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W OE . ARNARERNERAEYMRNRE T SEMAT0, MT4ERERMIERE SR CHE, HI)gekE
fig5 1A M\ AR5 (vascular cognitive impairment, VCI) Ji EEAILH] Z [AIFEEA AT 2RI R . VCT & LT
B 975 TR 42 12 14 o {EC #E - (chronic cerebral hypoperfusion, CCH), Hi# il 5| &K KIHMGE RS B8 74 0.
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The role of mitochondrial dysfunction in vascular cognitive impairment

mediated by chronic cerebral hypoperfusion
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Abstract: Mitochondria as the energy factory and oxidation center of eukaryotic cells are essential for maintaining
the normal functioning of the brain. The complex links of mitochondrial dysfunction to vascular cognitive
impairment (VCI) cannot be overlooked. The most common underlying cause of VCI is chronic cerebral
hypoperfusion (CCH), which triggers long-term imbalance of energy and ion homeostasis, oxidative stress and
neuroinflammation, resulting in a series of consequences, including neuronal death, synaptic dysfunction, blood-
brain barrier disruption and white matter damage. However, the relationship between mitochondrial dysfunction and
the above pathological events is not fully understood. This article aims to sort out the pathological mechanism of
VCI induced by CCH and emphasize the key role of mitochondrial dysfunction in this process, in order to better
clarify the role of mitochondrial damage and protection in ischemic encephalopathy and provide new insights into
the developing novel therapeutic interventions for VCI by targeted mitochondrial function repair.
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1 BMAREE S IE M A FIREES

I P\ F1 65 (vascular cognitive impairment,
VCI) A& FHXT 5872 MRS, 48 H o il B % FL fa ks
PR 2208 ) A A D s i, I R B B AT STk AR
WA DL M R AT MR, BT R 9K B
(Alzheimer’s disease, AD) %53 IfiL 5 14 55 AL TR A AELE
BHEEMINAEEIR . RN FRRERG LA VCI ™
(T —— M i (vascular dementia, VD),
VCI 2R T AD AR EE — iR R K, 29 4 Fr
ARG 20%~40%"

i AL 76 2 B0 450 405 51 A ) A R0 T RE B A
VCI PR AR M. tbAh, VCI B3 ie 4 =
JIERME PATDIRERERG . A& G . TS RERE1E.
A A BEAG DA R ZRG AR (AL 15 TR B
B T A IHERAAE, VCI B Ia K
WIELE %, BRI TPYELAN 4T FEY, R
FEEAFE 2R T UTE R TR 55 i,

ST i LA R R M, VCT M S
W iR H AT A IR IR, (R PR I I R e ) &
BRI, B MK (chronic cerebral hypoperfusion,
CCH) 7& VCI IfiL & /5 2 F1 i R 2 011 & 2K )
7 . CCH 7248 rh 1 i o g i e 55
Fixi IfL 7 & (cerebral blood flow, CBF) 7 #¢ K i [] P4 57
SRg/b . CBF NP AT AE iRk o s 2R 1E, 2
VCI 5 B M B FIRE 2 —, I H2 A RN X
—BUFE RIS Y B Se i bR E A U 39 A
B KA A BB 25 4 50 ik P 2 55 U7 V24 dd CCHL A
R ULRR VCI ) H A FEHLH], 75 CCH M 14 2K 5)
VIR AL ha] DO 21 B B 3240 . 4 Rk
P E 6T N e e 7 NN = VA o i OV S AN
NS SE VCT SR B iy U,

KIS TR AR € i N, 5 I8 R 585
FWOEAE, Wk SRR AR M, BoX
I LA T T FEH RE B AR AR ARG R SR ()R i, RS E
70 2 1) CBF it 5 2 K fiwi & 4% A2 B DI e ) 45 6 2% A
VAR T 0t L B N AR A AT (%) i 5 B R 5
AR BRITUATH LSS DL AR ART 5] AER AR AT I
WA i S ) P R AR o 5 3 CBF 2R, BL3E(H
ANPR T3l ik A 72 B P 2 . I B 7 S BN R S
TG N I O/ &= | WS SR - 97 s L) i € ) = R R R
M ERE R . LA e R [ S S0
P DHREREAS . 5K 734 I ifi A2 P ) 25 958 A 1 A
REWA, RAEREERE T CCHY . Fig 2

SHONMBE FREME A EREER, RIEEREH
T fER R AZAERIE LR, 65 % LUa ZA4L i i th
2= S CCH, A x-S/ 1 5 J&k 'Y, CCH
ihF VCL R I — ERF 4L 3 10 VD, S0 KR
BRI, FBRESIAINE JORE B, FEI
M ARG, SR ITIET.. S Th e AT
BER R DS AR5, i Rk A R 22 453455 A
W gl 120,

gi b, FRe A 7E R R gt R TR S E
TR %y S, H R TR S5 A R R
DA% 45 ol f 975 B DK 2R (A7 AE . K Th BE A% 5 52 31
CBF {4030, 51K CCH FF30E 2 Fom BB 5 L] ,
WAFEVCL K

2 ZRAEERRBERFEHHNEEER

2.1 BEERHN

AR ERRELAEHIKMNE RSR
(central nervous system, CNS) Z [H] ¢ R % 0o K
WA o5 B NAREE ) 2%, HEE BT R 5 ANk AT
R 20%°", Hh2 e A ONS 38 A (1) 45 19 5 1
A B A7 AR e 1) R B AR S DL 4E B AR P Ty e
e B I R ) 2RORE A E kB i i =R R 1 B
(tricarboxylic acid cycle, TAC) LA Az N i I ) 42010 T
21k, (oxidative phosphorylation, OXPHOS) 4 % %]
IR EA G I K ge E AU B E R —— =
¥4 1 ¥ (adenosine triphosphate, ATP), DL {ft B #f £
TCHHTHE 5 TES), WERrER S S AE AL, R il
Fit . M0 PRI A J B8 AT e B2, [ I
XM TUHATEM R 1 Ja e . HoRE . Zkr
RS R O R EREFEE TSRS
wsh Bl
2.2 HEFERRES

5 851 (calcium, Ca’™) Z 541 f5 S5 5. i
20 JRURE TR ik DRI 3k DA R R fih w1 A OC R AR
PR, EAERFMA TR SR b lE E A
e, B, e R AT M AT 4l T T Ca® IR B AR
e FE U . Bobifa ] DLdE I 2 Flosie i i, gz
PABORE L Ca™ SR BN THTT CNS AR5 Fas, wim
T 2% WA 5 R ) 3% 42 2R [ (mitochondrial calcium
uniporter, MCU) W% YAz 57 R A5 ) £ Ca™, 3t
R AR IEE #4451 (mitochondrial permeability transition
pore, mPTP) LA % 44 45 52 #i f& (Na/Ca®" exchangers,
NCX) ZELHK 2 A H Ca® HEh BB 7, LA I
PR R A, Ca A AT EiEH 5%
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LN A Ty B BRERS L A8 IR EVE A 3 A0 I P A SR B 5 o 4 111

P 22 1B A7 ME O A C B9
23 PENENTEERK

FAIE JR RS R R HUAA S AR P A AL 1) 2 T8
BT, Bk AR A S e B d o T B T S SR B
FRThRE, RSV 5) S 5EH A ad iz P &
W LA SRR IE I 4 (reactive oxygen species, ROS),
KIGHE ROS = R T 2R FL 4% 184 (electron
transport chain, ETC), ETC HZ8RifA N L1 — R
INEEWAR, AR, A AL
B B LSCRE ATP (14 . ROS U E A S R ik
e, Hh g &9 1A ROS AL i 22
fr 5 B, A KT B9 ROS 2 40 e 36 5t . 0 1k
TR, WA EES 54 ™, fERE G
AT AT PR R A Al DA SR — R Y& K
BHEM P

R R E AR AR T A, HohRe s
TEZS S PR 5 S AR = A2, ROd SR E AT
Al DLd I 5w AR AR B ) B 2k AR B R DL &
mPTP [ HF AR 22 AN B A B A b ok % 1 D B
[FI, kit A JEHE mRPIEN R R, KT
=0 — AP AEABE AL T 2k AR, gy e
KIS E AL ) (glutathione peroxidase). 1T % 1L &
i (peroxiredoxin) A1 % 1k 4 B 4k i (super oxide
dismutase, SOD)"", [A]if 24t H ik (glutathione, GSH)
SRR B AL AR Hod, SO0 4R K 48 Ak
HRFESEREE T,
24 FERERERNSHEMIET

SRR AE T G S N TR B E
B A FAR T 7= W), i 28 ki &K DNA (mitochondrial
deoxyribonucleic DNA, mtDNA). ATP X741 ROS
S5 P MR ARG DG 4 T4 (damage associated
molecular patterns, DAMP) B /it 21| g J5i 55 & o 4h 24
i, WoEiaGiR A 524K (pattern recognition receptors,
PRRs), FEUE 4 41 K T REa AL IR 7 1 722 A BY,
255 CNS 41 i 5 RE A5 5 g 1 3 5 B,

LERifkit 25 CNS HAE T 4 st 2,
FRAEMUIRTE SR T LA, Zeokifdids ] DUIdE i i 4
KZRIEZ S 7 — MR P S —— 4
FETD, ZRRifh ROS 540k 1A DNA i oK 205 &
N, 4554 R e B2 & D (gasdermin D, GSDMD) ¢
WREEH, 5K AN AR 2 508 26 A R IR R AIE
MAEET:, =5 CCH DL 2 CNS B 1K
REAR L gk R AT DL I Y ROS AE . Bk
AR BT A DL S A Joi 9 AH B AR FH 45 22 R L )

Z 5T T ™, TEPREIRAT IS LA R i i 14
P v oy A g, T

3 ZREEERKRRCCHRE TN FVCIL
FRERXE

3.1 MEMEMSGBEH SRR EEERF A
YIRS

CCH Ja i & b 5 AR i, 5200 ATP (Y
ARG FIERREERS RSB E ML A &=
MR R, AR M S ISl 22 e D e
WREGIET:, XM RPN IE AR, 2
CNS JUR8 5 i 3 B .

T ok = ATP, 4EREwhZ o B ALIAN /
PRI, SRR AP L i H AR S B 1
il J& 1 (voltage-dependent anion channel 1, VDACI)
FFIS AP Ca™ ik BE SR T 7, AT TG v 4
FRIEH S AR RE 5 35, MAIukEANZH
T EE B U, BT SRR A 2 i A
T P I P2 R TSORT P IR WA Rk, RREETHOE N- 2L -D-
RAFIRSZAR (N-methyl-D-aspartate receptor, NMDAR)
A o- B4k -3- 0 Ak -5- FJE 4 SRl M TN R 2 1K
(a-amino-3-hydroxy-5-methyl-4-isox-azolepropionic
acid receptor, AMPAR) ZE 8 G R 24k ¥, mA T
ANET ) A PR

NMDARs #3% 58 NCX WfgZaL, [Ff -
MCU [f3ik, D hifint Ca® i &,
PRERAESRE BT A 3, S 2 mPTP I8 1% 11
I, kLR R e B 5 D Re 2, OXPHOS 32 |41
Hl, 4ifERERIEI I, AR KEMREERCS
ROS KPR, JETSGE 4RI 134, R4 TT
Bt PICE 1A).

3.2 SUMH—SRAIEEREBNERER

AR PR B A S 1 R 25, BILAA N UK
YEPUEACBI R GG, AR AL LK E
EBR TR AR MR DNA 2540 i 8 2 a4y BV
S BE SEA SLZ CCH 5l RN AN RE /) R B2k 1)
FER R . 1E VD BF I ARFE AR R B T
EACTIKF BRAR B R 5 i A K F T e B
AR AL DNA A 0hR B I3 4 B

LERIAA & ROS [ £ BRIF S B FHE 2 ™,
BH e BE 47 53 72 A2 ROS, LA 5T ROS 155 1 4
AR H e B2 BT 2Rk ROS AR A4 52 41 i P
Ca” [T Y 7F CCHURZAS N, Zobifkid Bk
Ca®, ‘FE mPTP (195 B 1L FF S 42 b P i i i
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PESE N, SR 2R L AL, B Tl ROS 42
W, R T i N TR H R B TR AL AL B
(nicotinamide adenine dinucleotide phosphate oxidase,
NOX) 12 N % % 1k i (xanthine oxidase, X0), &
B ROS 3 B A a7 NOX & ) NOX1 2
CCH Jmifg 5 rf ROS PR EE A by, H gl KA
At & VCI #2238 40 AN 0 5 15 (10 G B b Ui ik
. ROS 2 id 3k X 2> 3 Bk ik i ik, 3R
ETC 5 & ) [ 5 M 3R 1105 2R R AR DI T g Y, 9
/15 SOD I GSH &5 W I PTG 77 1 b, InE
EACRLEAR A BR T ROS KR 1T, 7
CCH Wi R b IE WL 22 2] 1 — S AL A (nitric oxide,
NO) A=W F AR BRI Y B ThRERRAS 5 5 Y0 4
A RLHOE S AR NO 15 5 5 T3 i LS A B2 4 i 2h
RESFEH . DRI SN A 52 oA, BRI B b, 3
S LB 1) BRI T ThREE— 25 T (] 1B).
3.3 MERE—LNATEERRISIESHE MR
THEZER

P2 RAE S CNS X Tt 9 s B, VD
ML AN B R SAE AR KPR R A
A%, WA E -6 (interleukin-6, IL-6). IL-18. IL-1pB.
C Jx . #& H (C-reactive protein, CRP) LA % i 87 ¥R 36
[A-F (tumor necrosis factor, TNF) £, X484 mffg
FRARNE S B2, A8 i3k 20 23 35 o B gt A b B 40 i iR

i T R T BB R A I R e R
SR I ARG

WIRTATIR, 2R & A RS 48 580 1) =
BORATHE, REZHETEAFMREEMSE, HE
TTHHE AL, AE RN RBESURPLEIM R T VCUHRE R
R e e B M R R AL Y. CCH G, kR4t
(A SIS A B B0 T P B o 40 B 5 s = 0
[, R DAMPs $i% PRRs'™, #5014k 4 T
ek 2R A, IX— b FE 32 R I I B A E M
5 1 JR 4 SR S 17,

RIEMERE—F R FEAREEY, OB
UG i T 1R 2 WL AR A1 JEL I 2 RE /N Ak 58 7 5 380 1P
& V. CCH A2 7L A 2 /& NOD Ff 32 fk
PR 45 # 38M 9% & [ 3 (NOD-, LRR- and pyrin
domain-containing protein 3, NLRP3)"™, ¥ 5
T (60 98 5 ML AR 52 4 B B, {H ROS ) 7= 4.
mtDNA B 55 45 a2 2% M 55 4 R A4 Th g B 5 35 Oy
NLRP3 % Ji /M B 13 251 . CCH sh 4 A
KB ¥ S A SUR A4 i NLRP3 52 4K 1) ik &
RN T NLRP3 48 i /N A AT DL ik 300 25 8 2%
HERE EE 1 (caspase-1) P2 AR R 40 IR+, 4
TL-1B A1 TL-18 U470, b i 1 Wi 2 3 5ok 1 W e il
BRTE R L B IR PR DR R N IR SRS I —
FiAE BRI R, CCH BN 5l mbfig B v

o ERER: Fie. WA, BH. BRK. SIE. SmEF
o BMERR: AMERR. MIERK. FH (BRI%EH DY)

CBFiAT.E
% INEITHEEE S
CCH )
assEEmEn |
ATPEER |
i ETIAITRE
= ﬁ:/’« “‘
ZEZIREIAER
(MCI)
mEMHESR (VD)

1 ZRATRERR IS EECCHAT S VCHRIENLHI ha9/ER
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SRPLRRL A AN 77, NLRP3 S8 /IMA T LA
I3 caspase-1 M 7 AW ek dk F Gk, IR A
SRR [ W OB T 15 PR 1 E <6 A% AH 5K 25 1 parkin
MIRIL, HE— IR kiR, Gn B oA FE B
I L R 2RI RE A U Ak, ph
I F R4 £E o] DL i NLRP3/caspase-1/GSDMD
GRS 5 VCLARIhRERR RS I R AR R T,

BT I 4 R AN Fsg I 440 B 1) 15 b A2 8 8 RE
(0 RS AR 7 TR o 200 o 3 e A R
2 H SRR R P, (HIE B ) OXPHOS A B
WA g g 1 T DA A o K P g R AR i s 1 g IR
AR B B R X 40 B T I 5T 40 P Bk A 2 1 Joid 40
B4 0 AR B A B S B AE Y. CCHIR
AT, hithzi S8 OXPHOS ge 7w, @it
75 3 JIE ¥ AR 2R RN TR 5 4 Y e 82 M 1 A R S Bl 4R
RIS B2 JORE, T IO R 28 1Y) 22 TR T ot 4 i A e
FAME TUIRALE 75 SCRF DL ORI Bt = I8 T 1)
YERI ™Y, 78 CCH A58 7 K B F9 K g v th WK % 21 i iy
B FE RN ™, 9 s Y 4- Rt 2- T Y
SR U AR S TR IR . 2k A T fE
FEtS 5 i b 7= A2 1) ROS T 8% ik B 2 3K 30 /)N i JoiT 44
PRI Ak i S IR A B /)N e 5 400 3 %2 £ OXPHOS
BERE, HMHE SO0 S 30 J5 W0 0 /N o 48 M o A=A
U EImAE, TR LA AR Y E AR, 1
CCH IRA& Nk — P R 7o s s vl A, [A
I, AR /N 5T 4 BB TR 3 4 AP i 452 4% £ 2
RKIAF, Wi 48 & E B (matrix metalloproteinase,
MMPs), TNF-o. IL-1B 1 IL-6 %5 B, 5 % iF %
AR A R 24 A R 20 TR G Bt 43 5 -1 (intercellular
adhesion molecule-1, ICAM-1) FIf1L % %G 43T (vascular
cell adhesion molecule, VCAM) A1, ik 4 i
AN R BB AR S AR, IR BBB
e s, I — DR R A 1A ROS, TE
i T SR I TS A 4 O PR S S A A g )
(E10).

4 FBELZHRIIATHRE R IRIFFN TR

U 2R A B ) BE S (e BEAR A D e ) R
o {E CCH BT /N it B 2 2 bk e M I 3R ik 2
LA Ty B 1 15 B 7 —— 3 S D T A G T 2
A -y S -1a (peroxisome proliferator-activated
receptor-y co-activator-la, PGC-1a), 1] A R />
L ZH ROS ZERG fieidt SOD2. i Ak A 3
(PRDX3) DA A et ik 40l 1 (GPx1) SEhift

FURIRRIE, 8/ BT o 40 M 5 /0 1 J5i 40 M 1) 7%
A, DT el A 2R A 2 38 i 42 AE P 2% CCHL 5
el ke P RS Mg e h il Rk
PGC-la, A &5 U R <5 SR GORAAR i H fr
FEAIK. ROS I B AR s DA S A M 0 1, [ i i ik 26 kr
A B R bR 7P AH D% B 82 B 31T (microtubule-
associated protein light chain 3-11, LC3-1T) FJJE % LA A
PR IR IE PP T R IR PE NS R T IR
(nicotinamide adenine dinucleotide, NAD") f {4 N 45
2t n] LLE I i PGC-1a & JL Bie#s s A 70 Bk
{5 BIAFI A 1 (silent information regulator 1, Sirtl)
ik, LAgZ> CCH K RRUBEAY i /) i J5T 440 i 1) 3
. MIfTHIEIP S JORE, Bl . NAD
HIT A HH % 4 i B EF (nicotinamide riboside, NR) H A
RIF O REDFIHE, AN R3IANHE, ATH
kst VD K BRI CCH 5 R 12k ki fk 4y 24 5 B
WEZ, RIRRZE R R, b M& T
IR RAR IR B, AERREORI A B RS- [FIR,
7 VD KU A W %25 NAD' & & FJH. CBF 30
DA R Ty i 22 Jo R R B BE SR =y, $27 NR A el
e LR A T R R PR R R P

AN R 245 R T2 Y TR 2R A Dl e R A 1
ROEAT, T A0 BRI ) B A e 7% 2 LA b 78 A R A
SRR ST B ik R N Eohi ik H Re ik B i 78
BT A RAEAE R, ki 2 0T 9T R ek A T L&
BEIEGNOKAE . 2 P M i L S % R 2 42 55 A (] A
A FI RN IR AT AP 88 P S A T S s
TG~ MNATCS R 5T A0 I DL B I o A 2 [R) RS R 5
BRI LR BRI R AR P

AR SRR R IR KA+ A R,
XA TS, REHNABRERE. W
RETEBRERARRKIE L, NZ5 2R
M E S hReE . st E, BIRK
JoG £ 6 SRR ) 4 A T LA oI 5 T R 1 2 A AH
KA 1 (low density lipoprotein receptor related protein 1,
LRP1) ¥ # B2 oh, s it ADP- #
FEFEAL IR F 1 (ADP-ribosylation factor 1, ARF1) ffJ%,
BRI R A e TC BRI / PR B A B 5 bRk
A S A 1 (dentin matrix protein 1, DMP1) [1] 2
TV J62 53 40 B mT DAY Ty e 1 2 ks A e 7% 22 N B2 41 g
Hr, DAE 5 2 R e I G 5 g e Bk BT
Bl 40047 f5, BT DLIE i Sirt3/ 26 R AR il G R 2
(mitofusin 2, Mfn2) {5 5 8 H (2 1t /1N 5 240 i 2 A 4
R B ur LLE 2R R kAR 2 P BT
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A RERLR RS 1) 25 B iR 42 BN VE A2 R0 7T (45
B ScIe =  B,  BAR T IRIR T A ] CAGIESE,
B HUAR ARSI i 7 75 22— 2B M. VDR
O R Cl bl BUR Sy WA LSS E R RN LY R AR LA 1
WRARFER T, I8 L 20 I A R A A% SE L 24 1 5 I i
J5 W FA) B 1) 336 08 T RE A& R SR VR T CNS TR A 2L
Az

5 REs

LRRDIRERIG % V)25 CCH 5 RAEM— &
FIRER A, JUH R AR (R 3 S A RS 4 4
AR B EEAEH, BER VCL K I B 5 B AR,
T2 T A 45455 RN DA 0 3 A I A ) S i 4 B
Ho [ VCL AR, RN NEE T2
TR LR SR A S i, HEEE
A, IR _ B AR A UG IT VCT i X2 ),
HE #5748 FH B9 JE 55 4+ 1 NMDARS $5 470 771 5 JIE 56l il 400
HIFIHE A FE T VCT A1 AD FOSL AR EE . R 1 R
R RSB 04 3G K% 0 T, HBEERIEA R
L LREE R . 5 SRS L R AR EL, CCH T
oA R 5 A, @ ARG YT VO Tk B R TG
. B, A EZR AT e AT IE S VCI K E
FHCPR BB . H AT LB L
R R ], WiE i 25 R AR LRI S
BRZIRLE R iRk sh )1 5 AR AR E
Y SRR X 28 RS SE,  TRRAR LA NNk
JR I HT AN B R AR A E .
Ab, AR RA T RERRRS S VCI Z (A8 R A B
T VCL B A Ybr S R I 2 7 =0 BB

g b, B kLR TR R VCT B A A
KB AT 5%, ARAT) 5 2t — 20 I e il 5 I R A
FCLAE IR A V) A A AR IR, i 2 2R E,
MR EHBIIRIT IR R, AR S R,
TRt R L AL, NAELE VCI RIS IR R 2
S

(& £ X #

(1] b 2 b o i A R A R AG 70 2. I I A
Bt 216 R P (20241R). HHAEEE A%, 2024, 104: 2881-
94

[2] Rundek T, Tolea M, Ariko T, et al. Vascular cognitive
impairment (VCI). Neurotherapeutics, 2022, 19: 68-88

[3] Medina-Rioja R, Patwardhan A, Mercado-Pompa A, et al.
Ten things to remember (and not forget) about vascular
cognitive impairment. Stroke, 2024, 55: €29-32

[4] Hosoki S, Hansra GK, Jayasena T, et al. Molecular

(1]

biomarkers for vascular cognitive impairment and
dementia. Nat Rev Neurol, 2023, 19: 737-53

Paradise MB, Sachdev PS. Vascular cognitive disorder.
Semin Neurol, 2019, 39: 241-50

Kua EH, Ho E, Tan HH, et al. The natural history of
dementia. Psychogeriatrics, 2014, 14: 196-201

Rajeev V, Chai YL, Poh L, et al. Chronic cerebral
hypoperfusion: a critical feature in unravelling the
etiology of vascular cognitive impairment. Acta
Neuropathol Commun, 2023, 11: 93

Van Dinther M, Hooghiemstra AM, Bron EE, et al. Lower
cerebral blood flow predicts cognitive decline in patients
with vascular cognitive impairment. Alzheimers Dement,
2024, 20: 136-44

Ciacciarelli A, Sette G, Giubilei F, et al. Chronic cerebral
hypoperfusion: an undefined, relevant entity. J Clin
Neurosci, 2020, 73: 8-12

Jann K, Shao X, Ma SJ, et al. Evaluation of cerebral blood
flow measured by 3D PCASL as biomarker of vascular
cognitive impairment and dementia (VCID) in a cohort of
elderly latinx subjects at risk of small vessel disease. Front
Neurosci, 2021, 15: 627627

Huang D, Guo Y, Guan X, et al. Recent advances in
arterial spin labeling perfusion MRI in patients with
vascular cognitive impairment. J Cereb Blood Flow
Metab, 2023, 43: 173-84

Zhou Z, Ma Y, Xu T, et al. Deeper cerebral hypoperfusion
leads to spatial cognitive impairment in mice. Stroke Vasc
Neurol, 2022, 7: 527-33

Washida K, Hattori Y, Thara M. Animal models of chronic
cerebral hypoperfusion: from mouse to primate. Int J Mol
Sci, 2019, 20: 6176

Richard D. #% F 2 [M]. b 5UR A2 PR 2 ik, 2006

Zhao Y, Gong CX. From chronic cerebral hypoperfusion
to Alzheimer-like brain pathology and neurodegeneration.
Cell Mol Neurobiol, 2015, 35: 101-10

Sarti C, Pantoni L, Bartolini L, et al. Cognitive impairment
and chronic cerebral hypoperfusion: what can be learned
from experimental models. J Neurol Sci, 2002, 203-204:
263-6

De Silva TM, Faraci FM. Microvascular dysfunction and
cognitive impairment. Cell Mol Neurobiol, 2016, 36: 241-
58

Global status report on the public health response to
dementia[EB/OL]. [2023-11-30]. https://www.who.int/
publications-detail-redirect/9789240033245

Duncombe J, Kitamura A, Hase Y, et al. Chronic cerebral
hypoperfusion: a key mechanism leading to vascular
cognitive impairment and dementia. Closing the
translational gap between rodent models and human
vascular cognitive impairment and dementia. Clin Sci
(Lond), 2017, 131: 2451-68

Xu W, Bai Q, Dong Q, et al. Blood-brain barrier
dysfunction and the potential mechanisms in chronic
cerebral hypoperfusion induced cognitive impairment.
Front Cell Neurosci, 2022, 16: 870674

Magistretti PJ, Allaman 1. Lactate in the brain: from



TS, A&

LN A Ty B BRERS L A8 IR EVE A 3 A0 I P A SR B 5 o 4

115

[36]

[37]

[38]

[39]

metabolic end-product to signalling molecule. Nat Rev
Neurosci, 2018, 19: 235-49

Song N, Mei S, Wang X, et al. Focusing on mitochondria
in the brain: from biology to therapeutics. Transl
Neurodegener, 2024, 13: 23

Cunnane SC, Trushina E, Morland C, et al. Brain energy
rescue: an emerging therapeutic concept for neuro-
degenerative disorders of ageing. Nat Rev Drug Discov,
2020, 19: 609-33

Bordone MP, Salman MM, Titus HE, et al. The energetic
brain -- A review from students to students. J Neurochem,
2019, 151: 139-65

Dienel GA. Brain glucose metabolism: integration of
energetics with function. Physiol Rev, 2019, 99: 949-1045
Madreiter-Sokolowski CT, Thomas C, Ristow M.
Interrelation between ROS and Ca™ in aging and age-
related diseases. Redox Biol, 2020, 36: 101678
Bravo-Sagua R, Parra V, Lopez-Crisosto C, et al. Calcium
transport and signaling in mitochondria. Compr Physiol,
2017, 7: 623-34

Bo X, Xie F, Zhang J, et al. Deletion of Calhm?2 alleviates
MPTP-induced Parkinson's disease pathology by
inhibiting EFHD2-STAT3 signaling in microglia.
Theranostics, 2023, 13: 1809-22

Calvo-Rodriguez M, Bacskai BJ. Mitochondria and
calcium in Alzheimer's disease: from cell signaling to
neuronal cell death. Trends Neurosci, 2021, 44: 136-51
Sies H, Mailloux RJ, Jakob U. Fundamentals of redox
regulation in biology. Nat Rev Mol Cell Biol, 2024, 25:
701-19

Sies H, Jones DP. Reactive oxygen species (ROS) as
pleiotropic physiological signalling agents. Nat Rev Mol
Cell Biol, 2020, 21: 363-83

Brand MD. Mitochondrial generation of superoxide and
hydrogen peroxide as the source of mitochondrial redox
signaling. Free Radic Biol Med, 2016, 100: 14-31

Bleier L, Wittig I, Heide H, et al. Generator-specific
targets of mitochondrial reactive oxygen species. Free
Radic Biol Med, 2015, 78: 1-10

Matilainen O, Quirés PM, Auwerx J. Mitochondria and
epigenetics - crosstalk in homeostasis and stress. Trends
Cell Biol, 2017, 27: 453-63

Jomova K, Raptova R, Alomar SY, et al. Reactive oxygen
species, toxicity, oxidative stress, and antioxidants:
chronic diseases and aging. Arch Toxicol, 2023, 97: 2499-
574

Zhang Y, Wong HS. Are mitochondria the main contributor
of reactive oxygen species in cells. ] Exp Biol, 2021, 224:
jeb221606

Chen TH, Wang HC, Chang CJ, et al. Mitochondrial
glutathione in cellular redox homeostasis and disease
manifestation. Int J Mol Sci, 2024, 25: 1314

West AP, Shadel GS. Mitochondrial DNA in innate
immune responses and inflammatory pathology. Nat Rev
Immunol, 2017, 17: 363-75

Grazioli S, Pugin J. Mitochondrial damage-associated
molecular patterns: from inflammatory signaling to human

[49]

diseases. Front Immunol, 2018, 9: 832

Murphy MP, Hartley RC. Mitochondria as a therapeutic
target for common pathologies. Nat Rev Drug Discov,
2018, 17: 865-86

Bertheloot D, Latz E, Franklin BS. Necroptosis, pyroptosis
and apoptosis: an intricate game of cell death. Cell Mol
Immunol, 2021, 18: 1106-21

He Y, Chen X, Wu M, et al. What type of cell death occurs
in chronic cerebral hypoperfusion? A review focusing on
pyroptosis and its potential therapeutic implications. Front
Cell Neurosci, 2023, 17: 1073511

Gan B. Mitochondrial regulation of ferroptosis. J Cell
Biol, 2021, 220: ¢202105043

Ryan SK, Zelic M, Han Y, et al. Microglia ferroptosis is
regulated by SEC24B and contributes to neurodegeneration.
Nat Neurosci, 2023, 26: 12-26

LiY, Li M, Feng S, et al. Ferroptosis and endoplasmic
reticulum stress in ischemic stroke. Neural Regen Res,
2024, 19: 611-8

Neves D, Salazar IL, Almeida RD, et al. Molecular
mechanisms of ischemia and glutamate excitotoxicity.
Life Sci, 2023, 328: 121814

He Y, He T, Li H, et al. Deciphering mitochondrial
dysfunction: pathophysiological mechanisms in vascular
cognitive impairment. Biomed Pharmacother, 2024, 174:
116428

Bodalia A, Li H, Jackson MF. Loss of endoplasmic
reticulum Ca® homeostasis: contribution to neuronal cell
death during cerebral ischemia. Acta Pharmacol Sin, 2013,
34:49-59

Fang YC, Hsieh JY, Vidyanti AN, et al. HDACi protects
against vascular cognitive impairment from CCH injury
via induction of BDNF-related AMPA receptor activation.
J Cell Mol Med, 2021, 25: 7418-25

Van Opdenbosch N, Lamkanfi M. Caspases in cell death,
inflammation, and disease. Immunity, 2019, 50: 1352-64
Liguori I, Russo G, Curcio F, et al. Oxidative stress, aging,
and diseases. Clin Interv Aging, 2018, 13: 757-72

Luca M, Luca A, Calandra C. The role of oxidative
damage in the pathogenesis and progression of
Alzheimer's disease and vascular dementia. Oxid Med
Cell Longev, 2015, 2015: 504678

Polidori MC, Mattioli P, Aldred S, et al. Plasma
antioxidant status, immunoglobulin g oxidation and lipid
peroxidation in demented patients: relevance to Alzheimer
disease and vascular dementia. Dement Geriatr Cogn
Disord, 2004, 18: 265-70

Gustaw-Rothenberg K, Kowalczuk K, Stryjecka-Zimmer
M. Lipids' peroxidation markers in Alzheimer's disease
and vascular dementia. Geriatr Gerontol Int, 2010,10: 161-6
Gackowski D, Rozalski R, Siomek A, et al. Oxidative
stress and oxidative DNA damage is characteristic for
mixed Alzheimer disease/vascular dementia. J Neurol Sci,
2008, 266: 57-62

Picca A, Calvani R, Coelho-Junior HJ, et al. Mitochondrial
dysfunction, oxidative stress, and neuroinflammation:
intertwined roads to neurodegeneration. Antioxidants



116

GRS

374

[63]

[64]

[68]

[69]

[70]

[71]

[72]

(Basel), 2020, 9: 647

Handy DE, Loscalzo J. Redox regulation of mitochondrial
function. Antioxid Redox Signal, 2012, 16: 1323-67
Gorlach A, Bertram K, Hudecova S, et al. Calcium and
ROS: a mutual interplay. Redox Biol, 2015, 6: 260-71

Poh L, Sim WL, Jo DG, et al. The role of inflammasomes
in vascular cognitive impairment. Mol Neurodegener,
2022,17: 4

Choi DH, Lee KH, Kim JH, et al. NADPH oxidase 1, a
novel molecular source of ROS in hippocampal neuronal
death in vascular dementia. Antioxid Redox Signal, 2014,
21:533-50

Qiao M, Malisza KL, Del Bigio MR, et al. Transient
hypoxia-ischemia in rats: changes in diffusion-sensitive
MR imaging findings, extracellular space, and Na"-K"
-adenosine triphosphatase and cytochrome oxidase
activity. Radiology, 2002, 223: 65-75

Zhang X, Wu B, Nie K, et al. Effects of acupuncture on
declined cerebral blood flow, impaired mitochondrial
respiratory function and oxidative stress in multi-infarct
dementia rats. Neurochem Int, 2014, 65: 23-9

Zuo L, Zhou T, Pannell BK, et al. Biological and
physiological role of reactive oxygen species--the good,
the bad and the ugly. Acta Physiol (Oxf), 2015, 214: 329-
48

Yu W, LiY, Hu J, et al. A study on the pathogenesis of
vascular cognitive impairment and dementia: the chronic
cerebral hypoperfusion hypothesis. J Clin Med, 2022, 11:
4742

Rajeev V, Fann DY, Dinh QN, et al. Pathophysiology of
blood brain barrier dysfunction during chronic cerebral
hypoperfusion in vascular cognitive impairment.
Theranostics, 2022, 12: 1639-58

Erhardt EB, Adair JC, Knoefel JE, et al. Inflammatory
biomarkers aid in diagnosis of dementia. Front Aging
Neurosci, 2021, 13: 717344

Shang J, Yamashita T, Fukui Y, et al. Different associations
of plasma biomarkers in Alzheimer's disease, mild
cognitive impairment, vascular dementia, and ischemic
stroke. J Clin Neurol, 2018, 14: 29-34

Marchi S, Guilbaud E, Tait SWG, et al. Mitochondrial
control of inflammation. Nat Rev Immunol, 2023, 23:
159-73

Qin P, Sun Y, Li L. Mitochondrial dysfunction in chronic
neuroinflammatory diseases (Review). Int J Mol Med,
2024, 53: 47

Teleanu DM, Niculescu AG, Lungu II, et al. An overview
of oxidative stress, neuroinflammation, and neuro-
degenerative diseases. Int J Mol Sci, 2022, 23: 5938
Pizzuto M, Pelegrin P. Cardiolipin in immune signaling
and cell death. Trends Cell Biol, 2020, 30: 892-903

Liang T, Zhang Y, Wu S, et al. The role of NLRP3
inflammasome in Alzheimer's disease and potential
therapeutic targets. Front Pharmacol, 2022, 13: 845185
Poh L, Fann DY, Wong P, et al. AIM2 inflammasome
mediates hallmark neuropathological alterations and
cognitive impairment in a mouse model of vascular

[84]

(88]

dementia. Mol Psychiatry, 2021, 26: 4544-60

Kelley N, Jeltema D, Duan Y, et al. The NLRP3
inflammasome: an overview of mechanisms of activation
and regulation. Int J Mol Sci, 2019, 20: 3328

Xu'Y, Yang Y, Chen X, et al. NLRP3 inflammasome in
cognitive impairment and pharmacological properties of
its inhibitors. Transl Neurodegener, 2023, 12: 49

Fang EF, Hou Y, Palikaras K, et al. Mitophagy inhibits
amyloid-fB and tau pathology and reverses cognitive
deficits in models of Alzheimer's disease. Nat Neurosci,
2019, 22: 401-12

Zhao Z, Xie L, Shi J, et al. Neuroprotective effect of
Zishen Huoxue decoction treatment on vascular dementia
by activating PINK1/Parkin mediated mitophagy in the
hippocampal CA1 region. J Ethnopharmacol, 2024, 319:
117172

Biasizzo M, Kopitar-Jerala N. Interplay between NLRP3
inflammasome and autophagy. Front Immunol, 2020, 11:
591803

Jiang W, Liu Z, Wu S, et al. Neuroprotection of emodin by
inhibition of microglial NLRP3 inflammasome-mediated
pyroptosis. J Integr Neurosci, 2023, 22: 48

Newton K, Dixit VM. Signaling in innate immunity and
inflammation. Cold Spring Harb Perspect Biol, 2012, 4:
2006049

Mi Y, Qi G, Vitali F, et al. Loss of fatty acid degradation
by astrocytic mitochondria triggers neuroinflammation
and neurodegeneration. Nat Metab, 2023, 5: 445-65
Fecher C, Trovo L, Miiller SA, et al. Cell-type-specific
profiling of brain mitochondria reveals functional and
molecular diversity. Nat Neurosci, 2019, 22: 1731-42
Toyran N, Zorlu F, Severcan F. Effect of stereotactic
radiosurgery on lipids and proteins of normal and
hypoperfused rat brain homogenates: a Fourier transform
infrared spectroscopy study. Int J Radiat Biol, 2005, 81:
911-8

Aytac E, Seymen HO, Uzun H, et al. Effects of iloprost on
visual evoked potentials and brain tissue oxidative stress
after bilateral common carotid artery occlusion.
Prostaglandins Leukot Essent Fatty Acids, 2006, 74: 373-8
Lee CH, Park JH, Yoo KY, et al. Pre- and post-treatments
with escitalopram protect against experimental ischemic
neuronal damage via regulation of BDNF expression and
oxidative stress. Exp Neurol, 2011, 229: 450-9

Rojo AI, McBean G, Cindric M, et al. Redox control of
microglial function: molecular mechanisms and functional
significance. Antioxid Redox Signal, 2014, 21: 1766-801
Chai YL, Rajeev V, Poh L, et al. Chronic cerebral
hypoperfusion alters the CypA-EMMPRIN-gelatinase
pathway: implications for vascular dementia. J Cereb
Blood Flow Metab, 2023, 43: 722-35

Zhao'Y, Zhang J, Zheng Y, et al. NAD"™ improves cognitive
function and reduces neuroinflammation by ameliorating
mitochondrial damage and decreasing ROS production in
chronic cerebral hypoperfusion models through Sirt1/
PGC-1a pathway. J Neuroinflammation, 2021, 18: 207
Chen L, Deng H, Cui H, et al. Inflammatory responses and



XPTHE, A

LN A Ty B BRERS L A8 IR EVE A 3 A0 I P A SR B 5 o 4

117

[94]

inflammation-associated diseases in organs. Oncotarget,
2017,9: 7204-18

Ling C, Liu Z, Song M, et al. Modeling CADASIL
vascular pathologies with patient-derived induced
pluripotent stem cells. Protein Cell, 2019, 10: 249-71

Han B, Jiang W, Liu H, et al. Upregulation of neuronal
PGC-1a ameliorates cognitive impairment induced by
chronic cerebral hypoperfusion. Theranostics, 2020, 10:
2832-48

Han B, Zhao H, Gong X, et al. Upregulation of PGC-1a
attenuates oxygen-glucose deprivation-induced hippocampal
neuronal injury. Neural Plast, 2022, 2022: 9682999

Wang L, Peng T, Deng J, et al. Nicotinamide riboside
alleviates brain dysfunction induced by chronic cerebral
hypoperfusion via protecting mitochondria. Biochem
Pharmacol, 2024, 225: 116272

Liu Y, Fu T, Li G, et al. Mitochondrial transfer between
cell crosstalk--An emerging role in mitochondrial quality
control. Ageing Res Rev, 2023, 91: 102038

[95]

[96]

Geng Z, Guan S, Wang S, et al. Intercellular mitochondrial
transfer in the brain, a new perspective for targeted
treatment of central nervous system diseases. CNS
Neurosci Ther, 2023, 29: 3121-35

Zhou J, Zhang L, Peng J, et al. Astrocytic LRP1 enables
mitochondria transfer to neurons and mitigates brain
ischemic stroke by suppressing ARF1 lactylation. Cell
Metab, 2024, 36: 2054-68

Liu D, Liao P, Li H, et al. Regulation of blood-brain
barrier integrity by Dmpl-expressing astrocytes through
mitochondrial transfer. Sci Adv, 2024, 10: eadk2913

Guo H, Chen LQ, Zou ZR, et al. Zinc remodels
mitochondrial network through SIRT3/Mfn2-dependent
mitochondrial transfer in ameliorating spinal cord injury.
Eur J Pharmacol, 2024, 968: 176368

Masserini F, Baso G, Gendarini C, et al. Therapeutic
strategies in vascular cognitive impairment: a systematic
review of population, intervention, comparators, and
outcomes. Alzheimers Dement, 2023, 19: 5795-804



