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Research progress on the mechanism of metformin in the intervention of cognitive impairment-related
diseases
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ABSTRACT Cognitive impairment (CI) is a clinical syndrome characterized by progressive decline in advanced cognitive
functions such as memory, thinking, and judgment. Its etiology and pathogenesis are complex, and there is currently a lack of
specific drug interventions. Metformin, as a first-line hypoglycemic drug for type 2 diabetes, not only lowers blood glucose levels
but also improves CI. This article reviews and summarizes the pharmacological effects and mechanisms of metformin in improving
Alzheimer’s disease, diabetes cognitive impairment, cognitive impairment after chemotherapy, in order to provide novel insights
and approaches for the treatment of Cl-related diseases. Studies have shown that the mechanism by which MET intervenes in CI
mainly includes regulating S-amyloid protein and tau protein metabolism, reducing insulin resistance, inhibiting neuroinflammation,
improving synaptic plasticity, improving mitochondrial dysfunction, regulating gut microbiota and lipid metabolism, etc. Future
research needs to be conducted through interdisciplinary collaboration, fully integrating multiple omics data, and combining
advanced technologies to further reveal their mechanisms of effect.

KEYWORDS metformin; cognitive impairment; Alzheimer’s disease; diabetes cognitive impairment; pharmacological action;

mechanism research

AEEWE FZEPHE KL (No.20242D0522202) ; 1 1544 14
+J5 K430 H (No.HN2022083) 3 T 1 45 5 2 BHE OGR4 3k
I H (No.SBGJ202302101) ; 2024 4F-0] 4 44 FH 7 & J& 11X 5 H (No.
242102311255) 5 2023 47 Tl g 48 T34 it 2 [ 52 o [ 2 A 7 1 o
RHIFE I (N0.2023ZXZX1004)

* E—EE WULAFITAE . BFIE T I PR 2 B A R AT .
E-mail :878150949@qq.com

A1 5 1% (cognitive impairment, CT) J& LA A 1 DI HE
N AZ AR A RIS A R D) BEFE R R B AL, EEA
FEPIZRRA TV QBT /R 2R (Alzheimer s disease,
AD) FAE# 23R 17 P 5 o5 AW PR A R e i AT 5
CIL. /5 i 53 473 K 245 9 TH 3R 5635 R A i 0™ 9l 452

# WSS B ETEIN AL S0, Bt BTy . PR 24
VAR ITSE . B-mail : xuyumin6688@163.com

+ 1942 - China Pharmacy 2025 Vol. 36 No. 15

i1, 2021 AEFR [ PAF Y AD S H A 2 i St BB 2 BBk
1699 J5 5], 24 5 4= Bk 5B AR iy 29.8% , H bt % [ A

EZE G 2025 4E45 36 45 151



AR E WA 25, AD K AW AU 2 S 3R S AT
RGBT, T I S A 25 ) B L/ B
SRR R, CLE B TR FE F R AL T AR [, — F AL
A (metformin, MET) & 2 %4 ¥ JR 5 (type 2 diabetes,
T2DM) i —Z 245, © ) 2 N T IR 60 R4AEY . A5G
WF5E & B, MET B T 0] LARE 0% D8 P & i,
A ] L U D B YE R A 2R H (B-amyloid protein, AR)
B B sl n] M s LR AR e S A I R I T
B Mg B AR SR el CT 7, JEF I, AR SCLRA T MET
T CUM S A E HIBLH , LA Z B iR 7 12
Bpr LS BT
1 METiE¥ AR # tau EHR T CI

AR TEA LM R AL W BESL Y tau B 2o BE BRI
FUIE R 22 e e i g | 2 AD AL ARG BRI, HORNY
ST 2 20 M) TR W58 A5, 10 AT BOE E RGe T | kR
iE SN, 2 At B Ao T B
T, 0GP AR Il tau 25 1 /e 38 B9 ABFACIE 0 ABE2s
A 2505 2 R DA R ) FNCAZ T iaR A B
MET ik 42 /)N B o 4 A Y H i 5 , I8 E s LR AR I
tau 2 B IR 800 AB UL, 43 FREB A 300 H g
(chaperone-mediated autophagy, CMA ) J2 V%5 i A [ fi# AL
iz —, 5 AD JHRALHIA 5C . AHOCHISE B, 75 AD /)s
BT, MET Al 38 2 CMA 3842, IR F2 Ak A A B G
WA 1/ H F «B (nuclear factor kB, NF-xB) , #Iill &
TG o/ PR v [ R B 1 70 15 5 30 3%, B IR AR 4l i 75
P, 80 AR BEHITTER™,
2 METRRESRRAFHCI

ik 55 ZHEHT (insulin resistance , IR) & 48 HLAXT R &
A BURE S5 | AT 5 i oA A AT, 5 1 i A R
kDI Re kAT AR VIR S tau & (i BEBERR AL U S pl 48
TGRSR A S AN B, T B CTY . BFEk
W1, MET FIVDA& 17T B HH AT 42 i 0 5 2R 52 (AR Bl
PAE R AN, AR AR DU Tau 2 (WAL 1L, 41
L BENAGR AN A R K-, 23 D-FFUH5 7 19 AD KRR
22 ) FCAZ A", 540, MET if nl 3% W R AL B —
ik B2 U5 fk 19 25 (1 5T i B (phosphorylated adenosine
monophosphate-activated protein kinase, p-AMPK) {5 &
I AR R Al 2R P25 3 R - (brain derived
neurotrophic factor, BDNF) DA K A7 {6 4% 4 2% iR (messen-
ger RNA, mRNA) KK, FEAR S0 10 0 3RI 1 28 984 DY 1
IR, T v i 5% 2% 4 e Tl 7K - el i 2 W A, f ik
AR B, 85 AD /N R 2 3, SR R B, R
liff B (protein kinase B, AKT) i] 2 583 {5 5145 ¥

T2 2025 4F5 36 45 15 1]

R B USME  MET & 8 6 45 7 AD /N, TR i
/NGRS AN RN B2 2 T AKT BER AL , i /N 2% 2T 112
BT

WF5E R B, MET Al 3@ i 98 42 D0 A B35 5 1/
NOD HE3Z KR [ 341 F A # 28 RAE S AR B0 1, 2
HWEO/INEUIR PR SRS AR A QI , T e/ B 2 2]
ICIZREN™ s ST &I, MET Rl 411 il B B 3 fh 22
A 7= ¥ (advanced glycation end product, AGE)/AGE %
A/NF-kB {550, b 88 A MO PE L 1 2 2% 22 Ik
JI v B 2R A IR 17K, B DR /) BRI 5 20 24
[ IRE VA X S
3 MET #P #8222 E T CI

P28 9 288 Hh R I G BT 4 A 55 /0N o A4 S
TEAL ARIEA ORI A1 e MR I 5 =, & CL R
I AL Z — o PR R, 7E CLEEEH BUE CL3W)
e 240 B ASE AR v 2T U8 22 3 4 i PR 4 A 2% 18 (in-
terleukin-1,IL-1B) \IL-6 \IL-18 , Jf"J& R 4L A F o (tumor
necrosis factor o, TNF-a) LA K S Ak B 380 R 9 i
(malondialdehyde , MDA ) \F2 #5155 3 A T+,

ES IR (high-fat diet, HFD) 5 51 CT . 5 K 18
PEAREE RAERAA 5, 1 MET ] 30 B is i AL 3 i
(phosphoinositide 3-kinase, PI3K)/AKT 15 5 il i , ¥k &2
AR R P A b il TG IR/ 1L 4 3% 1 7 JIK (vasoactive in-
testinal peptide, VIP) R GEFRAS , ] HFD 5 & 4 22 %
FE SN, Wei " IF5E & B, MET T 3 33 410 ]
NF-kB kI, B AAE 2 K~ IL-8 . TNF-a | IL-1B DA}
B-FFUMEH BTk, 30 p 2 ARE , R 5 i A
FIF 20 RETT . S35k MET i A 4% AMPK/F5 1]
% 2 FU 75 11 (mammalian target of rapamycin, mTOR) {i5
S, TR S SRR A AT, BEAIRAE 52 KR,
T AN BT 2 i M2 26 B ] B I o A A, DT
i C1' . AACHFSE &3, MET Al i 45 NF-xB 41 il
A G TR RT3, RAE ORI I B i 20T AE
FH , NTTUR /D #0 28 RAE AT DNA 351405 , YR s 0T S 30
Y CIM, T H., MET 34 A] #9052 S5 20 L 3% A R 28 48
S, DN et B A P i3 473 /1 BRUA CT
4 METRE RT3 CI

S fih ] FA M R 2 2T L BE A, 2 fish T B AZ
M RS2 AD YRR AR . B9 AT, AD FR A A
ZH 2 rh 5% ik 28 11 FE ARG AW SR O 285 S L 5 i 8 1)
Ife S22 40 LA K 2 il 9 2R AR 85 ik /™ . MET I 38 )
P M S R F 40 & 2 A 56 A F 2 (nuclear factor-
erythroid 2-related factor 2, Nrf2 ) /7 % # -6- 1l i R = i

China Pharmacy 2025 Vol. 36 No. 15 + 1943 -



I I Dl L RS S R BRI A = T XA AR
[MUBURL T X AR 25105 sbah K0k A MET 7] 754k
Nrf2 {5538 i, JEHTE AR S 47 | E 28 #2670 R K ik
R JEZE4 , NI S S AR A RE 1™, MET 553058
A CRPARE B AR ORI S B Eh A,
—FIAE 25 YR YT AW ) K G T 9 A 2 ok T M | Bl
T2DM K R S gt 1™
5 MET M ZE&REINEERER T CI

LR AR AN M) RE Y SN, T S S e R
PHT S A5 0 P9 A 38 B S, LT e R A
Sha| KA TCRE AN 52 B SR AR 1 A RAE
PP T, NSRS AD 2, AF9E &% B, MET ] i
i AMPK/mTOR {5553 i, il e bk 52 51 1 T4
Vol 2 R AR I AR A, DT 3 R AR T RE B A, )
Ah, MET 1] 847 52 0 Jo 20 - #e 28 0- LR ZE M LA
V55 B 015 T DR 1/ e I S e () T A T
It S 30 I 1 3, 398 08 2R R O, 2 fige 0 12 k41
TR S ERRRE A RS, DT CT, MET
Al _F R AKT 8RR A K SF D/ 2o rp i e AU 7= A
PR LA AT A | A A 2R A T P 4 A AR (14 £
PRI, B2 2 2T RS RE 1™ AN A C R 9T R B,
MET HUR TN 2RI FH nT I 2k 2 64 1 6, i b
0T A B 3 35 M 5 30 LR R, B4 K i ot 48 78 57 B
Il BRAECH B, AT A I T ™
6 METETFEREE T CI

Jo T A A O] 2 5 R i T R SO AT B R
R S I RGN, T 8 M SRE , DTS i g R
A5 AN Z23B AT M AR WFSE B, 55 W A A
Fb, AD SB35 138 T RE I 2 REPERRAIG , A E AT B BB
RIS TR A (8 2 B T o8, SRR RE TR ] R TR B IR R R
RIKERRARE A FFE & I, MET ] 38 5o 6 {1 J5E B o
VRS BTV E B T AT AR FLAF IR & 215, I
R RN B T DA, 300N P2 T A4 BT bR o 22 4%
i, HE T RCGE AR /N B T Zho P58 & B, MET 1]
T R LT B 5 P I FLFF B BB B A5 1 = B, 4
I 98 R TL-6 A5 (9 9 R0 [ , DA T o503 2 /N BU A
Cl. B4, A5 A, MET nf 5 %8 5 % /N B i 8 4
TE, SO B A o3 P g, AR AR ARR 4 A AN 2 B 1 2
TR, AR B B M, T el /N CTY
7 METETERKEFHCI

ki i S ot 4R Pk AD i ) R B, AD BRE IR
IR D R K-S T, R T 4 L A AR R 2 A
5 TR A, AT 52 M ST 55 R A L 9 AR 19 A BRI

-+ 1944 - China Pharmacy 2025 Vol. 36 No. 15

iz DL tau B 1A 3k B i IR AL RN SR AR | T floh % o 28
iE AN B RN Y, BRI MET 56 R
3-O-2F-ZUBE AT ¢ I T 81 Pk &4k /N R R A Gttt
1652 i 38 5% e, DT 28 /N RO CI° S0 A iR g R Bt
MET B& A B FEARAL T 45 | 0] i 3 2l T2DM AL AE 5+
R DR I 212 AR BN 2R 1 IR B, A
TR A8 2B CLI AR
8 HAthF &l

ST I CURARIT 45 25 5175 K AN Dy sedbi o , Hovs
TE 975 BRAIL ] 5 012 92 40 A PR 1 R L B o s Ak T s
T Fe - AR T RO A BRI b 220 T R G
P07 SR R 5 R SR A N B B S T IR R
B, MET W] 3 2 - i ¥ 2 R Fi 45 B 5 rp ROz i %%
BDNF Nrf2 i ik S B AL ALl e 1k, AT
P MDA 7K -, U555 4 28 e 40 LR 7, AT el 354k T Je
CI™, PREFAREME G & T s (1 Y s, =28 k8
FREAT U ALK, FE RPN B R A
AT N/, W98 B0, MET SR R S B A Tt
AR AR TR LA T A ) o I O A A
REURBERE MM , DA T i 1™
9 BREERE

MET 5 it R — S R 2540 , 75 CAH S0 40 5,
A —E g S AR AT S . ASCREE T MET T
T CUAVE FAPLEIIF STk e | e BT 38 3 9T AB 5 tau
B AR B TR A e 22 RE (4 oo 2% ok T Bk Lk
LR RLR I REREAT 85 18 AR AR B s AR el
DTG, IR CL, f AT L, MET Allid £
A LR & A CURITE AT, A CLA SR YA
SR T, R METZE T CL R S 7 —
EHE R (AT AT LA PRIE S Bk K - (1) RS A5 LA A
BIFZE R 3 I RAFFE f 20 , ZE I R 1 F v i = 42
— BN HE bR SR R | 3R AR T 3 ()
SR R o (2) BRAT BIFSE AN 58 42 S RF MET 76 CLH £
PER  H B BRI E R, in7E AD A I RIZE A RN
NHEH MET X CLIG P, H 5 51 R IEAGE AR K
VAR " o 1 A = s 1 72 5 A OB b | K ) W NG 5
A ity BEAL SR 6 BRI PR a6 ot S0 H A Rl
Fw sk, (3)MET LA 12 , AR 2 RET 1
S BRGERS, BT CINZHE SR 2R 4
PRI , AR S T 8 o 22 2B A )M A ARFE AT
BRE KB EMREARE (RGNS 2
It TR P40 ) 5 2P i B A4 7 LA ML, hy CT
AHSEBIE O TE T 3 LR S 75 R AR

thEZ 2025 4E55 36 4245 153



Sk

[1]

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

(10]

[11]

[12]

Hh [ S A R4 B S VR4, v FE BRI 2l 22
BB 73 2 A TR & Ml 22 B3 2% . 2018 Hh [l i
HINHBERHZ IR B (—) R S 282 Wibrif [J).
T4, 2018, 98(13) :965-70.

EW, R N, A e R SRR A S 2024
[J]. W= 550k, 2024, 23(3) : 219-256.

BAILEY C J. Metformin: historical overview[J]. Diabeto-
logia,2017,60(9):1566-1576.

CUI W X, LV C, GENG P L, et al. Novel targets and
therapies of metformin in dementia: old drug, new insights
[J]. Front Pharmacol, 2024, 15:1415740.

LEEJE,YU S H,KIM S R, et al. Efficacy and safety of
metformin and atorvastatin combination therapy vs. mono-
therapy with either drug in type 2 diabetes mellitus and
dyslipidemia patients (ATOMIC) : double-blinded ran-
domized controlled trial[J]. Diabetes Metab J, 2024, 48
(4):730-739.

GALLEGO-RUDOLF J, WIESMAN A I, BINETTE A P,

et al. Synergistic association of AP and tau pathology with
cortical neurophysiology and cognitive decline in asymp-
tomatic older adults[J]. Nat Neurosci, 2024 ,27(11):2130-
2137.

CHEN Y X,ZHAO S,FAN Z Q, et al. Metformin attenu-
ates plaque-associated tau pathology and reduces amyloid-
3 burden in APP/PS1 mice[J]. Alzheimers Res Ther,
2021,13(1):40.

XU X Y,SUNY Q,CEN X F, et al. Metformin activates
chaperone-mediated autophagy and improves disease pa-
thologies in an Alzheimer disease mouse model[J]. Protein
Cell,2021,12(10):769-787.

SV  OGLL MR . TR ZAR S 2 M DR AN T E e
TR T, rh E AR, 2023,43(1) :239-242.

KENAWY S, HEGAZY R, HASSAN A, et al. Involve-
ment of insulin resistance in D-galactose-induced age-
related dementia in rats: protective role of metformin and
saxagliptin[J]. PLoS One,2017,12(8):e0183565.

LU X Y,HUANG S,CHEN Q B, et al. Metformin amelio-
rates AP pathology by insulin-degrading enzyme in a
transgenic mouse model of Alzheimer’ s disease[J]. Oxid
Med Cell Longev, 2020,2020:2315106.

KAZKAYASI I, TELLI G,NEMUTLU E, et al. Intranasal
metformin treatment ameliorates cognitive functions via
insulin signaling pathway in ICV-STZ-induced mice
model of Alzheimer’ s disease[J]. Life Sci, 2022, 299:

120538.

T2 2025 4F5 36 45 15 1]

[13]

(14]

[19]

[16]

[17]

(18]

(19]

(20]

[21]

[22]

(23]

[24]

HU T,WEI J W,ZHENG J Y, et al. Metformin improves
cognitive dysfunction through SIRT1/NLRP3 pathway-
mediated neuroinflammation in db/db mice[J]. J] Mol Med
(Berl),2024,102(9):1101-1115.

ZHANG W W, ZHAO L X, ZHANG J W, et al. Metfor-
min improves cognitive impairment in diabetic mice in-
duced by a combination of streptozotocin and isoflurane
anesthesia[J]. Bioengineered, 2021,12(2) :10982-10993.
TWAROWSKI B, HERBET M. Inflammatory processes
in Alzheimer’ s disease-pathomechanism, diagnosis and
treatment: a review[J]. Int J Mol Sci,2023,24(7):6518.
MANDWIE M, KARUNIA J, NIAZ A, et al. Metformin
treatment attenuates brain inflammation and rescues
PACAP/VIP neuropeptide alterations in mice fed a high-
fat diet[J]. Int J Mol Sci, 2021,22(24) : 13660.

WEI J T, QI H, LIU K K, et al. Effects of metformin on
life span, cognitive ability, and inflammatory response in
a short-lived fish[J]. J Gerontol A Biol Sci Med Sci, 2020,
75(11):2042-2050.

KODALI M, ATTALURI S, MADHU L N, et al. Metfor-
min treatment in late middle age improves cognitive func-
tion with alleviation of microglial activation and enhance-
ment of autophagy in the hippocampus[J]. Aging Cell,
2021,20(2) :e13277.

XIANGJ B,LU Y M, QUAN C, et al. Metformin protects
radiation-induced early brain injury by reducing inflamma-
tion and DNA damage[J]. Brain Sci, 2023, 13(4) :645.
DIBONA V L, SHAH M K,KRAUSE K J, et al. Metfor-
min reduces neuroinflammation and improves cognitive
functions after traumatic brain injury[J]. Neurosci Res,
2021,172:99-1009.

GRIFFITHS J, GRANT S G N. Synapse pathology in Al-
zheimer’ s disease[J]. Semin Cell Dev Biol, 2023, 139:
13-23.

FAN P,LU Y Y, WEI H D, et al. Metformin attenuates
sevoflurane-induced neurogenesis damage and cognitive
impairment: involvement of the Nrf2/G6PD pathway[J].
Metab Brain Dis, 2023,38(6) : 2037-2053.

YANG Y H,LU XY, LIU N, et al. Metformin decelerates
aging clock in male monkeys[J]. Cell, 2024, 187 (22) .
6358-6378.¢29.

ISMAIL T R, YAP C G, NAIDU R, et al. Environmental
enrichment and the combined interventions of EE and met-
formin enhance hippocampal neuron survival and
hippocampal-dependent memory in type 2 diabetic rats un-

der stress through the BDNF-TrkB signaling pathways[J].

China Pharmacy 2025 Vol. 36 No. 15 + 1945 -



(25]

(26]

(27]

(28]

[29]

+ 1946 -

Biomed Pharmacother, 2024,175:116729.

ASHLEIGH T, SWERDLOW R H, BEAL M F. The role
of mitochondrial dysfunction in Alzheimer’ s disease
pathogenesis[J]. Alzheimers Dement, 2023, 19 (1) :
333-342.

FENG J, WANG X H, YE X C, et al. Mitochondria as an
important target of metformin: the mechanism of action,
toxic and side effects, and new therapeutic applications[J].
Pharmacol Res,2022,177:106114.

SONG Y S,LIU ZY,ZHU X Y, et al. Metformin alle-
viates the cognitive impairment caused by aluminum by
improving energy metabolism disorders in mice[J].
Biochem Pharmacol,2022,202:115140.

FENG Y Y,XU Z Y,JIN H F, et al. Metformin amelio-
rates mitochondrial damage induced by CO9orf72 poly
(GR) via upregulating AKT phosphorylation[J]. J Cell
Biochem,2024,125(3) :€30526.

SKEMIENE K, REKUVIENE E, JEKABSONE A, et al.
Comparison of effects of metformin, phenformin, and in-
hibitors of mitochondrial complex I on mitochondrial
permeability transition and ischemic brain injury[J]. Bio-
molecules, 2020,10(10) : 1400.

HESTON M B, HANSLIK K L, ZARBOCK K R, et al.
Gut inflammation associated with age and Alzheimer’ s
disease pathology: a human cohort study[J].
2023,13(1):18924

HUNG C C, CHANG C C,HUANG C W, et al. Gut mi-

Sci Rep,

crobiota in patients with Alzheimer’s disease spectrum:a
systematic review and meta-analysis[J]. Aging (Albany
NY),2022,14(1):477-496.

MA X Y,XIAO W C, LI H, et al. Metformin restores hip-
pocampal neurogenesis and learning and memory via regu-
lating gut microbiota in the obese mouse model[J]. Brain
Behav Immun, 2021,95:68-83.

ZHU X Q,SHEN J Y,FENG S Y, et al. Akkermansia mu-

ciniphila , which is enriched in the gut microbiota by met-

China Pharmacy 2025 Vol. 36 No. 15

[35]

[36]

[37]

[38]

[39]

formin, improves cognitive function in aged mice by re-
ducing the proinflammatory cytokine interleukin-6[J]. Mi-
crobiome, 2023,11(1):120.
AHMADI S,RAZAZAN A,NAGPAL R, et al. Metformin
reduces aging-related leaky gut and improves cognitive
function by beneficially modulating gut microbiome/gob-
let cell/mucin axis[J]. J Gerontol A Biol Sci Med Sci,
2020,75(7) :e9-e21.
CERASUOLO M, DI MEO I, AURIEMMA M C, et al.
Exploring the dynamic changes of brain lipids, lipid rafts,
and lipid droplets in aging and Alzheimer’ s disease[J].
Biomolecules, 2024 ,14(11) :1362.
WEN H C, TIAN H H, LIU C, et al. Metformin and cyani-
din 3-O-galactoside from Aronia melanocarpa synergisti-
cally alleviate cognitive impairment in SAMPS8 mice[J].
Food Funct,2021,12(21):10994-11008.
WINOCUR G, JOHNSTON I, CASTEL H. Chemo-
therapy and cognition: international cognition and cancer
task force recommendations for harmonising preclinical
research[J]. Cancer Treat Rev,2018,69:72-83.
SRITAWAN N, SUWANNAKOT K, NAEWLA S, et al.
Effect of metformin treatment on memory and hippocam-
pal neurogenesis decline correlated with oxidative stress
induced by methotrexate in rats[J]. Biomed Pharmacother,
2021,144:112280.
HASAN H F, RASHED L A, EL BAKARY N M. Con-
certed outcome of metformin and low dose of radiation in
modulation of cisplatin induced uremic encephalopathy
via renal and neural preservation[J]. Life Sci, 2021, 276:
119429.
SKIER, XI/IME , TBE, 4. —H SUIREK & 2 IR FF16)T
BAT 71 SR 4 i PRI [0]. v [ 244X R 2, 2023, 30
(8):11-15.

(A H 191: 2025-04-10 & 171 H 18] : 2025-07-07)

(Dl - FEGETE)

thEZ 2025 4E55 36 4245 153



