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®x & HREY A4 2T
(RPFETRFEFB, R 650500)

TREg IR . —FEELR/NRARAEY (triple transgenic, 3xTg); TL5878 FIGE M FAI/R 2t B /N FRAR Y (five familial Alzheimer’s disease
mutations, 5XFAD); Fil/RIKIEEZRNG (Alzheimer’s disease, AD); f## & X 4 )@ FIRF10 (a disintegrin and metalloproteinase
10, ADAMIO0); PFAI/R i B Al B - A1/ 8% (Alzheimer’ s disease assessment scale-cognitive subscale, ADAS-Cog); H
WAIERE S (activities of daily living, ADL); AR #% &4 (adult hippocampal neurogenesis, AHN); JERHE R4 1
(amyloid precursor protein, APP); Y& AT A /A& 2 1EE IR /N AR A (amyloid precursor protein/presenilin 1, APP/
PS1); £/ H i H 03 (transcranial direct current stimulation, tDCS); FH#%tDCS (anode tDCS, atDCS); PBIE#i & H
(amyloid B-protein, AP); PO TEMYEERTIARTE 5T V)AL (B-site amyloid precursor protein cleaving enzyme, BACE1); BCL-24H
KX (BCL-2-associated X protein, Bax); [fiL/i5i5#F% (blood brain barrier, BBB); XU{ll| 50 3 ik (4] %€ (bilateral common
carotid artery occlusion, BCCAO) ; B4 Jifu itk EL g 2 3 A (B-cell lymphoma-2, Bel2); #2278 2 1 F  (brain-derived
neurotrophic factor, BDNF) ; 5-7& it & IR 1% e 4% # (5-bromo-2'-deoxyuridine, BrdU) ; 4% i 28 4K 41 8 [ i B 11 (calcium/
calmodulin dependent protein kinase II, CAMKII); HliL{i#E (cerebral blood flow, CBF); #2454 TR (core-binding
factor, P subunit, CBFB); H:fkEENYIEE (neutral endopeptidase, CD10); &P (clock drawing test, CDT); {7 iERLHE
HEHIMESS (contextual fear discrimination task, CFDT); HA{ ZEEILHFSMEF (choline acetyltransferase, ChAT); S oib4s &4
I (cAMP-response element binding protein cAMP, CREB); F#%tDCS (cathode tDCS, ctDCS); Ephrin B 32 {A2 (Ephrin
type-B receptor 2, EphB2); 24AsPEZfill)5 Hi (excitatory postsynaptic potential, EPSP); £/ FIZ5#45 # )5 (food and drug
administration, FDA); TifL-# FEAICIZ/E55 (face-name association memory task, FNAT); {543 THR (y-aminobutyric
acid, GABA); IR 4EfRPEFE [ (glial fibrillary acidic protein, GFAP); & F4#545 GG M 4%/ T 1 (ionized calcium binding
adapter molecule 1, IBA-1); & ZK[#f#fF (insulin-degrading enzyme, IDE); HfEBR&E G (immunoglobulin G, IgG); Fi4r
# (interleukin, IL); 544 R (isoleucine, Ile); LMEILAEL12H A1 (L-type amino acid transporter 1, LAT1); & HZA
M & H (lipoprotein receptor-related protein 1, LPR1); {<Hf #2435 (long-term potentiation, LTP); fi£ 4% % (classical
activation, M1); AZEFPIGE M (alternative activation, M2); A2 (microtubule-associated protein 2, MAP2); K
gl ik #4: 2E (middle cerebral artery occlusion, MCAO); iz 315 & Hifii (motor evoked potentials, MEP) ; faj 2 A f th A K6 A
(mini-mental state examination, MMSE) ; ¢ 45 Fl| /R IA HIIE Al (montreal cognitive assessment, MoCA) ; #f £ JG 4% .0 1t Ji
(neuronal nuclei antigen, NeuN); fH1Z:227E 1200 (neurofilament 200, NF200); N-FIJE-D-KA&EAZ (N-methyl-D-aspartic acid,
NMDA); —% LA (nitric oxide, NO); LI HIC (neurovascular unit, NVU); #{AL% (object recognition, OR); M
PR A 75 8 25 A 2 1 I (phosphorylated calcium/calmodulin dependent protein kinase II, pCAMKII) ; B2 b cAMP [ oG4
2545 M (phosphorylated cAMP-responsive element binding protein, pCREB) ; il /N 7 4= 42 1K R T 32 KB (platelet-derived
growth factor receptor B, PDGRFB) ; 1IE HL F & 4F i 2 Bt 14 (positron emission tomography, PET) ; tau 2 [ % /2 1k
(phosphorylated tau protein, p-tau) ; & [ ¥ 22 2 B 2 fifg 5 (phosphatase and tensin homolog deleted on chromosome ten,
PTEN); & CWr3E i iE2: I 5K (Rey auditory verbal learning test, RAVL); 1435 (reactive oxygen species, ROS); AHXf
METE A & (relative hemoglobin content, rHb); S10085454 & B (S100 calcium binding protein B, S1008); FEAIH{E A
fifil (short-latency afferent inhibition, SAI) #ffiif% (spinal cord injury, SCI); SDKF (Sprague Dawley rat, SDrat); [fl%
1 A1 (oxygen saturation, SO2) ; 28 fii 28 i Hi #i] #¢ (transcranial alternating current stimulation, tACS) ; £ fi Hi #i] ¥
(transcranial electrical stimulation, tES); M IA%EH T o (tumor necrosis factor-a, TNF-a); I[fl#i# & (blood flow velocity,
Velo) ; It MR (vascular dementia, VD); BFAEAR (wild type, WT); JaliHAI TS (word recognition task, WRT); K
I3 (caspase-3); JEFUEAILYES (lipid peroxidase, LPO).

HWE /RN (Alzheimer’s disease, AD) s 5 W H B AVFIARAEZ —, M“EH G E BE NS O AEMAEE, [FiT4E
AR DLE M A, JTAER, /I (transcranial electrical stimulation, tES) 7EPEE ADIAMITNRE 7 R Z2 80 H B K9

* EEARPIESES (82360271, 81760258), =M “H A" AR AA LT (YNWR-QNBJ-2018-056, YNWR-QNBJ-2018-027)
MamA NI S WA RSB HBIHTAIBL (202305AS350011) %EH).

s TR RN o

Tel: 0871-65936267, E-mail: fuyu@kust.edu.cn

Wk F . 2024-09-20, $:32 F 1 2025-01-06



-1180- EMUZESEYYIERRE  Prog. Biochem. Biophys. 2025; 52 (5)

W, EEAFEL A E R P (transcranial direct current stimulation, tDCS) F1Z8 /i3 i L il (transcranial alternating
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Fig. 1 Neuromolecular mechanisms of tES in AD clinical cases and AD mouse/rat models
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Table1 Summary of tES parameters, cognitive test tasks and results, and indices of neuromolecular mechanisms

in AD patients
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Table 2 Summary of tES parameters,

cognitive test tasks and results,

and indices of neuromolecular mechanisms
in AD rodents
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Fig. 2 Neuromolecular mechanisms of tES in neuroprotection, neuroglial cells and neuroplasticity in non—AD rodent models
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Table 3 Summary of tES parameters, cognitive test tasks and results, and indices of neuromolecular mechanisms
in non—-AD rodents
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Abstract Alzheimer’s disease (AD) is one of the most common and severe dementias, severely affecting the
physical and mental health and quality of life of patients and imposing a heavy burden on society. Recently,

transcranial electrical stimulation (tES) has shown great potential for improving cognitive function in AD.
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Transcranial direct current stimulation (tDCS) and transcranial alternating current stimulation (tACS) are the two
main forms of tES. The present review mainly summarizes the neuromolecular mechanisms of tDCS and tACS
for the improvement of AD. Both techniques show similarities in exerting neuroprotective effects, improving
cerebral blood flow to alleviate cerebrovascular dysfunction, affecting the state and function of astrocytes,
affecting the levels of amyloid B-protein (AP) and phosphorylated tau (p-tau) proteins, and affecting
neuroplasticity. Specifically, tDCS improves neuronal status, inhibits neuronal apoptosis, improves cholinergic
neurons and reduces oxidative stress, efc., and further exerts neuroprotective effects, but tACS mainly maintains
the normal function of cholinergic neurons to exert the effects. For the alleviation of cerebrovascular dysfunction,
tDCS has particular advantages in optimizing the neural vascular unit and improving the blood-brain barrier. For
astrocytes, tDCS attenuates inflammatory responses by inhibiting their activation. In contrast, the effect of tACS
on the activation state of microglial cells is still controversial for enhancement in AD mice and inhibition in
patients. For A levels, the effects of tDCS in AD patients are also inconclusive, but in AD rodents, tDCS may
regulate molecular pathways related to AP production and degradation, thereby removing AP. In addition, tACS
reduces p-tau levels in AD patients, but tDCS shows a trend toward reduction. In short, the effect of tES on AP
and p-tau needs further investigation. Regarding neuroplasticity, tDCS improves cortical and synaptic plasticity,
but tACS improves only synaptic plasticity. However, both techniques do not affect the molecular level associated
with plasticity. On the other hand, this review has summarized some interesting findings of tES in non-AD
rodents that may be relevant to the pathological mechanisms of AD. For neuroprotection, tDCS can promote
neurogenesis, GABAergic and glutamatergic neurotransmission, modulate neuroprotection-related signaling
pathways, reduce oxidative stress, and protect hippocampal neurons. In addition, tDCS inhibits conversion of
microglia to the M1 phenotype and promotes conversion to the M2 phenotype, thereby reducing
neuroinflammation. Importantly, tDCS induces changes in molecular indices associated with synaptic plasticity.
These findings in non-AD rodents provide a reference for understanding the potential effect and possible
mechanism of tES in AD and for exploring new approaches to treat other diseases with similar pathological
features. In addition, tES has shown some effects in AD rodents, such as tACS improving plasticity, that have not
been studied in non-AD rodents. These effects suggest the particular complexity of the pathological mechanisms
of AD, which should be considered when applying the results of tES studies in non-AD rodents to AD rodents. In
conclusion, this review provides a comprehensive overview of the neuromolecular mechanisms of tES in AD
research and highlights its promise as a non-invasive brain stimulation technique in the treatment of AD.
Furthermore, tES will play an indispensable role in the treatment of neuropsychiatric disorders and in the study of

brain function.

Key words transcranial electrical stimulation, Alzheimer’s disease, neuroprotection, neuroglial cells,
neurovascular dysfunction, neuroplasticity
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