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Overview of traditional Chinese medicine’ s role in regulating the mechanism
of regulatory cell death in vascular dementia
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[ Abstract]  Vascular dementia (VD) is a neurodegenerative disease caused by brain injury. Research on the
processes leading to its occurrence is lacking depth. In recent years, it has been proposed that regulatory cell death (RCD)
mechanisms, including apoptosis, pyroptosis, autophagy, ferroptosis, and cuproptosis, are related to the pathological
mechanisms of VD. Therefore, studies aiming to explain the links between the mechanisms of regulatory death and the
pathology of VD would be beneficial to our understanding of VD. This article provides a review of the roles of five
mechanisms of RCD in VD and summarizes the recent progress made in researching the treatment of VD with traditional
Chinese medicine, providing a resource for the development of new traditional Chinese medicine drugs.
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1.1 BAT5VD

I T (apoptosis ) S5 1 2 4l L AE 2 Fl P R
AR TR ST R T A DG A A 53 B, 1% Ak AR
IALONE e 5 e v R s = 2 1) T i s
AT Py AN RN 5N 34 ( endoplasmic reticulum
stress, ERS) g2 &

DA 5 200 00 1 = S A R DNA 495 55
SRV 20 L A 25 2R 05 5 GRS, R AR A B 37
( mitochondrial outer membrane permeabilization,
MOMP ) Je:iZ i 42 i) SC#E T L, i B itk EL 410 -2
(B cell-lymphoma , Bel-2) il Bel-2 #H5¢ X 5 H ( Bel-2

associated X protein, Bax ) %5 8 T A O KL #1120,
Bax 1 Bel-2 AR HA (R A T2 R4 VB IR AR 2ok
PRZ0 LI |, MOMP ¢ fil 2o K B8 il 2% 1R 1A D) g
(endonuclease G, ENDOG) 40l {4 % C ( cytochrome
C,Cyt C) SRR F, Cyt C BB EIM TG , BER
PTG PHF-— 1 (APAF-1) R R A4 il 9 R4
(pro-caspase 9) , 35 HIE WAL AR | R IHI) 5138
1% Caspace-9, {5 LAY Caspace-9 157 I WAL ¥ 2
e R AT 3/7 ((Caspase-3/7) RIS AL, 2E 1 5 25040 Y
TR A, SRR b8 T 32 (A 5 & A IR 1
YRR T OGS 3R, ST 2 ARTE LA K P T e
S ERE LAF B 45 80 , 4n i g SR 58 R - 52 44K (tumor
necrosis factor receptor, TNFR) 5 A N Btk 45 & J5
HETIL R A A A8 Ak, v/ 20 i 5T 77 2 26 11 40 Fas
AR BE T 3 & [ ( Fas-associated death domain,
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(PERK-elF2a-ATF2-CHOP ) filt (1) ST . 35 3 oi | 7]
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g2l m] DL 2 AR Caspase-3/8/12 H &4, AT 4R
Hp— AR 2 LA R G R ERS 1755 i A 28 4



148 o ] H A PR A 2435 2024 4E 9 45 34 %45 9 5] Chin J Comp Med, September 2024, Vol. 34, No. 9

PR TS VD MRER™ o Guo 51 7 M A
BERIBEFFAZ I (OGD/R) 20 A5 Y L K K i v 3y ik
P41 € RN F- 8 E (MCAO/R) 8 R B0 o | 46 0 3]
ERS J5 ) [Rl0 #0% PERK K HAS Sl %, S5 740
M2/ Caspase-3 . Caspase-12 Fl Bax 7K #4 fill LA f2
Bel-2 K- FEAR, e A S B & T i T2 kS8 T
PERK {5538 #1755 (19 40 L 08 T2 70 VD B BEAIL il
FASG TR AT 5T R I, S 1) 25 ) T LI 2o 0
PI3K/AKT/ Nef2 £ 23 B 30 6 P 35055, WA T 0
MZITTHI T, B VD REARDY DL AR R,
TV A0 T e SOSGE VD T8 3 X R 2 2 i 4
T-HLHIFE VD R AR AL AT, 488 1) 40 e 0
IBYT VD SRR
1.2 BES5 VD

L 1) W AR R 28 T Hh S AR T X T RE
W20 A A B R AR AR AT R A, )
N3 AN BE B A WA | A AR S DL R R
TERL A R FETORY AR A AR DGR
4N Beclin-1 P62 Fl LC 3 452 F Wi 8 2 19 h7 59
H W AR DCHE R R A5 LR T iz 2 5 A R
B AH S99 22 7 T 1) A 3 R e B AR A R 80T
Sl TS M M2 A M YR T M & T i B S
TR K5 VD kAL RREYIM,

TEH I X 4 A R AR s A
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SRR =R ERYE R (tricarboxylic acid cycle, TCA)
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RCD Z (8] i) ER YL AN Rl sl ELAZ00HY i, Je 1
AW R RN R R AR R0 E R . IR K
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Figure 1 Mechanism diagram and crosstalk between RCDs
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Table 1 Summary of research on traditional Chinese medicine regulating RCD related targets and signaling pathways for

VD treatment in the past five years

T A GRS N R N . -
o e EER Sy SR HIS: /38 S 30k
FET-ZRAM Traditional Chinese . ;
. Main components Experimental model Related molecules/ pathways Reference
RCD types medicine
LR TR g
v HT22 M 450 AR S (OGD) e n ,
B S 022 T 5 BRI COCD) e i Wi 3/ B4 FF 2B 14
Succinum Ethyl acetate B GSK 3B/B-catenin [73]
ouee Y U HT22 cell OGD model > e
extracts
ES T SN
B4 MR Pulsinelli PUIMLE PHZETE VCL oo e e s
N R SR Pulsinelli PRI ] R 25 25 96 67 — s R
W HEE B Radix Rehmanniae K FUEAY N - ;
o . - -~ WK B B I L AR R -2 [74]
Yisui Fuyong tang Praeparata, Cornus  Modified  Pulsinelli  four-vessel
C o . . BDNF-TrkB, Bel-2
officinalis, Radix  occlusion method
Astragali
B IR A KA U S 3 4L
ST Panax ginseng, (2-VO) #5 VD KBl A& R 175 WEBR AR 1 R AKT1 oA |
o Anemarthena % PC12 41IRUR B R AR 1 M DE KA B 3
M Shenzhi Jiannao . . . o o
asphodeloides, Permanent occlusion of bilateral NS, p-AKT1, AKT1, caspase-3 [75]
Apoptosis  formula . -
Paeonia  anomala common carotid artery ligation (2-
subsp VO) model in VD rats and
glutamate induced PC12 cell model
MU A2 A
A2 e ) 1B G/ FA T B
Danggui-Shaoyao ngelica smensts, Sk A MEHFERMBUR SIIKEEFLR kK NF-«B
San peony, Bl VD £ [76]
Atractylodes 2-VO model in VD rats
macrocephala
BV
Angelica sinensis Wit } " T B2 26 F 2/ 3 E AL 5 i
e 50 HT22 ANMIBRR IR Sopp
T Imperatorin Hippocampal HT22 cell hypoxia N./ARE
Notopterygium root hypoglycemia model [77]
IR AT/ 26 U A/ PR IR
r—— S e o A .
AT e XUILAE P 2 -VD PN ML 75’14: 454 % . Beclin-1,
A tatarinowii 5 2-VO model in VD rats LC3 P62 45 H [26]
corus tatarmowtt asarone ¢AMP/PKA/CREB, Beclin-1, LC3,
. P62
il & M A,
b= g n(IRZ7] % - ey ,
"Lisfen o Pelygonum 2-VO KR VD KL PTEN %S4 1/104: %A [29]
4 1 ’ 2-V del in VD rats PINK 1/Parki
A e Decoction multiflorum, O model in VD rats /Parkin
Autophagy wolfberry, Danshen
e e - LC 3 II, Beclin-1 SN ERSIEY
B B 20 8 VD KL 3 1 Becline ) S0 LA
Asiaticoside Asiaticoside 2-VO model in VD rats R 3% R bl [78]
o o i LC 3 1I ,Beclin-1 mTOR pathway
KIRR PN/ 2-VO #R VD K R BRARENLES 3 -t & ¥ B 120]
Rhizoma Gastrodiae  Gastrodin 2-VO model in VD rats PI3K/AKT
il 5 M, ” ”
e CHVIRIETT S vo g VD KB 06D 4 -
A= RERI IR % % A VD KB, MR ML)y RNA(miRNA) -124-3p
Zishen H Polyg iR-124- 2
rshen Huoxue oygonum 2-V0 model in VD rats; OGD cell  TiR124-3p [72]
Decoction multiflorum,

wolfberry, Danshen

model




o H A PR A 275 2024 4E 9 A5 34 %45 9 ] Chin J Comp Med, September 2024, Vol. 34, No. 9 153

&Rl
P PR 2 N N N "™ N R N
ALRAR RRER FE S AT 8 B4k
BET-M Traditional Chinese . . .
) L. Main components Experimental model Related molecules/ pathways Reference
RCD types medicine
20(8) -RAZ
FE(PDD) " ) NOD FESZ AR 1 45 A AR DG 1
e 2-VO A VD K S R o e 1
()J\iglsef‘o:sf;f‘de 20 (8)- 2-VO Tfodel in é(DEﬂrals 3 A AR R (79]
. i Protopanaxadiol NLRP3, ASC
Y FET (PPD)
Pyroptosis
amg : R U i 450 ODG A% S Tl R 38 S R AL 52Ky
Eipis /NBETR . .
lis chi . Berberi Rats hippocampal neurons BT «B [80]
optis chinensis erberine ODG model PPAR-y, NF-kB
NBA 3 Sl A i
mEm BRI Vo m vb K R XCT 28 Bt K i A
bil D yd bi - 2-VO model in VD rats fiti 4 PSD-95 & [81]
nobile endrobium
SH T, GPX4,PSD-
polysaccharides alkaloids GSH, xCT, 6 ,PSD-95
: %R F-414 2 3 2/Ke:
O FRE BCCAO KL VD 17 PIA'T LA 2 M XIS 2/Keap
Rhizoma Gastrodi BOCCA model in VD rats -2 H ik E L Y 4 [54]
Gastrodiae astrodun fodet s Nif2/Keapl-GPX4
: EJENIIE=2 PR, - KT E2 M T 2/ 40 Z i
Prr SIS g sk vo g P B2 R /AR
Ferroptosis L Angelica sinensis, 5 fif 1 r82]
Fo-Shou-San ngusn?um Ruccao model in VD rats Nrf2/HO-1
chuanxiong
s ile BV2 /N 5 240 0 1 4 o 2 A
4 T7 P v kil HIAREEN 6/SMADs EH [83]
Naotaifang e BV2 microglia OGD/R model BMP 6/SMADs
Chuangiong

2 ST &3 TE 1= = SUE RN = gl R D Bl e A
HBEARYE B AR SOk B GRS $iE
TSI A, PR TER IR VD T EA
“EELN ZER W IR 2 2 R R
HA RS 22 T7 , BN S MR 7 | 5%E R
AT D3 3 A DG A 538 i R A5 9 7 el % 24 L E
T, Ul T S 2 Te i 4, i VD 2= il 14 e
SR F 1A PR Th 25 RCD B HLHIBESE
H i 1R 275 B 1k — 2 0F 52 AT oA fige e %) ) i, B
AR, BARE EW P UEN RCD 5 VD LI
BCAR, DAKrb 2538 5 45 RCD B0 VD SR, {H 5L
B ATH A5 BA AE FL A S 50 B B, v oAl i e PR AV 5 2 —
HAIESE AT B — 25 AT IR R SE 50, A Ao 2
JAE RCD AR, BRI TT R W& e A
B B R T 5 Bl ST A — 2R IR A B
2 RCD IEAERER R, I R I BUR AE T |
ZIRT-4HE VD Jy it s /b, g & a] LU
2736 I AP R R 1) A ASCRE T BE A I PR S8
IR ABFSY s RCD Z [l ) S 4R ML AE VD i 4
FHARSCAF 7T /0, HLEAR A IR P ML I8 v A Bt ,
FRAIE] RCD 22 18] [v] (g V8 s 50 i, AR 90 0 BEE 450 K

SEACKRY T EMTTETT ),

AR ARG POt 4 [ 2 2 P E 2y L R AL
HHEBRIT AN Z K0 TT | T2/ AR I PR ST
UESEHRI R K 7 (P B G B I AL AR RN )
AT LI B VD R 10 2T IC LT RE Y IR
TR AR EE R T RCD P AL 109 A A5 5 i %
FIE A IRTTRAAR IR T I6)7 VD BPLH], T4 2y
Biiin VD B AERLA

S 3k

[1] MORGAN A E, MC AULEY M T. Vascular dementia; From
pathobiology to emerging perspectives [ J]. Ageing Res Rev,
2024, 96. 102278.

[ 2] HAN B, JIANG W, LIU H, et al. Upregulation of neuronal
PGC-1a ameliorates cognitive impairment induced by chronic
cerebral hypoperfusion [ J]. Theranostics, 2020, 10(6) : 2832-
2848.

[ 3] The Lancet Public Health. Reinvigorating the public health
response to dementia [ J]. Lancet Public Health, 2021, 6(10) ;
€696.

[4] BIRS C, KHAN M W, JAVALKAR V, et al. Emerging
concepts in vascular dementia; a review [ J]. J Stroke
Cerebrovasc Dis, 2021, 30(8) : 105864.

[ 5] KUANG H, ZHOU Z ¥, ZHU Y G, et al. Pharmacological



154

rp [ L PR 2 Ak 2024 4F 9 H A 34 B 9 Chin J Comp Med, September 2024, Vol. 34 ,No. 9

[7]

[10]

[11]

[12]

[13]

[14]

[17]

[18]

[19]

treatment of vascular dementia; a molecular mechanism
perspective [ J]. Aging Dis, 2021, 12(1) . 308-326.

WANG X X, ZHANG B, XIA R, et al. Inflammation, apoptosis
and autophagy as critical players in vascular dementia [ J]. Eur
Rev Med Pharmacol Sci, 2020, 24(18) : 9601-9614.

MA X, WANG Y, SHI Y, et al. Exosomal miR-132-3p from
mesenchymal stromal cells improves synaptic dysfunction and
cognitive decline in vascular dementia [ J]. Stem Cell Res Ther,
2022, 13(1) . 315.

GALLUZZI L., VITALE I, AARONSON S A, et al. Molecular
mechanisms of cell death: recommendations of the Nomenclature
Committee on Cell Death 2018 [J]. Cell Death Differ, 2018, 25
(3) . 486-541.

RiAESE , e, BURZE, S UL RE R B R)A 9T il
AR AT R (1], AR, 2023, 18(17):
2556-2559, 2564.

LU JJ, HOUY C, HUANG S W, et al. Acupuncture in treating
vascular dementia: a review from pathogenesis [ J]. World Chin
Med, 2023, 18(17): 2556-2559, 2564.

BAI X, ZHANG M. Traditional Chinese medicine intervenes in
vascular dementia; traditional medicine brings new expectations
[J]. Front Pharmacol, 2021, 12: 689625.

NOSSING C, RYAN K M. 50 years on and still very much alive
‘ Apoptosis: a basic biological phenomenon with wide-ranging
implications in tissue kinetics’ [J]. Br J Cancer, 2023, 128
(3) . 426-431.

SINGH R, LETAI A, SAROSIEK K. Regulation of apoptosis in
health and disease: the balancing act of BCL-2 family proteins
[J]. Nat Rev Mol Cell Biol, 2019, 20(3) : 175-193.

HU Y, BENEDICT M A, DING L, et al. Role of cytochrome ¢
and dATP/ATP  hydrolysis in Apaf-1-mediated
EMBO J, 1999, 18(13) . 3586—

caspase-9
activation and apoptosis [J].
3595.
KETELUT-CARNEIRO N, FITZGERALD K A. Apoptosis,
pyroptosis, and necroptosis-oh my! the many ways a cell can die
[J]. J Mol Biol, 2022, 434(4) . 167378.

ZHAO T, FU Y, SUN H, et al. Ligustrazine suppresses neuron
apoptosis via the Ba,/Bcl-2 and caspase-3 pathway in PC12 cells
and in rats with vascular dementia [ J]. IUBMB Life, 2018, 70
(1): 60-70.

WANG Z, ZHANG Z, LIU ], et al. Panax Ginseng in the
treatment of Alzheimer’s disease and vascular dementia [J]. J
Ginseng Res, 2023, 47(4) . 506-514.

GUAN T, XIAO Y, XIE X, et al. Dulaglutide improves gliosis
and suppresses apoptosis/autophagy through the PI3K/Akt/
mTOR signaling pathway in vascular dementia rats [ J].
Neurochem Res, 2023, 48(5): 1561-1579.

XU C, DAL Y, BAI J, et al. 17B-oestradiol alleviates
endoplasmic reticulum stress injury induced by chronic cerebral
hypoperfusion through the Haemoglobin/HIF la signalling
pathway in ovariectomized rats [ J]. Neurochem Int, 2021, 148.
105119.

GUOM M, QU S B, LU H L, et al. Biochanin A alleviates

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

cerebral ischemia/reperfusion injury by suppressing endoplasmic
reticulum = stress-induced apoptosis and p38MAPK signaling
pathway in vivo and in vitro [ J]. Front Endocrinol, 2021, 12:
646720.

CHEN Y X, YANG H, WANG D S, et al. Gastrodin relieves
cognitive impairment by regulating autophagy via PI3K/AKT
signaling pathway in vascular dementia [ J]. Biochem Biophys
Res Commun, 2023, 671 246-254.
ZHANG X, WEI M, FAN J, et al. Ischemia-induced
upregulation of autophagy preludes dysfunctional lysosomal
storage and associated synaptic impairments in neurons [ J].
Autophagy, 2021, 17(6) : 1519-1542.

KLIONSKY D J, PETRONI G, AMARAVADI R K, et al.
Autophagy in major human diseases [ J]. EMBO J, 2021, 40
(19): €108863.

YANG Z, LIN P, CHEN B, et al. Autophagy alleviates hypoxia-
induced blood-brain barrier injury via regulation of CLDNS5
(claudin 5) [J]. Autophagy, 2021, 17(10) : 3048-3067.
RAJEEV V, FANN D Y, DINH Q N, et al. Pathophysiology of
blood  brain

cerebral

(11

barrier  dysfunction  during  chronic

hypoperfusion in  vascular
Theranostics, 2022, 12(4) : 1639-1658.
WANG W, QIAO O, JI H, et al
dementia and natural products with autophagy regulating activity

[J]. Pharmacol Res, 2021, 170. 105756.
NING Z, ZHONG X, WU Y, et al. B-asarone improves cognitive

cognitive  impairment

Autophagy in vascular

impairment and alleviates autophagy in mice with vascular
cAMP/PKA/CREB  pathway [ J ].
Phytomedicine,, 2024, 123 155215.

YANG Y, ZHAO L, LI N, et al. Correction to: estrogen exerts

dementia via the

neuroprotective effects in vascular dementia rats by suppressing
autophagy and activating the Wnt/B-catenin signaling pathway
[J]. Neurochem Res, 2021, 46(9) . 2505.

XU L, QU C, LIU Y, et al. The environmental enrichment
ameliorates chronic cerebral hypoperfusion-induced cognitive
impairment by activating autophagy signaling pathway and
improving synaptic function in hippocampus [ J]. Brain Res
Bull, 2023, 204: 110798.

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 CAl
Region [J]. J Ethnopharmacol, 2024, 319(Pt 1) . 117172.
BERGSBAKEN T, FINK S L, COOKSON B T. Pyroptosis: host
cell death and inflammation [ J]. Nat Rev Microbiol, 2009, 7
(2):99-109.

HAN C, YANG Y, GUAN Q, et al. New mechanism of nerve
injury in Alzheimer’ s disease; [-amyloid-induced neuronal
pyroptosis [ J]. J Cell Mol Med, 2020, 24(14) . 8078-8090.
SUN R, PENG M, XU P, et al. Low-density lipoprotein receptor
( LDLR ) regulates NLRP3-mediated neuronal
following  cerebral
Neuroinflammation, 2020, 17(1) : 330.

WARD R, LI W, ABDUL Y, et al.

pyroptosis
(111

ischemia/reperfusion  injury

NLRP3 inflammasome



rp [ LA PR 2 A ks 2024 4F 9 H A 34 5559 Chin J Comp Med, September 2024, Vol. 34 ,No. 9

155

[34]

[35]

[38]

[39]

[40]

[41]

[42]

[46]

[47]

[48]

inhibition with MCC950 improves diabetes-mediated cognitive
impairment and vasoneuronal remodeling after ischemia [ J].
Pharmacol Res, 2019, 142, 237-250.

ZHANG Y, ZHANG J, ZHAO Y, et al. ChemR23 activation
attenuates cognitive impairment in chronic cerebral hypoperfusion
by inhibiting NLRP3 inflammasome-induced neuronal pyroptosis
[J]. Cell Death Dis, 2023, 14(11) . 721.

ZHU J, DU J, KOU W, et al. Probucol protects against brain
damage caused by intra-neural pyroptosis in rats with vascular
dementia through inhibition of the Syk/Ros pathway [J]. Aging,
2024, 16(5) : 4363-43717.

CHEN J, SHU S, CHEN Y, et al. AIM2 deletion promotes
neuroplasticity and spatial memory of mice [ J]. Brain Res Bull,
2019, 152. 85-94.

POH L, FANN D Y, WONG P, et al.

mediates hallmark neuropathological alterations and cognitive

AIM2 inflammasome

impairment in a mouse model of vascular dementia [ J]. Mol
Psychiatry, 2021, 26(8) : 4544-4560.

POH L, RAZAK S M B A, LIM H M, et al. AIM2
inflammasome mediates apoptotic and pyroptotic death in the
cerebellum following chronic hypoperfusion [ J]. Exp Neurol,
2021, 346 113856.

FANND Y, LIMY A, CHENG Y L, et al. Evidence that NF-
kB and MAPK signaling promotes NLRP inflammasome activation
in neurons following ischemic stroke [ J]. Mol Neurobiol, 2018,
55(2) : 1082-1096.

DENG F, ZHENG X, SHARMA I, et al. Regulated cell death in
cisplatin-induced AKI;
[J]. Am ] Physiol Renal Physiol, 2021, 320(4) ; F578-F595.
DIXON S J, LEMBERG K M, LAMPRECHT M R, et al.

relevance of myo-inositol metabolism

Ferroptosis: an iron-dependent form of nonapoptotic cell death
[J]. Cell, 2012, 149(5) : 1060-1072.

TONG L, YU H, HUANG X, et al. Current understanding of
osteoarthritis pathogenesis and relevant new approaches [ J].
Bone Res, 2022, 10(1): 60.

XIE Y, HOU W, SONG X, et al. Ferroptosis: process and
function [ J]. Cell Death Differ, 2016, 23(3) : 369-379.

HE Y J, LIUX Y, XING L, et al. Fenton reaction-independent
ferroptosis therapy via glutathione and iron redox couple
sequentially triggered lipid peroxide generator [ J]. Biomaterials,
2020, 241; 119911.

HUANG X, SONG Y, WEI L, et al. The emerging roles of
ferroptosis in organ fibrosis and its potential therapeutic effect
[J]. Int Immunopharmacol, 2023, 116 109812.

ZHAO Y Y, YANG Y Q, SHENG H H, et al. GPX4 plays a
crucial role in fuzheng kang’ ai decoction-induced non-small cell
lung cancer cell ferroptosis [ J]. Front Pharmacol, 2022, 13
851680.

ADENIYI P A, GONG X, MACGREGOR E, et al. Ferroptosis
of microglia in aging human white matter injury [ J]. Ann
Neurol, 2023, 94(6) : 1048-1066.

OU M, JIANGY, JI'Y, et al. Role and mechanism of ferroptosis

in neurological diseases [ J]. Mol Metab, 2022, 61; 101502.

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

DU S Q, WANG X R, XIAO LY, et al. Molecular mechanisms
of vascular dementia: what can be learned from animal models of
chronic cerebral hypoperfusion? [ J]. Mol Neurobiol, 2017, 54
(5): 3670-3682.

TUO Q Z, LEI P, JACKMAN K A, et al. Tau-mediated iron
export prevents ferroptotic damage after ischemic stroke [ J]. Mol
Psychiatry, 2017, 22(11) : 1520-1530.

LIU L, VOLLMER M K, KELLY M G, et al. Reactive gliosis
contributes to Nrf2-dependent neuroprotection by pretreatment
with dimethyl fumarate or Korean red ginseng against hypoxic-
ischemia: focus on hippocampal injury [ J]. Mol Neurobiol,
2020, 57(1): 105-117.

JIY, ZHENG K, LI S, et al. Insight into the potential role of
ferroptosis in neurodegenerative diseases [ J ]. Front Cell
Neurosci, 2022, 16: 1005182.

JIANG T, CHENG H, SU J, et al. Gastrodin protects against
glutamate-induced ferroptosis in HT-22 cells through Nrf2/HO-1
signaling pathway [ J]. Toxicol In Vitro, 2020, 62: 104715.
LI Y, ZHANG E, YANG H, et al. Gastrodin ameliorates
cognitive dysfunction in vascular dementia rats by suppressing
ferroptosis via the regulation of the Nif2/Keapl-GPx4 signaling
pathway [ J]. Molecules, 2022, 27(19) ; 6311.

KIM B E, NEVITT T, THIELE D J. Mechanisms for copper
acquisition, distribution and regulation [ J]. Nat Chem Biol,
2008, 4(3): 176-185.

GOODMAN V L, BREWER G J, MERAJVER S D. Copper
deficiency as an anti-cancer strategy [ J]. Endocr Relat Cancer,
2004, 11(2): 255-263.

LUTSENKO S.
interconnected pathways [ J]. Curr Opin Chem Biol, 2010, 14
(2): 211-217.

TSVETKOV P, COY S, PETROVA B, et al. Copper induces

Human copper homeostasis; a network of

cell death by targeting lipoylated TCA cycle proteins [ ] ].
Science, 2022, 375(6586) : 1254-1261.

OLIVERI V. Selective targeting of cancer cells by copper
ionophores: an overview [ J]. Front Mol Biosci, 2022, 9.
841814.

GROMADZKA G, TARNACKA B, FLAGA A, et al. Copper
dyshomeostasis  in  neurodegenerative  diseases-therapeutic
implications [J]. Int J Mol Sci, 2020, 21(23) . 9259.
KARDOS J, HEJA L, SIMON A, et al. Correction to: Copper
signalling: causes and consequences [ J]. Cell Commun Signal
2018, 16(1) . 80.

CALABRESE V, GIORDANO J, SIGNORILE A, et al. Major
pathogenic mechanisms in vascular dementia; Roles of cellular
stress response and hormesis in neuroprotection [ J]. J Neurosci
Res, 2016, 94(12) : 1588-1603.

SRR, BRIE, RMEI, S5 A PERUR AL T O 2 e
B A5 B2 0 i e B A h 25 i [J]. ezl 2023,
54(21) . 7120-7129.

ZHUO G F, CHEN W, ZHU J M, et al. Bioinformatics analysis
of cuproptosis in vascular dementia and screening of traditional

Chin Tradit

Chinese medicine for prevention and treatment [ J].



156

rp [ L PR 2 Ak 2024 4F 9 H A 34 B 9 Chin J Comp Med, September 2024, Vol. 34 ,No. 9

[64]

[65]

[66]

[67]

[68]

[71]

[72]

[74]

Herb Drugs, 2023, 54(21): 7120-7129.

BISWAS U, ROY R, GHOSH S, et al. The interplay between
autophagy and apoptosis: its implication in lung cancer and
therapeutics [ J]. Cancer Lett, 2024, 585 216662.

KIST M, VUCIC D. Cell death pathways: intricate connections
and disease implications [ J]. EMBO J, 2021, 40 (5):
€106700.
BEDOUI S, HEROLD M J, STRASSER A. Emerging
connectivity of programmed cell
physiological implications [ J]. Nat Rev Mol Cell Biol, 2020, 21
(11): 678-695.

WANG B, WANG Y, ZHANG J, et al. ROS-induced lipid

peroxidation modulates cell death outcome; mechanisms behind

death pathways and its

apoptosis, autophagy, and ferroptosis [ J]. Arch Toxicol, 2023,
97(6) : 1439-1451.

MAO C, WANG M, ZHUANG L, et al. Metabolic cell death in
cancer; Ferroptosis, cuproptosis, disulfidptosis, and beyond
[J]. Protein Cell, 2024 ; pwae003.
CHEN T T, ZHOU X, XU Y N, et al. Gastrodin ameliorates
learning and memory impairment in rats with vascular dementia
by promoting autophagy flux via inhibition of the Ca*/CaMKII
signal pathway [J]. Aging, 2021, 13(7) : 9542-9565.
SRELE, ASAT, WK, AF. WG EIE DI T I 6 1 A
AP IR R [J]. HEZ IR A, 2022, 34
(1): 151-155.

ZHANG Y T, HU Z R, XIE L, et al. Efficacy of zishen Huoxue
prescription in the treatment of vascular dementia of kidney-Yin
deficiency and blood stasis type [J]. Clin J Tradit Chin Med,
2022, 34(1): 151-155.

RFEISE AR, SRFEW, 5. WG O 2-VO BERIR B
M5 CA1 XZORLR 5 W T S i 2 e i A i S [ 7.
o SER O R, 2022, 8(20) ; 45-52.

ZHAOZ T, WU D H, ZHANG X L, et al. Effect of zishen
Huoxue prescription on regulation of mitophagy and neurogenesis
in hippocampal CA1 region of 2-VO rats [ J]. Chin J Exp Tradit
Med Formulae, 2022, 8(20) : 45-52.

YAO T, XIE L, XIE Y, et al. Protective effects of Zishen
Huoxue recipe against neuronal injury in the neurovascular unit of
rats with vascular dementia by interfering with inflammatory
cascade-induced pyroptosis [ J]. Neuropeptides, 2023, 102:
102358.

WEI C, ZHU Z, ZHENG J N, et al.

succinum, ameliorates cognitive impairment of carotid artery

Chinese medicine,

ligation rats and inhibits apoptosis of HT22 hippocampal cells via
regulation of the GSK3B/B-catenin pathway [ J ].
Pharmacol, 2022, 13 867477.

GONG T, LUO Z, HUANG L, et al. Effect and mechanism of

yisui fuyongtang ( YSFYT) decoction on cognitive function and

Front

synaptic plasticity in rats with vascular cognitive impairment [ J].
J Immunol Res, 2022, 2022: 1709360.

TIAN D, GAO Q, LIN J, et al. Uncovering the mechanism of
the Shenzhi Jiannao formula against vascular dementia using a

combined network pharmacology approach and molecular biology

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[J]. Phytomedicine, 2021, 90, 153637.

CAI H, CAI'T, ZHENG H, et al. The neuroprotective effects of
Danggui-Shaoyao San on vascular cognitive impairment:
involvement of the role of the low-density lipoprotein receptor-
related protein [ J]. Rejuvenation Res, 2020, 23(5): 420—
433,

LIAO X, ZHANG Z, MING M, et al. Imperatorin exerts
antioxidant effects in vascular dementia via the Nrf2 signaling
pathway [J]. Sci Rep, 2023, 13(1): 5595.

GUO M, XU J, WANG S, et al. Asiaticoside reduces autophagy
and improves memory in a rat model of dementia through mTOR
signaling pathway regulation [ J]. Mol Med Rep, 2021, 24(3) .
645.

WANG X, SHI'Y J, NIUT Y, et al. Neuroprotective effect of 20
(S) -Protopanaxadiol ( PPD) attenuates NLRP3 inflammasome-
mediated microglial pyroptosis in vascular dementia rats [ J].
Neurosci Lett, 2023, 814 137439.

ZHAO Y, LI Z, LU E, et al. Berberine exerts neuroprotective
activities against cerebral ischemia/reperfusion injury through up-
regulating PPAR-y to suppress NF-kB-mediated pyroptosis [ J].
Brain Res Bull, 2021, 177 22-30.
MING M, HU W, XIE G, et al. Dendrobium nobile
polysaccharides attenuates ferroptosis and improves cognitive
function in vascular dementia rats [ J]. Am ] Alzheimers Dis
Other Demen, 2023, 38. 15333175231185236.

WANG J, SHI J, XIAO Y, et al. Fo-Shou-San ameliorates
chronic cerebral hypoperfusion-induced cognitive impairment in
mice by regulating NRF2/HO-1 pathway against ferroptosis [ J].
J Integr Neurosci, 2023, 22(2) ; 41.

LIAO J, WEI M, WANG J, et al. Naotaifang formula attenuates
OGD/R-induced inflammation and ferroptosis by regulating
microglial M1/M2 polarization through BMP6/SMADs signaling
pathway [ J]. Biomed Pharmacother, 2023, 167, 115465.
PRI, Ak, ST, 4. I8 MR R B b vy B o
HEE (1], TP ERAEE, 2022, 24(1) ; 40-44.
CHEN Z, WU L, LAN X L, et al. Research progress on
pathogenesis of vascular dementia in traditional Chinese medicine
and western medicine [ J]. J Liaoning Univ Tradit Chin Med,
2022, 24(1) : 40-44.

FIESR, SN, xR, A AR P B 2R YT
R (1], PERIGERMETT, 2023, 15(9) : 83-85.

WANG F M, GAI P P, LIU B, et al. A review on treating
vascular cognitive impairment in TCM [ J]. Clin J Chin Med,
2023, 15(9) . 83-85.

0, VR, FORTN. SRR G Al B R LT R T
B R PR IR ORBESE (1], P E P E 2 A,
2021, 28(3): 100-103.

LIW F, LU M, DONG X G. Clinical study on Chidai Jiannao
Decoction combined with western routine therapy for treatment of

mild to moderate vascular dementia [ J]. Chin J Inf Tradit Chin
Med, 2021, 28(3): 100-103.

(Y5 HHA)2024-04-30



