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Table 1 Aerobic exercise affects the pathological characteristics of patients with Alzheimer's disease in clinical trial

®1 AL A RIS R R % BRI B E R IESHE

B B fﬁjﬁi PR quﬁ/ﬁg R EPaRZS T EARIE AR AL i;\

i I A 114 B >70/84.9 QoL-AD SR, BIILA 7y BT S AR e [12]
MEC-35

FLHL LR 90 o 265/~ MMSE MCIE 4 B s Re AT I Re s, HAD  [13]

T4 BE T

HE rh A 120 Bl =60/~ MOCA-C ADEFEINFI TR J A0 o [14]
QoL-AD

HATH rpAE R 87 B4z 65-90/- MMSE JEEMCIRIAD B I\ ENRE /1 F % [15]

FIHL ADAS-cog

HAT % R R 55 B 50-90/69 VO,. SDMT IEEIER (VO, peak) #F, INEIEREE [16]

HATZ SR 198 FitL /699 STREM2. IL-6. sTREM2#¥fN, #0468 KT & B A [17]

HIAAL IFN-y

HIEHL H 53 Z -/80 CW Aem ARG, SGRADEFIZD)RE ) [18]

HATH rp AR 115 % =60/79.9 MMSE BANRE G, HILIZ IR R [19]

HAT4 Fp R 494 g -7 ADAS-cog G SUINAC T N (EP ST R e INs1] ) [20]

HATH o R 200 % 59-90/68 CBF BR R A b FEAD R 10 L A AR A [21]

HIHL

—-: JoHdl; QoL-AD, quality of life-Alzheimer's disease scale, Bi/RZciG 8R4 A= 36 it 1t %8 ; MEC-35: mini examen cognoscitivo-35, fij I
NI A ; MMSE: mini-mental state examination, & 5AH #UIR A KE A ; MOCA-C: montreal cognitive assessment, 5% 45 Fll /K TA R4 5
ADAS-cog: Alzheimer's disease assessment scale-cognitive section, P /R 7% 1 8k ¥ i &t R IA A8 45 VO,: volume of O,, % & ;
SDMT: symbol digit test, H{FALM X ; sSTREM2: soluble trigger receptor expressed on myeloid cells 2, #EFE40AfE; IFN-y: interferon
gamma, THZFy; CW: cost of walking, 17ERERIH#E; CBF: cerebral blood flow, fiilfili#i; MCI: Mild cognitive impairment, %A
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KRR (VO,-max) AL H BDNF &, if
T4 e V0 S R R 200 S5 b, A W A R AR A
AR EEORIE, s TTIREAAIEs, AT
SRCBILAAR I 38 T R I AR R RS, AR 0 Y N i A
PEI, B van i 0 i 2 W AR A . R B,
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RIRMELF 22 =FIEA 2, JFTE ABFEMERG (Rl
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SQSTM1 (sequestosomel) J&=—Ffin 11175 SR
B, TEYHMN KA IR BNAR 5 A AR A
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filt AT AP S INHAT AR B VIR B L FE AD A ELIR
BT, SRS . WIS Fph 22
TGS, IRl B AT — 2D 5 b 28 mT 9
P T FE AD LA H IS R A 1A D) RERR AT, 1ML
UM R AR, TR BRI, AR
JRIERISARE SN, TR 28 0 R 22 i 5 &40 e D) 286 1)
AT IRPERE RN AB IR BRI RESZ B

S A A I AR e BT B = R 5 7 )
(neuroblast) MWIEFAHIAR, {EifilE s kA, &)
ERRA T A B RERE A, MEMTIR B m A
AEEPER E RS, R AD B E S ] VRS R
FB M B SR R 2 R AR YOG A
A 4E IS B3 R R e S0 B PGC-1a FIMERL SR
X AZ AR ERRa, N JE M #2875 F2 1 (brain
derived neurotrophic factor, BDNF) Flf# £ 4H: K [A
F (nerve growth factor, NGF) {43 **, BDNF

FINGF Wt 2o . AR s e s, #m
PRl B B R, B Rs sh A T
JUE 43 36 TR 44 B- P2 5 T AR (B -hydroxybutyrate,
DBHB), & #| ML 15 5 BDNF £ ik, FFH]
48 H X L WAL 2 (histone deacetylase 2,
HDAC2) 4l & 1 % & Bt 1k i 3 (histone
deacetylase 3, HDAC3) ik, MIifi/-S:2filn]
PE B iz e LR B A - i . —
M, FLRR Mo E R R R R R, FLAR MR
AL B T T (nicotinamide adenine dinucleotide,
NAD" ) /if Ji A % filf T (reduced nicotinamide
adenine dinucleotide, NADH) {8, 75 #i£ o0
M & A iR RS, PO SIRTL, R 295 5 5
BDNF %Kik, HERptigoofes 5 5—Jrm, 3L
PRl A B, A N RS IR AL, A A K24l
il WAAUKE FLIR iz AN . 32 3l 5 T8 i e ) 5L
Fig 4K M T B R R % iz 28 11 (monocarboxylate
transporters, MCTs) YEM, ZEak il 5 e, 0%
NMDA 1 ERK {5 53 i , 75 5 58 fil n] A
IR, ILMN FRERKRZIAT (HCARL, HWFR
HCA18{GPR81) {57, M4 N AR KA T A
(vascular endothelial growth factor A, VEGFA) #
s, PR A AR AR R 2 R A e kA, s
A B TG A S A i, SRR AN
B RRRRCE, UCEE A MLLE R (oxy-
hemoglobin concentration, HBO), 2% 1K E 40
A M sl 12 m S mtk, BEEph oK AT
IRBEAAT 1) A s Bl ] SRR G Y RE RN AR E
TRIERLR T B S L5 M 788, Mg AR & R 45
N ] % B ¥ iz 5 A 1 (glucose transportersl,
GLUT1) F1 # 45 ¥ %% iz £ 11 3 (glucose
transportersl, GLUT3) Fik/KF, mA&[H ATP B
SR AR e A ISR, A B TR ) fE R
TG T Re i A 1 AT ARl Bl T R G R 21 A
AR N, BRI B L b 28 e RS 10 & A
POR LD AT F Y AL (VRTINS R LS o )]
fE T SR BL, 3xTg-AD /N BRUK I h bt & 1%
% Klotho £ 1 FRIAZKPAR TR FEEF A AN, MikE
SL AT IS B A 402 37T B 1R Klotho 235 T B,
Klotho # [ ¥ #% N- H J& -D- R & 2 M Z /& (N-
methyl-D-aspartate receptors, NMDAR) .
GluN2B W L@ R AL, 125 28 fil L 3 A 22 ]
SRR R, SN RE A RURAE ] e

Zi b, ARG KGN R A5 )
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Kt fas s AT ADRCR IR Z — .

4 BHEEIHNITADRIE R M 20m

4 BT 4802 Bl S0 RV FIBLHE A R
PoE, HECE 2 HUR RUA Fs sl AR
B, T LA R P9 R 28 8 RE B . AR SCHE FL T S
AT B B 5 RAE R NAR DG SCIR, R Az sl
RAEHFRFERE RERCR (R2) . &K
PR RAE RSB0 98 P EL ISR 0, Kt B £
ZUNEZEAL, PR 2 SHT AR i P A5
RO T ADREEARIE T, AR AR i
Wi figp T FEE G ZEL 2 P R R K AR AT,
A5 R RE RN R A, A HE bR IR R - o
(TNF-a) . [140 )i/ % -1B (interleukin-1B, IL-
1B) . HAMEA % 6 (interleukin-6, IL-6) %5 ZF
KA F R AR, R SR, SR
g 22 ik 4 B B2 34 5% (long-term potentiation, LTP)
KU W R S D e

A AB LA = A TL-6, TL-6/ENAILA
W, AT EaslL, BA N e RS R A
M, $&Riggh s LA I F IL-6 HE:S 5 RAE
N RETEALEI AN R - B shE R UR LA A
FIL-6, IL-6/KV-5izgh i, iz, Eaif

W X2 RS 58K, B85 IL-6 £k Tt
e BIIEARIR A 1 22 £ . FRL A s SR HENLA
Sy WLIA R - TL-6 2 i, 38 a1 e 1 0 8 75
RIERG, MESAERF (40 TNF-a, IL-1B)
i, IESYRET (IL-lo, IL-10) 20 7Y s
By b v E A 4 0 LR BT TIL-6 5 R AR Bt R
55 Rl b 2 IS SN E 11 i B2 1S e v N W E 12
B A A S ] B R LR Th e, SRR
AD RAE S AT HH I G N 25, B iz sl ad et
GREVIRERITES 5 JE N . 538 Az sl A n]
PLERAR [ B I R A, s i Ak A £H 2

RAEH 1 7 s s BOE— A SO T, B
FEAE A 12 g B s sl X s R R AR
SRz g B KeldE A Bz ghet, R
RN ARABEA FEAG, SOmibgsk, I s A A
W & BRI MR s s T s, R RGP 4
it A IL-1B. TNF-a F15 5 8 — 46 A0 & G i
(inducible NO synthases, iNOS) /K-FFt, JfH
VI CAT DAL H B 3% e 14 /0 B o 24 i i 2t 74
AN, R 2 R s sl T A O TR
T 5 S AORE SN ) &AL A Y R s
T2z | R LR 5 RGN S E B, i KU, (.
R H R B A RS A SR Bl T ARG R S N, i
SEERBT A IL-6. IL-10 BEii . 55 shyls 8
[KF CD200/CD200R 43 . {2 EfCI LN SIRT1 5=
k. EEPAH GSH AR E RGEIhEE, M
D RAE N 7O X R R, A AUS SIifE AD R
PR R ERURAEA, dE 81 4 B g R G AT

Table 2 Changes ininflammatory factors related to aerobic exercise regulation in Alzheimer's disease

F2 EFRREERFEAFRIEHETEIERFHENL

A B it LIES EMITELE S EE BTN
AD Patients Treadmill, Stationary bike, Cross trainer 3 times/week; 16 weeks f INF-y; ¢ TNF-a [17]
2xTg-AD Resistance exercise 5 times/week ; 4 weeks ¢ IL-1a, IL-4, IL-6 [77]
SD Rats" Swimming 5 days/weeks; ¢ TNF-a, IL-1B, IL-6, IL-18; [78]
4 weeks A L-10, IL-4

AD Patients ~ Treadmill 3 times/week; 8 weeks v TNF-q, IL-6 [79]
SDRats"  Treadmill 7 days A IL-1B, TNF-o [75]
SD Rats" Treadmill 5 times/week; 6 weeks v TNF-o, IL-1a [80]
3xTg-AD Resistance exercise 7 days/week; 4 weeks ¢ TNF-a, IL-1B; T IL-10 [45]
2xTg-AD Treadmill 5 days/week; 12 weeks v TNF-q, IL-1; A IL-10, TGF-B [40]
SDRats)  Treadmill 5 days/week; 4 weeks ¥ IL-1B, TNF-o; A IL-4, IL-10 [81]
Tg601? Treadmill 5 days/week; 3 weeks A IL-1p, IL-18, CXCL-1, CXCL-12; [82]

U SD Rats: JESIBEIRIAEZE (streptozotocin, STZ) i55FSD (Sprague-Dawley, SD) KEMADE; 2 Tg601: tauopathy/|N FUSIAL
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RGERIERGLA L = I RE

g5 R, GBSl ) KN O ERE S
s G REN, PIf7E AD SR EL R s E W)
SI” MVEH, SRS SRR O, (b A
iz gl AD BN HERR . A RS Bl s AE I =
R TR R IL-6 1Y 3Rk, BRARAE 48 PR X fing
(05, YESRPTI R4, iBH L RE S Y &
2 SO 111 A = B ey B R i ) R VN A U
ADJRERRAEKRIE . B2, & ENA EE s R
FIPTRRUN, BRI 1 28 S AEAH I B RS

5 BEREIZIADENMFUR M E R

FEALN I (oxidative stress, OS) JZF8AEHLIA
WAEALTER SHUAARE I LB gy, 7= A A
HhiEfkre ), SEGE 20 A MM, ERES
FVAN M & A E AR s s s . A R SR AR T PR AR
A e (ROS) FITETEA A ik (RNS) . ROS 2
8 LL O . HO, 554 F 1 iy B il B
RNS f& 48§ LA ONOO™ . NO % & J5i 1 H1 0 1) 3
B PUEAR N OY T L EE A I R SR A
(glutathione peroxidase, GSH-PX) . i & 1k & i
(CAT) . ALY E AL (superoxide dismutase,
SOD) FHERE RS (WAEARE. AW,
‘EATREDS T Rt B A ROS FIRNS,  FH IR 400 %
B, XML R BH R VR

IEH A ELIRTE 0 4 A A AR e AR
ROS, AbA= B B o) %o 4 Fr 40 B N IR A 5 TR
AR R, HOGEBILAA B 328 17 285 R0 A8 0E J I 28 G o
ZL ADRELIRAST, AR UTBUI R A 22 i J5 4
P KA ROS 5 RNS, ROS 541 FAEF . &
F 5 & A B B SR A A B A Bl S| AR O, TR R
At AN AR S . ORI LAY . 4-
I T- M2 (4-hydroxynonenal, 4-HNE) FIPA —.
% (malonaldehyde, MDA), 17 54 ig B 475 A
LIRS B B R G IR L R A AR
BEAR s . B T N 2 R R AR N 7F 37 31 ROS I
AR ORI, HEITTE MR RO &)
(RP B L) 5 b AR BT AR R LA SO &
AJEr RN (RIS L) 7, HRZ A
M, HAN4-HNE., MDA DL EE (acrolein,
ACR), i35 AN A 59 A= Bl a2E 1 5% i) Tau £
R I Ak Bl S ARRE B I ) . 4-HINE i 28 [ il
SR AR e B A, AR O S R R
T b O i, DA A2 i Tauw 88 5 H #EER 1L . H

JIg i SE AL W 2R 77 ) MDA 19 & ke kil it 484k
REBTAARZKT, AT DIEA PR A B 5 5 4 Ak
JO7 V84 R B U B ) . MDA 5 4-HNE EA A
I/E A, 385 R A RK BE AE i N T -2
(eukaryotic elongation factor 2 kinase, eEF-2K) #H
B2, fETh17 #k4ifeiifb, 51k A SRR
Jof T B AN S B 5 )

AEB A EANE RS R AR 1 (IGF-1)
rUAREIN, S KM Nrf2 / ARE Gl B, T PR
b 50 56 PRy B s R BE O 4m B 9 A e HORK
(glutathione, GSH) HJ7K-F-, T GSH Ak 77 it
AALBRI IR H RS, AT A0S F R B 40 AR AS
PR REAI0s, 1 T BT LA I R o o 28 AR
AR P TRl I8 SRR AR I iE i 1
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Effects of Aerobic Exercise on Cognitive Function in Alzheimer's Disease and
Its Mechanism’

LIU Zhi-Tao"”, WANG Qin-Wen", LI Guang-Yu?”, XU Shu-Jun", LI Li-Ping"""
(VNingbo University School of Medicine, Zhejiang Provincial Key Laboratory of Pathophysiology, Ningbo 315211, China;
DFaculty of Physical Education Ningbo University, Ningbo 315211, China)

Abstract  Alzheimer's disease (AD) is the most common neurodegenerative disorder characterized by the
accumulation of amyloid- (AB) plaques and the formation of hyperphosphorylated tau-containing neurofibrillary
tangles. Unfortunately, the current clinical drugs for the treatment of AD can only temporarily improve cognition,
and cannot prevent and/ or reverse the pathological process. More and more studies have confirmed that long-
term moderate aerobic exercise, as a healthy and feasible form of exercise, can eliminate AB deposition and
reduce hyperphosphorylated Tau protein as well as alleviate AD symptoms of neural plasticity, inflammatory
response, oxidative stress and energy metabolism. Therefore, aerobic exercise is considered as an effective
strategy to prevent or delay AD. This article elucidates the pathological mechanism of aerobic exercise

ameliorates AD and in the hope of providing a new strategy to prevent and treat AD.
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