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[ Abstract]  Mitochondria are the center of intracellular energy metabolism. Mitochondrial dynamics refers to
the dynamic process of mitochondrial fusion and fission, which plays an important role in maintaining mitochondrial
homeostasis and central nervous system function. Optic atrophy 1 (OPA1) is a key factor involved in mitochondrial
dynamics. OPAL acts by regulating mitochondrial fusion and fission, reducing oxidative stress, inhibiting apoptosis,
and promoting mitochondrial autophagy, to maintain the dynamic changes in mitochondrial quantity, structure, and

biological function. Numerous studies have shown that OPA1-mediated mitochondrial dynamics plays an important role
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in ischemic stroke, Alzheimer’ s disease, Parkinson’ s disease, spinal cord injury, multiple sclerosis, and other

central nervous system diseases. Here we review the regulatory mechanism of OPA1 in terms of mitochondrial

dynamics and the important role of mitochondrial function mediated by OPA1 in central nervous system diseases, to

provide new ideas for clinical treatment.
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Figure 1 Mitochondrial fusion and fission
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Figure 2 Mitochondrial structure



108 R E B R 2k 2025 4F 4 A5 35 %45 4 1 Chin J Comp Med, April 2025,Vol. 35,No. 4

I, BRAR T RERERS AT g2 S 3 1S st my
FEALHZ—,

OPA1 fE N ZRL R i R 0 B T, FE Z R 1A
Bl 12 RN AR G Dy g i R s ol 2 OB E
P AR B ik 0 PR VERE AR T I OPAL BRIk 411
(T TRUN SN V€S R TRUNTI - R b |
S AR PSR b FAR S MR EU X MCAO 7
KBS T T 10, &3 H ] DL S 3 m OPA1 & &
A LR A Rl G I I S0 28 MR T T
PRAE MCAO A& 1Y R B 55~ 2 12 DI RE MUK &,
TANG 251 3 o S 56 UF B A6 A8 DU 4 BR A G 3 ™= A=
() 14,15- 78 1k =Rt BE#% I MCAO
RERY/NERTRE S OPAL YRR B/ NI AR SEAR
HAE FMLE AT B8 238 13 AMPK/SIRT1 15 538 %
PR SRR O1, Ml Bobi A AR IfAIE E S {4
Al R 2R Bl I 2 () -, DT 437 pp 22
JUHH 58 A R P, D ph s T, S [E]
i, GE %51 38 o # 7 4R - 5 2 b 5 R |
(oxygenglucose deprivation/reperfusion, OGD/R ) fif
22U BT 2 30 T P R A SR g1
W 2, 3-AUINA R 1 A T 0155 5% T AV SR s
K5 3/0PAL il B REAE 1Y I OPAT F & i F A
ROS 7K, TR i Gk AR Tl , 9802 S 10 1
YRGS L AL, BT A ) OGD/R 755 Y 4
ZICRAARRIi . fE HUANG 25y segiep (i
FI ARMC10 il 51 F % OPAL 193RB/KFJ5 , fiE
5L ROS HEAR, ATP KPR, 4 R B p
PRI RERf FIp oo T, DU &0 L B4 v
SR AT L 198 MCAO #EAK B OPAL % 4, 38
TR E SRR R D g | iR Lok iR pl 5 5 5448
BV A0 o 40 O TR el s 2R IR T RE | I
LY G R I PR TR AR, X SRR T OPAL A
MYLRLIAR 51 7 27 BE 8% B0 rh AX 1 28 28 8 95 i 1)
XA, PIIL, 3L T OPAL MR IKERF L
KRS T AR SR DR vl 2 T M, X AT RE A 1S
PV TEIRIT IS Z —
3.2 OPAl1 5 AD

AD SR UL g PR 22 IR AT R BIR Z —,
Hop A R F ALK B-E MR (B-
amyloid, AB ) M % % Ul B, Tau & H
( phosphorylated Tau, p-Tau ) [ 1 B % {2 1k, 7 1M
SECEAEPLIE WA 2 27 g 457 X Fh g 4%

i 2 AR VPR 28 ARRE | S g 47 | B 2T AR
PEFCT 45 — RHNGIE S g, T ek AR UiAR , 175
S AD AINHID RERERG

VAR, KEBF o548 R R T RE e 5
AD G, Hrp SRR Bl 2408 AD KR R
FREEM—I ) HRRGE, OPAL ki1
IR IEH 2 VER CHEER 11, & AD MM 7EIR YT i
A HAN ZEUSIAE AD BB 5 T AR R R 14 %
PEOR 53 HT R & B OPAL I MFN2 (1) 55+ 44 il 2%
R#AR, T HOU 251 b— 200 95 K 2R, 76 25 0 = 9
K A(BCA) T T, LiE OPAL (£ KF-RER
VR LRI A ) K M 30 i SR AR B g 2 2K s
LR F W S LG R AD AR/ R
PN D) BRI UESE T OPAL 5 AD Z[H[fF
FEDVRIRZR , RIS, A W 5% R B iz 3l ] LA iff
SRR A N 2LAR (1) -, A1 1 Gt A I 98
I ATP 7KOF, k% APP/PST % 3 B /N B 26
PRI RE AT, AT A 205 AD BRI BRI 2
AEAZEE T, X 5 SR T OPAT B3 A6
ST B Ah, B WFSE S OPATL BE % 1 5 1Y
AB E H AU & Ok R M & R b 1 T,
REDDY 457 5 & B0 AR A B4 S HURAR /I
SRR b #h 22 0 (HT22) " iy LR ki ik g & & B
OPA1 MFN1 1 MFN2 7 i/, & fil & -1 MAP2
IKFFAG, I 2o ik [ s, O H ZHANG 451 &
BN OPAL (B RENS T M AR & &, 1Tk
SRR BEELA, YD R 2T T, X S SR AT Y
e —3% 1 KB OPAL Al BB T 520 AR & 1
Tk kA AD By, Tau /ER AD MR
YRR, WA R, Tau B REE L T A
OPA1 7K 30 5 2Rk 8l 01 2, 5 T b 1R i
HLA ZE AL, BRI A0 I ), e 4 S B0 b AR 1) g
Bafg Y L BRTR, #E— 2 0F5E AD 5 OPAL 2
[ PR AL, 7T BEA B T4E 7~ AD fRERAIRZ
HUHT, AIRTT AD SR VAT
3.3 OPA1 5PD

PD — Kk AEFE AR R T 2 IR LR
L LR A BB R A 2R AT PR, L R B B
A R P R T 2 L R RE R e T i EA TR R O
T I IZ 3l D) R A, A0S F kR R B LR
B AHE SR AR

Hir, 52 PD iy IS AR R R, A DG



W P AR R 4R 2025 4E 4 45 35 545 4 ) Chin J Comp Med, April 2025, Vol. 35,No. 4 109

N PD Y A& LI 5 S 2k (R D) i e i, I
H,OPAL A I ZRLIRRL S 52448 F PD 5 V1A
S WANG 2554l sy PD RN R HL,
ik e IUBE 22 A K - 1 A2 AR 8 7 PT320 XF PD H
AR A, AR AL Z L OPAT 3k
KKV BEAIE ROS & i, (R HEZohr M 590 | 4k F
LR AR FE S, T U 4% 2k R A4 3 RE B A, LIN
LT K BRI parkin/IxB 4 v/ p65 i
WREMEIG N OPAL B &, Ml A0 R C A2k
AR, R R A T TR, YAN 450
TR 5 K B ER 48,4 Tl 2 410 30 590 A s 5 A T DA A
OPA1 [ & & BN K, $2 5 GSH/GSSG
Fb 3, AT D 2o AR il s SR A R 3, A
PD K Miz s ThBEFE S, ZIBAEI YEKTA 2507
RIVEAT 6 R Ry 4EE & E BAFIA I %17,
REfEIE TN OPAL A ATP & W/ DA & C 1
FEIk AR AR B, VR PD R R R A
Y. BRIZAM, A WF5E4E 1 PD Al BEZ HH mtDNA
RAG MY . HATTORI % 78 PD BH K
i & BT 4977 /SRS X B K 1) 28 48 miDNA
BT RER PD AP 2 — . MANINI 2500 £ i 5
il b, iF— 2 0F 58 & Bl OPAL Ay & 748 il S 5
mtDNA $12K | 75 5 2B 1R o) BE I A5 19 & A=
I, FJH OPAL 9335 ] DL 1 8 ik b AR fl
IR T 3 A AR AR L A A B R T AR s AR
U512 B DI RERR NS IELE PD R ER R,
3.4 OPAl 5 SCI

SCI 38 & A2 PR 95 | 5 9 B3 A8 A 177 5 380 %) ol
ZICELR FARAG A 28 0 3% 12 v T ) AN ] 36
AR 2 RGN B S R EGE S s sh T g
MK AR 7, A BE5E K IR ZRL AR D) BE B 1 &
AAE SCI Gl 28 A8 M ) P10 96 B AR N B i 22
RAE | Re QI BRATAE , EEFHAS T SCI 52
FARMBE ™ Hh g T ALk sl f12#
1Y IEH IB VEXT SCI At 58 A5 PR Rl P AR i G H

OPA1 LR RIIR B J1 22 SRR 1, 75 2 15
LRRIE ST BE LA S 5 4 i 1 4918 2 46 7 T
W HEEETIEM, SIS f#E SCT BRY
K, KB ER AT FoHE” Fn B v BEAS (Rt ph 2200
B, I B i ks sh D s B i, AR H
BUH T BES2: L AT BE PR &2 OPAT (R 335, e Lk
A fil A 48 i 2 T A 431k, 1 T B LR 40

AT, WA TR — R A& A KT HRE
2 ARV RE A 4TI, 3 26 41 i RE A% 1k R £ Fh
P2 AN 2R R, 32 A G A 20T | R TR T 40
F/D e o A i 45, a3 43k BE 1 5 SCT g
MR8 2R G0 W 45 (16 B R S DI 56T i 4
AR E T SCI #2410 i RRAE 5 401k, 2
MO LW &ML E RS A FsEdE
LR BN 7 2 B o 5 2 40 AR e AR
R A 2T A0 L R BG BE 534k, TR SCT Y il
ZEPE A AN R 2 R G s E R AN
DUBAL 2 ES2 T 3xX — #F 58 45 S 14 [ ik, itk —
I OPAL W/b AT LU 4ok iR A AR H
ML AT BE 238 A2 Notch {5538 i FH W7 5 g pih 22 1
S ifL 1) 4 58 43k . KHACHO %51 41, % 3 OPA1
W RRE P E M T A A IRE B RE ), B R
P25 O B4, 33X 5 2R AR 3 ) 2 25 L
AR EIAR O H AT, Zeki iR sh Ji2¢ 5 Scl
Z )Y 56 28 38 T 0E— A A A, R e m] i1 2% OPA1
KT B M S B R Rk B 5T HAE 4k
PRI e A ELARHLE
3.5 OPAl 5 MS

MS & — Pl G 8 A SRR, DL R 22 R
G5 e T 6 M 05 A8 ol TR B, W Rk B B Y
2 WIS 2T AR R L Rl B2 AR A
Il PRI S KA B 1 2 D RE R i, s Rtk AT
PRI, e & T 802 sh Yy ReRE g, ™ 5 5 i AE 7
[, WF5E R B MS 17E1E SRR T RE RS, 2k
RIUR IR 4 5 AW Bt = ROS BB LRk 3l
SEEALAE XIUE T onm A ATP e, 1
G RE B R i, B & 51 Kk AT b a2 AR Y
OPA1 FEVATT Lo ki tA sh F1 2% Jy i e % A AE
DE RASMO %" 7E MS S AN &3 OPAL &
DD ROS 800, 20 A 08 T2 32 240, DT i ]
2589 , BUONVICINO 2517 B 5% % 38 5. 401 Ay
LR AT RE RIS 530 MS BB 28140, T OPAL
A TSR Bh 1 F e 08 10 55 il e ek AR A= W)
B ZKAL, BRAE ROS ZKF I d2 2 b A T BE e fis
BriEZ A, MASCIA 457 5@ i X) 1294 44 MS (&
FESE R KXo A R AR G B 1 AT 40T, &5
RIRAE R I, 5 MS A G B i P
OPA1,XFH MS 5L R {R1G s & UG, RE
IRBIFRE 2R MS (&L KRS OPAL f#1E



110 R E B R 2k 2025 4F 4 A5 35 %45 4 1 Chin J Comp Med, April 2025,Vol. 35,No. 4

WIREE R HET OPAL 3l 55 15 4 b A 5 11 2%
el MS I ELAHIL ] i A e B i HL 22 45 B A
FERBATE I B R O B, A Fr it — 25 1 I IR 5 1k,
KA TEAWHE R OPAL 16 MS H & % 1) BAKAE
FHIFIR AR —F Z M Z

4 EF0m OPAl AiEZ&ki{kzh h=xt
FIRBZREEROTHRIER

KR 25 2R GR 0 A& HIL T E I R T AR
R R 22 P IR A 2R B R Mg OP AT ZKSF- g el A8
SRR K B B I H b 22 40 i T R 7 AR R
Horpr, — 20 A= Wy 3% Pk B 53 RN 245 4 AT L i A 1)
OPAL AFEL AR B 727, 3F 1T 4E 22 vh Al 1 28 &R
ES L ST 0

TE 1S 25T HigE o, CHEN 4517 A
Z AT Re3 Al DLl o A% 5 sk A F B2 A G+
ML ZEINERE-1 5538 8% T MCAO A KRR
KHkE) DRP1 FIS1 335, 850 OPA1 & &, %
SN AR ORI & 2 SR 2 vE: K T8
HUANG %' % Bl DL-3-1E T Bk e fig i id 2
RAIRE A Omi/HirA2 5 OPA1 Fik, #0240
iR Y | RS E 7 D 1 44 N NS P
SR UE B AR A R Y 14, 15- 3R R
IRER MR AP AMHIS B ST A
AT OPAL R4 8 b A o)) g 24 i 1 9 2% 1S
MR A K, TEZWIRYT AD B#F 58, XU
TR E AR N ERCE AD B4 LT S R Y
OPA1 784k % UIAH ¢, HGE 92 T 4 DRP1 7K
F . 1% OPA1 MFN1 MFN2 /K, %% APP/PSI
/N EREERLAAR D REREAT , BEAR KM i AR 7K-F, K
RN LE BT (U e Ry v R S 1 e <]
T R BAAT 24 PN R T DL o B AIK APP/PST /)
L ROS . DRP1 BAX , CASPASE-3 Fl4H fiti {4 % C
JKSF-, 34 MENT . MFN2 .OPA1 BCL2 7K, #1fi
W A AN 5 R SOR AR A B0 20 R T
2R AR E KM I TR I BGE iE 2 T R
78 BRI Z AN JRIT AD B — S8 25 Wi
EZPHIES S OPAL fr LKA B ) 5 B %A
K, NEHEE AT NS B Rel™  FFEUE
fig'*' 4% 75 PD W24 T Wi o, dlid # 7 PD
20 i A R, A BH AT R B Gk B 2R E S 1
OPA1 MFN2 &, FiH DRP1 FIS1 /K3 {2 HEk

RARRLE P SRR A el A 45405, LIN
ZEDIE W 2 32 A R A BRSO R T LA E O B
parkin/IKKy/p65 i #% [ 98 OPAT, 1)1 il 41 (5. =
C R, R 4 M T, B AT, #E10) OPA1 4%
LARURBN T12EI69T PD 192450 1% 1 B A 3 AT T 3
B AN AL A IE LY AR BAR KRS
5 O UE A 25 0 RE 0% ol oA A 22 R R, HH:
AT5 A T FE A S5 [ B, AR A AT 75 B I TR
W BEAT IO 2 AR IR IE

5 #if

ZE L r ik, OPAT BT L3 i o 45 R A il &5
LR U R A R DR AR TR I 3 A 4 A U
T- PR LR AR A5 1 I 4 45 26O A IE 5 T
A B L Ise e, #E 1S AD . PD (SCI MS 4§
TR HH 28 RGN R YT O T HA — 1B R .
[, R FE S 06 A B0, — 26 A= W 36 1 B o0 RN 25 )
AT LARE ) OPA L W45 Sk iR sl g 2, 151 4E 28
WA 2 RGP e, SR, H BT AE7E /R 22
T ) - A e 1 Bk AR . O3l S WF 5T & B S-OPAL | L-
OPAL F M) 2/ 5l 54 ki iR 70 24 fil A 72
BE LG H 2 B B KF 2 0F 58 AR T OPAL
B S EAsfk, T S-OPAL L-OPAL 4% [ ik
T AR S i LD | ik R T i — 25T, QR
BELWAIRTT OPAL TELRLIR S 12 A IR
YRR, IS f 0 3 A0 M R T Sk Ak A 0 | RE &=
R AL, (A HAERRIE T | PN 3 0 L7 3 55 1
FRAS S D BESE ML B A IR 12 1 AR AT B 58
S, GOPAL AT A LR AR Bl 1 2240 K 5%
KEBAT4EHTE 1S AD  PD it | i HAE SCI MS
S A R b 22 R G T B SR A, AR
BT LR )R BZE T OPAL ARk
PARDIREAE h X M & RGP TP R EZAEH, N
TR 2 A BARPIR T T, AR I SE
] 1] BE AR S-OPAL  L-OPA1 4% [ & 127251k
SERIR SN S5 Z M A R L OPAL /- A 2 hn
KB )2 S B RS R A ) e SR ML o g 2
RREEER S OPAL 78 A h ik #h & RGP b
IRFFE e e 4, IR, 76 LUS BRI 5E o, 22 5T
AT e FEE A ik P JE il S92 36 R 55 JO o 19 I PR 15
E— R OPAL WIRS B R AL, A A
AX P 28 2 GE o IR Y7 B s B AT i B AR



W P AR R 4R 2025 4E 4 45 35 545 4 ) Chin J Comp Med, April 2025, Vol. 35,No. 4 111

SE Ak

(1]

[2]

[4]

[5]

[7]

[9]

[10]

(1]

[13]

FAN Y, CHEN Z, ZHANG M. Role of exosomes in the
pathogenesis, diagnosis, and treatment of central nervous
system diseases [ J]. J Transl Med, 2022, 20(1) . 291.
NAKANO T, IRIE K, MATSUO K, et al. Molecular and
cellular mechanisms of mitochondria transfer in models of
central nervous system disease [ J]. J Cereb Blood Flow
Metab, 2024, 14. 271678X241300223.

KLEMMENSEN M M, BORROWMAN S H, PEARCE C, et
al. Mitochondrial dysfunction in neurodegenerative disorders
[J]. Neurotherapeutics, 2024, 21(1) ; ¢00292.

CHEN W, ZHAO H, LI Y. Mitochondrial dynamics in
health and disease: mechanisms and potential targets [ J].
Signal Transduct Target Ther, 2023, 8(1): 333.

GAO S, HU J. Mitochondrial fusion; the machineries in and
out [J]. Trends Cell Biol, 2021, 31(1): 62-74.

HAN J, TAO W, CUI W, et al. Propofol via antioxidant
property attenuated hypoxia-mediated mitochondrial dynamic
imbalance and malfunction in primary rat hippocampal
[ J]. Oxid Med Cell 2022,
2022 . 6298786.

SYGITOWICZ G, SITKIEWICZ D. Mitochondrial quality

neurons Longev,

control; the rtole in cardiac injury [ J]. Front Biosci
(Landmark Ed), 2022, 27(3) . 96.

TABARA L C, SEGAWA M, PRUDENT J. Molecular
mechanisms of mitochondrial dynamics [ J]. Nat Rev Mol
Cell Biol, 2024, 26(2) . 123-146.

CHEN J, GAO X, ZHENG C, et al. Low-dose Cu exposure
enhanced a-synuclein  accumulation associates  with
mitochondrial impairments in mice model of Parkinson’ s
disease [ J]. Toxicol Lett, 2023, 387 14-27.

XU H, SONG X, ZHANG X, et al. SIRTI regulates
mitochondrial fission to alleviate high altitude hypoxia
induced cardiac dysfunction in rats via the PGC-1a-DRP1/
FISI/MFF pathway [ J]. Apoptosis, 2024, 29 (9/10):
1663-1678.

ZHAO Y, WU Z. TROP2 promotes PINKI-mediated
mitophagy and apoptosis to accelerate the progression of
senile chronic obstructive pulmonary disease by up-regulating
DRP1 expression [J]. Exp Gerontol, 2024, 191. 112441.
FOGO G M, RAGHUNAYAKULA S, EMAUS K J, et al.
Mitochondrial membrane potential and oxidative stress
interact to regulate Omal-dependent processing of Opal and
mitochondrial [J]. FASEB J, 2024, 38
(18) : €70066.

MACVICAR T, LANGER T. OPALI processing in cell death
and disease-the long and short of it [ J]. J Cell Sci, 2016,

129(12) : 2297-2306.

dynamics

[14]

[16]

[17]

[20]

[21]

[22]

[24]

[25]

[26]

NOONE J, O’ GORMAN D J, KENNY H C. OPAl
regulation of mitochondrial dynamics in skeletal and cardiac
muscle [ J]. Trends Endocrinol Metab, 2022, 33(10) : 710
=721.

MEEUSEN S, DEVAY R, BLOCK J, et al. Mitochondrial
inner-membrane fusion and Crista maintenance requires the
dynamin-related GTPase Mgm1 [J]. Cell, 2006, 127(2):
383-395.

SI L, LIU W, HAYASHI T, et al. Silibinin-induced
apoptosis of breast cancer cells involves mitochondrial
impairment [ J ]. Arch Biochem Biophys, 2019, 671 42
-51.

QUINTANA-CABRERA R, QUIRIN C, GLYTSOU C, et al.
The cristae modulator Optic atrophy 1 requires mitochondrial
ATP synthase oligomers to safeguard mitochondrial function
[J]. Nat Commun, 2018, 9(1): 3399.

MARINO Y, INFERRERA F, D’ AMICO R, et al. Role of
mitochondrial dysfunction and biogenesis in fibromyalgia
syndrome; Molecular mechanism in central nervous system
[J]. Biochim Biophys Acta Mol Basis Dis, 2024, 1870
(7): 167301.

PERNAS L, SCORRANO L. Mito-morphosis: mitochondrial
fusion, fission, and cristae remodeling as key mediators of
cellular function [ J]. Annu Rev Physiol, 2016, 78. 505
-531.

NYENHUIS S B, WU X, STRUB M P, et al. OPAL1 helical
structures give perspective to mitochondrial dysfunction [ J].
Nature, 2023, 620(7976) : 1109-1116.

DUAN W, LIU C, ZHOU J, et al. Upregulation of
mitochondrial calcium uniporter contributes to paraquat-
induced neuropathology linked to Parkinson’ s disease via
imbalanced OPA1 processing [ J]. J Hazard Mater, 2023,
453 131369.

BAI Y, WANG Y, YANG Y. Hepatic encephalopathy
changes mitochondrial dynamics and autophagy in the
substantia nigra [ J]. Metab Brain Dis, 2018, 33(5) : 1669
-1678.

HOU Y, FAN F, XIE N,

et al. Rhodiola crenulata

alleviates hypobaric  hypoxia-induced brain injury by
maintaining BBB integrity and balancing energy metabolism
dysfunction [ J]. Phytomedicine, 2024, 128 155529.
JOUBERT F, PUFF N. Mitochondrial cristae architecture
and functions: lessons from minimal model systems []J].
Membranes (Basel), 2021, 11(7) . 465.

ZANNA C, GHELLI A, PORCELLI A M, et al. OPAI
mutations associated with dominant optic atrophy impair
oxidative phosphorylation and mitochondrial fusion [ J].
Brain, 2008, 131(Pt 2) . 352-367.

CHEN H, LIU J, CHEN M, et al. SIRT3 facilitates



112

o AR R AR 2025 4F 4 45 35 545 4 Chin J Comp Med, April 2025, Vol. 35,No. 4

[29]

[30]

[32]

[33]

[35]

[36]

[37]

[38]

mitochondrial structural repair and functional recovery in rats
after ischemic stroke by promoting OPA1 expression and
activity [J]. Clin Nutr, 2024, 43(7) . 1816-1831.

LI Y, ZHANG J. Animal models of stroke [ J]. Anim Model
Exp Med, 2021, 4(3) . 204-219.

FRY M Y, NAVARRO P P, HAKIM P, et al. In siu
architecture  of Opal-dependent mitochondrial ~ cristae
remodeling [J]. EMBO J, 2024, 43(3): 391-413.
VIRANI S S, ALONSO A, BENJAMIN E J, et al. Heart
disease and stroke statistics-2020 update: a report from the
American heart association [ J]. Circulation, 2020, 141
(9): el39-e596.
WU Q, LIU J, MAO Z,

et al. Ligustilide attenuates

ischemic stroke injury by promoting Drpl-mediated

mitochondrial fission wia activation of AMPK [ ] ].
Phytomedicine, 2022, 95 153884.

B, BRIk, e, . 3, 4- T RAORITESE T OGT-
PINKI1 j&A2 %t o (R HEAT BT 5wl i HLRIAT 52 [1].
[E 224k, 2023, 48(12) ; 3308-3316.
LUO Y, CHEN P, YANG L P, et al. Quality control
mechanism of mitochondria by 3, 4-dihydroxybenzaldehyde
through OGT-PINK1 pathway [J]. China J Chin Mater
Med, 2023, 48(12) . 3308-3316.

LI X, ZHANG D, BAI Y, et al. Ginaton improves
neurological function in ischemic stroke rats via inducing
autophagy and maintaining mitochondrial homeostasis [ J].
Neuropsychiatr Dis Treat, 2019, 15; 1813-1822.

TANG J, CHEN Y, LI J, et al. 14, 15-EET alleviates
neurological impairment through maintaining mitochondrial
dynamics equilibrium vie AMPK/SIRT1/FoxO1 = signal
pathways in mice with cerebral ischemia reperfusion [ J].
CNS Neurosci Ther, 2023, 29(9) : 2583-2596.

GE S, WANG L, JIN C, et al. Unveiling the
neuroprotection effects of volvalerenic acid A: mitochondrial
fusion induction wvia IDOl-mediated Stat3-Opal signaling
pathway [J]. Phytomedicine, 2024, 129. 155555.
HUANG Y, ZHANG Z, XU Y, et al. ARMCI0 regulates
mitochondrial dynamics and affects mitochondrial function via
the Wnt/3-catenin signalling pathway involved in ischaemic
stroke [ J]. J Cell Mol Med, 2024, 28(12) : e18449.

DU H, HE Y, ZHU J, et al. Danhong injection alleviates
cerebral  ischemia-reperfusion  injury by  inhibiting
mitochondria-dependent apoptosis pathway and improving
mitochondrial function in hyperlipidemia rats [ J]. Biomed
Pharmacother, 2023, 157 114075.

CAO Z, KONG F, DING J, et al. Promoting Alzheimer’ s
disease research and therapy with stem cell technology [ J].
Stem Cell Res Ther, 2024, 15(1) . 136.
UDDIN M S, KABIR M T, NIAZ K, et al.

Molecular

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[49]

[50]

insight into the therapeutic promise of flavonoids against
Alzheimer’ s disease [ J]. Molecules, 2020, 25(6) ; 1267.
YU Y, LV J, MA D, et al. Microglial ApoD-induced
NLRC4 inflammasome activation promotes Alzheimer ’ s
disease progression [ J]. Anim Model Exp Med, 2024.
FISAR Z, HROUDOVA J. CoQ,
dysfunction in Alzheimer > s disease [ ] ].
(Basel), 2024, 13(2) . 191.

NASB M, TAO W, CHEN N. Alzheimer’ s disease puzzle:
Aging Dis, 2024,

and mitochondrial

Antioxidants

delving into pathogenesis hypotheses [ J].
15(1) : 43-73.

WU A T H, LAWAL B, WEI L, et al. Multiomics
identification of potential targets for Alzheimer disease and
antrocin as a therapeutic candidate [ J]. Pharmaceutics,
2021, 13(10): 1555.

HAN A R, MOON T K, KANG I K, et al. Integrative
analysis of microRNA-mediated mitochondrial dysfunction in
hippocampal neural progenitor cell death in relation with
Alzheimer’ s disease [ J]. BMB Rep, 2024, 57(6) . 281
-286.

HOU Y, ZHAO W, YU H, et al. Biochanin A alleviates
cognitive impairment and hippocampal mitochondrial damage
in ovariectomized APP/PS1 mice []].
2022, 100: 154056.

YAN Q W, ZHAO N, XIA ], et al. Effects of treadmill

Phytomedicine,,

and fission in the
hippocampus of APP/PS1 mice [ J]. Neurosci Lett, 2019,
701 84-91.

ALAVI M V. Tau phosphorylation and OPA1 proteolysis are

exercise on mitochondrial fusion

unrelated events: Implications for Alzheimer’ s Disease [ J].
Biochim Biophys Acta Mol Cell Res, 2021, 1868 (12):
119116.

REDDY P H, YIN X, MANCZAK M, et al. Mutant APP
and amyloid beta-induced defective autophagy, mitophagy,
mitochondrial structural and functional changes and synaptic
damage in hippocampal neurons from Alzheimer’ s disease
[J]. Hum Mol Genet, 2018, 27(14) : 2502-2516.
ZHANG Y, MIAO Y, TAN J, et al. Identification of
mitochondrial related signature associated with immune
microenvironment in Alzheimer’ s disease [ J]. J Transl
Med, 2023, 21(1); 458.

WU W, ZHAO D, SHAH S Z A, et al. OPAl
overexpression ameliorates mitochondrial cristae remodeling,
mitochondrial dysfunction, and neuronal apoptosis in prion
diseases [ J]. Cell Death Dis, 2019, 10(10) ; 710.
PEREZ M J, VERGARA-PULGAR K, JARA C, et al.
Caspase-cleaved tau impairs mitochondrial dynamics in
Alzheimer’ s disease [ J]. Mol Neurobiol, 2018, 55(2):

1004-1018.



W P AR R 4R 2025 4E 4 45 35 545 4 ) Chin J Comp Med, April 2025, Vol. 35,No. 4 113

[51]

[52]

[54]

[55]

[56]

[57]

[59]

[60]

[62]

[63]

MORRIS H R, SPILLANTINI M G, SUE C M, et al. The
pathogenesis of Parkinson’ s disease [ J]. Lancet, 2024,
403(10423) . 293-304.

BANERJEE R, RAI A, IYER S M, et al. Animal models in
the study of Alzheimer’ s disease and Parkinson’s disease: a
historical perspective [ J]. Anim Model Exp Med, 2022, 5
(1).27-37.

LUO S, WANG D, ZHANG Z. Post-translational
modification and mitochondrial function in Parkinson’ s
disease [ J]. Front Mol Neurosci, 2024, 16: 1329554.
WANG V, TSENG K Y, KUO T T, et al. Attenuating
mitochondrial dysfunction and morphological disruption with
PT320 delays dopamine degeneration in MitoPark mice [ J].
J Biomed Sci, 2024, 31(1): 38.

LINC Y, CHEN W J, FU R H, et al. Upregulation of

OPA1 by carnosic acid is mediated through induction of

IKK<y ubiquitination by parkin and protects against
neurotoxicity [ J ].  Food Chem Toxicol, 2020,
136 110942.

YAN H, ZHAO H, KANG Y, et al. Parecoxib alleviates the
motor behavioral decline of aged rats by ameliorating
mitochondrial dysfunction in the substantia nigra via COX-2/
PGE2 pathway inhibition [ J].
194 108627.

ZIBAEI YEKTA Y, RANJBAR R, HABIBI A, et al. The

Neuropharmacology, 2021,

interactive effects of the aerobic exercise and vitamin E
supplementation on Parkinson’ s rat model [ J]. Cell J,
2024, 26(5) : 285-292.

LOPRIORE P, PALERMO G, MELl A, et al
Mitochondrial Parkinsonism; a practical guide to genes and
clinical diagnosis [ J]. Mov Disord Clin Pract, 2024, 11
(8): 948-965.
HATTORI N, SATO S.

Mitochondrial dysfunction in
Parkinson’ s disease [ J]. J Neural Transm, 2024, 131
(12) . 1415-1428.

MANINI A, ABATI E, COMI G P, et al. Mitochondrial
DNA homeostasis impairment and dopaminergic dysfunction:
a trembling balance [ J]. Ageing Res Rev, 2022,
76: 101578.

DE FRERIA C M, VAN NIEKERK E, BLESCH A, et al.
Neural stem cells: promoting axonal regeneration and spinal
cord connectivity [ J]. Cells, 2021, 10(12) ; 3296.
CHENG L, CAI B, LU D, et al. The role of mitochondrial
metabolism  in axonal

energy neuroprotection  and

regeneration after spinal cord injury [ J]. Mitochondrion,
2023, 69. 57-63.

SEHIF, BIRIE, 30U, S5, HUEHE O B 1R B
FHRALE SR U B 25 S 2 T A0 LA A0 T 66 B

[64]

[65]

[66]

[67]

[69]

[70]

[71]

[73]

[74]

[J]. EFHIBRSE, 2024, 49(2): 119-126.

WU M L, DUAN Z Y, CHANG W T, et al. Effect of
electroacupuncture of Governor Vessel on mitochondrial
fusion and proliferation and differentiation of neural stem
cells in spinal cord injury rats [J]. Acupunct Res, 2024,
49(2): 119-126.

NARDONE R, HOLLER Y, SEBASTIANELLI L, et al.
Cortical morphometric changes after spinal cord injury [J].
Brain Res Bull, 2018, 137. 107-119.

SHYH-CHANG N, NG H H. The metabolic programming of
stem cells [J]. Genes Dev, 2017, 31(4) : 336-346.
IWATA R, CASIMIR P, VANDERHAEGHEN P.
Mitochondrial ~ dynamics in
neurogenesis [ J|. Science, 2020, 369(6505) ; 858—862.
DUBAL D, MOGHE P, VERMA R K, et al. Mitochondrial

postmitotic  cells  regulate

fusion regulates proliferation and differentiation in the type II
neuroblast lineage in Drosophila [ J]. PLoS Genet, 2022,
18(2) : €1010055.
KHACHO M, CLARK A, SVOBODA D S, et al
Mitochondrial dynamics impacts stem cell identity and fate
decisions by regulating a nuclear transcriptional program
[J]. Cell Stem Cell, 2016, 19(2); 232-247.

MAKHANI N, TREMLETT H. The multiple sclerosis
prodrome [ J]. Nat Rev Neurol, 2021, 17(8): 515-521.
BARCELOS I P, TROXELL R M, GRAVES J S.
Mitochondrial dysfunction and multiple sclerosis [ J .
Biology (Basel), 2019, 8(2): 37.

DE RASMO D, FERRETTA A, RUSSO S, et al. PBMC of
multiple sclerosis patients show deregulation of OPA1
processing associated with increased ROS and PHB2 protein
levels [J]. Biomedicines, 2020, 8(4): 85.

BUONVICINO D, RANIERI G, GUASTI D, et al. Early
derangement of axonal mitochondria occurs in a mouse model
of progressive but not relapsing-remitting multiple sclerosis
[J]. Neurobiol Dis, 2023, 178. 106015.
MASCIA E, NALE V, FERRE L, et al. Genetic
contribution to medium-term disease activity in multiple
sclerosis [ J]. Mol Neurobiol, 2025, 62(1) : 322-334.
CHEN D, DUAN H, ZOU C, et al. 20 ( R)-ginsenoside

Rg3 attenuates cerebral

injury by
mitigating mitochondrial oxidative stress via the Nrf2/HO-1

Phytother Res, 2024, 38(3) . 1462

ischemia-reperfusion

signaling pathway [J].
-14717.

HUANG S, HE Q, SUN X, et al. DL-3-n-butylphthalide
attenuates cerebral ischemia-reperfusion injury by inhibiting
mitochondrial omi/HtrA2-mediated apoptosis [ J]. Curr
Neurovasc Res, 2023, 20(1) . 101-111.

(T#% 134 W)



