* 686 ° A T 2R PE S 2026 4F 7 H45 38 455 7 1 Chin Crit Care Med, July 2026, Vol.38, No.7

Eﬂ:ﬁ%*ﬁﬁ:ﬂ]‘ﬁ"éﬁﬁﬁ%&ﬁiﬁiiéﬁfiﬁ’ﬂﬂﬁﬁﬁﬁ92'I‘EE
REERGETMRHRE

A 2HEER Awae
'NEFERARFEMBEREREESA, FREEF 010030;° AEFEAKRFREERAFHE
A, A4 010030
i%%%é%%lﬁﬁ — R T ESA, A4 010030
BAEAEE . JA W4, Email : xiulika@163.com

[(FEE)  FRAREA DG ZPE B #5145 (SA-AKTD) 2 MEREE# WIFRAE 2 — , ELA i 0 5 0 i3 9 S0 R 11
R CSAETI RS A SR HEIRYT R 3, B2 AR R M 258 . SRR RE RS S AR I E A R AR SA-AKT BGREAE
PREAR AP 15 B, A B BT 104 2 R A 2 B A RE R TR A A PR (S AR I R S T
AU T E 2 ARt SA-AKT KR 5 —F ZEbL o EapE & A B, ' A A AR = A b 35 A8, w40
MEALBEIR L (OXPHOS) [ 45 AU BE R A CURFE B2, [ IR TR 4 TE (RAO) 4 , JCA0 o b 20 B (4038 17 1 A
PN AR FREE AR IS 2 T BUIE R R I T Ak, D e e ek B s . — B A AN L Re 4, SR 28
T SA-AKI Wy kA Kt e . AR SCRBETFXPIRAZ LHLE], R GeLiid SA-AKL B[R YT FEms T ot i , 3 55 )
IRLRR AR 70 B A A T 0 AR A A, TR Wr 25 22590 BOVE FHRILHI | 142 P A0S 36 F 3 K I R A i
% IF G MRS AEAE ST R EB AR K JE 7 9], 18 780 SA-AKT (RS HERE 17767 $2 HE B AKHE S

)"L./u%
[EBIA)  MeEREA DO St B0 s ZebiiRTh et ; MR gae ; WIniRyT
DOI : 10.3760/cma.j.cn121430-20260224-00097

Research advances on the treatment of sepsis-associated acute kidney injury based on mitochondrial
dysfunction and metabolic reprogramming
Zhao Shanshan', Huangfu Weizhong’, Zhou Lihua'
'Department of Critical Care Medicine, Affiliated Hospital of Inner Mongolia- Medical University, Hohhot 010030, China;
*Department of General Practice, Affiliated Hospital of Inner Mongolia Medical University, Hohhot 010030, China
Zhao Shanshan is working on the Department of Critical Care Medicine, Hohhot First Hospital, Hohhot 010030, China
Corresponding author: Zhou Lihua, Email: xiulika@163.com

[Abstract] Sepsis—associated acute kidney injury (SA-AKI) is one of the most common complications of sepsis,
characterized by high incidence and mortality. Currently, supportive treatment remains the main approach in clinical
practice, lacking specific targeted drugs. Mitochondrial dysfunction and metabolic reprogramming play significant
roles in the pathophysiological process of SA-AKI. The kidneys, with their high mitochondrial density and high
energy demand, are particularly sensitive to mitochondrial dysfunction. Metabolic reprogramming is another important
mechanism for the onset of SA-AKI. When sepsis occurs, the metabolic patterns of kidney cells undergo significant
changes, initially shifting from oxidative phosphorylation (OXPHOS) to aerobic glycolysis metabolism, accompanied hy
inhibition of fatty acid oxidation (FAQ). The initial intention is an adaptive protective response of the cells, but persistent
metabolic imbalance leads to lipid accumulation and fibrosis, progressing to chronic kidney disease. The two mechanisms
interact with each other, jointly causing the occurrence and progression of SA-AKI. This article focuses on these two
core mechanisms, systematically reviews the research progress of targeted treatment strategies of SA-AKI, elaborates on
the potential application value of mitochondrial protectants and metabolic regulators, deeply analyzes the mechanism
of action, in vitro and in vivo experimental evidence, and clinical translation prospects of various drugs, summarizes the
current research bottlenecks and looks forward to future development directions, aiming to provide theoretical basis and
new research ideas for precise targeted treatment of SA-AKI.

[Key words] Sepsis-associated acute kidney injury; Mitochondrial dysfunction; Metabolic reprogramming;
Targeted treatment
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I, PR SA-AKIHI A7 L5 -45 SR 2 180 AT 1% 27 4
AIBIFTE R

SA-AKI A B BEALHI B 2 0 B i Mg L DA D)
BERERT  AMAHLIG | SRS AERERT | TR TR g SR 152
IEARRMITEUESS , SRR T BE RIS TE SA-AKI 2R & i ke
HREER KRR, BT RN R H B R 1%, H)
THFEZT 7% TR RE B, o LR PR B AR SR A X Lok
TRDIRE RO IR FEMRFRAE LIRS T, O N 755

5o AT BRI ZORL A, S BRI B R L TR
(reactive oxygen species, ROS) Kitt )74z | Lo {4 i i 4% il
WA M SA-AKT KA (48 H /M 1 B A1 (tubular
epithelial cell, TEC) 75 PN (14 JIE 2 At 2% 28 D AR o 2 22 Fr ik
2, I MG iR 1L (fatty acid oxidation, FAO ) BRI A AL
WlR 1k (oxidative phosphorylation, OXPHOS ) i 9 I bR
BT SRR E SRV, A R E R
iR AE I Y RE R A HIL , 3 58 1 S AR 321, DA T 4ERF 2 i 1Y
PEAFDIRE" R R T A R 2 Bl B MR R A 2
T REANBS AN BB 2R 3 i NV LT 4E AL AN B/ DEREEAL
Rtk OXPHOS FIFAO ATl o 10 s PRl B
FRAE i 1018 B MABRRE I Z 22 OXPHOS, 9 1 SA-AKI
HERAEIEE e A 4.

LR AR RE R A5 A 4 A P A S, TR A
SRR S PR P 2%, JEIR] BKE) SA-AKT BERE . MRFRIERZS
T, AR LR A AT VR SRR S {55, fih A 4n Mo A
RO AR R A AR B, S i Tk
KA YIS | AACIE RS A SR WA A , 2t —2 i fg)
SRR DI RE IR, Y BB 3R . 2L T 2Rk D fig
WA B AR F G R AE SA-AKIT Hh AP 1 PR 0 R
PRI RE S A R A3 R W SA-AKIRYT AT TSRS
G, BUAR GBI AR T IR AL AT B Y AT T
HER, IS SA-AKI RS HEIRI TR 5%

1 XHERRERER

1.1 SCHRKG R SR <38 5 T E A ( China National Knowledge
Infrastructure, CNKI), DI [ “JRERAEAR G 2 B #1455” OR “Jife
FHAE QPE BT OR (“HFEAE” AND “Z2PE 7 ) JAND
(“ZORARINRERLRT” OR “ZRpiiAAiif” ) f [ MesAE A OGS
PEFFB0” OR “Herihe e 40" OR (“BRBEAE" AND “2
PEFB” ) JAND (AU 0™ OR “fRHFAR” OR “HliE
fi” ) VE KR 2, KR A Sk 5 38 ad PubMed, LA ( “sepsis-
associated acute kidney injury” OR “septic acute kidney injury”
OR “SA-AKI” OR ( “sepsis” AND “acute kidney injury” ) JAND
( “mitochondrial dysfunction” OR “mitochondrial damage”
OR “mitochondrial quality control” OR “mitophagy” ) X[ “sepsis-
associated acute kidney injury” OR “septic acute kidney injury”
OR “SA-AKI” OR ( “sepsis” AND “acute kidney injury” ) JAND
( “metabolic reprogramming” OR “metabolic shift” OR “glycolysis”
OR “fatty acid oxidation” OR “oxidative phosphorylation” ) {1
o ZR a0, K Z SR . AR I H] A A R 2 2026 48 1 H .

1.2 SCHRANASRHE : D 5 SA-AKI 247 (A g Rt i1 Qi i
SR AR G I PR B LRI ST 5 @ SCRRSEBUA RT3 I
LR

1.3 SCHRHRRRARIE : O 852 %R 3CHR ; B i il 5 | 213Ul
B OFRAF IO 2SSO 5 B e SCCHR

14 SCIRESRER WP RS SCHK 271 5. FIH EndNote
BRI T 5 SR 32 0 5 3 2ok B T R A R R TE TR AR
WA T 55 ARG 645 ; i — P RS OMK
PN 5 HERR bR v, HRBRTCIE SR ICA 30 35 | 5 G
PEARE 120 45 WA TS 6 o IOkt 65 4 SCiik, o
HSC 2 LB 63 F .

2 SRERIATI R TE R A

2.0 SORLAHEEE R 1] - LR AR I P 5 SA-AKI
J I L A B IR AT (SA-AKT ZRbi A o R e i FLAR & ML
il WL 1) SRR BGE A PR S PR T BT BTS2
FRANMIFET -7 B VARG, PRt SRR aE Ty i R 7E
SA-AKI P HIIE H #5328 06

IR TSR AENIM AR E N G ALAY Bel-2 AHOC X
(Bel-2-associated X protein, BAX)5 Bel-2 [E8 54732 (1 ( Bel-
2 homologous killer, BAK) 7EZ R {45 M2 5T BLFLIE 2544
SRR A S B BV THE I GFR N LORLARSMEEE i7
4k (mitochondrial outer membrane permeabilization, MOMP ).
MOMP %4 J5 , 4uffi (a5 C (cytochrome C, CytC) ST
SRR PR T H LR RN BT, #2508 T B
T 1 (apoptotic protease activating factor 1, APAF1 ST
e T/ IMATE B, Bl JS AU R 3l R A R e e 1 e
PR 4 1 9 (caspase-9) & caspase-3 GG AL, W] I A7 40
KU TR R 20 Wang 251 O RF S 3 91, 161G 2 b
(lipopolysaccharide JLPS) iS5 SA-AKI i F v, 2H 217K A i
B il 71 GAO74 W] 3 2 BEL BT A B0 it /N B R I HK-2
1 BAX/caspase-3 I AR LR AR T, ARERFZRATLL
TEH EFHL F LA (cecal ligation and puncture, CLP)iHSm
SA-AKIBLAIrh F LI T8 B Bel-2 19335, il B ik b
BAX. caspase-3 ST AR IR, AT SA-AKI L MC
IR B R, B R A AR SRR A4 R 24 mT i i 20 M
ZET R BAX/Bel-2 FUAE RIS . B0 1Y caspase-9 J caspase-3
{550 , R AT 22 % SA-AKT Y,

4 SA-AKILE AR, NOD £ 32 {42 1 3(NOD-like receptor
protein 3, NLRP3) 94 i 1 , 334 caspase-1 W&k, YIFIH
J 2 D(gasdermin D, GSDMD ) B&iH: N 3t A BE (GSDMD-N),
FlRIEAET - X R, TEC RHASZ BT Rk
i1k DNA (mitochondrial DNA, mtDNA ) 2| Uit , X £ miDNA
B REASIE I PR BEIR 5 1 - 5 e / TR R B R A
(cyclic GMP-AMP synthase/stimulator of interferon genes,
cGAS-STING )& B #0% NLRP3, B4, Lin %)
RIS 23BN 1(mitochondrial division inhibitor 1,
Mdivi-1) BEASHIH] NLRP3 A 5 0 40 i A T3 B , O el
LR IIRE .
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1 SA-AKT MR AR DG 2 MR B 45105, BAX N Bel=2 M6 X 3 11, BAK 4 Bel-2 [ A4 14, CytC A (R ¢, MOMP yZkifk

HMESEZELL, APAFT IR TR BHEE P 1, caspase ARA SRR MM 2082 5 i, mDNA SHZki & DNA,NLRP3 i NOD £

ZARE 3, GSDMD M2 D, GSDMD-N Ml 2 £ D N 3 b Be, ROS W id T4, OXPHOS A& Lk, FAO MBI A L, ATP

S = WEMR MR T, PINK/PRKN & PTEN /55 508G 1/ 472 3 34 Beiily, MEN1/2 S GORi{Rfl & 2111 172, OPAL MM FEAR & 1,
DRP1 A8 HEHMEE A 1, PCC-la NG HF 1o, NRE NAZPE KT, TEAM SR A5G s H 7 A

Bl 1 SA-AKIZRLIARTIRERTF AL

BRIET 2 — A ) 2 BT T IR 2, HARE R SR R T
SUER 7/ US Gl &2 wINDRS R €L /R = 7S
AR R 2 FE SRR L, AR R ROS, WIS | A i o it 48
160, FE SA-AKT /)RR B 20 AU o] LS8 BRAE T A
IKP T X LA AT PR FE T 5] Fer-1 ML /0 ke
FLURHIROS P E I ', Wang %> /£ SA-AKT /Y
WFFE L K B, I B PR 22 2R / 95 28 BV Pim-1 (Pim-1
proto-oncogene, serine/threonine kinase, PIM1) EIBGBOE] N
KR ROS FIZIET AR SA-AKL. JRARFTEHE R, &
A Klotho & AT A% SA-AKI/INE TEC LA 473 , [7]
A HK-2 A0 s ROS SR sl it il gRae T 15
S R SA-AKT L SRIRAE S e, RS T Al
WM RIERAET, AT XF SA-AKT K BRI ER . ML,
BE ) BRAE T 1 WA PR IR T BB SA-AKI 1 —FMELETR
FEOT
2.2 eSS ABHRY R (AR BREEAE A LE I, OXPHOS
fesz . =B IR T (adenosine triphosphate, ATP) Az 45
U, SR AR N R o B, I ROS BB HE— A0 IR o

AR e 57 2 T ROS J2: e B AE B 453 5 G 45 B HIEAE PN 1Y)
YR IRBAY DR 2 2 — " AT B AL miDNA, S5
AR sk HE— A LR R e

YT ROS 755 | R LR A A5 i A R, a4k
FIVEH SA-AKI IRIT 25 CBE 129 . dePRPEZR it
SAAEH] MitoTEMPO 1] BEARIMTE 2R RLR ROS KT, I e
i U D RE RS 42 B R S 0 18 AKT/NRUBERY
H 40 % -22 (interleukin-22, 1L-22) 7] LAV #% ROS FLE A
LR PRI RERRS Y Li S5 TR, R S T
B MaR1 A 3 = #E S AL AL (superoxide dismutase,
SOD) &4, 1M ROS 72, [Al A A R BAX Hl caspase-3
FRIZEIA LD P T, WITAT LPS 15519 SA-AKT K IFA 34
o INEIFGEE LB, MeREAE M3 TP A7EAE TEC IZRIA ROS
b A A mtDNA B, AL AR BAMILS NI REASRH
W% LG, NI H; SA-AKI B9 % A0 R e fe i — 4
YRR AL 4 (NADPH oxidase 4, NOX4) 1 254757
HE LD ROS (177 A A% 55 5% HF -xB (nuclear factor-xB,
NF-kB) {5 S35 , 8% LPS #5500 SA-AKI 0 4k, if 47
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WIFSEE A B, v 2030 b S e T L 2508/ LPS 3]
Y HK-2 A0 A ROS A p, i -4 il 4 A ) S Ak I
ZORLIADIRERERS A FIRAE SA-AKT ROTERT >

2.3 AR Y 5

231 RRRBN Iy - ORAR Sl Ty B ZokL AR 5 A
PR T 0 T YRR LRI B B A T RElE
B ZORLIR SR Bt B ) B DGR 1 1 (dynamin-related
protein 1, DRP1) 45 (1), SR AR A5 WE: t ekt mi &5 2
1 1 (mitofusin 1, MFN1), MFN2 FI#L# £ 2545 % 1 1 (optic
atrophy 1,0PAT) A5 '), 7£ SA-AKT , S5 A R RIAAL
37 3 A e i A MEN1/2 A1 OPAL RYA s I BE , & 8k
KRR G I8 SR AREL G AR E— PR T LR iE 2
fig 7, NN T TEC A9 s BExLebiihmb A 1 53542
Writfy T ot SA-AKT BFFE i — MG BRI . HRTAYIAT T
TIERESY R Wi, Bl g B 73 SR O B P
Zow 5 HIBFFEE W] DNA RISV (%ML I £ (DNA-
dependent protein kinase, catalytic subunit, DNA-PKes ) AJ 3
fith Az AL AR T BERLAT L DERRBEAT S YL 48 B DIRERE S ,
[ DNA-PKes AT @S Lk fh 72/ Rl o 2ot
A I IE Ok 44 LPS R AP DBE . JEAETS = B2 ]
fff SA-AKI /NP OPA T Al MEN2 #3558, DRP1 223k
I/, I R T A SR AR Bl ) 2R B SA-AKI 755 9 2
HBAG 0 AT KB, Mdivi-d AT i i 40 ek A4
SR PUMEREAE T 2O LR IR N A 22 25 B T RE R, TR AE
Kahprteisadia

2.3.2 ZoRifA BRI LRI AT LAGE o AR SAE
07 R T R T RE SZ A0 B IR B e A AT 2 R 2 b A
aZs . PTEN 5 3 1/ 1014212 % % e (PTEN-induced
kinase 1/Parkin RBR E3 ubiquitin protein ligase, PINK1/PRKN)
R TE IR IZ AIZORAAR AR o G EORMA R L (07 T Fe
i}, PINK1 7ESORLASMER R IF W , BJRBEIR L1z 2 A
PRKN #HH , Pz 2R 48, X Sz REEDE A M2 R U, ek
5 SZAR 9 LA % T M IARE S  BRTERIH., AL %
SA-AKI A R4E T, R TERLE 02 5 PRRN A1 T HY 2k
PR E R, AN 7E SA-AKT 4T B SRS R eh % 3R, 1 ko
A3 A Lk PINK/PRKN A2 (A F I SA-AKT
Deng % " BF5T 26, 4 SR 20 SA-AKI A (41 FH
PR A X 2 LA 3(sirtuin 3, SIRT3 ) .
IV BEFEE KB, 45 EHEWKE AT L IR 2okt F s
AKOF NTTBE LPS 1519 AKT . Sun 45 1 (B FE 1,
5- HAAF (0 Z 2 (5-methoxytryptophan, 5-MTP ) I8 AJ 34 5% 2k
B B IR SA-AKT /N i

233 AR AETENY - 78 SA-AKT i, SRR A ) A S
e, FETA IR RFTIEE O 252, 1 2 5 ZohL Rk
W) e e A RN B P LA R RIAY I L st
P P F--1a(peroxisome proliferator-activated receptor gamma
coactivator-1a, PGC-1a) LW AR A W) K A= 19 258 7
5, Al LR AR SR T A (mitochondrial transcription factor

A, TFAM) 35 138, TR KA Pei 21 9B
FEALR WA i R B O Tl e 0 CLP 5 /N BB 2R
L2 NI PCC-1a B AT E2 AHOCH T 2(nuclear factor
E2-related factor 2, Nrf2) Fl TFAM [ F515 , (oL R AR 2B W)
KA N2 SA-AKL. IR IS0 E KB, 632 Nof2 B85
TR SA-AKT K RUA BEA SR Bl 22 2 A28, H PGC-1a
TFAM . HWEAROCHEE 13K THR , S Nef2 Sl R A1
SRERRLR A W & A A A W, BRI EE AR SA-AKT T RNG
JTHE

FEXT SA-AKT 2R D RERE RIS TEIRY T T L3R 1.
3 KA BN A

SA-AKI A, B Be it A G =L LU A o 32
HAEEE T HF -1a( hypoxia-inducible factor-1a, HIF-1a)
TR R AR B A ORI, il B A i s 2 1
(glucose transporter 1, GLUT1) K ¥ T fif OC 5 i . 14 34 7
(hexokinase, HK). PN R34 i M2 #Y (pyruvate kinase isozyme
type M2, PKM2) 55, il i PN ERR ik A\ — SR IRTEIF , 2 FLIR
R, HAE R FLIR R T R A HIF- 1o fF— 2D i bR, JE
JRAE ST BOEER . e R Je 391, 95 52 MR 22 OXPHOS
AR 4 | I R 1 AL 2R (1 S (AMP-activated protein
kinase, AMPK) ££3X —i #& i R ¥ 5 AR AL VE L, G583 30
SIRT1, SIRT6 & 1E 1, v SIRT6 HAT XU 4% 1E 1, 7E 3%
WLDTER HIF-1 o $EE D40 i AT e 14 T, 7T 3080 PA) s
RS T 1 (carnitine palmitoyltransferase 1, CPT1 ), NITAE Bt
FAO, T SIRT1 A3 2 LBEAIIE PCC-1a, Ji & Al ELAEARE
BE OXPHOS MICHEN 1K, JF B[Rl 58 CPT1 A 2r L% 36
(cluster of differentiation 36, CD36)/ F FAO ", 151 %
KB BN CPT1 IS FIE TP B G TP 4l R,
SA-AKT (A H P 5 SBUR 21 25 78 1 i 4, e SO at e fie
R AR AE A PR AL B e (R RE LIS & T BOR ER A, 1T
W8] OXPHOS HEE B I AEVK A 19 CHE . HIF-1a, AMPK,
PGC-1ou FHRE MERS 25 a4z 2 AERE AR 2 5 B IEIE 2 1A%
OIS

Y HIF-1 o ZEA QTR AR T 9 S AE ], Yang 45 1 76
LPS 75 51 AKT K BRI ST i & B, 45T HIF-1a 41157
TR RS PR A, O ST T A S A L PR, SR o
HIF-1o 33 B0 AT RBJE — FPEEXS SA-AKT ITRYTY i, It
S, #B1H) TEC HBEIE AR AR , W AETRYT SA-AKI I TE
el . Luo 25 ) AOBIFFE R, 2N LT 28 AT S v 1 56
BTG PKM2 [R5 424 17 P e RRARILSE &, AT LT 1
TS S BB IR SA-AKT. S-S FE4HHEE A 16 5
(S-nitrosyl-CoA synthetase, SNO-CoA-SCoR) EX2WINEBGEURT)
PKM2 BEFT I, M 7E A3 o 4 Bt b B 455147, LAGRY
ez i >

AMPK JZfig i fCI Y 2 24 7, [ HEAE SA-AKT
RAIEETFLEIEM . 5T PSRRI IS AMPK, AT REXT
SA-AKI KA A E R, E SN2 A U T SA-AKI 1)
BEMLIG RIS ™ IR BFSEE & B, A7 44 2 D AT
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R1 X SA-AKI LA A ThRERR IS HBTEIRTT 7ik

A+ B RIT L

CA074 FELIST BAX/caspase-3/PARP (3% SR A T

YNGR Pl BAX | caspase-3 ZJH T8 1A Lo A

BlRek FH NF-xB {550 i BN R

Mdivi-1 ] NLRP3 S84/ MASO , 2ok Ay 44 B I P10 S . G2 AT b A
Fer-1 i Fe™* FLE ROS 721 EUEAL A

PIM1 AR I ROS B A

Klotho & G Nif2 B

RESERAT P Nef2/HO-1/GPX4 {5558 % EHIEHE Y A

MitoTEMPO FE&AIE ROS 7K - Ky AR

IL-22 P55 AMPK/Akt 5 58 % F1 PFBFK3 1514 EiE v A

MaR1 T BAX ik . iR Bel-2 Fik, B8 SOD ik, #0H ROS 72k R = A

BAMI5 RELBT ROS 3 J32 A= 1 il miDNA B EIE =0 A

NOX4 J1 71 W/ ROS 7225 1 NF-kB {35 5805 =R A

QIR B i HH MAPK 18 2% B4, | TR LA S s
DNA-PKes #Ii7 e FRLRRIR 24 1 R S ORI A WA % A Y LR 12 | A R A R
AT % B2 OPA1 il MFN2 23534/, DRP1 ik /b R AL I

PR A5 PRKN JAZIHE 5 ) 2R iR RS (i PH LR 1

ik ik PINKI/PRKN A S A9 LA 1 1 TR

[ S i3 SIRT3 A5 TFAM 2 2 itk HATRZ I 1 0

ek T PIBK/Akt/mTOR {3523 6 AN =]

5-MTP 3 Nef2/HO-1 5@ % D NSl i

T A 123 PGC-1a . Nef2 F TRAM 35 ARk S e

Nrf2 4 3h5 {23 PGC-1a . TFAM . PINK , PRKN ik PEE M R E

T : SA-AKI e EHEAR MM T 45405 , CAO74 S ZH 2V 1 B AR, BAX 8 Bel-2 456 X FR 1, caspase-3 S KA S MR S bk 2%
TG 3, PARP NBE ADP HHEE A, NF-xB JA%H: 5 H T B, Mdivi-1 ZRRAARSF 20BN ) 1, NLRP3 ) NOD HESZAATE 11 3, Fer-1 8k
FET-HMHIFI , ROS Jg il P48, PIM1 Jy JFUR 3 4 22 2R / 95 S BRI Pim-1 , Klotho g HZH A Klotho 25 [, Nef2 Jg 4% K7 B2 MG 2, HO-1 i
LLETINET -1, GPX4 A H AL ALY 4, MitoTEMPO Sy BEREPEZRR AT AL A, 1L-22 S FIAHR A 35 22, AMPK/Akt S IR AFRRTE fL R
P94 / 26 (U B, PFBFK3 B RER R SRR 3, MaR 1 S FWEAH I S 1M 1R A5, SOD SABELELALEE , BAMIS Sy k24 fumksn)
mtDNA SHZEHR R DNA, NOX4 Sy AL IR0 A% TR TR A (L 4, MAPK b 22 4505 AL 25 (134 , DNA-PKes S DNA (K2 11 ik
WKL, OPAT LM 1T 1, MFN2 R RLARL A 11 2, DRP1 S8l JJ 28 (AR OCHE 11 1, PRKN i1 477 3 4% , PINK1 2 PTEN 520
fifi 1,SIRT3 N2 ZWEAL A 3, TRAM 2 (A4 55 1 A, PI3K/Akt/mTOR g I e AL 3- 3t / 25 11050 B/ W FL shd A as KAk 11, 5-MTP

3 5- AR, PGC-1a A 0% - -1a

AMPK WAL, TR LPS 75 S04 AKT /N Ui f Qi o
T2 2- B4R -D- B (2-deoxy-D-glucose,2-DG ) A] R i
W A KO- 3 3 e UEFLR /SIRT3/AMPK 2 (4 1 W5 ek 4%
SA-AKI ' IRA RIS KB, K5 T I LPS 7 Y
FEA AKI BIPRTE 3 AT REJE 0T AMPKSEEEA S0
Xu 2 BT 200, AMPK AT 1o P a1 FAO #5745
1) 22 %30 % B AEAVE L, B ANHAEE PGC-1a f2HF FAO, [F]
B AT SE AL A ] HIF-1o0 LATIHIEEE SR, AMPK A998 15 7 A
BY PRI AKI 18P B e 542

PGC-1o 2 Z AR AR A O T 7, i OXPHOS
& BT ROS BaZs ™, 1 SA-AKI W], PGC-1a ik
MR TR T RER A A, B E LB, fRLr g
JRE T LU 3805 SIRT1/PGC-1 o 3 B R 23 LPS 15 519
HK-2 #fifg fE fACS  F A A 05 . Wang 451 (T
FEFI AR A F 11 AT B 0 PGC-1o/Nif2 38 % 22 7
SA-AKI, BEAh, AE3#5 DR IR AT LUl 3 AMPK/PGC-1a/ 33 44
AP BEHASESE YN 52K o (peroxisome proliferator-activated
receptor o, PPARe ) JH FEHGTR B IE FAO LR IR BE 1 LIl ,
M SA-AKT

4 FEZNERPERGEERBATIERNEY

Y P LA T RE R RS FN A F A 2E SA-AKT A% 0
VEF, -3 AENE A T PR BEALT A0 7677 Hems 2 5
T S M D R R T A EAE A G
254, Jin S5 B, IR S0 1) 1% T AMPK 30 ) (i —
FEUUNIC ) PT S AR 1oy M, 4E4F OXPHOS FITTRERY FAO 1E
AN EEARIR AR, I D LR R R TR
LM LR R . RISCEARE], PKM2 R f
FEMEE, AUIEE K, ERER AT IS PKM2 52
TR iR A2, [ B ] dod 3 R (IR SR AR R T A DG A7 BAX I
caspase-3 [IJ3RIK , AT LPS 75 519 AKI P ) GV
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