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Research progress in improving Alzheimer’ s disease by regulating neurovascular units
and their markers with traditional Chinese medicine
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[Abstract] Alzheimer’ s disease (AD) is a neurodegenerative disease characterized by progressive cognitive impairment, and its
pathogenesis is very complex. In recent years, vascular abnormalities such as decreased cerebral blood flow and blood-brain barrier
disruption have been found in the early stage of AD, suggesting that vascular factors play an important role in its pathogenesis. As a key
structure of brain functional homeostasis, the dysfunction of the neurovascular unit (NVU) , including neurons, endothelial cells,
pericytes, astrocytes, microglia, and basement membrane, has been considered to be one of the common pathological bases of AD and
vascular dementia. Its disorder can lead to cognitive impairment. Traditional Chinese medicine can intervene NVU function through
multiple targets and pathways, improve the permeability of blood-brain barrier, reduce neuroinflammation and oxidative stress, and is
expected to become an important means to treat AD. This article elaborates the research progress of NVU and its markers regulated by
traditional Chinese medicine in the early diagnosis and treatment of AD.
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Table 1 The mechanisms of NVU regulated by traditional Chinese medicine in the treatment of AD

Methods of intervention Influencing factors Mechanisms of action

Traditional Chinese medicine compound

Polygala soup™”’ Levels of GSK-38 and A3 Down-regulate the expression of GSK-38 and its phosphorylation, thereby
reducing Tau protein phosphorylation and improving spatial orientation
and memory ability of AD mice

Bushen Huatan Yizhi

[43]

Phosphorylated Tau protein  Inhibition of Tau protein hyperphosphorylation can reduce the formation

decoction of NFT and significantly improve learning and memory impairment in rats

Ditan soup™™"’ Phosphorylated Tau protein ~ Reduce the hyperphosphorylation of Tau protein in the brain of AD mice,

reduce Tau aggregation, and reduce neuronal apoptosis

Peony herb and licorice ~ Microglial polarization

]

Reduce the aggregation of AB and the production of reactive oxygen
soup™” species,promote the growth of neurites,regulate the polarization of microglia,
and inhibit the expression of TNF-a, IL-6 and other inflammatory factors

Traditional Chinese medicine monomer

Ginsenoside Rb1'* AR level Reduce inflammation and apoptosis stimulated by A
Chuanshaozine " Phosphorylationlevelsof A3 Chuanshaozine could significantly reduce the deposition of AR and the
and Tau phosphorylation level of Tau protein, improve mitochondrial function,
and reduce oxidative stress
Kaempferol **! AB level Reduce oxidative stress, inflammatory response and neurotoxicity induced

by AB, regulate cholinergic system, and play a role in the improvement
of AD
Inhibit the hyperphosphorylation of Tau protein and reduce Tau aggrega-

Isoglycyrrhizin"™ Neuronal structure and

function; Tau protein tion and fibrosis

Ginseng peptide"™” Oxidative stress Inhibit the aggregation of AB1-42 and alleviate oxidative stress and
neuronal injury induced by AB1-42

Acupuncture therapy

Reduce the level of AB1-42 effectively

Reduce the deposition of A and Tau protein in the hippocampal CA1

Electroacupuncture’ AR level
Electroacupuncture ™ Deposition of AR and Tau
region,reduce the expression of pro-inflammatory factors TNF-oc and IL-13
Acupuncture needle”™ Apoptosis protein level Up-regulate the expression of Bel-2 and inhibit the expression of Bax,
alleviate neuronal damage in the hippocampal CA1 region
Electroacupuncture™™ AB level Reduce the generation of AP plaques and promote the expression of
hippocampal myelin-related proteins
Microglia and astrocyte

Acupuncture needle™’ Promote the release of anti-inflammatory factors from microglia and

reduce the expression of IL-1f and IL-6




BASHH I 5k 8 BRAL I AR PRSI A S B T R R S BSCE R R R B B T E FEL) .

2025 11 H

B R R 2 R CHARRLRRD 2025, 45(11):1670-1677

*1675-

NVU br EVIH S RN TR 7L F,
BRI 7 BLRNIR BT B RIBIT AD 14> FALE], I
PR 77 TH 56 97 FF J8 R AR L 22w B AL RS, IF
Hilid 2 R 8 XAERBARCIH, NkIKRIEITT
AD ST A 1 B AR .

4 REERZE

AD & — P& A& (A G IR AT MR, HORAE KR
JE5 NVU (D RERfG s DIAE 5% . B2 24385 2 48
R 2B BRI NVU KL GBS S, 722505 BBB
HEIEE PRI FAE S0 ABAN Tau 2 F1R 2L
/N B S A A A 55 T TR A AR . R, 2
RITRIE FEATI A AE AT P AL A B BT 8 R A AT A A2 K
IRFACH PRAE . ROR B 45 & 2 2 22 R ek
20 A AL AT T B2 25 42 NVU I 20 141
i, R RGEY) AR, R R AL A R E S
. LRAL, PR S A HE A AL NVU SE R T
J7 % iR T RCR W AN R RN, R, 7
TR KA L 22 rhCo R BE AL I PR IT 7T, R B2 A5
SN A b 3 e I B AL TP B2 25 % NVU i ORI
I 5 5 I PRUIE S 7K, 1 O 7 B2 25 1142 NV U b il
POy 7 2 22 4k, 3Lz N P 4R AR S 4 Al

P E MR

P P AR 2 R

Conflict of Interests:

All authors disclose no relevant conflict of interests.

{EH TSI A AR

SR BT SCHRE R AN RS IR 2R A7 57 SC 3 [0 A S o
) s R 88 0 9 SR A B OB

Author’s Contributions:

ZHANG Ming is responsible for literature search and writ-
ing; FENG Xiaodong is responsible for the framework and review
of the article; PAN Rui is responsible for revising and designing

the article.
[ 5% k]
[1] GUSTAVSSON A, NORTON N, FAST T, et al. Global

estimates on the number of persons across the Alzheimer’s
disease continuum[J]. Alzheimers Dement, 2023, 19(2):
658-670

[2] XIA X, WEI Y, HUANG Q Q, et al. Counteracting
Alzheimer’ s disease via normalizing neurovascular unit
with a self-regulated multi-functional nano-modulator[J].
Acta Pharm Sin B, 2024, 14(12): 5464-5478

[3] SINGH D. Astrocytic and microglial cells as the modula-
tors of neuroinflammation in Alzheimer’ s disease [J]. J
Neuroinflammation, 2022, 19(1): 206

[4] BEIJ N, MIRANDA-MORALES E G, GAN Q N, et al.
Circulating exosomes from Alzheimer’ s disease suppress
vascular endothelial - cadherin expression and induce
barrier dysfunction in recipient brain microvascular endo-
thelial cell[J]. J Alzheimers Dis,2023,95(3): 869-885

[5] TACHIBANA K, HIRAYAMA R, SATO N, et al. Associa-
tion of plasma claudin-5 with age and Alzheimer dis-
ease[J]. Int J Mol Sci,2024,25(3): 1419

[6] HOU Y,FAN F H, XIE N, et al. Rhodiola crenulata alle-
viates hypobaric hypoxia-induced brain injury by main-
taining BBB integrity and balancing energy metabolism
dysfunction[ J]. Phytomedicine, 2024, 128: 155529

[7] KUO W T, ODENWALD M A, TURNER J R, et al. Tight
junction proteins occludin and ZO-1 as regulators of
epithelial proliferation and survival [J]. Ann N Y Acad
Sei, 2022, 1514(1):21-33

[8] GONG T, CHEN Q, MAO H C, et al. Outer membrane
vesicles of Porphyromonas gingivalis trigger NLRP3
inflammasome and induce neuroinflammation, tau phos-
phorylation, and memory dysfunction in mice [J]. Front
Cell Infect Microbiol, 2022, 12: 925435

[9] GHOSH S, ALI R, VERMA S. AB-oligomers: a potential
therapeutic target for Alzheimer’ s disease[J]. Int J Biol
Macromol, 2023,239: 124231

[10] CHATTERJEE P, PEDRINI S, DOECKE J D, et al.
Plasma AB42/40 ratio, p-taul81, GFAP, and NFL across
the Alzheimer’ s disease continuum: a cross - sectional
and longitudinal study in the AIBL cohort[J]. Alzheimers
Dement, 2023, 19(4): 1117-1134

[11] KIM HY,KIM Y. Chemical-driven amyloid clearance for
therapeutics and diagnostics of Alzheimer’ s disease[]].
Ace Chem Res, 2024, 57(22):3266-3276

[12] LANTERO-RODRIGUEZ J, VRILLON A, FERNANDEZ-
LEBRERO A, et al. Clinical performance and head - to -
head comparison of CSF p-tau235 with p-taul81, p-tau217
and p-tau231 in two memory clinic cohorts[J]. Alzheimers
Res Ther,2023,15(1):48

[13] JANELIDZE S, BALI D, ASHTON N J, et al. Head-to-
head comparison of 10 plasma phospho - tau assays in
prodromal Alzheimer’s disease[]J]. Brain, 2023, 146(4):
1592-1601

[14] KARIKARI T K, PASCOAL T A, ASHTON N J, et al.
Blood phosphorylated tau 181 as a biomarker for Alzhei -
mer’ s disease: a diagnostic performance and prediction
modelling study using data from four prospective cohorts
[J]. Lancet Neurol, 2020, 19(5): 422-433

[15] PALMQVIST S, JANELIDZE S, QUIROZ Y T, et al.

Discriminative accuracy of plasma phospho - tau217 for



*1676° Mo

VS PN

A5 HH 11
2025411 A

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Alzheimer disease vs other neurodegenerative disorders
[J1. JAMA, 2020, 324(8):772-781

PARK S A, AN'Y S, PARK Y J, et al. Comparative analy-
sis of Elecsys and ELISA for differentiating amyloid-PET
status in a Korean memory clinic based on cerebrospinal
fluid biomarkers [J]. J Alzheimers Dis, 2025, 104 (1) :
232-244

MUSSO G, GABELLI C, PUTHENPARAMPIL M, et al.
Blood biomarkers for Alzheimer’s disease with the lumi-
pulse automated platform: age - effect and clinical value
interpretation[ ] ]. Clin Chim Acta, 2025, 565: 120014
HONIG L S, KANG M S, LEE A J, et al. Evaluation of
plasma biomarkers for A/T/N classification of Alzheimer
disease among adults of Caribbean hispanic ethnicity [J].
JAMA Netw Open, 2023, 6(4):¢238214

MILA - ALOMA M, ASHTON N J, SHEKARI M, et al.
Plasma p-tau231 and p-tau217 as state markers of amyloid-
B pathology in preclinical Alzheimer’ s disease[J]. Nat
Med, 2022,28(9):1797-1801

ASHTON N J, JANELIDZE S, MATTSSON-CARLGREN
N, et al. Differential roles of AB42/40, p-tau231 and
p - tau217 for Alzheimer’ s trial selection and disease
monitoring[J . Nat Med, 2022, 28(12):2555-2562
KARAMIAN A, FARZANEH H, KHOSHNOODI M, et al.
Accuracy of GFAP and UCH-LI1 in predicting brain
abnormalities on CT scans after mild traumatic brain injury:
a systematic review and meta-analysis[J]. Eur ] Trauma
Emerg Surg,2025,51(1):68

ASHTON N J, PASCOAL T A, KARIKARI T K, et al.
Plasma p-tau231: a new biomarker for incipient Alzhei-
mer’s disease pathology[ J]. Acta Neuropathol, 2021, 141
(5):709-724

ELAHI F M, CASALETTO K B, JOIE R L, et al. Plasma
biomarkers of astrocytic and neuronal dysfunction in early-
and late - onset Alzheimer” s disease [J]. Alzheimers
Dement, 2020, 16(4): 681-695

VERBERK I M W, THIJSSEN E, KOELEWIJN J, et al.
Combination of plasma amyloid beta (1-42/1-40) and
glial fibrillary acidic protein strongly associates with
cerebral amyloid pathology [J]. Alzheimers Res Ther,
2020, 12(1):118

CICOGNOLA C, JANELIDZE S, HERTZE J, et al. Plasma
glial fibrillary acidic protein detects Alzheimer pathology
and predicts future conversion to Alzheimer dementia in
patients with mild cognitive impairment [J]. Alzheimers
Res Ther, 2021, 13(1): 68

WANG X F, YANG H Y, ZHAN D C, et al. Novel targets

for the treatment and prevention of Alzheimer’ s disease

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

in the European population, inspiration from amyloid beta
and tau protein[J]. Heliyon, 2024, 10(20): 39013
HAMPEL H, CUMMINGS J, BLENNOW K, et al. Deve-
loping the ATX (N) classification for use across the
Alzheimer disease continuum[J]. Nat Rev Neurol, 2021,
17(9):580-589

HEY J A, YU J Y, ABUSHAKRA S, et al. Analysis of
cerebrospinal fluid, plasma { - amyloid biomarkers, and
cognition from a 2-year phase 2 trial evaluating oral ALZ-
801/valiltramiprosate in APOE4 carriers with early Al-
zheimer’ s disease using quantitative systems pharmacolo-
gy model[J]. Drugs, 2024, 84(7): 825-839

CHEN X Y, WAN S F, YAO N N, et al. Inhibition of the
immunoproteasome LMP2 ameliorates ischemia/hypoxia -
induced blood - brain barrier injury through the Wnt/ -
catenin signalling pathway[J]. Mil Med Res, 2021, 8(1):62
BERNOCCHI F, BONOMI C G, ASSOGNA M, et al.
Astrocytic -derived vascular remodeling factors are inde-
pendently associated with blood brain barrier permeability
in Alzheimer” s disease[J]. Neurobiol Aging, 2024, 141:
66-73

SMYTH L C D, HIGHET B, JANSSON D, et al. Characte-
risation of PDGF-BB: PDGFR signalling pathways in
human brain pericytes: evidence of disruption in Alzhei-
mer’s disease[ J]. Commun Biol,2022,5(1):235
VERMA A, SHTEINFER-KUZMINE A, KAMENETSKY
N, et al. Targeting the overexpressed mitochondrial
protein VDAC1 in a mouse model of Alzheimer’ s disease
protects against mitochondrial dysfunction and mitigates
brain pathology[J]. Transl Neurodegener, 2022, 11(1):58
NI X C, WANG H F, CAL Y Y, et al. Ginsenoside Rb1
inhibits astrocyte activation and promotes transfer of astro-
cytic mitochondria to neurons against ischemic stroke[J].
Redox Biol,2022,54: 102363

CAIL J, CHEN Y, SHE Y, et al. Aerobic exercise improves
astrocyte mitochondrial quality and transfer to neurons in
a mouse model of Alzheimer’s disease[J]. Brain Pathol,
2025,35(3):e13316

i 0, XUFR A A CTCFL/RPS3A 38 i 41 ]
VAL BT ) 2 355032 o 8 T 400 L U T 0 PR T R 2 BROAE
KRN EN T R R Ag LR B AU (U] PRV B S 4t &
2024, 53(10): 1314-1319

MENG Q L, PAN N, LIU Y F, et al. CTCFL/RPS3A
reduces neuronal apoptosis and alleviates cognitive
dysfunction in Alzheimer’s disease rats by inhibiting ER
stress [J]. Shaanxi Medical Journal, 2024, 53 (10) :
1314-1319

DU X Q, WANG H Q, LIU S'Y, et al. Astrocytic GluN2A



FASHEHEILH 5k 8, DR, %
2025 11 H

5. B 25 RN 4R LA R T S bR R S BT R S RS I Tk R L) ).
B R R 2 R CHARRLRRD 2025, 45(11):1670-1677

* 1677

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

alleviates sleep deprivation - induced elevation of A
through regulating neprilysin and AQP4 via the calcineu-
1in/NFAT pathway[J . Prog Neurobiol, 2025,248: 102744
MACVICAR B A, NEWMAN E A. Astrocyte regulation of
blood flow in the brain [J]. Cold Spring Harb Perspect
Biol, 2015, 7(5): 2020388

CHAUHAN N, PALIWAL S, JAIN S, et al. GSK-38 and
its inhibitors in Alzheimer’s disease: a recent update[J].
Mini Rev Med Chem, 2022,22(22):2881-2895

WU Q, LI X, JIANG X W, et al. Yuan-Zhi decoction in
the treatment of Alzheimer’ s disease: an integrated
approach based on chemical profiling, network pharmaco-
logy, molecular docking and experimental evaluation[J].
Front Pharmacol, 2022, 13: 893244

ZHAO Y J, HE C H, HU S Z, et al. Anti-oxidative stress
and cognitive improvement of a semi-synthetic isoorientin-
based GSK -3 inhibitor in rat pheochromocytoma cell
PC12 and scopolamine-induced AD model mice via AKT/
GSK - 3B/Nif2 pathway [J]. Exp Neurol, 2024, 380:
114881

CHEN Y X, SU Y, RUN X Q, et al. Pretreatment of PC12
cells with 17B-estradiol prevents AB-induced down-regu-
lation of CREB phosphorylation and prolongs inhibition of
GSK-3BLJ1. J Mol Neurosci, 2013,50(3):394-401
YANG S S, SHI H Y, ZENG P, et al. Bushen-Huatan-
Yizhi formula reduces spatial learning and memory chal-
lenges through inhibition of the GSK-3B/CREB pathway
in AD - like model rats [J]. Phytomedicine, 2021, 90:
153624

ZHANG K X, ZHANG ] W, JIANG Y H, et al. Danggui-
Shaoyao - San can ameliorate Alzheimer’ s disease by
inhibiting hippocampal neuron apoptosis: findings from
serum pharmacology[J]. Drug Des Devel Ther, 2025, 19:
911-929

LIAOY F,LATY Y, XU H L, et al. Bushen-Yizhi formula
ameliorates mitochondrial ~dysfunction and oxidative
stress via AMPK/Sirt]l signaling pathway in D-gal-
induced aging rats[J]. Chin Med,2023,18(1):53

¥ O AL TR S T SR G R FLIR T BRI
HEERR 2 B E RN D RE A I AT 22 LT ). W5
B2, 2024,43(12):3-4

JIANG S, LI J D. The clinical effect of Chinese herbal
compound Huatuo Zizao Pill on cognitive dysfunction in
elderly patients with Alzheimer” s disease [J]. Inner
Mongolia Traditional Chinese Medicine, 2024, 43 (12) :
3-4

KE C H, PENG Y, YUAN Z Q, et al. Ginsenoside Rb1
protected PC12 cells from AB25-35-induced cytotoxicity

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

via PPARYy activation and cholesterol reduction[J]. Eur
J Pharmacol, 2021, 893: 173835
CHEN X F, LI S S, BAI'Y J, et al. Design and synthesis
of ligustrazine derivatives as potential anti- Alzheimer’ s
agents[J . Nat Prod Res,2024,38(16):2825-2835
CASTILLO C, BRAVO-ARREPOL G, WENDT A, et al.
Neuroprotective properties of eudesmin on a cellular model
of amyloid-B peptide toxicity[J]. J Alzheimers Dis, 2023,
94(s1):597-S108
CHOWDHURY D, ROY A K, REDDY V R, et al. Multi-
center, open - label, prospective study shows safety and
therapeutic benefits of a defined Ginkgo biloba extract for
adults with major neurocognitive disorder [J]. Dement
Geriatr Cogn Disord, 2024, 53(6):299-309
MORATO X, MARQUIE M, TARTARI J P, et al. A
randomized, open-label clinical trial in mild cognitive
impairment with EGb 761 examining blood markers of
inflammation and oxidative stress[J]. Sci Rep, 2023, 13
(1):5406
YANG S Q, FAN D H, SU S X, et al. Effects of pressing
moxibustion at Baihui (GV 20) and Guanyuan (CV 4) on
cognitive impairment and serum levels of AB1-42, tau,
p-tau in patients with mild to moderate Alzheimer’ s
disease[ ] ]. Zhongguo Zhen Jiu, 2024, 44(3):255-260
YNAG J Y, JIANG J, TIAN H L, et al. Effect of elec-
troacupuncture on learning - memory ability and expres-
sion of IL-1B, IL-6 and TNF - in hippocampus and
spleen in mice with Alzheimer’ s disease [J]. Acupunct
Res,2021,46(5):353-361
HUANG R, GONG X, NI J Z, et al. Effect of acupuncture
plus medication on expression of Bel-2 and Bax in hippo-
campus in rats with Alzheimer’ s disease[J]. Chin Acu-
punct Moxibustion, 2019, 39(4): 397-402
RESRAE, TR, B, 45, VIR0 1L 1415 TKB/NF-
w B SRR 05 T4 A ) 2% KBRS /) B, Taw 2R 1
FEBERRAGLT]. 22 [ BE [H 24, 2024, 35(2): 270-274
CHENG M J, YUAN C B, JU Y T, et al. Ditan Decoction
inhibits Tau protein hyperphosphorylation in mice with
Alzheimer” s disease by regulating IKB/NF - kB pathway
and apoptosis[J]. Lishizhen Med Mater Med Res, 2024,
35(2):270-274
CHIU Y J, LIN C H, LEE M C, et al. Formulated Chinese
medicine Shaoyao Gancao Tang reduces NLRP1 and
NLRP3 in Alzheimer’s disease cell and mouse models for
neuroprotection and cognitive improvement [J]. Aging
(Albany NY), 2021, 13(11): 15620-15637

[k BHA]  2025-03-14

(KRIXHEE: % F1)



