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Effect and Mechanism of Exercise Intervention in Alzheimer’s Disease
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Abstract Epidemiological studies have shown that the incidence of AD (Alzheimer’s disease) in patients
with diabetes is significantly increased, suggesting that diabetes may play a key role in the development of AD. In
addition, diabetic encephalic insulin signal abnormalities, neuroinflammation, oxidative stress, mitochondrial dysfu-
nction, vascular dysfunction and other pathogenic factors can lead to amyloid-p accumulation and Tau phosphoryla-
tion through a variety of ways, accelerate nerve cell death, and further aggravate cognitive dysfunction and promote
the occurrence of AD. In recent years, it has been found that a variety of anti-diabetes drugs can improve the ef-
ficacy or effect of AD to varying degrees. Exercise can also improve the pathological changes related to AD caused
by diabetes by alleviating neuroinflammatory state, inhibiting oxidative stress and mitochondrial dysfunction, im-
proving endothelial function and cerebrovascular dysfunction, and inducing neurogenesis. Therefore, this review

will summarize the pathological mechanism of diabetes-induced AD and the prevention and treatment mechanism
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of some antidiabetic drugs, and explore the intervention effect and mechanism of exercise in improving diabetes-

induced AD, in order to provide more theoretical reference for the diversity of its treatment.
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Table 1 The therapeutic effect of some antidiabetic drugs on AD
%) Ay FHEH E= BTN
Medicine Model Intervention effect References
Insulin analogue Intraventricular STZ-induced Decrease A expression; restore hippocampal neuron density; [44]
Wistar rat model PI3K-Akt system signal activation; improve cognitive impair-
ment
Intranasal insulin Intranasally administered pa- Improve CNS insulin signaling disorders; regulate plasma A [45]
therapy tients with early AD, MCI, and levels; improve selective attention and information memory
normal subjects
Insulin Whether the ApoEe4 allele is After intranasal insulin administration, cognitive level and [46]
homozygous in patients with AD  verbal memory of AD patients with 4poEe4 negative gene are
and most intranasally adminis- improved, while AD patients with ApoEe4 positive gene have no
tered subjects improvement
Metformin Male DB/DB mouse model Decrease the level of Ser396 phosphorylated Tau protein induced — [48]
by hippocampus JNK activation and improve impaired cognitive
function
Metformin Mouse model of senile diabetes Inhibition of chronic glial cell activation and increased phos- [50]

phorylation of AMPK/aPKC/IRS]1 serine residues in hippocam-
pus of middle-aged diabetic mice improve hippocampal neuro-
genesis and spatial memory

Pioglitazone APP/PS1 mouse model

Decrease expression of microglia activator M1; decrease A3 [52]

precipitation; improve cognition and memory

Lige column 3XTG-AD mice

Decrease TNF-a and IL-1p levels; decrease A precipitation and ~ [57]

Tau phosphorylation; maintain neuronal activity

potentiation, LTP)3Z 451, 4122 SO AE NN, BEMHI05IA
AThRee. MMEHTAZESR I, 68 il iz shn] i
e IR B 228 bE R K BRI D GSH. IL-1B TNF-a.
MCP- 15541 28 S RE AR 47K, P00 R 995 K Hisi 28
FE S AN ACE T . 8 G iashal i STZ
FOE R K R D JE K1 TNF-0/K 7 R B, #5
CAl. CA3J DGIX NGFIAfg /3 5m, i i o H
ST RE ST, Sk ER, LIZE O R I, 44
A 438 B T e 0 g g Bk A STZ 20N JR 3 K R g 5
Rk AT YAYEAR SCBR (A ERIE L, FEMHIE D NF-«xB/
NLRP3/IL-1B(5F 5% 3, Wi E 2= 22123
RE. LINSE O T vkiz 30 D-- LA 80 2 KR
VI JOE B RN, R BLIFIKAZ Bl AT B IGF-1R/PI3K/
AKtFIAMPK/SIRT1/PGC- 1045 55l Y/ 52 K Rl
DT IR R E , TGS N H T RE SR . 120,
18 B ] LR AR 2 28 A 0 R 98 it 250 KB JEREIRAS
B AD K AE A -

gk b, B PR i B B 2% HE T AT N B 4 SO
O 2 e g I, HE R A KN e o TR
18 7)) AT N0 W R A TR H A R A R JOE B R A
FNThEERRRS, T FEARAD R A2 KU .

3.2 BIHEFRNMHRLERIRINEERERS

R BT i FEt &5 2R AR Bt mT 5 Tk 4 T 4 A IR
MRAR T RERRART, S BOANFIIBERI, B INAD &
o AR o T R 3 B0 T 4 i £ e AT B AR
AT AR A DL, 1Y DR 2R AR Th REAN i T 28, e
IENThRE, FEARAD E X7

IR I, I GRS B AT PR PR i K B
T T 2 I R A B3 (caspase-3)~ Btk B4 i 933 -2(B-cell
lymphoma-2, Bel-2)fBax(Bcl-2-associated X protein)
R SV G e Lt =R A A0 CNTITR 2 =R f A
BRI, CEEAEIThRESS . S Ab, KM S ISR &
23T 1UR] BRI STZEUHE R K B S MDA . AST
W, #HIROS AL, R miE ST EALRE ), I
P REIFONS Pk 28 70 B45L47 , W A i o\ i T e
5109, ZRig % UVONIE S | 8 JE A 46002 3l T {2 0 b K
SRHIT A PPARYZ 1%, 80 PI3K/AKtEHE , 111 Bax/
Bel-2Hllcaspase-93%ih, Hsm L RAA T BE, i/ #2241
iRy 1 E 2N 2K O TS 6 B R T VAR
BE— DB R I, 8 JEF VKIS B B 1 2 T T
AT CEBE PR K R S 2 AN IR A, > Bax.
caspase-3KIA &, FIfABcl-2RIA, AR S 4 -



A5 PRI B R R B A IS 3 T B B L

1123

R, B TG, ) I A2 88 01 R BRI
DhfednEE, M PR AD I XU 7, [HI, B4R
(51576 eI T R Sy R =1y =7 AN R SR L E Rl We eF 5
b4k 2= 2 Bk AL 3(Sirtuin, SIRT3)FRiA, B AL
Y AL I (superoxide dismutase, SOD) Al % (b A i
(catalase, CAT)ZEHUAMEEE T, /> ROSFIMDAF
&, ES LR8I0, H A, KURBANZEIRF 5T
KI, 3 A EIE 3] AR 2 B0 PR B3 1 A
AREFOK Y, 50 R A BF R e i P, BRI 280
K, BRI A RN T BE . [RIRT, IR /732 37 a]
BEAR B R K BRI S5 CAT A GPx/K V-, - 4EFrifE o
L RIADNA-, $2 bt Ak e S Riik Dy ge,
503 ADAF 56 (175 7] 2 ST R BN Th RS, AT IE 2R 0P 4
IRAT AR,

g b, R e 2 n] I i A A R 2 R
PRTHREFERS, 345w A vl S0, oA k0T ae, 3k it
PRI ELAD IR IT = LE AR R
3.3 EEINERNKRINEE, e MmMEETHK M, HHIRxK
MEINEERERS

BT i A A B, R i P R A A
KIVEIVIN ], FRIE N B2 —F & & B (endo-
thelial niteic oxide synthase, eNOS)Z 1A, MM A
Fe AT 2 AT EALE R T, YANGEE U0 Wista K
B T HUBHUE SRR 120, KBLiash i PI3K/
NOSIR 121 38 5 5% & /IGF- 115 S 1 I 475K, Ik
KM N R A ThRE . bk, AR RRaiE sl
PE 51 STZEURE R K B L8 £, 807G PI3KY/Akud
P, H R eNOSTRIL, /> NOSZAR , 3655 P K7 (6t
PRI 5 5 R A Th e . WANGEEE I, 8
1 332 2 AT Y% db/db /) BRI A JE LA 7 4 2R 98
FEEA R, 5035 A R T RE, e I e A AL ) A
P R 20 B ROS IR =28, £ i NOZKF-, 338 177 4038 i 14
ZIUIEME. XPR, 1830 AEHE 1 EeNOS/NOME 5, #Eifi
AU I 1T/ P9 R T g

BEAl, PR ThRERE RS 5 I 14 i R 5 AD ) 8
i AU 25 DIAE 5% o B PR 15 B PI3K/ Akt 15 57 i
AT S N B2 eNOSTERR AL, 51 & L AH 595 BEAR AL
ZHANGZE VR I, 168 12 3) 7] 3% SHRSP K
BUMLE , {23 eNOSFKIA , Ffilid IGF-1/PI3K/Akti#
PR LA DG B R, TR D AD R AE o T 4b,
144~ F B BH I Zront 2 B8 PR F5 38 P R A Pk 1l
ok REEER, AT O L Y T RE, BRI

HHEX NN Th g ) S R i B0 XK, I8 8] 4
SRPE R B L N R ThRe, oGRS IK. A
o, IR AR JT S TR B I 250 sE Ak 2 3L b
PRI i 0 L Ap () R ), e A AN D RE R I,
FEARADI s RS, [RIT, AR & S R PR 2 Bl IR
AR I ROS A 5, $2 5 N K NOFI 2, 3 Ty 4t
M FRAS, BT A 1 R
gk b, BB HeE N B D RE, B I R TR,

CSCREE G ITTLAE T e s, (X P I g R, 31T PRI
PRI B3I A 11 0 R B A D ) B RS
3.4 BHNFESWMELE, NEILCICH

R 12 3 ] RN S R R 7 3k, #E i 3
MR, M52 1. BDNFIENIATAERIAH 4 E
FrRF, AAREE TeiE s o i) 77 202 A, ] 4 R A
SERE:, INHIARIA T, dERE AR R g v B,
TR BRI, 8 Ml 5 Ul 2R ] 3G 5% SDIK R 21 id4Z
He /1, H 55N BDNFEERI A B8 InA 5%, 1sh,
o e P (R AR I 2R T /s BRI S 2k i & 5 AR
KA, I ZRifk oy 2, demBg s A kA Th g, Jf ]
i 5 BDNFERIL , Bl A an Dy gelsss, HIHmTae
ARG S EA L™ /7R, 183 n] il s 77
Al BDNFRIA, MRt sk 2k, g id iz DiRe .
TONOLIZE P 58 R I, 3z 55 5 % BDNFH AT 7 &
SIS, 5 vy i 2 R) 2 3)) (high intensity interval
training, HIIT) P $i& =745 [R5 £ 3% I35 BDNF. IGF-1
IR, e R o AR IR S A A RN BE TR
be. ERERNZ, SAMMLE, Kb SEREIZs)
AT EE R R K R S EAZ 8 T, (R D
BDNF/K - RAAAN, 1x 487, 18575 G2 LABDNFAE
Wy TS PR K B [REAZRETT . R, IR
PEIZ BN TS NG S ARAR , T 52 B
PRI, AERFIPIE TR, DN PR S0 S (6
NIRRT B, EReE PRI, SR G153
R PGE STZEURE JRIF K B CAT. CA3[X BDNF/Mi
RIR AR B(tyrosine kinase receptor, TrkB){5 5 i
PRI i S hTAULRE )T, DG STZIE T i S ThRE
AL, OB IR OR RS S idiZRe T, A, Bisis
Z AT N STZiF 1) ADK B 5 Bel-2 %55 &, FEAIS
casepase-3FIBax Fik &, B35 7% (8] ~J fig 1524, #il
PRERAT PR AL T BRI AZ 1 0,

A1, 38 B TR AT IOE B R 5 DA 2K BTG F- 141
M3 A B AR KR 73 8 TR R 1, gkl 48 R



1124 ZRk -
DM
~" Braininsulin

: . resistance 7 74m 1 BB >0 ) Vi e —— 1

1 Blood-brain barrier :

| |

| ain insylin level ‘1’ OH @ 1

| |

| i PI3K/Akt -

1 I

: l,GSK 3B l Svliviiviing HippocamBy :
\2 1

1' IL-1 [ TNF-0 | [L6] e
Tau hos horylation

: S l Oxidative \ Synaptic

1 stress plasticity

]

I J A & :

| deposition 1

: Neuronal | =-S5 3 1

I activity :

1 I

1 I

1 I

1 I

. . o 1

Bl SEIERFEHADMTFAHIREE
Fig.1 Intervention mechanism of exercise on AD induced by diabetes
HMUGEMZ TCIRE , B AD R A RS Y, WS RN, T (2) 188 T AT 0 PI3K/NOSIHE 2% KA i 1

B AT IE GRS RO BRI & 2 /IGF- 115 5
NN ERK L« ERK 2S5BS 1%, 12517 _F 1 Akt
B KT-, FEAR ABYTRR AN Tau sk (1 B RR AL KT, ek
INFIThAESY, th4h, DIEGUESZ IR I, 68 ikis
B AT AR ERE PR K SR P 5 i 3R /IGF- 145 5 1 % AH
KL E AR, IGF-1RE [N T3k, B#E#H & Tau
WERR AL AN APPERIE /K-, 3 M 538 2% ) 2% 2] Filid 4z
o HAEIE, 155 ] BE 3h AT $E i PR B I
JEBDNFAIGF-17K-, 45 2% 38 e i b% 25 8L, 3 14
N HIZKCT, BRI AD 05 XU

DR i, 3 3l T 3 3ok 386 o i 88 1k o 4208 IR IR T R
IRER AR T RIE, R E kA, g )il
126871, I FERAR AD A EEm8 XU (1) o

4 g
TAT IR E W SR AL T B8 SR B 3 AD K AR K

G 18 A0 ) B LR E B, Rk, R BT A R0 IT B s
il B R 9 EC AD I 7 VA B AR JE I . AR St o R
I3 B AD ) BRI A2 358 23 B bE IRk 25 ) %F AD Y
HCGEE BT IHG 04, A CU R LT e iRiE
BT T HE IR ADME s /EH . (1) &3+
AT HE SR RE PR ALK ik b A A B TR P, BRI ROS/K
S, AR A R I 2R A T R R RS SR 4E HRE 42 T

%@?6&, HHR = P R NOFI I 26, AT 248 45 i 1L 55
; (3) BB JR AT I WOE STZEURE IR K Rl 5
BDNF/TrkBLE%ﬂWESTz S ThRe &L,
FEIE IR B 2 /IGF- 115 5 38 B AH SC g 5 B (1 IR
IGF-1RZ [ RIE &, BEMEE s 2idiZie 11, B
ADRIR A . teAk, H AT A A — 2k T IR AR
TH R (1) ZFPPunE IR 2595 ADII ARG ST
YEF S LIS 208 75 AR i AN B 1, 12 3 BKA 254
F-IRRE TS 7= A2 B T 2805 28 BT AE IR R AR B
(2) VA J5 IR IS S8 R R 995 R AD 9 473 9 B R A
o RE ST VR BRI P4 5 X B2 PT A 4l B T, B
B PR I3 FH 5C ADFES ERARAE, | 58 2 >0 12 Th RE .
{HIZ 2 RE 75 38 3 8 1 P 03 I SIS 5, T A b
PRIV EL ADAH I BE U AR BT 5 (3) AL MR AT I
SEWF TR I, BT VEAR LR 2 BRE PR o A
o P I 5 Ao 22 Y5 147K AB42 . T-Tau. P-T181-Tau
KE, HAMIAAR K5 AR 2 B2 A7 5~ 35 il
MFE YIS I, SR RE R e s B il
PR I93 £ AD A D% 3 20 A% rp R 5 5 AR FH R 75
Mo e, RGN HE PR EAD T ENLE] . PUbE
PRIG iP5 AD I EAR ST LI B8 72 K . 123
X W PR 9 S0 AD IR 154 T LR, W] B R 5
ADIIPEHR AL E ZE R 5



A5 PRI B R R B A IS 3 T B B L

1125

(1

[2]

[3]

(4]

[3]

(6]

(7

(8]

9]

[10]

[11]

[12]

[13]

[14]

SE Tk (References)
BOPE, XV, WA, 45 <R 2R 2L R A 3 UM B "
BRI (0], ALY 2 224k (JIA D, LIU T, CHEN S C,
et al. Research progress of “Alzheimer’s disease is type 3 diabe-
tes” theory [J]. Chinese Journal of Cell Biology), 2013, 35(8):
1238-44.
KANDIMALLA R, THIRUMALA V, REDDY P H. Is Alzheim-
er’s disease a type 3 diabetes? A critical appraisal [J]. Biochim
Biophys Acta Mol Basis Dis, 2017, 1863(5): 1078-89.
XUE M, XU W, OU Y, et al. Diabetes mellitus and risks of cog-
nitive impairment and dementia: a systematic review and meta-
analysis of 144 prospective studies [J]. Ageing Res Rev, 2019,
55:100944.
LINDEMAN R D, ROMERO L J, LARUE A, et al. A biethnic
community survey of cognition in participants with type 2 dia-
betes, impaired glucose tolerance, and normal glucose tolerance:
the New Mexico Elder Health Survey [J]. Diabetes Care, 2001,
24(9): 1567-72.
RONNEMAA E, ZETHELIUS B, SUNDELOF J, et al. Impaired
insulin secretion increases the risk of Alzheimer disease [J]. Neu-
rology, 2008, 71(14): 1065-71.
MR, B2, BRT-4L, 45, ADVKIT)ReBrs 1415 28 HLALH]:
01 B 2 AHEHT I A T 10 PISKY A 5 I B 5245 [T, Az 1)
%% (CHEN X, HU J Y, CHEN Q H, et al. Metabolic dysfunc-
tion of AD: cerebral insulin resistance and its mediated PI3K/
Akt signaling pathway impairment [J]. Chemistry of Life), 2020,
40(2): 269-76.
TALBOT K, WANG H Y, KAZI H, et al. Demonstrated brain in-
sulin resistance in Alzheimer’s disease patients is associated with
IGF-1 resistance, IRS-1 dysregulation, and cognitive decline [J].
J Clin Invest, 2012, 122(4): 1316-38.
KUBIS-KUBIAK A M, RORBACH-DOLATA A, PIWOWAR
A. Crucial players in Alzheimer’s disease and diabetes mellitus:
Friends or foes [J]? Mech Ageing Dev, 2019, 181: 7-21.
T, RATR, M, 5. PIT2AMZ AT BI/R S B 78 ik
JE[]. £ HI1E22(GUO A, SONG Q J, PENG P, et al. Advances
in the treatment of Alzheimer’s disease with antit2AM drugs [J].
Chemistry of Life), 2017, 37(4): 612-6.
BERTRAM S, BRIXIUS K, BRINKMANN C. Exercise for the
diabetic brain: how physical training may help prevent dementia
and Alzheimer’s disease in T2DM patients [J]. Endocrine, 2016,
53(2): 350-63.
BT, BHOINT, ROt 55 . B 2R i B9 A 284 PR 93 A R Ik A
o5 BEAIRL ) BF 78 Jee (7], o R A5 T3y 5 428 1) (XTONG T,
HAN J H, YIN M, et al. Alzheimer’s disease and type 2 diabetes
mellitus: a review [J]. Chinese Journal of Chronic Disease Pre-
vention and Control), 2018, 26(7): 550-3.
KIM B, ELZINGA S E, HENN R E, et al. The effects of insulin
and insulin-like growth factor I on amyloid precursor protein
phosphorylation in in vitro and in vivo models of Alzheimer’s
disease [J]. Neurobiol Dis, 2019, 132: 104541.
CARDOSO S, LOPEZ I P, PINEIRO-HERMIDA §, et al. IGFIR
deficiency modulates brain signaling pathways and disturbs mi-
tochondria and redox homeostasis [J]. Biomedicines, 2021, 9(2):
158.
DEVI L, ALLDRED M J, GINSBERG S D, et al. Mecha-
nisms underlying insulin deficiency-induced acceleration of

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B-amyloidosis in a mouse model of Alzheimer’s disease [J].
PLoS One, 2012, 7(3): €32792.

TAKEDA S, SATO N, UCHIO-YAMADA K, et al. Diabetes-ac-
celerated memory dysfunction via cerebrovascular inflammation
and Abeta deposition in an Alzheimer mouse model with diabetes
[J]. Proc Natl Acad Sci USA, 2010, 107(15): 7036-41.
STANLEY M, MACAULEY S L, HOLTZMAN D M. Changes
in insulin and insulin signaling in Alzheimer’s disease: cause or
consequence [J]? J Exp Med, 2016, 213(8): 1375-85.

RAD S K, ARYA A, KARIMIAN H, et al. Mechanism involved
in insulin resistance via accumulation of beta-amyloid and neu-
rofibrillary tangles: link between type 2 diabetes and Alzheimer’s
disease [J]. Drug Des Devel Ther, 2018, 12: 3999-4021.
BOMFIM T R, FORNY-GERMANO L, SATHLER L B, et al.
An anti-diabetes agent protects the mouse brain from defective
insulin signaling caused by Alzheimer’s disease-associated AP
oligomers [J]. J Clin Invest, 2012, 122(4): 1339-53.

SOHRABI M, FLODEN A M, MANOCHA G D, et al. IGF-1R
inhibitor ameliorates neuroinflammation in an Alzheimer’s dis-
ease transgenic mouse model [J]. Front Cell Neurosci, 2020, 14:
200.

GROCHOWSKI C, LITAK J, KAMIENIAK P, et al. Oxidative
stress in cerebral small vessel disease. Role of reactive species [J].
Free Radic Res, 2018, 52(1): 1-13.

COBB C A, COLE M P. Oxidative and nitrative stress in neuro-
degeneration [J]. Neurobiol Dis, 2015, 84: 4-21.

CORREIA S C, SANTOS R X, SANTOS M S, et al. Mitochon-
drial abnormalities in a streptozotocin-induced rat model of spo-
radic Alzheimer’s disease [J]. Curr Alzheimer Res, 2013, 10(4):
406.

TONNIES E, TRUSHINA E. Oxidative stress, synaptic dysfunc-
tion, and Alzheimer’s disease [J]. J Alzheimers Dis, 2017, 57(4):
1105-21.

RAZA H, JOHN A, HOWARTH F C. Increased oxidative stress
and mitochondrial dysfunction in zucker diabetic rat liver and
brain [J]. Cell Physiol Biochem, 2015, 35(3): 1241-51.
MACIEJCZYK M, ZEBROWSKA E, ZALEWSKA A, et al.
Redox balance, antioxidant defense, and oxidative damage in
the hypothalamus and cerebral cortex of rats with high fat diet-
induced insulin resistance [J]. Oxid Med Cell Longev, 2018,
2018: 6940511-5.

WEI F Y, TOMIZAWA K. tRNA modifications and islet function
[J]. Diabetes Obes Metab, 2018, 20(S2): 20-7.

PENGYY, LIU J, SHI L, et al. Mitochondrial dysfunction precedes
depression of AMPK/AKT signaling in insulin resistance induced
by high glucose in primary cortical neurons [J]. J] Neurochem,
2016, 137(5): 701-13.

ROVIRA-LLOPIS S, BANULS C, DIAZ-MORALES N, et al.
Mitochondrial dynamics in type 2 diabetes: pathophysiological
implications [J]. Redox Biol, 2017, 11: 637-45.

LI W, KUI L, DEMETRIOS T, et al. A glimmer of hope: main-
tain mitochondrial homeostasis to mitigate Alzheimer’s disease
[J]. Aging Dis, 2020, 11(5): 1260-75.

CARVALHO C, SANTOS M S, OLIVEIRA C R, et al. Alzheim-
er’s disease and type 2 diabetes-related alterations in brain mito-
chondria, autophagy and synaptic markers [J]. Biochim Biophys
Acta, 2015, 1852(8): 1665-75.



1126 - LR -

[31] SUNY, MA C, SUN H, et al. Metabolism: a novel shared link [47] GUPTA A, BISHT B, DEY C S. Peripheral insulin-sensitizer
between diabetes mellitus and Alzheimer’s disease [J]. J Diabetes drug metformin ameliorates neuronal insulin resistance and
Res, 2020, 2020: 4981812-4. Alzheimer’s-like changes [J]. Neuropharmacology, 2011, 60(6):

[32] BYUN K, YOO Y, SON M, et al. Advanced glycation end- 910-20.
products produced systemically and by macrophages: a common [48] LIJ, DENG J, SHENG W, et al. Metformin attenuates Alzheim-
contributor to inflammation and degenerative diseases [J]. Phar- er’s disease-like neuropathology in obese, leptin-resistant mice
macol Ther, 2017, 177: 44-55. [J]. Pharmacol Biochem Behav, 2012, 101(4): 564-74.

[33] SHINOHARA M, KIKUCHI M, ONISHI TAKEYA M, et al. [49] KODALI M, ATTALURI S, MADHU L N, et al. Metformin
Upregulated expression of a subset of genes in APP;ob/ob mice: treatment in late middle age improves cognitive function with al-
evidence of an interaction between diabetes-linked obesity and leviation of microglial activation and enhancement of autophagy
Alzheimer’s disease [J]. FASEB Bioadv, 2021, 3(5): 323-33. in the hippocampus [J]. Aging Cell, 2021, 20(2): e13277.

[34] De SOUSA RODRIGUES M E, HOUSER M C, WALKER D I, [50] TANOKASHIRA D, KURATA E, FUKUOKAYA W, et al. Met-
et al. Targeting soluble tumor necrosis factor as a potential inter- formin treatment ameliorates diabetes-associated decline in hip-
vention to lower risk for late-onset Alzheimer’s disease associ- pocampal neurogenesis and memory via phosphorylation of insu-
ated with obesity, metabolic syndrome, and type 2 diabetes [J]. lin receptor substrate 1 [J]. FEBS Open Bio, 2018, 8(7):1104-18.
Alzheimers Res Ther, 2019, 12(1): 1. [51] #HZ, Tres, IMER, 25 — W XUITEE &/ NEE X db/db/

[35] HUANG N, JIN H, ZHOU S, et al. TLR4 is a link between dia- BB PRI WA N Ty BRI AS A s AR T (D). B R 2522 £ (CAO Y
betes and Alzheimer’s disease [J]. Behav Brain Res, 2017, 316: Y, MENG X B, SUN G B, et al. Effect of metformin combined
234-44. with berberine on cognitive dysfunction in diabetic mice [J]. Chi-

[36] TAKEDA S, SATO N, UCHIO-YAMADA K, et al. Diabetes-ac- nese Journal of New Drugs), 2021, 30(8): 690-700.
celerated memory dysfunction via cerebrovascular inflammation [52] KHAN M A, ALAM Q, HAQUE A, et al. Current progress on
and Abeta deposition in an Alzheimer mouse model with diabetes peroxisome proliferator-activated receptor gamma agonist as an
[J]. Proc Natl Acad Sci USA, 2010, 107(15): 7036-41. emerging therapeutic approach for the treatment of Alzheimer’s

[37] PIATKOWSKA-CHMIEL I, HERBET M, GAWRONSKA- disease: an update [J]. Curr Neuropharmacol, 2019, 17(3): 232-
GRZYWACZ M, et al. The role of molecular and inflammatory 46.
indicators in the assessment of cognitive dysfunction in a mouse [53] WATSON G S, CHOLERTON B A, REGER M A, et al. Pre-
model of diabetes [J]. Int J Mol Sci, 2021, 22(8): 3878. served cognition in patients with early Alzheimer disease and

[38] LEDO J H, AZEVEDO E P, CLARKE J R, et al. Correction: amnestic mild cognitive impairment during treatment with rosi-
Amyloid-B oligomers link depressive-like behavior and cognitive glitazone: a preliminary study [J]. Am J Geriatr Psychiatry, 2005,
deficits in mice [J]. Mol Psychiatry, 2021, 26(10): 6100-1. 13(11): 950-8.

[39] BISCHOF G N, PARK D C. Obesity and aging: consequences [54] NIE J, LI H. Metformin in combination with rosiglitazone con-
for cognition, brain structure, and brain function [J]. Psychosom tribute to the increased serum adiponectin levels in people with
Med, 2015, 77(6): 697-709. type 2 diabetes mellitus [J]. Exp Ther Med, 2017, 14(3): 2521-6.

[40] TUCSEK Z, TOTH P, TARANTINI S, et al. Aging exacerbates [55] TRAMUTOLA A, ARENA A, CINI C, et al. Modulation of GLP-
obesity-induced cerebromicrovascular rarefaction, neurovascular 1 signaling as a novel therapeutic approach in the treatment of
uncoupling, and cognitive decline in mice [J]. J Gerontol A Biol Alzheimer’s disease pathology [J]. Expert Rev Neurother, 2017,
Sci Med Sci, 2014, 69(11): 1339-52. 17(1): 59-75.

[41] ZULOAGA K L, JOHNSON L A, ROESE N E, et al. High fat [56] CHEN S, SUN J, ZHAO G, et al. Liraglutide improves water
diet-induced diabetes in mice exacerbates cognitive deficit due maze learning and memory performance while reduces hyper-
to chronic hypoperfusion [J]. J Cereb Blood Flow Metab, 2016, phosphorylation of tau and neurofilaments in APP/PS1/Tau triple
36(7): 1257-70. transgenic mice [J]. Neurochem Res, 2017, 42(8): 2326-35.

[42] GORA I M, CIECHANOWSKA A, LADYZYNSKI P. NLRP3 [57] KOSARAJU J, HOLSINGER R M D, GUO L, et al. Linagliptin,
inflammasome at the interface of inflammation, endothelial dys- a dipeptidyl peptidase-4 inhibitor, mitigates cognitive deficits and
function, and type 2 diabetes [J]. Cells, 2021, 10(2): 314. pathology in the 3xTg-AD mouse model of Alzheimer’s disease

[43] MURRAY IV J, PROZA J F, SOHRABII F, et al. Vascular and [J]. Mol Neurobiol, 2017, 54(8): 6074-84.
metabolic dysfunction in Alzheimer’s disease: a review [J]. Exp [58] RAHMATI M, KESHVARI M, MIRNASOURI R, et al. Exercise
Biol Med, 2011, 236(7): 772-82. and Urtica dioica extract ameliorate hippocampal insulin signal-

[44] SHINGO A S, KANABAYASHI T, KITO S, et al. Intracerebro- ing, oxidative stress, neuroinflammation, and cognitive function
ventricular administration of an insulin analogue recovers STZ- in STZ-induced diabetic rats [J]. Biomed Pharmacother, 2021,
induced cognitive decline in rats [J]. Behav Brain Res, 2013, 139: 111577.

241: 105-11. [59] ERION J R, WOSISKI-KUHN M, DEY A, et al. Obesity elicits

[45] REGER M A, WATSON G S, GREEN P S, et al. Intranasal insu- interleukin 1-mediated deficits in hippocampal synaptic plasticity
lin improves cognition and modulates beta-amyloid in early AD [J]. J Neurosci, 2014, 34(7): 2618-31.

[J]. Neurology, 2008, 71(11): 864. [60] BELOTTO M F, MAGDALON J, RODRIGUES H G, et al.

[46] THEENDAKARA V, PETERS-LIBEU C A, BREDESEN D E, Moderate exercise improves leucocyte function and decreases

et al. Transcriptional effects of ApoE4: relevance to Alzheimer’s
disease [J]. Mol Neurobiol, 2018, 55(6): 5243-54.

inflammation in diabetes [J]. Clin Exp Immunol, 2010, 162(2):
237-43.



S

A5 PRI B R R B A IS 3 T B B L

1127

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

JORGE M L M P, DE OLIVEIRA V N, RESENDE N M, et al.
The effects of aerobic, resistance, and combined exercise on
metabolic control, inflammatory markers, adipocytokines, and
muscle insulin signaling in patients with type 2 diabetes mellitus
[J]. Metabolism, 2011, 60(9): 1244-52.
HAO S, DEY A, YU X, et al. Dietary obesity reversibly induces
synaptic stripping by microglia and impairs hippocampal plastic-
ity [J]. Brain Behav Immun, 2015, 51: 230-9.
MEHTA B K, SINGH K K, BANERIJEE S. Effect of exercise on
type 2 diabetes-associated cognitive impairment in rats [J]. Int J
Neurosci, 2019, 129(3): 252-63.
R R, B, &5 BB B IR R R B STl
12 13 B S E R 7 AT NGF A I F2 M [J]. o [ LA e 2 2
£ (ZHAO J, CHU Y J, LIANG ] Y, et al. The movement of
the treadmill is a study of diabetic rats learning memory and
hippocampal inflammatory factors and the impact of NGF
expression [J]. China Comparative Medical Journal), 2020,
30(11): 65-71.
LIJ, LIU Y, LIU B, et al. Mechanisms of aerobic exercise up-
regulating the expression of hippocampal synaptic plasticity-
associated proteins in diabetic rats [J]. Neural Plast, 2019, 2019:
7920512-40.
LIN J, KUO W, BASKARAN R, et al. Swimming exercise
stimulates IGF1/ PI3K/Akt and AMPK/SIRT1/PGCla survival
signaling to suppress apoptosis and inflammation in aging hippo-
campus [J]. Aging, 2020, 12(16): 16663-4.
BERNARDO T C, MARQUES-ALEIXO I, BELEZA J, et al.
Physical exercise and brain mitochondrial fitness: The possible
role against Alzheimer’s disease [J]. Brain Pathol, 2016, 26(5):
648-63.
LEE M, JUNG C, YOON J, et al. Effects of resistance exercise
on antioxidant enzyme activities and apoptosis-related protein
expression of hippocampus in OLETF rats [J]. Technol Health
Care, 2018, 26(3): 457-67.
HEIDARIANPOUR A, MOHAMMADI F, KESHVARI M, et al.
Ameliorative effects of endurance training and Matricaria chamo-
milla flowers hydroethanolic extract on cognitive deficit in type 2
diabetes rats [J]. Biomed Pharmacother, 2021, 135: 111230.
HET, 2GR A RIS S EOE AL B AT AU PPARY-
PI3K-AKCIH B (L HE i 28 a] BEPEAT R 8 A 34 (1], A
W25 FEY SR (LT F, L1 T J, LOU S J. Aerobic exercise
activates PPARY-PI3K-Akt pathway and promotes neuroplasti-
city related protein expression in prefrontal cortex of obese rats
[J]. Chinese Journal of Biochemistry and Molecular Biology),
2018, 34(5): 574-80.
Ry, BRI, W ARSI G 2N B R R L
b2 e Is T (7], S E AR B FHE (LT H, WANG S T,
CHANG Y. Effects of aerobic exercise and resveratrol on hip-
pocampal neuron apoptosis in diabetic rats [J]. China Sports Sci-
ence and Technology), 2018, 54(5): 77-87.
B, 23R, AR, S5, A SRR R ) e IR RR TR/ Bt S
Zoutiti)]. PRSI AR E(YIN Y, LIC, YU L,
et al. Aerobic interval training inhibits hippocampal neuronal in-
jury in high-lipid fed mice [J]. Chinese Journal of Neurosurgical
Disease Research), 2016, 15(3): 213-6.
KURBAN S, MEHMETOGLU I, YERLIKAYA H F, et al. Effect

of chronic regular exercise on serum ischemia-modified albumin

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

levels and oxidative stress in type 2 diabetes mellitus [J]. Endocr
Res, 2011, 36(3): 116-23.

KARIMI S A, SALEHI I, TAHERI M, et al. Effects of regular
exercise on Diabetes-Induced memory deficits and biochemical
parameters in male rats [J]. J Mol Neurosci, 2021, 71(5): 1023-
30.

DZOLIJIC E, GRBATINIC I, KOSTIC V. Why is nitric oxide im-
portant for our brain [J]? Funct Neurol, 2015, 30(3): 159-63.
YANG A, SU C, LIN K, et al. Exercise training improves insulin-
induced and insulin-like growth factor-1-induced vasorelaxation
in rat aortas [J]. Life Sci, 2006, 79(21): 2017-21.
HEIDARIANPOUR A, HAJIZADEH S, KHOSHBATEN A, et
al. Effects of chronic exercise on endothelial dysfunction and
insulin signaling of cutaneous microvascular in streptozotocin-
induced diabetic rats [J]. Eur J Prev Cardiol, 2007, 14(6): 746-52.
WANG J, POLAKI V, CHEN S, et al. Exercise improves en-
dothelial function associated with alleviated inflammation and
oxidative stress of perivascular adipose tissue in type 2 diabetic
mice [J]. Oxid Med Cell Longev, 2020, 2020: 8830537.

ZHANG L, ZHENG H, LUO J, et al. Inhibition of endothelial
nitric oxide synthase reverses the effect of exercise on improving
cognitive function in hypertensive rats [J]. Hypertens Res, 2018,
41(6): 414-25.

COHEN N D, DUNSTAN D W, ROBINSON C, et al. Improved
endothelial function following a 14-month resistance exercise
training program in adults with type 2 diabetes [J]. Diabetes Res
Clin Pract, 2007, 79(3): 405-11.

CARMICHAEL O T, NEIBERG R H, DUTTON G R, et al.
Long-term change in physiological markers and cognitive per-
formance in type 2 diabetes: the Look AHEAD study [J]. J Clin
Endocrinol Metab, 2020, 105(12): e4778-¢91.

MAN AW C, LI H, XIA N, et al. Impact of lifestyles (diet and
exercise) on vascular health: oxidative stress and endothelial
function [J]. Oxid Med Cell Longev, 2020, 2020: 1496462.
MAROSI K, MATTSON M P. BDNF mediates adaptive brain
and body responses to energetic challenges [J]. B, 2013, 25(2):
89-98.

TR, B, WL MG RN 5O BRUIK 2 S K L
bdnfH: Kk [J]. JLuUiRH K24 (XU B, HUANG T, J1I
L. Treadmill training enhances learning and memory and hip-
pocampal BDNF gene expression in rats [J]. Journal of Beijing
Sport University), 2011, 34(4): 51-3.

HU J, CAI M, SHANG Q, et al. Elevated lactate by high-intensi-
ty interval training regulates the hippocampal BDNF expression
and the mitochondrial quality control system [J]. Front Physiol,
2021, 12: 629914.

TONOLI C, HEYMAN E, BUYSE L, et al. Neurotrophins and
cognitive functions in T1D compared with healthy controls: ef-
fects of a high-intensity exercise [J]. Appl Physiol Nutr Metab,
2015, 40(1): 20-7.

ETEMAD A, SHEIKHZADEH F, ASL N A. Evaluation of brain-
derived neurotrophic factor in diabetic rats [J]. Neurol Res, 2015,
37(3): 217-22.

FIRTH J, STUBBS B, VANCAMPFORT D, et al. Effect of aero-
bic exercise on hippocampal volume in humans: a systematic
review and meta-analysis [J]. Neuroimage, 2018, 166: 230-8.
T A RS R BEIR VL TR 35 BB R R B 20812



1128

[90]

[91]

[92]

T Sk B S BDNF (5 5 38 26 (520 [T]. 170 28 77 2 B 24
(WANG Y J. Effects of aerobic exercise on learning and memory,
oxidative stress and BDNF signaling pathway in hippocampus of
streptozotocin induced diabetic rats [J]. Journal of Xi’an Institute
of Physical Education), 2020, 37(1): 87-97.

FRGT. 6 18 B0 BE IR A 3R T T (R 2R R BR R R B
i) 2% > B J 40 RS2 A [J]. fif 5 44 26 (WANG C J. Effects
of platform running on spatial learning impairment induced by
streptozotocin in Alzheimer’s disease rats [J]. Journal of Anato-
my), 2017, 40(6): 702-5.

HEISZ J J, CLARK I B, BONIN K, et al. The effects of physical
exercise and cognitive training on memory and neurotrophic fac-
tors [J]. J Cogn Neurosci, 2017, 29(11): 1895-907.

BORGES M E, RIBEIRO A M, PAULI J R, et al. Cerebellar in-

[93]

[94]

[95]

sulin/IGF-1 signaling in diabetic rats: effects of exercise training
[J]. Neurosci Lett, 2017, 639: 157-61.

DIEGUES J C, PAULI J R, LUCIANO E, et al. Spatial memory
in sedentary and trained diabetic rats: molecular mechanisms [J].
Hippocampus, 2014, 24(6): 703-11.

ZEBROWSKA A, HALL B, MASZCZYK A, et al. Brain-derived
neurotrophic factor, insulin like growth factor-1 and inflamma-
tory cytokine responses to continuous and intermittent exercise in
patients with type 1 diabetes [J]. Diabetes Res Clin Pract, 2018,
144: 126-36.

GUO'Y, ZHANG C, WANG C, et al. Thioredoxin-1 is a target to
attenuate Alzheimer-like pathology in diabetic encephalopathy
by alleviating endoplasmic reticulum stress and oxidative stress
[J]. Front Physiol, 2021, 12: 651105.



