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Research progress on regulation of mitophagy by traditional

Chinese medicine in the treatment of acute Kidney injury
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(‘The Affiliated Hospital of Nanjing University of Chinese Medicine, Nanjing 210029, China;
2Shandong University of Traditional Chinese Medicine, Ji’'nan 250355, China)

Abstract: Acute kidney injury (AKI) is a clinical syndrome with rapid decline in renal function in a short
period of time, which is mainly caused by ischemia-reperfusion injury, sepsis, contrast agent, or cisplatin. As a
highly energy-consuming organ of the human body, the kidney is rich in mitochondria and has developed a
variety of fine quality control mechanisms to maintain mitochondrial homeostasis. Mitophagy is one of the hot
mechanisms, which can selectively remove damaged mitochondria, maintain the normal structure and function
of cells, and also participate in the process of inflammation, oxidative stress and apoptosis of renal tissue. The
theory of traditional Chinese medicine holds that the loss of kidney “qi”” and the stagnation of turbidity and
toxin are the internal mechanism of the occurrence and development of AKI. Regulating mitophagy by
traditional Chinese medicine to achieve “balance of yin and yang” as the therapeutic target of AKI has
potential prospects. This article reviews the regulatory mechanism of mitophagy in AKI caused by various
causes, and summarizes and prospects the research status of traditional Chinese medicine targeting mitophagy
to prevent its inhibition or excessive activation in the treatment of AKI, aiming to provide a new direction for
the treatment of AKI.
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2B i (acute kidney injury, AKI)/Zi5%L
NI ECEOR N D e SRR BRI IR R RS A,
W R A . MRERE L R T Bl A
Ziae, FEERERE P REREEIES0% .
TR, AKLR N 1 835 K R e v B s
(chronic kidney disease, CKD). /& ol L 59
F AT RAET R, R B AL 2 2, TE K
7, WY ERRE, R, Gl T mENE
TPt dEll, dnaEsk, HWREW, LRk e
I (mitophagy ) 7E AKIF & A= FUR i v k5 T B
FAWS, S A LRk W, AT DAE 40 A N IR
LEIRRAS, DA4ERREIRM IR DR R e E .
HERA ARG 2N, WA, etk BN
MAER S, H B DR 2 N T S G L E
HIVRYT, DA i P 24 3 m) = 90 e b AR B R
FNETT AKTHIET 7 18] o AR SO 47 oK v = 24 1 4%
R F WEAE AKTHH DR FH R T 2504

1 Sk B EERIETR
LR FAZ AN I RE R P A, A P

2 TA N A

e

TS B LRI R

“H(reactive oxygen species, ROS)H] = E R F AN
T, RS SE AR AR E
B WS S T R RS AR
TR fERgn i B AN g, LRk Rl
KA AR E AR R RS . i 2 2
AR SR N IORT 280 A5 B R ) RN, 2
03 1100 2R R A 2 1 9% P 8% Ao RO ok DA 4 o i
LRI RIRCE, X R AR A A el 2
FiAR H WEE2005 5 4 1 B2 e, H AT #E A 4 /s
(Parkinson’s disease, PD). #¥ )&% (diabetes
mellitus, DM). Bl /K % ¥ B (Alzheimer’s
disease, AD)FI.L fj3EiH(heart failure, HF)ZEZ
PR AT 4% 2 o, ARYE BT, Zekiik A
Wik 1] 43 vz AR I AN vz R A I R K s A (1
1), fRIZEMERT
L1 ZREEMHEERER

12 3 MRS A7 B 3 3t 1 U 59 8 2% 9 PTENS
34 1 (PTEN-induced putative kinase proteinl,
PINK1)/Parkinifi %3, Parkin/& —F'E31Z 2 &£
B, F 2T A AR LR AN R B, IR

1 ZRFEEAIEIE
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PFRANPARK2 . FEEFLRAE R, PINKIE LA
B e s R 7 R, i R A 5T, R
R R B ARIAR N IR b, R 2 MR B R AL B
MM, DLYERE R RIRRGES o 5 ERLAE 32 2] 4h
AN, = BRI ERA, 9l Rk — RYIEAMN
AR B, PINK /K RS2 230, IEAE
Ze kAR 41 M (outer mitochondrial membrane, OMM)
ERE. [FIE, PINK1#E— 354 3 Parkin % #% 3
OMM b I Hoadite, 1 Aol ik IR B Fiz R
1 R ERACAB M, 5 20 52 451 1) 2 b A4 I [ 5 TG
RBEAT BRAR . EAh, PINKIIEREMERR AL 52 30 b iR
Ef%7Z2 % (ubiquitin, Ub)FIZ Rz RKHE, ToimTEM
Parkin ] 45 & IR LI UD, {22 H A PINK 1 -
(Al 1t Parkin B #% Y PINK 1 7 A= 4 R H A4S 5 BT
KA, B2, PINKI15Parkindt[m /i 5 Lok 14
Wiz w4, JFEE 5 HOE MO E AR BE3 (light
chain 3 of microtubule-associated protein 1, LC3)%%
AR SE BB E PR, DAAERRA MR H
K5 DrRe.
1.2 JEizRKFEERRE

B2 UM BORLAR B R 2 HNipFE R E X
(Nip-like protein X, NIX). Bel-24 HAEFHE A3
(Bcl-2 interacting protein 3, BNIP3). FUNI14%5#)
I HE H1(FUN14 domain containing protein 1,
FUNDC1)Z 2 ik A2 A £ 5. XEZEEH
— AMRSFILC345 A48 (LC3-interacting  region,
LIR), REEEELC3% HWRAHK & H ™A AH B AR
F, R Ehdkiik Bt 2. NIXRIBNIP3 A i i
B A BAE 5l R R AR 45 4, 2k 1T 4 5
Parkin/ 3 H WOR4EFF AR TS . MIBNIP3 A A
VAT A A0 T AN 2R R A R ) X D RE,  Reid
WL AL % GTP M (optic atrophy 1 protein,
OPA AR FIRE T LA S A8 S R AA 3l I FH G B I 1
(dynamin-related protein 1, DRP1)ZZFi AR,
BB SR s g, G
KU, FUNDCIEMECRA T v S b A e H i
FRAZ {57 5 (phosphoglycerate mutase 5, PGAMS)Z%:
IRk, BEESLC34EE, DLBIE LR ik F ',
BEAh, Zekifk 2248 A (mitochondrial fission
factor, MID)JRAT{E N LRIk 3 524k, HLC34H
HAER, (Rt AW MATERL, S ERRERA,

2 GRFEERESMERGHER

B IEE N EEFEREAR E, AP YERF N AR |
T2 Tl ~F- 45 P AR BT R Y L MR I AT
SGAFERERARY. FIEARE SRR, I
PLI Uity B /N b B2 40 B (tubular - epithelial cells,
TEC) &, HAK A &% & T I e AR5
AR . AOTFUIRE, TEC/RZAKIN EE 24
FBET AR, R 2R MR F A7 R . ROS
KB, AERERARE N, LARRZEMTEC?,
PRI, B ) - FRARLAAR B R A e AR T AKT A
RO o DL Kot FOHL HEAT 20 S ek
2.1 FRINAE#EERHHAKI

B I PR B0 R AR TR LR R A2, e
R, SRR A KERIROS, 4K 5 4ok A
DNA (mitochondrial DNA, mtDNA)FIZH it & C
(cytochrome C, cytC)—#fE AT 4 K Ffid & it
FAE L, AT JBCR 4H i 3 T A0 N 5 451
TangZ:P5@ ik 2 ST AR SRR P BERLR L,  PINK 1A
Parkin f fif 2% 5 B ML 5 0E V3 S5 B /N B0 In =
UEB S PINK 1 /Parkinig 2 (U LORLAR 5 1, 7] LL4E
FFTECHIRR A 5% 11, Wb 2O0E ) N AIROS A4,
B R E B D RE. MhAh, fEE B FEEE
BNIP3 LAk % 175 5 [A F--1 (hypoxia-inducible factor-
1, HIF- 1) 77 e o /N 4 oh B
S [R] 5 0 2 L A (1) T B 5 A0 A7 120 A ok ik
WK R BRBNIP3. FUNDCI1fifi, 7858052
TR 2R A i T R AR I N IR R RSB, A
it — G M E AR H, R A RIS R 12k
WL A B 0 BRI P R V4 B S
(ischemia-reperfusion injury-acute kidney injury,
IRI-AKI) 35 B IR DRG0 S
2.2 IRE|IEHAKI

PRERAE R —Fh o W4 5 RIE IR N EREE, W
PEIMCERSE AR 70 A 2 4% B DU RERRAS, B IE(E 2 R %
WE B, TakasuSPWER], IREAEFTSANE
' 4115 (sepsis-induced acute kidney injury, SI-AKI)
R BB NE R B NS I, A R
PR A 53477 . X 3R B AE ST-AKI P 2 b i H I
POBGE . DaiZe POl ik B ST AR AN BE AR, S
PINK1/Parkinitfi i, AIMIAEREL ML B, 7T EAOR
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PFTECHZ IKFRAE T S HI4IM M T, Bk, it b
T 2R A B Wk ) #E R IR T AN RO — MR A AT IE
B U PR S
2.3 ERFIHIAF AW ATEAKI

B YIRR AKIHH WIR B 2 —, Ik,
&S 2 B B4 (contrast-induced  acute kidney
injury, CI-AKD)FI 1) 72 KyE, TEEAZERE
I8 TP AT R AE B 30%, H A E =i
EEFET R Y, LinS PR EL, PINKIE,
Parkinth & I 4L/ BRAE 208 5 1 e i e, A
LRI F W2 BH0H], ROSEA, SHUE/INE LK
YL T SE Tz BB B . CI-AKLEE 40 i
PRAP AT E I E BNIP3 /1 S i Sk ik | i, 0 1
NODE 32 45 4 8 F 45 ) 380 2K B2 H 3(NOD-like
receptor thermal protein domain associated protein 3,
NLRP3) & AE/NMA, b iHEE(E 5@ s ke sz e,
NigLER f& — ATz A AT 258, L SE B ARAE
M, BURE /NS AMDNATR G 2ok ik 3 fE F
B3 A& A LR B . A BIF TR, AR B B % Y
AN/ AR, SIS PINK 1/Parkini& 42/ 5 Y
2R A 11 W BB B RS B AR Y . IR A
FUHE Y, PINKIHR K T LU A %5 & (DRP 13
ik, R EHEA SRS R B, AT
ANEANRE T DRk, TR R B a3
) Bt B O B TR T AT 2 R A

3 mEATFHEAEBERTREERG
Har, BRE2EN T ARG T EEE RN
B R PRE VR TT BA BRSBTS T, (H
X T VEAFAE R F s B s 9T RO R PR A 1)
BAE (FEED) FAAKIAHSIEE: /K
AERNEEN, R fER SRS, B H A E,
M FEia e, L. 7 S TRERALR,
AKIF[HJE T O “m577  “HE %
WL, R NS de gy, HARSLZ K,
FRIMARDG, BA TR FRMRAEA . W% E L
PeRF LB S S ohaefae, SPhERRZ “H
FH-PA 7 SN A, H s 25000 22 B0 S 0
Lhitk W, JREH T Yok, BIFHE K Z
B, BT R 2 A R Y ok i Wk
BITAKI R IR RE, HZeHN, Badur.

3.1 A BRERPARIY
3.1.1 e B E A5 HAKI

MEREFRETCEREMRE R, A ks
IR, WA P, 12 20 i g 1 IRI-
AKDR AR I, SR aT L R K RIS DTER
= BT 1(sirtuin 1, SIRT1), B0OE XL
X703 (forkhead box protein O3, FOXO3)&E
F, #E08 SIPINK 1/Parkini B/ 5 () 2k ki 4k
W, WA E ARG T, SeEE A
BTG . NIRRT 2 )11, B %
fiE TERRE BES . EMARSIIREL )
EE A LA E I IRI-AKDA R 1 PINK 1/Parkinii i,
JEBERRIAR FWE, AR B V. 5
MRS aE SR, 2—MEAYE. PR,
PUANEAE F M RARE R G Bk
B, SRR T DU TR B H M8 AH 56 B (1 (BNIP3 Al
LC3-T)FRaa 3, M g Zebifh F ik, ks> ¢
i (R FRERC, AE A I, DAYUER B e ot
HERE.
3.1.2 MREFJEHAKI

FERLH & M 2 e A R IR I A P58 . P
o BRI SRR I R AR 84k 1. Rt
el LA A SIRT 12 1M i 5 Parkin % 7, BI&
PINK 1/Parkini& 12 [ e RifA ik, FEHIHINLRP3 %
SENRIE A, SR R 8 X ST-AK I/ & - 37 1
¥, A BHRgURET HMEHEM A Z. =tk
s, BAERA. WAL, IEZNDEW, E%
G161 1 78 ST SI-AKTR BB R R BL, NS 2 1Rgl
T _F R ME AR OS8R (A Beclin-1, JH R AL AL
lif(superoxide dismutase, SOD). LC3-11/LC3-1 K&
Bel-2/Bax Kk /K. 4REH, N2 HRgl@T
AL EE RS, U N IEPEROSAE R,
L UE TS AR PR E R — P R B R A4 1 Bt ALK
7, 7Ra] AE NSIRT3 M sh#, BASE AW S
Foan o T Ve Y. Deng2 MW 9T KB, AME
PEGR B R 0] LU S SIRTI BTG, H A S LR A 5%
[A]-F-A(mitochondrial transcription factor A, TFAM)
(125 ZmEAk, R HEZRAAR R, 33 T AT B R ik
BRI S E B R IE R
3.1.3 R S0m a3 2540 P R AKI

AR SERUCIR T i RHEY AR, WS B A
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P ER . LinZ"IF FeiEsz, 2R oK LBt
b A R B IR A 1) R 1 U (AMP-activated
protein kinase, AMPK)5 HIH%E R & H
(mammalian target of rapamycin, mTOR)J#&KIX,
WOEPINK 1 /Parkin g™ (1 2R A [ WA, 04 240
MO, RN AN S RIAEE S, BER
IO S 1 B B, BB /NE B0 0 E 21 4
o ZHWERRBEZREYENPMRZE, £
HA S RAE . UG SR 1 2 B 2K
JE OO, 328 Al A M AK TR R PINK LA
Parkin &GN, (L3 B WRIEFR 2 Zhifk, [
KROS/KF, KRB BECRIE IR N IR T
2R M B R, TR E R . QIR
B, /NBERRRE TH e A% T B AK /N B ILC3 11/
LC3 | Ri&, FFACBERR I H62(phosphorylated
protein, P62)7KF, @it PINK1/Parkini& % #is £k
Bk E B, 0ERERBIRIPIER . =-LaeHR
WEPZ =+, FEAROE =2 HRIM
ANZRBHRegl%, AWRY, =-tLoginEg
HIF-10/BNIP3& A2 H0E 2Rk H W, D08 I 5H 75
SENE LR R AR iR R 2
— R LB R BUR SIS N DY, Bk
SN CI-AKTR RS0 R B, IR 2 ) L@
IFPINK 1/Parkinif i, & Zh2k Rk {1, Jk/bROS
KB, BB ERPER. S5, GongZlPYk
W, IERANE T I AKTR BB th ZoRiik Fr B G )
T hn AN FE Sk A B ) AR INEE T /N A
M. e e AT I 1 ks AL AT CCL2/CCR2
AR, SOE 'S SN B, 2k E
W, J/DROSHIS &4, M ORS B /NE 4.
3.14 Atk

FARE e 2 B AR SR U R s 2R &
HABRE. iR, biEHEM. ok, SR
F S PINK 1 /Parkini@ 6, 28R4k B &K
-, AT R A SUUL AR5 5 ) AR B F) 45
G307 BT R AT R ORI A B T I A R0 M
gy, HAME RAE. el BAKE B REE
FPY . RE BRI Ny, S F A AT DL R ol
7B R RV AL U NLRP3 4R /IMA . R
P2 R 4 % IR 25 1 i - 1 (cysteine-dependent  aspartate-
directed protease-1, Caspase-1)fJFKiL, Ff ik

A EWERAE, LB E H SRR ER

gr Rk, W2k e 2GR )R TT AKTE
3@ I PINK 1/Parkin. BNIP3%5 (5 53 I B0 28 ki
REWE, WERAMNE . FIHJE. FEIKROS/KF
o BB, ki BWOd EBEOE, JRTR
BN AWK, DR S AL .
25 1 o A 2R A B R B YT & AR AKTY S
i1,
32 HEHRPAEF

By mEe. A, 3. B RE. Ml
Zi. P&, FBESEHK, DSOS FRAN M
B, HAMR. P4, 5T hne
BERIERS HR A, B35 AT
AKI KB HIPINK 1 M Parkinfg A %1k, HIt&
Beclin-1. LC3-M/K°F, JkbPe2RiAl, ik
B, B 3E TR AKIOK BRI U OR 4 VR F 2l s
PINK/Parkin/ 5 [ 40044 B sk 42 S840 RO
A 1 A S B R S B A

W Emma . B B X
A, A AR B I s NI TR 4R
Ji. HAPEL. SGEE A0S ER". Jia
SIS e R B, BN % bR A% PH (unilateral  ureteral
obstruction, UUO)K fR A7 7EPINK 1/Parkini& 1% 1 £k
AR WIS B O, RIS B R, IE S /N
B . @i PINK flParking®
1%, ks Parkin AN GH AT [F) SRR 3G A6, O35 2R br
B 715, IEFEROSHITA — % (malondialdehyde,
MDA) R, A N, %S DhRedt .

MEEE R mfEgh M E e, BATHE
WAREEZ DR, AT DO gk . S 2 . (R
MR TS HUIR SR, CheZ SRR, ME
15 8 W LAY B BT 22 2% (doxorubicin, ADR)K R )
ROSHE#B#, | Rtk 2 it, 4EFFADRRFIBES
Tk S A A il A 18 T B 2 ARy SO R 1o S
T FTFAMIIER IS, #f) 2 & Ar)Rik . fibA]
Mg R e, PREIEE LR R4 552 ADR
75 5 110 7™ B 2R AA W R A 6 ) TR 25 1 R
Az, B E I A B A 2k Ak E R, %% ADR I
E S T RER T o

g ERR, g o 245 5 7 TR e g i 45
(IR IR RAR H R IE YT AKL, B2 Likhas
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BRI REE MEEE HHE BFIRI-AKDK AR _EiESIRTI, #IEFOXO03 %5 4, #iEPINK 1-Parkinid i [38]
BHAKL ey BIRLAKDABUBE  (2EPINK | 5 ParkinE (105, 0 LML S fi [40]
e . #HE BIRFAKIVNRER  EIEBNIP3AILC- I 0k, B0m 22 Rk 6, $0H] 408 [42]
FTERASE
MREFESL  pRALE JRAL SI-AKI/) FRAETY BOESIRTI, EiHPINK 1/Parkini® 42 (£ R4 1 1 [44]
AKI A BB AZ. =t SLAKIKEMA AR R, WAROSEM, FHEMMEES [46]
Rgl Beclin-1
R SI-AKI/N AR ZY/HK- 755 SIRT3 I, /- FTFAMZ: ZREL, et Zeri ik B G [48]
241 Hg
WA 4 B oK 3R 4R M4 5 AKDN R B0 PINK L /Parkin /i S B A H I, EIHAMPK. mTOR%E [49]
T B vt VSR, S A T
HAKI EE 2 54 5 I AKIA Bl % PINK 1 /Parkinii e, [#{EROS/KF: [51]
vt
/NEET, HE IR 5 5 I AKTZN iR BIILC3-TT/LC3- T, FE{EP6211FRIL, HIHPINK1/ParkinfE 5 [52]
T R
=bLREH =t W% S I AKDK R 38 HIF-1a/BNIP3& 2 #E L i 4 o 1 [53]
e
LINT CI-AKTK B A5 7 S PINK 1 /Parkinif %, F1ESOD. LC3-1/LC3- [ Kik/KF  [55]
I = CI-AKIAK fR A5 7Y PR W, LR Bk, JR/DROSAERR, BEA [56]
AR ¢
HoAth HIRE R 1 S WL R % S 1 IS PINK 1 /Parkinfs 53 [57]
AKTA SRR
HRHET AR Rl 25 B KRBT (U IF4H U PNLRP3 . Caspase-1E %L, FiAZkiA [59]

LA

o WEMARHS, EREEON RN PAETS
PR LRI H IR T AKTH L 45 W3R2.

4 NEHRE

ARAR B WA E IR 24 32 RVE I 7T AR
IZ N TAD. PD. DM. CKDZ:4%iE ., 1% £
7 EEAEFXTPINK 1/Parkin, BNIP3. FUNDC 14538
T By AU NIE DI R R o 2 ) R LN P RS L T
M AR RV IT AKIER HEHT 77 1) o Fodk SEER B 7T

T KRB B, EE— 2 RIRYE. (DB 7T+
7 S RS % DA NS 8 S @R R YA o S
B, REWKFELRAARTEERINEE . HEREMHXEH
K7k FBiMitoTracker S LC33: s i1 2542 & FIr, &
KAFRFT S . (2) HATHIAT AR 28X 2
HuEft, HZET TR gy, sz
AT AL . B2 RIS SE Bk T, M
DLRIE 2 Z 8 i AR 3 . B)EF X Zebi Ak H Mk i
WEFL 2 NN V) ER A I 5258, B = I PRI UF 1 56 iE

R2 PHEFPEEAEBERTTAKIFELE
HHLW B ik B R AERLEH S5 S0k
(=5=9i] W, EH. ®S. E BE F #h, BIRI-AKI BIEPINK1/Parkini® %, Fh&Beclin-1. LC3-T. [61]

WL MELZ . T2, B OMEEIHE KRB
5. RRE . Al
LN AVEETNICON &

I
ML

Q@ Sk
T A R

T

R

AW B BIRG E & F M, UUO KR MslZkifk 51, T IRPINKIFIParkingiX, )/ Parkin

ADR K R SPHI Lok iR B R, Y ADRIISUR 1 S AL AE A 4 5

PINK 1 flParkinf R IA/KF, FEKP62RIA

[63]
AL 7] 2R R e 7, IR ROSFIMDAf) 47

[65]
WIBOE Z Ay 3 BOE B T 1-0 2 TEAMBI 3L, 1 FRROS
feiEs
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