5 200 0 8 3
AR IS 40 M . AhiA " & BGCNSL1ER E /]
QT RSP AN S WL E NS RN I ES ) A LS UL Y
5. WHFCRIL, GONSLLER 2K AROS /3 INERK
B0 A T SR R AR e S R T Fox O 1 1 J5 42 1,
AR AR I A i .

0% 8 H-1(activator protein-1, AP-1):&—Fh4 /b
W JEUREE 3 R F, Hy0, 2 Il INKF1p38 MAPK
GO SR AP-1/05 7, BFFCRIL, INK/AP-1
S E AT ML T AR SE R S PR R AT
AR, INKAF 5 AR H B A 0 P 4R 452 e ) R
AL, TEH R, INKE B BE, 5100 2 2eRifAk,
T 1 52 KA Sab/ROSAE SIBHFIs2 1, AL IINK
(P-INK)H L B L ik, I 5 LRI AP 1 48 5
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Sab(Sh3bp3)4ti £, Tat-Sab il ik 55 4+ PEHL AN ] INK 5
Sabl &t 4, MIMHNHI L RARIFIRAE, FELRiiAk N
ROS/KFE (g A, INK #7228 m LA 3o 41 1)
PPAR ol 2 55 [R ) 1A UL MR W RR BAEL Ak, SRARHFIR [
AT SO FINK S R R, ROSKF
BEAR, /N BRURE TR JFF 5 47 el .

ROS A PABE ERK/INKAE 518 B 2 HE ALK BHS
B S &4 T _EIRNA meAS K, PLI &
ROS% S IDNAR G & 4 T, ERKSH AT LU
ROSHE (HXTE I s b, B & A BAEH &
H (thioredoxin-interactingprotein, TXNIP)&& N 72
FIE I P YR AR 08 K (thioredoxin, TRX)PFHIE K [,
TXNIPi@ i 5 TRX S & i TRX M HT A A D e, (2 ik
EPESEROSH R, WF7C AT, TXNIPXT TRX/ROSHIfE
FH AT LA#ip38 MAPKAE 51 B #1H1] 77SB0O3 580 BH T, 1%
FHHTXNIP @i p38 MAPKIE #4541 s WROSK
S MAPKGE B A B S S A A8 R 7
VR, S I R Y A M R TR AR DA R kA
ROSAE J 5 15 107 AT 1 2 A o 01,

3.3 FALRIE b R SR I S

A ST S| RS IR AF S 3 B ] S 2 5 0 g 7 P A Fee
(¥ 5 2R K. ROSHI G 2 Ak A 1, WIAP-1, Nrf2,
PPARa, #%[K-F-xB(nuclear factor-k-gene binding, NF-
kB)&E, 0 E I IR Je.

EA BB AP-1 5 Nref2 13308 S AR /T SOt AT
FiR. AP-15Nrf2#8 2 A BUB L s K 1. H,0, 7] BL
N2, TR h R LR Rk, ST
AR, FIHROSKT, WR LR ANIIN. APLEIE
S AT FC At 2 O A R i Y 205 INK/AP-145
5 AE A R T AR R R A OCHEAE . HL0, 08
AMPKH# # N JPPARaEIE, MM CPT-1/1
ACOXFRIL, iR Ak, (R IR AR
JE NF-kBEROSHIE R NE I 7R AP
A EUE B FINF-«BIE AL, AR A A SIS NF-
KBEAHIHIEH. NF-xBAJ LU 175 548k 8 1 S
SOD2E [H SR {47 2 i 41 32 S8 A 2T, Ak 7 76
FNF-kB RIS /& B 2R JORE AL SR i, FLfE
BETNF-of LA 28 40 0 P55 4 15 40 B/ 3 (interleu-
kin, TL)IL-6BRIL-8f(14 &, 75 S5 Hali 1t i 1y A% 1tk 3t
AINASH!0,
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4 SRR PRI AR P 5 AL
4.1 PUEALBIERS

AR IIROS & &, R AE VIR SZROSH
125, RNFEDNAEE L. M bl R4t
BT BT B LA A AR B BT i — A 5E B 1
PUEAL I M 2% R 55, SRAENUR B AR SR,
ST AT DAAR A SRR 4 S N R PR A AR Y, BT DL
FRAE s B 2R 43 N AR A RN AR BFGE 1. BFPT A AL
#5SOD, GPxHICAT, TrxR, GSH, #HEFQL:, FEREHIA
G . 44 RE. BT MR, A RC. £
Byl T Y 2 U AR R BOR SANE MR,
SOD, GPx, FAHAth—LEmlizE N TrxREE, BEAIHIRIA
BORE MR e T RO T e TR R SR VR
IR CAERT P gt BT AL <=M e
GSH, 2 g A gl —Fp IR EA . Of
SEIGIFSE, GSHAJ LAR IEROSHIZE AL 224 5 X DNA
HIBALT. FENAFLD S22 B4 S AL 77K A,
f45SOD, CAT, GSH, GSH i [ B 2 PR IX Ly
FALEE BRI, FEINRINAFLD 8 2 I T 08, OSHY
TR BT — 2 R R R B A 2k L i)
SEFH (40 B A% S0 T R T 2 35 BhE FE 8 A T B RS WG T A
ROSHIF= A7 1 UL S BT F L. #hFE s
AIRe S IR I R R, b, sl E M4 RED
G AT TNASHE A va 97 .

42 Rk REEH

RRAAARZ DN KEICL LS, i — A
W S S E M 2. T m K RIROSH BAE
BLERRR R AT & BN R A g5, JE9
LR RDNASRAR 2 ki A % E /K FROS 0 UK, A
Y A N LR AR 1) B A5 P A DA R 2 R D e R TR
3K, B H 2 Rl R SR, ARG 2RI AR R AR
RRRB) ) LRk AW, HMRRARRIT & EA
SR S 1 N2 P A UN AN A& 5 RSy R LN Ao
it 7% W e R b A Ra s BF9ER I NAFLDH
RRREY R A BN, R E . > 2RE A bR
B I X R WY R 4R R R B s i S R
NAFLDHI % J& & v1k

(1) LRRRAEY KA. SRR AR AL e BRI
SRR A7 5 B R MR VK B R AR RS, bk
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YIRS 8RR AR, RIRZRLR A — BN H]iz
MG DIRE AN FIFR R N RE, BT s Z AR Sk
BB, AR 2SR I R A R S AR
TKDNA, ETCZE N &% R g 45 i o (0 1E iz )
Ahipaie vl Ll 732 5 B ORIESE YRR, Bkt
PRI AE ) R A2 %2 BIPGC-1a AL I Al F- 1 (nuclear  re-
spiratory factor 1, Nrfl)F7, ‘B 4143745 HlmtDNAFI
1% DNARE R [ Fe i KA AR ALV R A, DTS B
W5 F--1(silent information regulator-1, SIRT1)EERS
BWOHPGC- 1o 5 1 9w i 25 11 07 (100 A% ik DR AR 2 A ik
fro e U0 A B I b L 5% B PG C-1auff) 3 1 22 453,
EERiPR A R AR AT L ) S A T AR
07 JHF ) A P gk AR

(2) Lekithzh 1%, kiRl G5 RSNk
Kitkzh 13207, 2 J3AH 56 111 (dynamin-related protein
1, Drpl). ZRKifAR5r %48 A 1(fission 1, FIS1)FIZkifA
43 %4 K F(mitochondrial fission factor, MfH)7E £k {45
ZOS R E AR . 2ok iR Ak B 2 AMOMY Rt
HEMIMRELE, MOME & 2R AR & 8 TR
WA R A 8 F2(Mitofusin 1 and -2, Mfnl and -2)3L[A]
P, MIMB RS U AL 42 22 45 25 1 1(Optic  nerve
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ARk sy BT, A BT 2 JEind | IR g A,
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R HARAR ) A e, I RE 8 I AR R R PR AR AL
TR FEERIAE R, A B T 2Rk A2 W A B8 i 1) gk
AU B AL RICIR A R, 2R R & Bk AR AT 55 2R
H DI RE B 1 o3, X Gkl A il & AR o A 7 A
IEE:3- AN

(3) ZekifREME.  H RTRT TR A AR A 5 L
38 H AT LL2» AP 12 FK (ubiquitin, Ub)fK g H AN
FEZ F A 32 kA FaE k.

Parkin# (1 5PINK1 PTEN% S 1(PTEN in-
duced putative kinase 1, PINK1)EZ {4 i it Ub%sE
BIRERARK IR YIIGE S, 5 AWRE I+ B &
SARGEEE BN ORI AP, T 1 SRLAAR AT 1) 1 e
JEF, 3% UK BKIPINK 1-Parkinig 42707,

ParkinZH % () Ub%E th RE 0% 7E % 2 D Re I TANK
454 B 1(TANK -binding kinase 1, TBK 1)/ E &4+
A5 H WSz A IX 0 B e s A Y 3 P A A
WS AR RBE IR AT, AR Fh B SRR IE &

L, AL P I TBK R B 3 i 25 0 FR 1L
SERE BT RN, DMRBEA T
R AR AS R TBK 1 RE 4K B I 07 TR A g A JE 2 il 1
(long-chain acyl-CoA synthetase 1, ACSL1)5E 7 T2k
A, ACSLUE 2t = A= ] 5| 5 5 7 R B- S AL 1 1k
SERHEEA, 7T LA A ST T B i — A 2 s ),

— L83 FARI I AR AT A KIS T Parkin. PINK1
2R BIRAC E R 5 F AR, Rk B A
KA SHX MR AR T2 IS ), SRR E AR
FHA/N.

ez FAMH I Z AR T2 P AEMOM EA 1
ZEATERBEERSZAEREAR, A AZE
ZFERBM, BEAEHEHSE A 1A/1B-H 53 (mi-
crotubule-associated protein 1 light chain 3, MAP1LC3),
AR ALC3, ELANBNIP3, NIXFIFUNDCZE HRES
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NAFLDEEW %2R 5K )k4 A4 % 52 1 (nuclear re-
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pS3MIBE, pS3ITHIL bk B IR, Zekifk BRIk E,
NAFLD £t ™. samahivk (g, a7 {4 i 4ni
G2 R RARTE T, tNAFLD™,

(4) HoAd o B HE L. LRk S A RN 2 Wi E
AR &Y, —iBsr HZDNAYIY, —iB4)r HmtDNAZ
b 75 A% FH 40 i 248 J5% DR 40 2 [R) 3R I8 A KRS 1 PR R 8
HWEARE SR ESHAL T E, N5
BRI T IR A A T A i R A B A
HHTRNA R 5% b5 2 b A Ik o7 A 1) 2 1 o e DA Jod
o AR AR AR SR B R 1 R I 3 e S B . kA R A
B 5 A [« M (mitochondrial unfolded protein reaction,
mtUPR) 5 &5 [ B A6 % 4 RF 2 115~ 7.

mtUPRE 5 — & P2 BE I 2R A4 D e RS A7 AE N
FEIR 2R, WUER SRR 72 B 000K, mtUPRAT AR X
o497, 3K P i B M LR 2R G2 A 2 (1) AF G SRR
A7 B, mtUPR AT A & AHRYH i i ) 9 55,
WM TE 7 1 e K B AR A RS, mtUPRIE 5K 2
W AFLERE R Sk iR AR B R 1 S R R B i
I ORI % S [ 1+~ 1 (stress related activated tran-
scription factor-1, ATFS-1). ATFS-1#{i8 % 2 4l %15
5 2 Fh AR A Ik DR 1) 5 B0 45 1R 25 T Hsp6. il 2k
B B [ 5 2 1 SR, ATFS-1F .

R 20F0 B FI B AP T RitA N, 25 Z e,
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DRP1 53 ZE8H 1A 532 #8531 MD Vs,

S RRLMCEIEERAENR AT B 6 v i B

ARSI 35— R N R B AR P A AL BT
BEELRAATIRE . 24 AL B 5§ ) 2R R AR
) —E R, IR ARE R R -
R (o-Lipoic acid, ALA). ZWt3E-L-PIT(Acetyl-L-car-
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REZALUT=FMEM: (1) BiEsAmR»= Ak
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B LA, ALCARFIFZR LRI (iv) I Lekifhk
eZ b ORIy VRN iy Lol 8] =Y/ A B~ I 1111570 MEmi
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FFGSH/KF; (iv) TRFEFIEEEHTE AT IEE K (v)
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FiE, ERHE, FGF2 2 0 IR 5 S84 5 H il =BE
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Figure 3 Intervention for mitochondrial oxidative stress. In response to mitochondrial oxidative stress, there are multiple defense mechanisms in the
body, including antioxidant defense systems and mitochondrial quality control. Extracorporeal pathways can inhibit mitochondrial oxidative stress by

supplementing mitochondrial nutrients, playing a role in preventing and treating fatty liver
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Mitochondrial oxidative stress in fatty liver: molecular
mechanisms and intervention strategies by nutrients
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* School of Health and Life Sciences, Rehabilitation University, Qingdao 266071, China
* Corresponding author, E-mail: y.peng@mail.xjtu.edu.cn

Mitochondria are the main organelle in eukaryotic cells that produce biological oxidation, energy conversion and reactive oxygen
species. The stable balance of mitochondria ensures the metabolic function of various organs, including the liver. Mitochondrial
oxidative stress can damage Mitochondrial DNA, proteins, lipids and other biological macromolecules to cause mitochondrial
homeostasis and mitochondrial dysfunction, and lead to the the pathological development of fatty liver by affecting energy
metabolism related signal pathways. Further research on the mechanism of mitochondrial oxidative stress in the pathological
development of fatty liver can help identify targets for the treatment and prevention of fatty liver. This article reviews the generation
of mitochondrial oxidative stress and its mechanism of action in the pathological progression of fatty liver, as well as nutrient
intervention strategies targeting mitochondria.
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