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dysfunction in the pathogenesis of Alzheimer's disease

QIN Qing-qing', SUN Yi’, DING Wen-xin>, ZHUANG Chun-lin"**

(1. School of Pharmacy, Guangdong Pharmaceutical University, Guangzhou 510006, China; 2. School of Pharmacy,
Naval Medical University, Shanghai 200433, China; 3. School of Pharmacy, China Pharmaceutical University,
Nanjing 210009, China)

Abstract: Alzheimer's disease (AD) is a complex neurodegenerative disorder, and its pathological
mechanisms are not yet fully understood. In recent years, mitochondrial dysfunction has been recognized as one of
the important pathological features of AD. As the central hub of intracellular energy metabolism, mitochondria
maintain ATP homeostasis through the tricarboxylic acid cycle and oxidative phosphorylation under physiological
conditions, and they are involved in important physiological processes. However, under the pathological state of
AD, mitochondrial function undergoes statistically significant changes, characterized by bioenergetic metabolism
imbalance, impaired mitophagy, abnormal dynamics (including excessive fission and fusion defects), and excessive
production of mitochondrial reactive oxygen species. Moreover, abnormal interactions between mitochondria and
the endoplasmic reticulum disrupt cellular homeostasis, thereby significantly accelerating neuronal degeneration by
exacerbating the pathological processes of AD. This article systematically reviews the core pathological features of
AD, focusing on the physiological functions of mitochondria and their dynamic changes during the pathological
progression of AD. Finally, this article summarizes the anti-AD therapeutic strategies that regulate mitochondrial
function, including small molecule drugs and natural products, providing new ideas and potential solutions for the
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treatment of AD.
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[ /R PR IEEER I (Alzheimer's disease, AD) A& — itk
AT PEAN G IRAT VRS, 2 d o L (R R R, HLR
(R e e SR PINSIIL: R S SRR VAR S NE 24
AD NHUR Y, 2915 95%, K 5 R & 2% /> HOh Kk
AR, A 7 5%, A OCHE NG # I 2R 0 E B[] o4 S5 AL
A (apolipoprotein E gene &4 allele, APOE &4) & ¥ K
A48 28 A (amyloid precursor protein, APP). - % & 1
(presenilin 1 gene, PSENI). % % 2 (presenilin 2 gene,
PSEN2). % A B 53 Clq A 5% 85 & 2& Al (complement
component Clg-related protein gene, CLU) 4§, J¢ H /&
APOE ¢4 A0 IR, 2 52 B-3E #3 AF 25 11 (amyloid-
beta protein, AS) FJAR B F1TE R, 45 7 & 1l B2 & 19
A DA € ] ) 7% % i R 4 7 2024) f R,
H 1T AD B FoAth i % 2 N0k 1699 T3, 2915
ARSI 30%, BN ST R B E S T 2R
ACER i T R AR R a2 YT R, R
HE B R 0% 30 A o R G A2 W, IR IE AD By iR AR IE
[ AR AN S S G s VRN R 2 N 7
%o BE— I AD MR R AL, B R Y 25 4 5 0%
B, TFERAIBE TR Y], LR A T §EFE S £ AD HY
RAEREPEEEEFEH . T XEE AL AD
LoRLAA Tl Be AT () W FE I e o
1 AD ByfRIEHLH

AD R IR LI Bt A% PR 2% L 3R 85 52 i) Je AN 1k
A% 77 N L ML &R, o % HAR 5764
A
L1 p-EMHEEANRERR

AR FEB L p- 47 W (B-secretase) 5 y- 43 W i
(y-secretase) A W56 )5 V1% APP 1M p= A= (1), 1X — 13 72
52 BB R IEULRE 45 & 8 B 4 e TR BV AD I
1 0 g5 BRI 2 —, ABTE AD R Rl it 2 18 18 7
TEME O S0 JEAE, 91 K S A 25 ) e 38, 3 — g BRI
FRTZMIEMFEPERIE T . ANEREREN AL
SHLH B A 2w I AT AR T B AR IE I UE N-
FF2L-D- R & % B2 %2 f& (N-methyl-D-aspartate receptor,
NMDAR) 51 255 H K, I 15 5 Leob 4k e 528 17 4 fe L
T, BB AT T A4k Ap @ T 2456
/IN T J5E 4 B 2 T 1 5 FF 4 B fish & 52 44 2 (triggering
receptor expressed on myeloid cells 2, TREM2), ¥ &
NLR % % & pyrin &5 # 3 & 1 3 (NLR family pyrin

domain containing 3, NLRP3) 4 JiE /M, IXBN 1% M p 4t
RAEST ., TR R, AR I OSSR A
P W -38 (glycogen synthase kinase-3 beta, GSK-35) %
AT HE L AR DR (A Tau i FEBEFR 1L, [R) I 01 1) 72
FAGAB R AR I B AR B R A1, BUEE ML 5 B0
EEEE IR R 1) Tau & 57 5 REE, WA
M, 9l R TCREE  RIE R B THIE BIE R R4 &
A A543, e [RIR A 28 1R AT M3 728 (1) EHLEE AU
1.2 TauZEB I EBERL

AD ) 53 — H B 3R AE & B R AL Tau &5 H
(phosphorylated Tau protein, p-Tau) 45 =378 f5 7E 1 &
TG AR B IR IR IR A, B A A 2 TR AT Yk 9
(neurofibrillary tangles, NFTs)!'">"*, 1X 2 ik — 25 520 41
JH 32 g IR 22 TCAE T AR 3, T T R AR B R A i
B, A& FEMA O T AN IR, g RIA
Tau Y EEFE R AD /) B Sy v, = BEBS IR TF (adenosine
triphosphate, ATP) 7K1~ [££ 30%, i ¥ p-Tau 5| & £k
oz A e AR 1>, I FE R RR AL 1Y) Tau B 2 FHE 2k
AR Bl 2% 3 i, 88 G TS V2 1) 2R ik 4 A7 5 p-Taw 8 i 6 42
B JIM R 1 1 (dynamin-related protein 1, Drpl) %54k
KRSy 2L, 3 N 2R AARE F A4k B, a2 Bk
K EEMT ., Bt Ah, p-Tau #0il #% Kl 7 E2 #H ¢ Al + 2
(nuclear factor erythroid 2-related factor 2, Nrf2) /1 1)
PrE A R G 1 BB RE T, 3898 P 4 (reactive oxygen
species, ROS) 7= 4 38 I, T % S8 Ak 361 49 19 1E S i 36
PR, W BEAZ X 5k (1) p-Tau 7] R8-S 20 L 24 4% 0 0 i
PO, 51 R AR A 0 AR 2R IS P i 5t G (] e
PR B FEN B3R JC-1 98t Gl Rl 5 2 7€
PREF Far I 26 F 4 Dy e 1) [F] B, & BILAE AD & i 72
LRI T RE RS 5 p-Tau & 1 579 2 A1 CEE. $T
p-Tau /5 B AE AD 1 (4% 0 AE FH, % N p-Tau & A R 45
I PET A& C AN AD L 2 Wik .
1.3 SR

AN BE AD i AL R FERZ O AR, LR
Jii /& ROS Fli% 1 % (reactive nitrogen species, RNS) ]
AR5 PUEAL T 1 R S (AR A A Bl A B
oS SE A P Bl ) 2 [a) i) R A0 #E AD B F 1, &8
BT BB R T RE R RS & AB 5 p-Tau 559 B 5
HIAH EAE 22 ROS W & 77 4, Pl ek RANE
B de 71, 51 & A0 4 oo s i A Ak L R BB R R i
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£, X R A S AT I R % APP (1) Ak B sk AR AT 43
WA RS YE, AL E R AR 5 R TY BOUE ¥ 1 5
e, & 8 o B0 Tau 8 E T B R 16 3K 3 NFTs /) B
B4, TR, SR A B IOL 2 B AR SR A4 IS A, fis
H W S B B R A, DI Rk e = A
Uise, T80 ATP & B /> AL 1 4% 3 B iR, T2 BR
ROS BV, ghAbh, & )8 8 T B 8 5 APOE ¢4
& RIS DAL - T B [FTBOR Ze b AR 1 473, (2 1 A I A2 1) K
&, H EH 25 Tau B 1 B BERL AL FI NFTs 1T 525
14 Hits

P RAEAE AD RIEALE H RIFE R0 E S, B
AB ) e PR [ HES) T Tau 8 A ZE NN N B9 #, A
51K EE Tudi i, 38 23 3k — A5 I e 7 2 A A
D RE LR /N B o7 4 Mt A2 T i o7 24 i AE A BE
B BN R R WO, OB M R SR BE R F - @ (tumor
necrosis factor-alpha, TNF-a). 14l il /- % -1 (interleu-
kin-18, IL-18) &4 % K 1, 3 M 5 E s N2 A1) 314 Dy B
WAL, 2 2F D HUE B, (B IS M RADIRAS, &7
S LT 7L TR

W LR B, AD B3 I AN D) R4 1 5 10 A 5 e ik
TR 06 i 97 738 P4 0 ok 0 L A5 A % ) AH DGR . A4 if
B AL R R 52 (I SAE FEP I, 382 5 0 15 ik
T~ 4 5 I R R A SE A, SRR A T I IR T
REP™. 75 AD i R H, il Il 38 vei 2> 0 I i o B A A A
9 BB BRI, R AR S IE 2 A T BN R 1 i
EARAREVIMEK . X —EEAMUEE S| K& ehifh

FBAAT ABIE B, 3 2 30 3 i foG o B v R A2 A1 40 & 98 R
BR 7 A, 5 PR 8 98 R AR W TR RS, 33— A TR
AR5

AR, TR 2 (I HE R W, 2R e AR
WHZ O, 5 AB DU p-Tau S A N B B 1t
TEER, FLoh 25 2 1 S E ATP A B3 5 45 e 25 25 1 K
ROS 340, 1E B AD i B2 5 S B 1) S gk HE 2l 11 0Y
2 ZNEENFENEEENX

LKL 2 HHOWUZ B 5 M 0 S I 4 . 2, LA IR S
P S L[] T i 3 AT IRD Jls A, R AR s B R AL T Dhie
I DX AT . R R A R H R 2 B A T i o
HE, R 2N ZIALTERPIRRELE M, 5T E RS
e [] g R B, X R T ) 28 T e 5 G T A8 i AL
WS PE T REAR O NI4T B T LT 2 U, I8 3 Y
INZeRi iR AR, Sy a i g =AU A m B i, SCRF
A HE B B 7% BE =M. £k ki 4k DNA (mitochondrial
DNA, mtDNA), %t 13 /™85 [ )it .22 > %5 is RNA Fl 2
AL BER RNA. mtDNA [ 56 B PR 4R 14 Ty fig 28 0%
I, 05 A S EOEOW . 7R YT, mtDNA T
15 RN R 7 2 5 b G S LR 4E R AoE v

AR AE v 2 i e = AR 1A% 0 3 P, 25T
ATP AR & s 2k il o 3l /) % 4 L, B
LRRAR R S AT I Rl S AN R R, AN GERR L &
A T BE RN 20 A3 107, 3 1E 40 PR AR T 45 A 5
b R B LA, 3 T A O A0 O R AR EE T A 1 Sk
(1),
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Schematic illustration of the dynamics of mitochondria. Mitochondrial processes include fission, fusion, and division. The

primary factors involved in mitochondrial fusion are OPA1, Mfnl, and Mfn2. These proteins bind to the inner and outer mitochondrial
membranes (IMM and OMM). Mitochondrial fission is primarily mediated by Drpl. This protein binds to the OMM and forms a ring-like
structure that facilitates the division of the mitochondrion into two separate entities. Mitochondrial degradation involves the process of
phagocytosis, where the PINK/parkin complex directs damaged mitochondria to lysosomes for breakdown. Drpl: Dynamin-related protein
1; Mfnl1/2: Mitofusin-1/2; S-OPA1: Short form optic atrophy 1; L-OPA1l: Long form optic atrophy 1; Fisl: Protein fission 1; Mff:
Mitochondrial fission factor; PINK: PTEN induced kinase 1; MiD49/51: Mitochondrial dynamics protein of 49/51 kDa
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2.1 KREHHFE

2.1.1 SRS ZORiARE G2 TR Ao
A1 HEMT P S ) R L T TR AR R R R AR (1 B S A
M I A 2 A LRI ] (Y 7 TR A 5 D RE HoAR, AL
KM LN T RE BR B, S 2 3 T SRR X 45 (1 D BE 58
B %0 R T I B T RE RRLAS 1 LR AR, ik G
Hor WA R g R L5 05, 5 50 VF e B ZORAR A
PR RS ST PR 1) Th BE AR B, AT 245 55 40 Jif e
AR FR A, LR R Rl & 20 9 AN B b & R0 A I R
PN SSE D B, A R b AR A 5 PR AR 1 Rt
4 M 1/2 (mitofusin-1/2, Mfn1/2) /5, 17 P95 Rl &5 14
T A2 ZE 455 A 1 (optic atrophy 1, OPA1). X
Aofr £ 15 3 R B A R T TR A A e R 4 i R A
B,

Mifnl 52 — B 28O 4K Sh B 5 B 19 1 = 0 IR i
(guanosine triphosphatase, GTPase), J& T £ ki i fil & &
FI A% 0 A, T B B AR TG BRI 2 21 rp k™,
Mfn2 £y GTPase &) /3 & H, I8 # R AL H A 7
LR AR A A - N Ui GTPase 45 148 K 7K filf GTP
S pLpe &, C i 5 16 45 ) S A v 2 Lk A1 5 T 15
ih AR AR, f 28TV Rl 5 LB 58 B S B, JR il
T 2L A DX 245 7 24 4 47 mtDNA 33 J53 46 73 A R4 5
JRAZE 40 He b, Mfn2 B2 DRE A5 N 5N - B Ak
FZ fil A7 25 (mitochondria-endoplasmic reticulum contact
sites, MERCs), 1% 2 K] i ist 176 5% 7 B9 82 7 A2 P Fh ) g
B PR R A BT YR AR AR R A R E 2 (ER
mitofusin 2, ERMIN2) 1 Py Jiii /X 7Y 2 ki 44 il & 8 1 2
%5 # A F (ER mitofusin 2 tether, ERMIT2). JL 1,
ERMIT2 B # € 1. T MERCs, 2 5 P Jit W 15 2 HL 4 119
1 e, 2 ok 45 PN 5T DR T 2 T 4 5 0 SR A4 T 55
JEH R AT AR D9 Mfn2 () IR PERC AR . BEIT BRVA AR, AT
R HE LR AR 5 A 5T 0 FR 4 T, 5 B I A B 3, F
T ¥#0% NLRP3 28R M B KA AR T, A%,
FEA PARIK FE N, MEH R (e B 2R A i 7, 3 BUA L
T A i, DT I i i) 5 4 3 ) 40 T A AR 05
BRUPA. R IR AL 3[R 2 B Mifn2 A2 F e 2k A %
SR REPATE, BREAUE S RS IENE
FRAESE TR Z IRE D 71 6 -

OPALfELHIE A 2 Fi 3 dt A, BN KA 22
#4555 H 1 (long form OPA1, L-OPA1) HlI % 4 Jf ¥ 22
Y% A 1 (short form OPA1, S-OPA1). L-OPA1 j#id
B KR AE A S-OPAL, J5 7 B ik = 5 JIE 465 g 3, (HL R
¥ GTPase 44 #J4, L-OPA1 Jii ) 5 = %8, 1fii S-OPA1 I
X ) B 25 A 0 R, 3 O [ 4 5 R AR I 4% 4 3
AT A, WU R Y, L-OPAL T 5 4ME Rl &

A Mnl/2 PR T A RS K E R, JEi R
28R AR B BT Z (W0 mtDNA AR [ 446) 125 5 53
A, AT 38 o T Be A0 BY . 4k, OPAT i i 4 #F Ui¥
M Al 1) K R B, — T T PR A 40 N € 3R C ) SR
I DA R T2, 53—y vl o A A AR B
B A A, B2 PR T A AR L R e ATP &
HAE 10

SR IRENGIEE R IV I IR RS R AW T ]
g T e 22 00 EE S B A0 P 3 N T g R i
TG I, B DR M 10 1R R D R AT AR AERT . Aok AR
flE 2 5 A MAE 5% 3, R i 2 8 4 i e 8 24 15 AR 1k
AN RE B3 A I 38 1 R e A R 2 BT A A, S
FoAb AT 5 8 ROUE VRS . 2oL Ak il 7 S 2 S L I 28
Hh e A O, AR BRI b, SRR Rl S AT 4
FL AR JOIRZS U470 2 RS 0 R B ke, I3 3o 410 1) 2
LB PSR 1 4 88 s 2 i 5 A
2.1.2 SRR Sk R — S E IR AR
Vet AR, 4R 0 2R Al 5 A 58 1 AR BT SR B B
I3 2TV U AN B2 AN BN R BORLAR IR I F2 . e A
VAE SURESTBURTE X G I R R DIA i
TN R A%, DT G i 240 D P I IR0 I e 1. 2k
W73 20 R Bl A BB S (A N B RE
SAT) WEBNCY. Drpl /E N 48R4 4 2L A% O R B
F, 0 P 32 200 E R L ORI . — 7 I,
Drp 1 i 3o 2 K7 A Ah R E i) 20k 4 7> 285 1 1 (mito-
chondrial fission protein 1, Fisl). £& ¥i /& 43 2 A T
(mitochondrial fission factor, Mff) £& ¥ /& 5)) /) % &
49/51 (mitochondrial dynamics protein of 49/51 kDa,
MiD49/51) %5 i P i i 2 8 T B 52 7 2 A ) s B
RN AL . X e E B 9 Drpl i iRy e 1k 4
B AL, SR AN H BT ) 2ok A A IR ) 5 AR 0 R
73— J7 1, Drpl B35 ¥ 52 3 816 5 B 10 1 3 25 1 1,
EH 20 AR B A O 1 R 1/ R Co (cyclin-
dependent kinase 1/protein kinase C delta, Cdk1/PKCo)
I3 616 37 22 Z R ) B R A0 A2 U ) 189 it 24 b A B 1)
RE 77, T H %5 U B TR I Y 52 1 637 o7 22 S R 1 25 B TR
AT 38 3o ) B AR T GTPase vi% 14, FE[R] 58 B4 43
FERREBEINAN O, X P X2 R % R Gi4d Drpl BE
M 7 AP I R A S S RS, P IR
LA 73 SR 2 Y R LR A D) 2% ) 251, AE T B 32 40
AL EE R R 1 A &N 21 i Sy A LSS
A 2 R PR FEAZ O AR T
213 SR BERE  ZokiiA B R Mk R B
2, @ i PTEN % 5 ¥ % 1 (PTEN-induced kinase 1,
PINK 1)/Parkin RBR E3 iZ % & [11% # #§ (Parkin RBR
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E3 ubiquitin protein ligase, Parkin) & #i (172 & L i& 12
Mz AR ROS 2 TE R 2 Bl 2 RERLk . fEL M
PINK 1/Parkin i #% /7, 52 457 £k A7 44 JiE p A7 4 2%, 3 50
PINK 7E £ LR SRR E AR R, 1E M0 0 B3 92 30 3%
ity Parkin, f# 14 2 R4 1 I 2 1 (1 K48 A1z &AL, HLUE
¢ 5t 14 B 25 F JB 18 (voltage-dependent anion channel,
VDAC). 5 %% 158 [ 52 (nuclear dot protein 52 kDa,
NDP52). ¥ ## 4 2 [ (optineurin, OPTN) £ [ I 52 14,
e 408 1T 0 A o8 BE A 1A/1B 3% 8% 3 (microtubule-
associated protein 1a/1b light chain 3, LC3) /5 [ H Wi
A — V5 T A 3 48 0 TR A AR5 s T V2 2R AR AR a4 2 T
JE T Bel-2 A1 H A F 8 1 3 (Bcl-2 interacting protein 3,
BNIP3).Bel-2 A H.{F FH & 1 3 24 (Bel-2 interacting
protein 3-like, NIX) &% &5 H H % &5 & LC3, 2l i
OPTN iR il 2 b 4 st v A7 22 iR AL S5 401093 15 5 )8 30 E Ik
BB, MRz 2B, 1z fE AT CldE sk LR 3 f
J7 AORYEFF A AR AS: 5 —, IE PR DI RE 2R U 1) 2okt
A, B b AR B ROS; 55—, AT DAGE SRR (i e i) 2k
A 2%, fR B ATP AN 5 45 55 71 ds; 56 =, T DAk 8
PEIE Bk AZ mtDNA, By 1E J8RE /M 7 BaE T 2ekr
1 B W T e Ok i 5w 4 IR AT M B (e 4 AR
PARK2/PARKG6 RA%) # YA 5%, © B AL I BT 7E
IR PRI
2.2 LRNIRIHEERSRS7E AD & 9%+ B91E R AL
R BR 22 I 95 3R W, 2R A T RE R S /E Oy AD
(R G SRR AR, JFG P B R R B e e S S N R . AE R
KA AD B R, &RAR ROS 7K1 2.2 &, T
ATP (25 jil 5 WY S /0, 2R AR JBE i A7 [ IR, mtDNA
5 DUH K e B 2 N B . B4, LC3-IT S &Rk
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R KMAD I — AR, Hh, PSENI RE 27
B RLAA ) 7727 S, W R RAR I R SR A,
T 3 B RLARRE AL, X P AR T R R s
Fit B A B L S R AN B0, AN T R A 2 s R A A T
AN TR ) PSENT 98 A8 A7 k% 952 99 1) 5% il 42 B 25 AN AH
[, 454 APOE e4 FEPR AN A, HBORLAA [ ) 1 3%
B, i R R K = A R 2 B M C R o B 4k
KL S W) TR IV AR BAEH, BEAR 7 R B 59011
e, SEREE AR AT BE AT A AL BL I 0, AT R
JCIE AR T SRR LE BIUR T AD 4R FATHL
Hil 2> = A% (K 2), Fom ERAE I mlad i 2 4 R AL S
[ IR 3 AD [ HEFE

221 HRAFEEMEENHEE HEHLMEITHK
73 BE 5 1) A 75 JEC ), A 5 R 4 11 7 0 W R o 4 B
HAELEM 200%™, EABRET, e ERHEERSR
R B A, dERF 2 T IS Bl SR e B B T
A U AD 835 N A SRR BOR b, F R A
UiFs DT 222 B P AT BB A1 5 R AR 45 A 5 A, S B Bl T
PR R, 0 A PR, A, B S R
D6 Ml R GV FT 2 RLAR IR D R, %07 B R
WA bl T SR AL R R AL P AR RE RV BE ), AR VPN 4R
AR IR Tl e R OB FR AR o AT R AR PR A ] 2
S 57 2 IO T e P A A Y R A i Y B B MR M
¥ # B (nicotinamide adenine dinucleotide/flavin
adenine dinucleotide, NADH/FADH.) 4 il /b, i i
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Mitochondrial dysfunction plays a critical role in the pathological mechanisms of AD. The interplay of mitochondrial

bioenergetic metabolism, increased oxidative stress, altered mitochondrial dynamics, and interactions with the endoplasmic reticulum

contributes to the development of AD. AD: Alzheimer's disease; ATP: Adenosine triphosphate; ROS: Reactive oxygen species; Af: Amyloid-

beta protein; NFT: Neurofibrillary tangles
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TAL B EE DI RE 10 M ROS K . 1X— M ZFLAE AD
B e AR L, APP/PST /) BRAE 4 J BE I (A BB 1
RICHR) C HBLER AR R 548 TV 54 T B 40%, ATP/
ADP FUAH K 35% . eI, A 28 41 fi 475 T i ik At
A& AR SR AL R 4R R B A T RE 8 7 K
FIIEH M IRE, (5 SR A ) g S QU 2R TR, i3t
N AD F RS B, 2R T BE 1 B A 2 B AN T 3
AL %, W 5 i 0 2 A AR LRI IV 35 P72 AD 3t &
Y13 25 32 40, L R 7 S 0 v JE T B, ATP /K- ST B
I 40%"" s tbAh, i S A W Mt 1 G WD 0T 2 Ay FL i
i# Al ¥ 1a (peroxisome proliferator-activated receptor-y
coactivator la, PGC-1a) 25 £ R AR A= W) & R AH 5% 3 TR
I D, FEORE RN A A e RIS, AN A
J T B PR 28 R 3 A T S 2 Y B0 R A i P 7 2 AR Ak
1T A2 T 5 240 0 v 36 T e A A b A o i L7
RIAR A2 ™. BEAE Bt e, 35 42 1 i 1A B E T
RE RS 75 A R 28 70 o T2, I3 I 5 M % fih 4 hE 4K 5 22
THRE ST, 5 BU 2 0 2% A3 8 1R T o ik 4 o
PR R P BE 0 8085, e B AU 3R AL 51 R S A% i
RO B, JU LA U A 50 I X ) I Y i A
FHOM L TCT) RE RS A G M AL T, FEME A N D e A H
AR,

2.2.2 SRR FALRIMIETR  7E APP/PS1 /)RR R4
e FE N0 RS i B, i AR LKA FE S B N, ROS
IV ITUE BT, ABRIE 1505 R BRARL, 3 22 ol 4R A
L7 8 AN R A% 3 DR A S, BE R R AR #E N AD 1Y
TG, ATVEE AR TE R AR LA E I A (R C
1K1 (cytochrome ¢ oxidase, CcO) ¥ P FF Al I8 28 s 4
i3 35 A, ) S I S R A2 SR A )
AR, 51 % ROS K VESE K, T8 LAt 5l AD 3t i (1%
PEAG IR B F0E T LA 2ok A B i i S A 72
JCIRET, ZIRET T RE R R HE N 2R A, Bl S A A
Ja P AEOGAE T, R 5O B B AR CE A
WG, 55 E S AR A ROS R IEM K™, 18
1o B3R T VA TR v AL ARLR N ROS KF, D S
TAELAE I B8 S At . F TR, ROS i LA 87T 3 5
A, 5 2 AP R o B AE B AT T B AR AR G
T i) 2L A ROS i 1 0 p38 22 28 3% Ak 2 FH ik
M (p38 mitogen-activated protein kinase, p38 MAPK),
FRUCR M E 2 AR R B A IS A O
I3 T AL D0 e A AN RS T R e R as i, 2
1 3 B 28 7o R S AR SR o 22380 o A% 32 e 0 %
AR R AR AR 1, B & T S0 R T g
B2, B TTIE 2R Y, AN [R] S DXOnS S8 R0 38 s 1 A
FE 72 5, WV AT B R v A 7 oR 3 B b A o 32

B, TR VS T, 7R AR T R 5 kAR
ROS M, 8 R 8040 B2 38 S B X 2l 72 R
ASCRE WA 06 DX 1) A AR, I8 T REAE b IR AT MR 1)
R R R Y

223 ZREMHNZERE LR 502
AD R EZE R Rz —, W9 vl il E g e
M ER LR AR T A AR, JF 45 & % b A (W GFP.
mCherry) b5 ic 70 R Rl G A O E [, S IE BR 4R A 5]
D1 G A TR A B e 1 R RIBKF, B
J1E AR BE TR I, AB AR B N Tau 25 % B
PEAR B2, — U7 2 1 Drpl &5 2 Wi 44 43 2 8 1 3 1 1
W 53—, =% 5 Drpl A HAERH, LFEIKsh 2
KL B 772 KA, RN Rl 72 5 25 ) 5 oy 20
PO FE WO, 5 SR A B e B MR A OR e AR U B
T, B G RME TG RE 78, I AD Ji F2 ik 7,
AN, Bk it B o 2 AR S AB AN Tau 2 H 5 R
£ FEE RS KT, mtDNA 5145 AL B o, 51
FEC 2R WA TR 7 oA, e A 5 i JR) 8 R B AR 1 22 v ANt
AT T R 0 W, o 2% O i 2 4 % b 4 368 o RE TR0
b, HEBPPEE TCIN 4 D Re B AT IR AL, BB InE T
AD 7 B FEC,

FE AD /N B H, B0 RO TR K A 8 70 1) 2R A4
IR RE, TR Hm AR T SR ARG . g A T
P 8 Ml DX 81 X6 28 0 47 Ty B A S P 5, 1, 5 52 B A R A
BN 75 5 R SR ST (1 4 2 20 A R IR
ANTE (R R AR Bl 772 i /MR 4 ZE AR 48 i AR
25 ] I O Drp 1 R A0 (2 JE 26 R A4 i BE 43 2 5 [R] B
& 2 A5 5 i B W AH ¢ B B 3R IA, 1 i p-Tau & Al
AP 1118 A I B 48 PINK 1 . Parkin . LC3-IT 2 28 %7 44
WA 5% 2 1 1R IA 7K P B 35 BRI, 5 BUZ B 26 R 1A
PR S D S = 1 T OB X B2 N TP
T F52 I 440 D0 T ek R B i 1 R A A R T
SR A R 2T A I 285 1) e e PO

16 AD FHH, R 4 i re 8 @ I A R A 4E R —
SE 1) H W KPR T B AR R ), (H X — 7K P i A 2 BA
e A B S R AR A, B BB BR AR IR AK. SR,
FIT AD FH IR ARY B, WIS R A 0 ) 2 A, R
T 1 W A 5 A P ik 5 P DA S e R AR 1 Ml 2
i NI, SRR B AR A R R R, i —
Jor = 40 D 45405 RN T RE B S, AT A2 32E AD [ 2 AN
9od 1 S AL . A 9T A E 0 % % R D (W1 mCherry-
GFP-LC3) bric H Wk, 45 G i Bk 41 (0 08 e PR ET Yo i
B i v B AR, 38 I 3L 58 A 23 A VP Ak B R A — I i R R
A RE I P A UL 1 R A L T I A 1) R T
Fa), B FH 2 R A B 1) ¢ YR IB BR R KL, mTiE— 2D
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7~ AD H H W D e (R 3 & 28 4 15 Zbr i 7y 24 8
T RS PR SR B
224 ZRAESERARNEEERRE ALEHRS
N, AT R A TR I A RS T A 2 T WL ) A
e K R & 5 57 2400 [F) R L, 3h A5 4E R 40 i RE & AR
R R G Ra 51, 78 AD Hh, ZekifR LB B BROIR
A, SN A SR EEEZ . 2EN
MERCs 2 {1 y-43 Wb B v V38 1w, ok AB AR A, T8I
RO A R VR WO WS (W GSK-3p), 58K Tau it B R
o X 2 il & K Yt & B H X M. (unfolded protein
response, UPR) 15 ‘5 18 % #F 22 W&, AT bn i A A
p-Tau i B, 51 K F515 5 Z AL G AU B s 22 S A S
B, ASFEARMET SMET. Kb, ks
5T A ELAE S o S 2 0 A 2 T AR AT M
AR, 3 T 5 e BE AN P 48 2R 458 114 D) R AT 031

AD 1 75 1) MERCs 38 3 22 i 73— AL 1) B 20y 4 22
BERE, Foh 1,4,5- = B TR JULRS 52 4k 1 %) 0 R 755 2 1 75-
FH, T A4 i1 [ B 738 38 1 (inositol 1,4, 5-trisphosphate
receptor-glucose-regulated protein 75-voltage-dependent
anion channel 1, IP3R-GRP75-VDAC1) & & ¥I1F N %
SRR L, R EE LA . GRPTS 1R
1 B Ty B R B 4 F 55 A 5T I - ZORE A 1 ) BE B, T
FHAE 5L 1B BOR K. TP3R 5 VDACT F i 3 I U
L 3 L 0T 5 DA 1A 5T IR i) R AR 1) S T 3 i, 3 B0
PO 55 B TR SR A, DB A U T S T v (RN, R A ]
5 5 U /D 5 BCHE H L A A A P O, A A AN 2
IiE A RS B R, fEADH, ABERIE S HES S
IP3R, $ 3 FLES BE U 5 P8, JF38 3 GRP75-VDACT i
BELRLAR BB S, AT 51 R & TP T . Be 4,
AP I 23 FEAR SORL A A/ 52 0 45 1 2R TK, 410 1) 2 hE 44
BRI H e 5 P o A, TR IR R A o PR 5 e A £
FRA AL, 3 EUR B U XA S Aok
PRI e 15107 323t — R MERCs 45 14, 47 223K 5
ZICIRAT IR AR .
225 ZRAEFEEAERI  mtDNA Z—FlRe Il 8
LA W5, B AR AR T A N R 2R AR Rt
mtDNA i1 T8 Z & H R4 HAZ Z LA R, % ROS I
i BERURR . XA 5 40 P A AR S B R A 0 A by
A 5y 7 AR 8- S S AR A MR L 7 ), IR e A
248 mtDNA 1) & Hil A& ZALH], T SO0 11 B
T 2N VIR AL, B A SRR AR AL, Sl R
e, B SR B, AD B Ab JE I A i 4ROk A
DNA (circulating free-mtDNA, cf-mtDNA) /K & 2 f¥
fiX, 5NAIThRE T B IEAHOC, WIAEJy AD ) AEW0hs &
YU, 7E AD B, mtDNA [ S ARSI R B 25 T

FEXT R . HHA mtDNA 8748 5| Kk AR T REFE 1S, 52
Wi 241 i e = AU, 3G 0 Ak R, (R 32 AD 1 AB R E
A Tau 25 A B HE"Y, mtDNA R4 5 Fow 4 o6 ) fig s
TR AIBET:, AT 51 &K AD FiE 4 A S5 5. £E AD
BEFLIR /N B AP I AG I 2 mtDNA H 34k, 28 Wt 2448
A5 e A 28 0 fE R, T s 5 O E AR . mtDNA
R 0 AR AN AN B B Wi #2298 0E AT I R T L Re A 3R
L, I8 AL S 2 P E S AR FLAE R, 0 R
Zuti D) ReERG, T BONRIRE /1A 7T R

gx b, ek AR W) e B AU R EL R I ATP 2E B
P | LA 3 B T G A 1 PR AR A SR AR S FL AT T
B, B2 HI 55 ¢ 48 oo Re s AR I, 0 R 9 fisk 1) R A AT
IR . Ho—, kR AL N O 08 F 2 ROS i FE A
£, 5l R Ma e A & B 5 DNA S A i, 65
ABTauw i BLIE BB PEAE A, g pf 2 i T H =, 2
KIARZ) 77258 KA (5r 240G 5 ) (RAT SRR 4L
G R T W IR R R RS, T O X 2 R A
DReAit &6 A2 Fo =, Sokid— P oz I AH B A F 2K 1 8
i 5 K AN SR AT L BORLAARH O PN JoE I B D e e A R AT
B HE RSO, U5 N S I R I Bk AR AT B it
B, ORI G, SRR BRI RS &
BL-F BOA A ER AL R G52 40, T AN T I8 D R AR A3
KMo EIRHLHIAH B AZ 2R, LRI R AD Hh 2ok A4 2%
IC A 7 I 265, 3K — T B I 26 (1) R IO 2 7 I ) 4 R 1k %2
Y B R (W Re = A E I PUEA T T Bl ) 2
I 5 BN AD TR IT 2 A SR 1 S
3 IR AD RIS K E N FRRA =Y

T AF SR, B T 42 R A4 T RE B A5 1) T TR s Dl AD
YRITTRRE T A8 77 ) o JE e P [R] o SR A4 1) g JE AR
W EA I R AR A B 2 M 75 AH ELAE 5%, Re A AR A
AD 7 B R v R BRL AR B 2 SR M, N HE G2 R 1
PRAE TR R T % .
3.1 M FUEY

/NG T ZPDAE AD YR 9T I S Ok A D RE
k) A AR BE o & e A A SN R AR E . O
£ 25 D (cyclophilin D, CypD) & 28 ki 4 FE J5i o it — Ff
KNG, 25 BRI M 3 fL R TE RR, 7] DAGE 22
BLAR SN M, K A Bl R (ebselen) J& — Fh 42 4 H Al i
T I G o B ) Ak S 0, R DR 2 M e 52 AR S I ) 4%
EM - CypD-ebselen 1E A — Ff B L 1] CypD #11 #il] 71,
T g 40 1) 45 5 R R0 ROS A, FH BT AB 5 TR A
T AR50 - S A RO IR R, 985 Tau B E %
TRAL, RAEMEARYEF, M0G% AD B3 2Rk Th g
A0 T BN A0 MR T AR 2 n 5. CypD-ebselen
T o A1 ) e A o O T e AL T RS 1R B AR T
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FEAE R AU B L8 77, BRI T R o AU
OSSR AR B I Thae!™ . R BN, 2Rk
ZL4MH1]57)-1 (mitochondrial division inhibitor 1, Mdivi-1)
A LA Drpl, 351 00 28 WA 3 ) 2, H HIBRG i
FH 2L B 1) 70 S A0 71 B8 . 25 A 0 5 2R 400 e v 1
AR, T AR, K, B3 2R AR Ty e N ZeRL A 73 24K
P, AE O I 50 AN A 22 540 YR 9T T Th L 4% 3
HM, UMI-77 1B~ 6 & 40 L (1 M9 1 (myeloid cell
leukemia-1, MCL-1) /N 43 F # il 741, 38 i fif Bk MCL-1
XTLC3A F4l, fE 2k | AR 5 2 I b ik 1) 45 &,
T 3 5 2 RL AR 5 WEIE BR 2% . 7E APP/PST /MR Y,
UMI-77 i i ¥ 1] MCL-1 25 [ JF 5 5 GoR0 i B Ik, ik
/D AR BEHRFNANZE JRE, R B B RLARTE A5 . 83T Morris
KR E AR & B, UMI-77 & 3 Pk 2 5 3] Fid 12 6
JJU0, oK ¥ B OBE F O R 2R (mitoquinonemesylate,
MitoQ) J& — P nJ 2 375 IfiL fixi i B (1) 2 A 4 BE 1) it 2 Ak
A, R AR S AR VAR 9T 1 1A R X568 A R K R
SRR AE AR FH T 2 I, AR L AE AD R B
PRI VR IT I /1. MitoQ @i ¥ H,0, #4k 4 H,0 Al
0, [ ROS 7K ¥ FIAR AL A 5 1 4l 8 Q (coenzyme Q,
CoQ) 17 11 ok 2 3 2 Wi AR Ty R A 4E 47 1E 5 1Y) Ak iE
JROIRAS, HET 0 k22 70 PR T AR, SGEL 2, b
ASFRE S Tauid BEREER 1L, JEIG5R 40 2 oA K2,
Pk e B4 — 4% F R (nicotinamide adenine dinucleotide,
NAD") & N A 4 i o () — b 5C et i lg , T 248 L ) A% 0
Y2 E . 7EThRE b, NAD Rl d 75 SIRT1-
PGC-laf5 T il B R AL 3E 2o Rt B Wk, 15 55 32 4 (1) B pL
i, TR AT RE . 25T NAD X L g4
I o B T HL I A 24 W R R T A P IR AR R R R R
JE, ER — A R TS AR T SRS . NAD HI 40 5t
Jli¢ #% 1F (nicotinamide riboside chloride, NR) X} APP/
PS1 /N RBEAT I 5 AN F I U 78 K B, NR o] FH i
Wi ZHZANAD 7K, {2 % 40 f DX 1 K0k, IF I 5R H
W LN RE . 1X — It #2d, NR@E T2 3t Ap R G R A2
T A RLAR B i, 9807 AB 55 1 ROS A A 4 475, it
M E WM& T 5 U6, &2 5% APP/PST /ML
A8 77 R0 I fd ] SR B X B 998 1 I PR K
4o v, R I E R A1 s 8, HEDN AT BEAE AD K
W IT I R i R 5 S EURE AN 32, AT BR ) I
%}i\z}zﬁ[lzﬂo

KNG 1 BIAE IR R T DR B R0 T S AL o
B, A5T 1) 58 s PR T R SHEme, A 375 AT 6 T R 2 P
77 18], J9 AD BVaI7 #4178 i B R, I H o AT DA
DI R AR Ty R S ek 2 5% i ) gk g, AE R 2 IR AT IR
9o AR 5 3 S5 A3 Jee UL T il PR A AL T %

32 RAR=H

FAR PRI DL I 2 FhL | s R iR T g, A
1 4E 2% 22 3R AT PESTR I IE R . A B 90 R B, KRR 1)
F B E K 2 — R IK & (gastrodin, GAS) X
AB L, T B R AR 2 e gl i 4 2 5 1 A 2 R
YER, 7] fEE i B0 PINK 1/PARK?2 i PR AR 13 28 R 4 [
W, o 3 2R 1A (1) Th BE AU, R4 i & ™, R IRR
Tl R R RE AR, SR AP L TR R ), %
AP . ARG (paeoniflorin) AT & ik B AR
4334 A Drpl (17K, £ Mfnl . Mfn2 A1 OPA1 )3
ik DACKE 2R AR Th g, S R 1 2 R AR R AT, D8R AL
L 1R R A, AT TR 28 RGP DG R
T #1 PR S8 A 51 2 B il 2L, $27R HAE AD IR YT
HR BEAE AR ARG R AR = i e K RO
F TS A SRR 8 (2 3E SR R I il A, B e doki ik
I I N (T O 2 AN ) N - S
(loganin) A& — i Sk Y5 T~ L1 2 B9 1) 24 I 1K % 1, 7E 3
Tg-AD /N FRASE AL o ]k 55 2 R0 AR 2y 7 2 RN T 2Rk
H W, gk AR AR B IF B8 2 2] Fd Az s st
R FE Y, =L 2 F (notoginsenoside) & ik 4 i £ b
A E W > AD /N BRI AB BE BT AR I B0 D 12 B
5, 764K 4038 i 2 3F Parkin 25 [ 1) 28 R 44 1) 4F PINK 1
WAV A 55, 1530 LKA [ I DA 3% 52 13 4 R A4k O 2
i AR AL I PC12 A B A7 35 %, 103% 1 AD B B
R, =L REEIRR S TEIT 20U s
ALy Fy 308, KA A FH AT RERZ e M hsg, bt
A REIE N AD 38 1 I KU R R A (urolithin
A, UA) 52 — i i fizp 1 B8 AR A 40 & 107 A 1R R
SR, AT DL I B 2R R T B VA BRI Th RE, SO
LR AR W, DR mtDNA [R5 495 A1 40 28 280, I8 35 0
3 AD /N R I 2 3T ACAZ AR o REN, (E Bl B
AR 7T

25 TR, 76 AD R0k 5 75 2 i 1Y) T SR e o
INGY T A B (31BN R AR R ) (R
QURHIZOISOAILINTY g T RIF A Ao FH T A A Y
NG T, RIRER AT 55 R AR =4 R 0t s (1
3. EATAAEVE TRk, R RIF LB . £
BT RN . X PR RS IR CNIR T AD % E
FPR AL T B R R, (H Rt R vk ML
BONSE R, AT 2 R O R R — R &
4 RE

AD (195 B AL ] 5 28 hr 1A Th R B 75 47 75 2 D) 1k
o ER KR AD T, mtDNA RASHI R 53 T m, B
T I 44 0 i A 3 O Ml i BRAB BE . AE UK Y AD
2R R T BE S W5 A% 0 ER R BT P A BRI
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Table 1
line expresses a mutated human APP (hAPP: K670N/M671L and V717F) under the control of the platelet-derived growth factor promoter;
5xFAD: Five-fold familial Alzheimer's disease transgenic mice; APP/PS1: APPswe/PS1dE9 double transgenic mice; 3xTg-AD: Triple-

Targeted mitochondrial therapy strategies based on small molecule compounds for the treatment of AD. mAPP: Transgenic mouse

transgenic Alzheimer's disease mice

Name Chemical name Structure Mechanism Model Reference
CypD-ebselen 2-(((2-Ethylbutyl)thio)selanyl)-N- ] Inhibit calcium overload =~ mAPP, 5XFAD [118]
phenylbenzamide @LE@ in mitochondria
Se
N
Z Cys1is
Mdivi-1 3-(2,4-Dichloro-5-methoxyphenyl)-2- o~ Inhibit Drpl APP/PS1 [119]
sulfanylidene-2,3-dihydroquinazolin-4(1H)- o Cl
one N
N s
UMI-77 (3R,4S5)-3-((1H-Pyrrolo[2,3-b] pyridin-5-yl) OH . \)CL Mitochondrial autophagy ~ APP/PS1 [120]
0xy)-4-(4-chlorophenyl) piperidine-1- oH activator
carboxylic acid methyl ester oo
\S/
Br
MitoQ [10-(3,4-Dimethoxy-2-methyl-5,6-dioxo-1, © Antioxidant 3xTg-AD [122]
4- i 3
.cyclohexadlenyl)' decyl] . ) Q /CH Pi/@
triphenylphosphonium bromide H,C o
HiCsg CHj
NAD™ Nicotinamide adenine dinucleotide NH, Increase NAD" levels APP/PS1 [123]

Table 2 Targeted mitochondrial therapy strategies based on natural products for the treatment of AD. SIRT1: Sirtuin 1; PGC-1la: Peroxi-

some proliferator-activated receptor gamma coactivator 1-alpha

Name Source Structure Mechanism Model Reference
Gastrodin Gastrodia elata o on o Active SIRT1 and PGC-1a protein C57BL/6 mice with hippocampal [124]
H
(©/ ) expression in the hippocampus stereotactic injection of Af
OH
OH HO’
White peony Paeonia lactiflora QYQ Reduce the level of split proteins ~ APP/PS1 [126]
glycoside Pall 1 0 and increase the level of fusion
% proteins
HO 0 3 OH
HO™ OH
OH
Loganin Cornus officinalis “:’&\ Promote mitochondrial autophagy 3xTg-AD, SH-SYSY [130]
HO,, A
HO Hé Iil 0 H
@ OH
N
H
S0 o
Panax notogin-  Panax e, Promote mitochondrial autophagy Ap-induced PC12 cells [131]
seng saponins  notoginseng HO:(S:\(U gi—‘;_"
HO
Urolithin A Ellagic acid HO O O on Restore mitochondrial autophagy ~ APP/PS1, 3xTg-AD [133]

and lysosomal function

{H 28 KLk Th B8 R % 9 AD (19 5 — i R sl 46 1, A2
SR LT BN R B Eh 25 S A B (K 3), SR SR AR

T2t o

SR, LT LA AHE i) S A JE AL AT 7EHE i |

i PR
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Neuronal loss of function
Mitochondrion
) Energy + ATP
ABplaques metabolism
. _—
imbalance Mitophagy
\_ \/\ l impairment
p-Tau Drpl T
\_ Cytoplasm
—
Mitochondrial —Excessive ROS Pam—— )
Nucleus Calcium overload — \} o xc(lm egerlleratlon
= T and synapse loss
LAS mitochondria-
—— ER interaction i
mPTP 4/

Endoplasmic reticulum

 —————> Neuronal apoptosis

Figure 3 The relationship between mitochondrial dysfunction and other core pathological mechanisms in AD. In AD, Af plaques and

p-Tau proteins induce energy metabolism disorders and mitochondrial autophagy impairment by promoting the generation of ROS and

upregulating the mitochondrial fission protein Drpl, further leading to the accumulation of ROS within mitochondria, calcium overload,

abnormal mitochondrial endoplasmic reticulum interactions, and abnormal opening of the mPTP, ultimately inducing neuronal dysfunction,

axonal degeneration, synaptic loss, and neuronal apoptosis. p-Tau: Phosphorylated tau protein; ER: Endoplasmic reticulum; mPTP:

Mitochondrial permeability transition pore

L HY AR, I 5 1 2 R A AT R B 2R
RLAR L[] 2590 2 A VEAL &9, I I 57 s 388 32 B 0 AN
9, FEHAETRPE RGN A ROREA L, k7R
R R T AR M e U I oAk o [RIIN, 240 i 25 4 1) 3L
FREAIR, LR AL 57 v ) 2450 5 W s A A, ol A S
B F SR AR Ty BE WG RS HE T T8 BBk, LA AD B
HE DR /N BB R ) T B A BREBRARF IR L T A T AR TS, B
AN NG R 1 v 1) 57 o 12 b ik 3 2 45
TR, 45 5L T RS RY () Wt 5 A SR A DA S A 2
PRI, RSk AT 3 3 I e Sl o A 48 i 7R 3 38 B B T
LYINIANEL A BE ), I 2 W2 R NPERESE T8
AL B 7T, 2 ARG A BB AERL, 9 AD
TR A BT,

TEESUBK: 2775 TS0 R SCHR OO R ik s, T
T HR S KO I PhIR EAR BRSSO SRR RS SR LB B
FE R R AF AT B AN o AL

FIZEMSE: T A 1 & 2 7 AR LE R 25 0 %

les
[ul]

References

[1] Raulin AC, Doss SV, Trottier ZA, et al. ApoE in Alzheimer's
disease: pathophysiology and therapeutic strategies [J]. Mol

Neurodegener, 2022, 17: 72.

[2] Richard AA. Risk factors for Alzheimer's disease [J]. Folia
Neuropathol, 2019, 57: 87-105.
[3] Wang G, Qi JL, Liu XY, et al. China Alzheimer report 2024

[J]. J Diagn Concepts Pract (i2 Wi %% 218 5 5 ), 2024, 23:
219-256.

(4]

[9]

[10]

(1]

[12]

Scheltens P, De Strooper B, Kivipelto M, et al. Alzheimer's
disease [J]. Lancet, 2021, 397: 1577-1590.

Fiar Z. Linking the amyloid, tau, and mitochondrial hypotheses
of Alzheimer's disease and identifying promising drug targets
[J]. Biomolecules, 2022, 12: 1676.

Kumar D, Anand P, Singh S. Proposed therapeutic strategy to
combat Alzheimer's disease by targeting beta and gamma
[J]. Curr Alzheimer Res, 2025. DOI: 10.2174/
0115672050380899250602042028.

secretases

Hardy JA, Higgins GA. Alzheimer's disease: the amyloid
cascade hypothesis [J]. Science, 1992, 256: 184-185.

El-Shimy IA, Heikal OA, Hamdi N. Minocycline attenuates Af
oligomers-induced pro-inflammatory phenotype in primary
microglia while enhancing Ap fibrils phagocytosis [J]. Neurosci
Lett, 2015, 609: 36-41.

Soderberg L, Johannesson M, Nygren P, et al. Lecanemab,
aducanumab, and gantenerumab-binding profiles to different
forms of amyloid-beta might explain efficacy and side effects in
clinical trials for Alzheimer's disease [J]. Neurotherapeutics,
2023, 20: 195-206.

Roda AR, Serra-Mir G, Montoliu-Gaya L, et al. Amyloid-beta
peptide and tau protein crosstalk in Alzheimer's disease [J].
Neural Regen Res, 2022, 17: 1666-1674.

Zhang M, Zhang Z, Li H, et al. Blockage of VEGF function by
bevacizumab alleviates early-stage cerebrovascular dysfunction
in a mouse model of

and improves

Alzheimer's disease [J]. Transl Neurodegener, 2024, 13: 1.

cognitive function

Zhang J, Zhang Y, Wang J, et al. Recent advances in Alzheimer's

disease: mechanisms, clinical trials and new drug development



S A 2O IR T RE RS AR R R IR BRI A ) 45 F AL 7T e

3391

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

strategies [J]. Signal Transduct Target Ther, 2024, 9: 211.
Venkatramani A, Panda D. Regulation of neuronal microtubule
dynamics by tau: implications for tauopathies [J]. Int J Biol
Macromol, 2019, 133: 473-483.

Metcalfe MJ, Figueiredo-Pereira ME. Relationship between tau
pathology and neuroinflammation in Alzheimer's disease [J]. Mt
Sinai J Med, 2010, 77: 50-58.

Kulic L, Wollmer MA, Rhein V, et al. Combined expression of
tau and the Harlequin mouse mutation leads to increased
mitochondrial dysfunction, tau pathology and neurodegeneration
[J]. Neurobiol Aging, 2011, 32: 1827-1838.

Trease AJ, George JW, Roland NJ, et al. Hyperphosphorylated
human tau accumulates at the synapse, localizing on synaptic
mitochondrial outer membranes and disrupting respiration in a
mouse model of tauopathy [J]. Front Mol Neurosci, 2022, 15:
852368.

Petrozziello T, Bordt EA, Mills AN, et al. Targeting tau mitigates
mitochondrial fragmentation and oxidative stress in amyotrophic
lateral sclerosis [J]. Mol Neurobiol, 2022, 59: 683-702.

Wang XJ, Qi L, Cheng YF, et al. PINK1 overexpression prevents
forskolin-induced tau hyperphosphorylation and oxidative stress
in a rat model of Alzheimer's disease [J]. Acta Pharmacol Sin,
2022, 43:1916-1927.

Omoluabi T, Hasan Z, Piche JE, et al. Locus coeruleus
vulnerability to tau hyperphosphorylation in a rat model [J].
Aging Cell, 2025, 24: e14405.

Nolfi-Donegan D, Braganza A, Shiva S. Mitochondrial electron
transport chain: oxidative phosphorylation, oxidant production,
and methods of measurement [J]. Redox Biol, 2020, 37: 101674.
Cioffi F, Adam RHI, Broersen K. Molecular mechanisms and
genetics of oxidative stress in Alzheimer's disease [J]. J Alzheimers
Dis, 2019, 72: 981-1017.

Kim GH, Kim JE, Rhie SJ, et al. The role of oxidative stress in
neurodegenerative diseases [J]. Exp Neurobiol, 2015, 24:
325-340.

Wang L, Yin YL, Liu XZ, et al. Current understanding of metal
ions in the pathogenesis of Alzheimer's disease [J]. Transl
Neurodegener, 2020, 9: 10.

Calvo-Rodriguez M, Kharitonova EK, Snyder AC, et al. Real-
redox reveals increased

time imaging of mitochondrial

mitochondrial oxidative stress associated with amyloid f
aggregates in vivo in a mouse model of Alzheimer's disease [J].
Mol Neurodegener, 2024, 19: 6.

Kim J, Moon JS. Molecular roles of NADPH oxidase-mediated
oxidative stress in Alzheimer's disease:
contributions [J]. Int J Mol Sci, 2024, 25: 12299.

Angelova PR, Abramov AY. Role of mitochondrial ROS in the

isoform-specific

brain: from physiology to neurodegeneration [J]. FEBS Lett,
2018, 592: 692-702.

Yamada Y, Takano Y, Satrialdi, et al. Therapeutic strategies for

(28]

[29]

[30]

[31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

regulating mitochondrial oxidative stress [J]. Biomolecules,
2020, 10: 83.

Chen P, Wang L, Wang Y, et al. Phosphoproteomic profiling of
selenate-treated Alzheimer's disease model cells [J]. PLoS One,
2014, 9:e113307.

Tripathi S, Sharma Y, Kumar D. Unraveling APOE4's role in
Alzheimer's disease: pathologies and therapeutic strategies [J].
Curr Protein Pept Sci, 2025, 26: 259-281.

Pascoal TA, Benedet AL, Ashton NJ, et al. Microglial activation
and tau propagate jointly across Braak stages [J]. Nat Med,
2021, 27: 1592-1599.

Wong-Guerra M, Calfio C, Maccioni RB, et al. Revisiting the
neuroinflammation hypothesis in Alzheimer's disease: a focus on
the druggability of current targets [J]. Front Pharmacol, 2023,
14: 1161850.

Kaur D, Sharma V, Deshmukh R. Activation of microglia and
astrocytes: a roadway to neuroinflammation and Alzheimer's
disease [J]. Inflammopharmacology, 2019, 27: 663-677.

Valiukas Z, Tangalakis K, Apostolopoulos V, et al. Microglial
activation states and their implications for Alzheimer's disease
[J]. J Prev Alzheimers Dis, 2025, 12: 100013.

Ali M, Falkenhain K, Njiru BN, et al. VEGF signalling causes
stalls in brain capillaries and reduces cerebral blood flow in
Alzheimer's mice [J]. Brain, 2022, 145: 1449-1463.

Caffrey TM, Button EB, Robert J. Toward three-dimensional in
vitro models to study neurovascular unit functions in health and
disease [J]. Neural Regen Res, 2021, 16: 2132-2140.

Wang Z, Sharda N, Curran GL, et al. Semimechanistic
population pharmacokinetic modeling to investigate amyloid
beta trafficking and accumulation at the BBB endothelium [J].
Mol Pharm, 2021, 18: 4148-4161.

Badimon A, Torrente D, Norris EH. Vascular dysfunction in
Alzheimer's disease: alterations in the plasma contact and
fibrinolytic systems [J]. Int J Mol Sci, 2023, 24: 7046.

Girard H, Potvin O, Nugent S, et al. Faster progression from
MCI to probable AD for carriers of a single-nucleotide
polymorphism associated with type 2 diabetes [J]. Neurobiol
Aging, 2018, 64: 157.e11-157.e17.

Suomalainen A, Nunnari J. Mitochondria at the crossroads of
health and disease [J]. Cell, 2024, 187: 2601-2627.

Daste F, Sauvanet C, Bavdek A, et al. The heptad repeat domain
1 of mitofusin has membrane destabilization function in
mitochondrial fusion [J]. EMBO Rep, 2018, 19: e43637.

Jiang YF, Lin SS, Chen JM, et al. Electron tomographic analysis
reveals ultrastructural features of mitochondrial cristae architecture
which reflect energetic state and aging [J]. Sci Rep, 2017, 7:
45474.

Zhao L, Sumberaz P. Mitochondrial DNA damage: prevalence,
biological consequence, and emerging pathways [J]. Chem Res

Toxicol, 2020, 33: 2491-2502.



22,

3392 - 2524} Acta Pharmaceutica Sinica 2025, 60(11): 3381-3395

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Poulaki A, Giannouli S. Mitochondrial lipids: from membrane
organization to apoptotic facilitation [J]. Int J Mol Sci, 2022, 23:
3738.

Chan DC. Mitochondrial dynamics and its involvement in
disease [J]. Annu Rev Pathol, 2020, 15: 235-259.

Aschner M, Skalny AV, Lu R, et al. Mitochondrial pathways of
copper neurotoxicity: focus on mitochondrial dynamics and
mitophagy [J]. Front Mol Neurosci, 2024, 17: 1504802.

Xu J, Su L, Han J, et al. Rapid and quantitative in vitro analysis
of mitochondrial fusion and its interplay with apoptosis [J].
Talanta, 2021, 222: 121523.

Gordaliza-Alaguero I, Sanchez-Fernandez-de-Landa P,
Radivojevikj D, et al. Endogenous interactomes of MFNI1 and
MFN2 provide novel insights into interorganelle communication
and autophagy [J]. Autophagy, 2025, 21: 957-978.

Cao YL, Meng S, Chen Y, et al. MFNI structures reveal
nucleotide-triggered dimerization critical for mitochondrial
fusion [J]. Nature, 2017, 542: 372-376.

Sloat SR, Whitley BN, Engelhart EA, et al. Identification of a
mitofusin specificity region that confers unique activities to
Mifnl and Mfn2 [J]. Mol Biol Cell, 2019, 30: 2309-2319.

Tabara LC, Segawa M, Prudent J. Molecular mechanisms of
mitochondrial dynamics [J]. Nat Rev Mol Cell Biol, 2025, 26:
123-146.

Naon D, Hernandez-Alvarez MI, Shinjo S, et al. Splice variants
of mitofusin 2 shape the endoplasmic reticulum and tether it to
mitochondria [J]. Science, 2023, 380: eadh9351.

Che Y, Xu W, Ding C, et al. Bile acids target mitofusin 2 to
differentially regulate innate immunity in physiological versus
cholestatic conditions [J]. Cell Rep, 2023, 42: 112011.

Ban T, Kohno H, Ishihara T, et al. Relationship between OPA1
and cardiolipin in mitochondrial inner-membrane fusion [J].
Biochim Biophys Acta Bioenerg, 2018, 1859: 951-957.

Engelhart EA, Hoppins S. A catalytic domain variant of
mitofusin requiring a wildtype paralog for function uncouples
mitochondrial outer-membrane tethering and fusion [J]. J Biol
Chem, 2019, 294: 8001-8014.

Zhang D, Lu C, Whiteman M, et al. The mitochondrial
permeability transition regulates cytochrome c¢ release for
apoptosis during endoplasmic reticulum stress by remodeling the
cristae junction [J]. J Biol Chem, 2008, 283: 3476-3486.

Frezza C, Cipolat S, Martins de Brito O, et al. OPA1 controls
apoptotic cristae remodeling independently from mitochondrial
fusion [J]. Cell, 2006, 126: 177-189.

Qin Y, Li A, Liu B, et al. Mitochondrial fusion mediated by
fusion promotion and fission inhibition directs adult mouse heart
function toward a different direction [J]. FASEB J, 2020, 34:
663-675.

Wilkens V, Kohl W, Busch K. Restricted diffusion of OXPHOS

complexes in dynamic mitochondria delays their exchange

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

between cristae and engenders a transitory mosaic distribution
[J]. J Cell Sci, 2013, 126: 103-116.

Assis LHP, Dorighello GG, Oliveira HCF. Pro-inflammatory
reduced

polarization of macrophages is associated with

endoplasmic reticulum-mitochondria interaction [J]. Biochem
Biophys Res Commun, 2022, 606: 61-67.

Bo T, Yamamori T, Suzuki M, et al. Calmodulin-dependent
protein kinase II (CaMKII) mediates radiation-induced
mitochondrial fission by regulating the phosphorylation of
dynamin-related protein 1 (Drpl) at serine 616 [J]. Biochem
Biophys Res Commun, 2018, 495: 1601-1607.

Zhou Y, Long D, Zhao Y, et al. Oxidative stress-mediated
mitochondrial fission promotes hepatic stellate cell activation via
stimulating oxidative phosphorylation [J]. Cell Death Dis, 2022,
13: 689.

Qin L, Xi S. The role of mitochondrial fission proteins in
mitochondrial dynamics in kidney disease [J]. Int J Mol Sci,
2022, 23: 14725.

Shen Q, Yamano K, Head BP, et al. Mutations in Fisl disrupt
orderly disposal of defective mitochondria [J]. Mol Biol Cell,
2014, 25: 145-159.

Quiles JM, Gustafsson AB. The role of mitochondrial fission in
cardiovascular health and disease [J]. Nat Rev Cardiol, 2022, 19:
723-736.

Kleele T, Rey T, Winter J, et al. Distinct fission signatures
predict mitochondrial degradation or biogenesis [J]. Nature,
2021, 593: 435-439.

Yang J, Chen P, Cao Y, et al. Chemical inhibition of
mitochondrial fission via targeting the DRP1-receptor interaction
[J]. Cell Chem Biol, 2023, 30: 278-294.¢11.

Yang P, Shuai W, Wang X, et al. Mitophagy in neurodegenerative
diseases: mechanisms of action and the advances of drug
discovery [J]. ] Med Chem, 2025, 68: 3970-3994.

Xu X, Zhang Y, Cheng H, et al. SPATA33 functions as a
mitophagy receptor in mammalian germline [J].
2021, 17: 1284-1286.

Ordureau A, Heo JM, Duda DM, et al. Defining roles of

PARKIN by PINKI in

Autophagy,

and ubiquitin phosphorylation
mitochondrial quality control using a ubiquitin replacement
strategy [J]. Proc Natl Acad Sci U S A, 2015, 112: 6637-6642.
Park C, Cha HJ, Kim MY, et al. Phloroglucinol attenuates DNA
damage and apoptosis induced by oxidative stress in human
retinal pigment epithelium ARPE-19 cells by blocking the
production of mitochondrial ROS [J].
2022, 11: 2353.

Manczak M, Reddy PH. Abnormal interaction between the

Antioxidants (Basel),

mitochondrial fission protein Drpl and hyperphosphorylated tau
in Alzheimer's disease neurons: implications for mitochondrial
dysfunction and neuronal damage [J]. Hum Mol Genet, 2012,
21:2538-2547.



S A 2O IR T RE RS AR R R IR BRI A ) 45 F AL 7T e

3393

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

(82]

[83]

[84]

[85]

[86]

Meraz-Rios MA, Franco-Bocanegra D, Toral Rios D, et al. Early
onset Alzheimer's disease and oxidative stress [J]. Oxid Med
Cell Longev, 2014, 2014: 375968.

Pires M, Rego AC. Apoe4 and Alzheimer's disease pathogenesis-
mitochondrial deregulation and targeted therapeutic strategies
[J]. Int J Mol Sci, 2023, 24: 778.

Magistretti PJ, Allaman 1. A cellular perspective on brain energy
metabolism and functional imaging [J]. Neuron, 2015, 86:
883-901.

de Lores Arnaiz GR, Ordieres MG. Brain Na', K'-ATPase
activity in aging and disease [J]. Int J Biomed Sci, 2014, 10:
85-102.

Song T, Song X, Zhu C, et al. Mitochondrial dysfunction, oxida-
tive stress, neuroinflammation, and metabolic alterations in the
progression of Alzheimer's disease: a meta-analysis of in vivo
magnetic resonance spectroscopy studies [J]. Ageing Res Rev,
2021, 72: 101503.

Findlay JA, Hamilton DL, Ashford ML. BACE]1 activity impairs
neuronal glucose oxidation: rescue by beta-hydroxybutyrate and
lipoic acid [J]. Front Cell Neurosci, 2015, 9: 382.

Andreyev AY, Yang H, Doulias PT, et al. Metabolic bypass
rescues aberrant S-nitrosylation-induced TCA cycle inhibition
and synapse loss in Alzheimer's disease human neurons [J]. Adv
Sci (Weinh), 2024, 11: €2306469.

Yang AJT, Bagit A, MacPherson REK. Resveratrol, metabolic
dysregulation, and Alzheimer's disease: considerations for
neurogenerative disease [J]. Int J Mol Sci, 2021, 22: 4628.
Hanslik KL, Marino KM, Ulland TK. Modulation of glial
function in health, aging, and neurodegenerative disease [J].
Front Cell Neurosci, 2021, 15: 718324.

Francis BM, Yang J, Song BJ, et al. Reduced levels of
mitochondrial complex I subunit NDUFB8 and linked complex I
+ III oxidoreductase activity in the T¢CRND8 mouse model of
Alzheimer's disease [J]. J Alzheimers Dis, 2014, 39: 347-355.
Bennett JP Jr, Keeney PM. Alzheimer's and Parkinson's brain
tissues have reduced expression of genes for mtDNA OXPHOS
proteins, mitobiogenesis regulator PGC-1a protein and mtRNA
stabilizing protein LRPPRC (LRP130) [J]. Mitochondrion, 2020,
53: 154-157.

Ayala DA, Matarazzo A, Seaberg BL, et al. Heterogeneous brain
region-specific responses to astrocytic mitochondrial DNA
damage in mice [J]. Sci Rep, 2024, 14: 18586.

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: 458.

Rhein V, Eckert A. Effects of Alzheimer's amyloid-beta and tau
protein on mitochondrial function -- role of glucose metabolism
and insulin signalling [J]. Arch Physiol Biochem, 2007, 113:
131-141.

Shen Y, Jiang WL, Li X, et al. Mitochondrial dynamics in

(87]

(88]

(89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

neurological diseases: a narrative review [J]. Ann Transl Med,
2023, 11: 264.

Dixit S, Fessel JP, Harrison FE. Mitochondrial dysfunction in the
APP/PSENI mouse model of Alzheimer's disease and a novel
protective role for ascorbate [J]. Free Radic Biol Med, 2017,
112: 515-523.

Machado RS, Tenfen L, Joaquim L, et al. Hyperoxia by short-
term promotes oxidative damage and mitochondrial dysfunction
in rat brain [J]. Respir Physiol Neurobiol, 2022, 306: 103963.
Chen N, Wang J, He Y, et al. Trilobatin protects against Af,; .-
induced hippocampal HT22 cells apoptosis through mediating
ROS/p38/Caspase3-dependent pathway [J]. Front Pharmacol,
2020, 11: 584.

Ke J, Tian Q, Xu Q, et al. Mitochondrial dysfunction: a potential
target for Alzheimer's disease intervention and treatment [J].
Drug Discov Today, 2021, 26: 1991-2002.

Yu Q, Du F, Douglas JT, et al. Mitochondrial dysfunction
triggers synaptic deficits via activation of p38 MAP kinase
signaling in differentiated Alzheimer's disease trans-mitochondrial
cybrid cells [J]. J Alzheimers Dis, 2017, 59: 223-239.

Wang B, Huang M, Shang D, et al. Mitochondrial behavior in
axon degeneration and regeneration [J]. Front Aging Neurosci,
2021, 13: 650038.

Godoy JA, Lindsay CB, Quintanilla RA, et al. Quercetin exerts
differential neuroprotective effects against H,O, and Ap
aggregates in hippocampal neurons: the role of mitochondria [J].
Mol Neurobiol, 2017, 54: 7116-7128.

Zafeer MF, Firdaus F, Anis E, et al. Prolong treatment with trans-
ferulic acid mitigates bioenergetics loss and restores mitochondrial
dynamics in streptozotocin-induced sporadic dementia of
Alzheimer's type [J]. Neurotoxicology, 2019, 73: 246-257.

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.

Bhatti JS, Kaur S, Mishra J, et al. Targeting dynamin-related
protein-1 as a potential therapeutic approach for mitochondrial
dysfunction in Alzheimer's disease [J]. Biochim Biophys Acta
Mol Basis Dis, 2023, 1869: 166798.

Li X, Wu Z, Si X, et al. The role of mitochondrial dysfunction in
the pathogenesis of Alzheimer's disease and future strategies for
targeted therapy [J]. Eur J Med Res, 2025, 30: 434.

Sukhorukov VS, Mudzhiri NM, Voronkova AS, et al.
Mitochondrial disorders in Alzheimer's disease [J]. Biochemistry
(Mosc), 2021, 86: 667-679.

Han J, Park H, Maharana C, et al. Alzheimer's disease-causing

presenilin-1 mutations have deleterious effects on mitochondrial

function [J]. Theranostics, 2021, 11: 8855-8873.

[100] Zhu J, Jin P, Zhou T, et al. SIRTI modulates microglia

phenotypes via inhibiting Drpl phosphorylation reduces



22,

3394 - 2552524 Acta Pharmaceutica Sinica 2025, 60(11): 3381-3395

neuroinflammation in heatstroke [J]. Brain Res Bull, 2024, 218:
111101.

[101] Zysk M, Beretta C, Naia L, et al. Amyloid-/ accumulation in
human astrocytes induces mitochondrial disruption and changed
energy metabolism [J]. J Neuroinflammation, 2023, 20: 43.

[102] Roca-Agujetas V, Barbero-Camps E, de Dios C, et al.
Cholesterol  alters mitophagy by impairing optineurin
recruitment and lysosomal clearance in Alzheimer's disease [J].
Mol Neurodegener, 2021, 16: 15.

[103] Collins HE, Kane MS, Litovsky SH, et al. Mitochondrial
morphology and mitophagy in heart diseases: qualitative and
quantitative analyses using transmission electron microscopy [J].
Front Aging, 2021, 2: 670267.

[104] Peng Y, Zhou L, Jin Y, et al. Calcium bridges built by
mitochondria-associated endoplasmic reticulum membranes:
potential targets for neural repair in neurological diseases [J].
Neural Regen Res, 2025, 20: 3349-3369.

[105] Huang HM, Chen HL, Gibson GE. Interactions of endoplasmic
reticulum and mitochondria Ca® stores with capacitative
calcium entry [J]. Metab Brain Dis, 2014, 29: 1083-1093.

[106] Nikolaeva NS, Yandulova EY, Aleksandrova YR, et al. The role of
a pathological interaction between f-amyloid and mitochondria
in the occurrence and development of Alzheimer's disease [J].
Acta Naturae, 2022, 14: 19-34.

[107] Meng M, Jiang Y, Wang Y, et al. f-Carotene targets IP3R/GRP75/
VDACI-MCU axis to renovate LPS-induced mitochondrial
oxidative damage by regulating STIM1 [J]. Free Radic Biol
Med, 2023, 205: 25-46.

[108] Liu H, Jiang Y, Cong L, et al. Intranasal insulin administration
affecting perioperative neurocognitive dysfunction by regulating
calcium transport protein complex IP3R/GRP75/VDACI on
MAMs [J]. Free Radic Biol Med, 2025, 228: 240-250.

[109] Ferreira IL, Ferreiro E, Schmidt J, et al. A and NMDAR activa-
tion cause mitochondrial dysfunction involving ER calcium
release [J]. Neurobiol Aging, 2015, 36: 680-692.

[110] Liao S, Chen L, Song Z, et al. The fate of damaged
mitochondrial DNA in the cell [J]. Biochim Biophys Acta Mol
Cell Res, 2022, 1869: 119233.

[111] Tresse E, Marturia-Navarro J, Sew WQG, et al. Mitochondrial
DNA damage triggers spread of Parkinson's disease-like
pathology [J]. Mol Psychiatry, 2023, 28: 4902-4914.

[112] Podlesniy P, Llorens F, Puigros M, et al. Cerebrospinal fluid
mitochondrial DNA in rapid and slow progressive forms of
Alzheimer's disease [J]. Int ] Mol Sci, 2020, 21: 6298.

[113] Xia X, He X, Zhao T, et al. Inhibiting mtDNA-STING-NLRP3/
IL-1f axis-mediated neutrophil infiltration protects neurons in
Alzheimer's disease [J]. Cell Prolif, 2024, 57: ¢13529.

[114] Keogh MJ, Chinnery PF. Mitochondrial DNA mutations in
neurodegeneration [J]. Biochim Biophys Acta, 2015, 1847: 1401-
1411.

[115] Xu Y, Xu L, Han M, et al. Altered mitochondrial DNA
methylation and mitochondrial DNA copy number in an APP/
PS1 transgenic mouse model of Alzheimer disease [J]. Biochem
Biophys Res Commun, 2019, 520: 41-46.

[116] Du H, Guo L, Fang F, et al. Cyclophilin D deficiency attenuates
mitochondrial and neuronal perturbation and ameliorates
learning and memory in Alzheimer's disease [J]. Nat Med, 2008,
14:1097-1105.

[117] Karaboga I, Okuyan HM, Dogan S, et al. Ebselen alleviates
sepsis-induced acute kidney injury by regulating endoplasmic
reticulum stress, apoptosis, and oxidative stress [J]. Vet Med Sci,
2025, 11: 70318.

[118] Samanta S, Akhter F, Roy A, et al. New cyclophilin D inhibitor
rescues mitochondrial and cognitive function in Alzheimer's
disease [J]. Brain, 2024, 147: 1710-1725.

[119] Reddy PH, Manczak M, Yin X, et al. Synergistic protective
effects of mitochondrial division inhibitor 1 and mitochondria-
targeted small peptide SS31 in Alzheimer's disease [J]. J
Alzheimers Dis, 2018, 62: 1549-1565.

[120] Cen X, Chen Y, Xu X, et al. Pharmacological targeting of MCL-1
promotes mitophagy and improves disease pathologies in an
Alzheimer's disease mouse model [J]. Nat Commun, 2020, 11:
5731.

[121] Snow BJ, Rolfe FL, Lockhart MM, et al. A double-blind,
placebo-controlled study to assess the mitochondria-targeted
antioxidant MitoQ as a disease-modifying therapy in Parkinson's
disease [J]. Mov Disord, 2010, 25: 1670-1674.

[122] Sulaimon LA, Afolabi LO, Adisa RA, et al. Pharmacological
significance of MitoQ in ameliorating mitochondria-related
diseases [J]. Adv Redox Res, 2022, 5: 100037.

[123] Hou Y, Wei Y, Lautrup S, et al. NAD" supplementation reduces
neuroinflammation and cell senescence in a transgenic mouse
model of Alzheimer's disease via ¢cGAS-STING [J]. Proc Natl
Acad Sci U S A, 2021, 118:e2011226118.

[124] Li M, Qian S. Gastrodin protects neural progenitor cells against
amyloid f, ,,-induced neurotoxicity and improves hippocampal
neurogenesis in amyloid /3, ,,-injected mice [J]. ] Mol Neurosci,
2016, 60: 21-32.

[125] Bai YX, Wu HL, Xie WL, et al. Efficacy and safety of gastrodin
in preventing postoperative delirium following cardiac surgery: a
randomized placebo controlled clinical trial [J]. Crit Care, 2025,
29:108.

[126] Xu YJ, Mei Y, Shi XQ, et al. Albiflorin ameliorates memory
deficits in APP/PS1 transgenic mice via ameliorating mitochondrial
dysfunction [J]. Brain Res, 2019, 1719: 113-123.

[127] He DY, Dai SM. Anti-inflammatory and immunomodulatory
effects of Paeonia lactiflora Pall., a traditional Chinese herbal
medicine [J]. Front Pharmacol, 2011, 2: 10.

[128] Chaplygina A, Zhdanova D. Mitochondrial fragmentation as a

key driver of neurodegenerative disease [J]. Curr Alzheimer Res,



S A 2O IR T RE RS AR R R IR BRI A ) 45 F AL 7T e -+ 3395

2024, 21: 607-614.

[129] Chang X, Liu J, Wang Y, et al. Mitochondrial disorder and
treatment of ischemic cardiomyopathy: potential and advantages
of Chinese herbal medicine [J]. Biomed Pharmacother, 2023,
159: 114171.

[130] Zhou Y, Luo D, Shi J, et al. Loganin alleviated cognitive
impairment in 3xTg-AD mice through promoting mitophagy
mediated by optineurin [J]. J Ethnopharmacol, 2023, 312:
116455.

[131] Jiang Y, Li H, Huang P, et al. Panax notoginseng saponins
protect PC12 cells against Af induced injury via promoting
Parkin-mediated mitophagy [J]. J Ethnopharmacol, 2022, 285:
114859.

[132] Wang D, Lv L, Xu Y, et al. Cardioprotection of Panax
notoginseng saponins against acute myocardial infarction and

heart failure through inducing autophagy [J]. Biomed

Pharmacother, 2021, 136: 111287.

[133] Hou Y, Chu X, Park JH, et al. Urolithin A improves Alzheimer's
disease cognition and restores mitophagy and lysosomal
functions [J]. Alzheimers Dement, 2024, 20: 4212-4233.

[134] Lou F, Luo X, Li M, et al. Very early-onset sporadic Alzheimer's
disease with a de novo mutation in the PSENI gene [J].
Neurobiol Aging, 2017, 53: 193.e1-193.e5.

[135] Woodhouse A, Shepherd CE, Sokolova A, et al. Cytoskeletal
alterations differentiate presenilin-1 and sporadic Alzheimer's
disease [J]. Acta Neuropathol, 2009, 117: 19-29.

[136] Seo MW, Park TE. Recent advances with liposomes as drug
carriers for treatment of neurodegenerative diseases [J]. Biomed
Eng Lett, 2021, 11: 211-216.

[137] Xian P, Zou LH, Ni ST, et al. Advances in the strategies of nasal
into brain nanodelivery and the treatment of brain diseases [J].

Acta Pharm Sin (Z%%%R), 2024, 59: 3199-3214.



