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The Mechanism of Insulin Signaling Pathway in the Improvement of Alzheimer's Disease
by Exercise
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Abstract: Alzheimer's Disease (AD) is the most common type of dementia at present. Its pathogene-
sis is complex and has not been fully elucidated. Studies have shown that insulin signaling pathway
plays an important role in the pathogenesis of AD. Exercise can improve the pathological manifesta-
tions of AD by activating insulin signaling pathway and regulating the expression of downstream
molecules. In this study, the phosphatidylinositol-3- kinases/serine threonine kinase (PI3K/AKT), mi-
togen-activated protein kinase (MAPK) and Wnt3 insulin signaling pathways were examined to ex-
plore the possible molecular mechanism of exercise in improving AD, and to provide theoretical ba-
sis for the treatment of AD.
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1 PRBK/AKT {5Si#@5 AD

PIBK/AKT {5 il 32 i & 3% & K 5%
P, S 5 ARSI A AR SRR 2 R IRE
WO T I PIBK FIAKT (1 PH S5l 45 4, U
LI RAENIFE, BEER L AKT [ Serd73 1 Thr308 i
ST GE AKT 364k 59 AKT 5 T8 R & Rl 3
(Glycogen Synthase Kinase3, GSK3) Fl i #. s #) & 1A
7 R ¥4 (Mammalian Target of Rapamycin, mTOR)
TR AT AR A AE K A T, BRI E
ZUE S, PISKIAKT {5 5 1 vl A 38 i 4 % Tau K
FILAB I 28 JEAE R I, %5 AD i BRARAIE

1.1 BN PI3K/AKT #&/P AR DL

AB /1 B- TEMEERTARZE 11 (B-Amyloid Protein
Precursor, APP) % B- 73 B A1 y- 7o fift g /K M )i 2E
B, AU N AR Y A S R i A7 AR Bh
V-5, fE AD TRIXFOE BTG, N AR KE R
. WF9E R, PIBKIAKT 15 535 P AR I, AR 1 3
if BEUUARE ) v 23 0 I 5 07 Al T APPIPSL % Ak
PRI B S 2H 21 PIBK/AKT {5518 | AR AR 7K1
FL0E PIBKIAKT 15 55 38 % n] 38 i FEAIK B- 43 b il
TEPEN D AR B R JE— B STIESE , BRI PISK/AKT
{75 538 [ T35 P T LA ops IR A B -3ac(Glycogen
Synthase Kinase-3o, GSK-3a ) Bl 1k, , 32 55 B- 43 ik il
T, P2 ABw F1 ARy E B, [FII , ABx A1 ARy 1]
I Ca? HE AMRZTT, BTG GSK-38 14 it JE] 1
FMHE 134F 5 (Cyclin-Dependent Kinase 5,CDK5),
iE— 2 BH T PISK/AKT 38 B3 14 , e 2 80 AR 1 &
TURURT AD A M RE R A 7R 3 0 PIBK/AKT 15
538 5 05 P 0] DL ) BRI GSK-3ew il R 1L 7K F- |, [
1i% B- 43 Wb, 407k AD iy AB Az A%,

AW HRE 5 A M BB 8 LT APP/PSL
/N B B 4 4 b GSK-3ae Y Ser21 £ A5 iR 4k /K
SR T AR DLARM 6 JE B 65 32 Bh AT DL b IR
Wi BRI 5 9 AKT 3Rk BEAIX GSK-3a i R AL, , 3 /D
AB UTH, BB AN T RE D, 427 32 Bl nl gl 1
3 PISK/AKT 15 i 36 PE, FE % GSK-3a i ik 1k
K> AB TTRR . A RS KB, 8 il A Rz B
PORE T /N B BRI 5 4 40 rh PIBKIAKT {5 5 3
B, BEART B- A WEEAKCE, Wb T AB42 ik H
APP ZE 1 & B IR &R B UEM ) R E Rz
B8 3 BT PIBKIAKT 15 538 8%, 10 H B- 43 10k 1l 7
A il APP ZE 1 IR E AR AR RS, 7 AR IR Y /1
SR AR A, DL RSB s B E] L
WS PIBKIAKT 5 53 #% , A% GSK-3a 2 1t 7K
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1.2 BB PBK/AKT % Tau B B
1! 4

Tau & 1 5 & 8% 1R 1k & AD 3 2190 BLRRAE 2
— . X AD BFE R A B, W2 o B R L
) Tau &5 H W 3531 £ | [F] I HF BE A 05 IR 1 AKT 7K
- L EREAR IS Schubert 25111 45 | 311 PISK/AKT
5% T8 Tau A O ERR A, 0BG
PIBK/AKT 15 *5- i % vl 9 /> Tau & 1 /9 Serd04 Fi
THr231 fv SR ALK 7, $E T 2% AD ., 27 , 30
PI3K/AKT {5 5 i % v] LA ek 36 Tau & (A 2 B 0 iR
fk . Tanabe %M BIF5Y & B, ¢ Tau 2 11 J& B iR
1k iy AD #5550 B P, AKT 35 P R B HBE Bl 5
GSK-3B i P 14 fin . Eph-B2 52 & A i i I
PISK/AKT {5 5 i@ 4 , il GSK-3B 7§ % , e 3% Tau &
it BB RR AL, LR WF SR /R | PIBKIAKT 5 5 il
BT LLE S 4 ) GSK-3B 1M, B Tau 2K
BEmR AL .

W & At Ais o 5 B K R 5 4l
A PIBK/AKT 15 53 B 1% 1 14 i, GSK-3B Ser9 fif
SRR AL K F TH i, GSK-3B 1 M N e, LN iR iE
Tau & 1B R fb 7K 7t B 35 R AIG; T 48 h J5 , K
LI T 2 21 vh AKT 1 GSK-3B 1Y B iR £k 7Kk - B A%
Tau & MR AL 52 8 KL K F 0 48R Az 5
Jei 5 N B PIBKIAKT {5 3l [ nf 20 3% Tau 2 1
f 3k B W R Ak (B AT B . K S sl 2 ]
PL¥E PIBKIAKT {553 %, 3% AD w3, 3 1A
fif 7732 8l 198 T AD /) BUIG P PIBK T AKT 11 %
fRfb 235, AR T AD /R S 41 21 Tau 25 (A B R
Bk 2 p [ G AL B 8 R HBHis s e T
B M Bz 5 R B 41 2 PISK () 5 e RTE A 42
HET AKT 7£ Thr308 #il Serd73 v i (1 B iR 1L , 75 1k
) AKT 38 i % iR 1k GSK-3B Ser9 fif &, # i
GSK-3B 7Tk, T Tau & 1247 5 89 3 B il
Mt D LEARsE ¥ Ui B, iz g nl DUl o T
PI3K/AKT 553 i , & iF GSK-3p #hfk ik, il
GSK-3B ik, & f# Tau 2 a3 BB R 1k , ik 3% AD
INHT D) RE R AR

1.3 BEEIS PIBK/AKT il M 22 8 i

ELAWFGTIESE , AD B4 3L PR /N BRI PN AE AR iR R
i e e I G R NS e e g Rt e
FEAERERAEH T, A Z -1(Interleukin-1,1L-1)
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13 5 1 F «B (Nuclear Factor kB, NF-kB) F1 it & 31
e T -a(Tumor Necrosis Factor-o, TNF-a) %5 | & 4
PRI , B/ NTCAFERESE &I, I H e K T2 (OST)
TR PR I KBRS, AR T KB S A U R
it AT NF-kB  TNF-a F1 IL-18, JlI A PI3K 411 i 571
Jei, N T RAE RN, $ 7 RAE I 5 PIBKIAKT 5
S8 PR % Tl JE 4 (Nitazoxanide , NTZ) kb B LPS
PR BV2 45, WOE T PIBK Fil AKT, 3T
IkB ik, IFHMH T NF-kB 094 5 72, 8] NTZ
ARG 8 9 2 7 2 1 3 PIBK/AKT/IKB/INF-kB i 42 52
LAY, [, NTZ 3697 APPIPSL /NS , /I BRU Hh 42
% AT IL-18 . TNF-a #1355 5 A — A L & & B (In-
ducible Nitric Oxide Synthase,iNOS) ik i Z 1K,
P78 NTZ ] fE3d 1t PIBK/AKT {5538 B A /1 B
A 2

5% W, WEkis 3h S T D- L FBHA S AD
KB B 2040 IGFI-R/PIBK/AKT 15 5l %, HIE
B T R AE N TNF-o p-NF-kB B & fL i ( Cyclooxy-
genase , COX-2) 1 iNOS 1) 2 H 7K, #i 7w iz 3 ] fE
AT S PIBKIAKT 15538 1%, BRI S 44U
RAE SN, Fi A Wang S5 P58k B, A 402 i
6 TR R K BRI A PISKIAKT A 53 i, 184
iy R F FOXOL iR ik, Bk FOXO1 & Mt
PR B & 4 HL R U NF-xB 21k, DT 9 76
HAE I

1.4 BFEWIE PI3K/AKT ¥ 8wk K F

PIBK/AKT {5 5 i fif T i 9 ¥ &5 1 mTOR J& i
WA EERN T, HEEZAY mTOREAY 1
(MTOR complex1,mTORC1) Z 54y 4l kK 4
T e A AT A i 3 3 4K 9 mTORCL A LA
il B I e dE s I A BT A R, AR
(e 5 Z O IGF A K PR R JE R A ) AT DL BT
PIBK-AKT {5 =i 4 , i ok 45 19 P AL e 23 11 2 G ik
(Tuberous Sclerosis Complex, TSC) #l i) mTORC1 [~
#1578 11 Rheb, AT #1 ] mTORCL A= B% , #F 111 175
T AWES R, AR R mTOR iFF M AWEE IS
AD 2 Fifig i A2 (AR ULELAI Tau 25 (it B 2k )
WA BFIE & B, AB UTBUIR mTOR 5514,
M mTOR {55 1] AR AR /KF-29, it4h , Shen 4527
R, W mTOR #0457 40 6l mTOR 1 4 v i 3
Tau £ 1 FEBERR 1L, DR, TG PISK/AKT {55 il
B AT LU R F mTOR #£ik5, J#¥ AD I A
W, 98/ AR ULARAI Tau 8 M4 B #5216 , 3% AD
AL,
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Senr Ao AR 12 B G E S EOE T H WK
S, W T APPIPSL B R /INBRUTE H A 4 AB TIT
U 6] ), 42 3l Al LA i 8006 PIBKIAKT {5 5
%, G fif AD i B HED iz 3l n] 3 o B0 PISK/AKT
I O A W fEHE AR TEFR . Kang SR Y I,
NSE/htau23 %% £ [K AD /)N UK K J2 o mTOR # 1i2
bS5 %, A WAR & P& (A Beclin-1 fil LC3B ik 2>,
H Wz 45, T 12 J8 M 532 3 0% T PIBKIAKT 15
538 B, 0 H R R F mTOR §6 4 3 B v
[1Beclin-1 ik, #5% B WEE M, 5% AD /MEIA
MIihe TR, I, 12 3 AT S PISK/AKT 8 %, 411
HHmTOR &P, Hihn AD ixi N H WK, Z&f# AD
HiE R

Zi b, s sl LS PIBKIAKT 15 538 % 8 4%
T 54> F GSK-3B .GSK-3a \NF-kB 1 mTOR %5 | Mk
M REAR Tau & Ao EEREIR AL 8> AR TUR | 22 i &%
i S0 RIS 5 W KO, 23 AD A HTRE

2 MAPK 5SS AD

MAPK {5538 % 2 Wi 7L 2 ) 20 Jf v 1) o 2 B 1
F A5 MAPK {5 53 B% AT LAgE A I 4t
PR 33 2R 0 40 07 955 5 200 6 4/ SR R T, 4 i i
=R SR N (MAPKKK-MAPKK-MAPK) , 2 5
M A AR T AR AR B R H AR M LB
YA & B 3 4% MAPK {553 ¢ . 4 i SM5 5 9
945 1% (Extracellular Signal-regulated Kinase ,ERK) .
c-Jun N K8 i  (c-Jun N-terminal Kinase ,JNK) #l
p38 22 S J ik Ak 2 11 4 i (p38 Mitogen Activated Pro-
tein Kinases, p38MAPK ), iX 3 453 5 AD #51E 1k
ISR YR

2.1 BEIPFMAPK P AR DL

P3BMAPK J&: MAPK % ji% H 4 55 41 i A7 4% 1
oA EBLE B, WESE & B, AD /) B N p38MAPK
T AK T 5 25 = B2 m bR AD BB/ R p38aMAPK
B 2 5 3 K mapk14 , 1% p38aMAPK £ ik | &K i B-
4y 1(B-site APP cleaving enzymel , BACEL) % i
TR K%, BACEL FRIKFEAL, AD /NELUIG N AB A BLTR
A, BRI p38MAPK ik | il BRIk BACEL #ik
FEAE, 6] AB A2, BR T p38BMAPK {553 #% , 2H
Jig #h I8 15 25 (1 4§ (Extracellular Regulated Protein
Kinase , ERK ) 5 7 i % 1 /& MAPK £ 85 5 7% 738
#% . AD FUEE S 4H U ERK B R 1k /K SRR, AB UL
FRHE e APP/PSL /)N B S 21 21 ERK
R Ak 7K, T LA ] APP Al BACEL &K ik | Jdi /b
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AB ULFRE 3R R ERK {5 538 B 1% 1 1T 38 1 4
il APP F1 BACEL JE[H 335 18/ AR A1k, INK J&
MAPK (1) —FP 728, S FR A 0L 035 1k 2R 1 I
(SAPK), T 145 ©F 58 & B, c-dun & 3k K i i 1
(c-Jun Nterminal Kinase ,INK) 1 5@ 5 AD &%
FEYIM K, 25 R 2 BE ™, Savage %5 P HR
S 0 AL BT A I AS [ 5 R BP9 MAPK {5 5
B UESEHOE INK 5538 6 AT 20 AR TURRIG I, i
FE I TQCRNDS8 #% J: /N 4 > H 5 T 4 JIH 5
(IRN) il INK A5 538 26 5 & 3L, AB TUR D , /1N
BUIAHL DD RE A B 2% 0, Z5 b A AD P
p3BMAPK HI INK {55 il i, % ERK {5 5 i i n[
Wb AR LR,

&M, MAEshMiE T AD 8 B N
MAPK iffi % (p38 1 INK) , 42 &5 T IAZI D) gE R, 1k
Gb, SRS BT IR S I BN
N ERK [ 335, F&AK T BACEL iE 1, 1 /0 T AB UL
T INK I p38MAPK 26 3k K A Ik 25 ol A8 B9 41
N e G2 ST LUE A0S ERK GE L 18> AB
DU, (H2 Mz 3%t INK Fil p38MAPK il G i %
YER, AT fig 32 K Wiz 2h 52 ma A4 R 52 BT AR Y Bk . T
Pena 210V B, 9 JEIHTRH I ZR AR T 3xTg-AD /) i
Mg S 40 APP K P, {HAR AR ERK A & &
BERR LK, 7R, 12 shis ERK {5 %l B8 /> AB
DU ATRE S B s KRR K, & b KRR —2
WIE A TR 38 3 28 7 K iz 3l JE F Hil MAPK (INK |
p38MAPK ERK) {5 538 1% M 1T 3 22> AR TLAL B AE H
B

2.2 Bah A MAPK ¥ % Tau & F it B RRIL

Tau & [ Thr2314v & 48 B B R 1k vT 300 MAPK
15 538 %, 8 00 ft 22 o v 40 ) B0 SR LR, S 2
JEFET- ) [E] A INK  p38 A ERK 45 L 54 it T
fif Tau & (13 B #E W2 1k . APP — R fk vl 3%
ASK1-MKKG6-p38 2Bk & [, {# Tau i B Bk, 5
FOAK I RERE G GSK-3 & Tau & 1 # R 1k 1y &
TG, A ST & B, T E B103-695 41 il APP 3£
K A 0% Ras-ERK {5 538 i, 40 GSK-3 164k | %
Ik Tau 2 (13 BEBERR AL, SR 0 ERK {55 38 %
AT REAR Tau 25 13 BERERR A . 53 A F 58 &2 B, 259 F
e KT AD #EIEV/NRS , BTG T ERK {545,
T INK 3k MGE T Tau 5 A m B RR 1L K
P EWESE Ui, 4 p38MAPK (JINK i % F1 i 1%
ERK i %, ] 3% Tau if BEBERR L , #F MiH 4% AD A
HIBE A
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i3 A LA AD i N Tau & F it B e 4L,
AL AT R 576 5 2 20 i) MAPK {5 538 A ¢
Wang %8531, 12 J il G328 34K T INK Fil p38MAPK
BRI KSE , #2798 T ERK1/2 BEFR ALK, Wb T
Tau I EEBERR AL, 2035 T AD B B/ BUA A
TnebEts, 54h,12 G isshim T 24 i
Tg-NSE/PS2m AD /s BRI B 20 41 Py ERK % iR 1k 7K
S, BEAK T INK 1 p38MAPK B2 1k 7k 7, FEAR T
Tau 7K 9 7% Serd04  Ser202 1 Thr231 v & 1 #5 12 1k
K- $ 7Rz g3l A | INK  p38MAPK {5 453
BE RS ERK 5538 1, F&AIL Tau & FIBEIR 1L, A
Mm% AD IAAIZNRE

2.3 BEhEE MAPK i E M2 R A

AD TIETER A AGE, H 5 MAPK {5 5l A
X%, W5 KB, Vitegnoside #l1il T p38MAPK #il INK
{553 W/ T Filf NF-xB RIS S %
T AD 4 A A rp ) SR8 R S A RIS R B,
AR T IARIT AD KRR EMH T AD K
p38 % ik, I T ERK {55, FE{K T NF-xB I IkBa
FIk O TR A T = A DL B ST U
il p3BMAPK F1 INK {5 538 i , % ERK {5 538
%, AT BEAR T U 2 AE 15 5 NF-kB 5 5, 8 2> 98 i [
T3k, Gl AD M ST

R, BB T T RER 2 2848/
T D ATF6a F SXBPL 263k, 4 T /N B
T 4 41 rh INK F1 p38MAPK {5 53 5%, BRI T i
T SR RGE R F TNFa Al IL-1a 35, 3% 17 /0
FOAFIBE A 55 A 20 R I, 8 sl il T AD B
LI T 2H 21 rf INK FT p38MAPK {5 53l %, % T
ERK {5 530 % , AR T ¥ 5 TNF-o A1 IL-18 7KSFR
(AL, 32 By ml 38 s f i g Eh 1 2 ) INK T p38MAPK
15538 I, T ERK {5 538 6 2k B AR S E K2

2.4 B MAPK g # B WEK T

Jilg Z B (Lipopolysaccharide , LPS) &A% T /N i Ji
A BV2 [ WEFRICH LC3-1 (9334, 3f H LPS i
T T p38aMAPK ¥4 , 1M SB203580 ( p38aMAPK i
il 50 ) Ab B, & BE LPS i 5 1Y p38aMAPK I 1L #%
P, LC3-11 Fib i 3% LA, LRI p38MAPK {5
A B oA R F KT, 7R AD INERUIN N R 2 RN
#2850 R R S k2 p38aMAPK, LC3-11 #il Beclin-1 %
IR ETE R T AD NRIN P A oK 25 T
ASE ] p3BMAPK 3 %, 38 i i AH ¢ 3 WP
LC3-11 il Beclin-1 35 , 3411 AD P A WK
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AR, M By F S F R E B BT R KB R T a9 R g

IR B, 3G G I 25T T o s/ N R i
1k A K BB F -1 (Transforming Growth Factor-B1,
TGF-B1l) M H F {5 5 0 T TGF-B I 1k i g 1
(TAK1) MAPK MKK3 F1 p38MAPK [y % ik , H
E-cadherin, Beclin-1 H1 LC3 (% & 1 3 15 /K F i & 14
ey R 33 14 B far Y1 25 AT 3 A 0 TGF-BLTAKL/
MMK3/ p38MAPK {553 i , 3 F 7K, M ek
AR/ B LR AL D 5 A2 B Rl RE 2 aE i
il p38BMAPK 15 =i 2 55 AD A /K P, B
AD AFIE S H HT R JCE 8 T 1 AD A5 R i 45
MAPK {55538 [ 805 A MR AHOCHFSE , R K% 7 1)
A Fpifk— W5,

3 Wnt{§SEEKS AD

Wt {5538 B el 220704 BB R ik kA S
AR R SCHAE ] . Hirh, Wnt/B- % B R 1 F S
i (canonical Wnt/B-catenin) {E H ix h 12 , %l 1%
Wt B R EE ARSI T, 4 Wnt AR
I, Wnt/B-catenin {5 3 B w0 , M9 09 S 88
Axin /APC 5 GSK-3p #il I 7l fi% 2 [ ##% i ( Caseinki-
nasel,CK1) JE IR E G¥), v B-catenin B
b, 12 Z A T 1 RS R U IR fi# B-catenin, T2
Wnt/B-catenin i 42 1 Wi . X4 Wt & 1 £F 7E B,
Whnt/B-catenin {5 % i #% B ¥0E , Wit 5 41 g 3% 1 32
1A (Frizzled ) I i 4 B 52 1 (1% %% B2 iR 2 11 52 A AR OC
H 1 (LRP5/6) 45 &, i BEL 8 15 Axin 454, IR
AXin/APC/GSK-3B/CK1 JE i) & &4, 1| B-catenin
(4 W 2 £k 11, B-catenin i A 4 Mi 4% I 5 % SR I+
(Lymphoid Enhancer-Binding Factor 1,LEF1)/ T 4}
A7 (T Cell Factor, TCF) %54, 512 Wnt 1 3 [ 1
e, ZHEMRNER KT USRS, B
FER I, Wnt/B-catenin 5518 % 15 2 R i 48 RG89
o ) R A2 RN R A G, LR AD 1Y & 25 VT A
&, Wnt/B-catenin {5 5 38 #% AT I8 4% AR 1AL L5 TE
FR  Tau 2 H 3 BEBERR AL P 28 RAE DL K B Wik 55 5 W)
INFIINRE

3.1 Wnt 5 Ap

TE AD B3 KB Rl AR AR BUFITE BR 5
Whnt/B-catenin {5 53 # A ¢ . CHO 7PA2 4 il 5 1 &
B, M Wnt/B-catenin 15 538 B AR Wk BE 1S N,
ABIABL ELFRFAML 4> 71t AB IR (a0 =Z Ak
DU SR AA ) S, 2% BT Wint {5 5 AT S 3% APP & 2k
TEMYRE B UK A, 30 C99 Tl AR, KB, BhYsL
96K B, il J20TgAD /) Bl Wnt/B-catenin {5 5 i
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B3N T N S48 AR, 7R NRE I T 2
A, — W5 & B, 7E Wnt/B-catenin {5 %5 i %
1 AB Al 5 GSK-3B 454, KEfig B-catenin 5| g i 4
A REPE I DRI RGO [ A i N TTCRR Y AR 3L
Al i Dickkopfl(DKK1)Z&ik##] Wnt/B-catenin
G5, T30 AB I PR R gF— L BEAL, in®E AD
NG #F APP/Tau/PSL /N B it , 3 5 95 75 77 44
B-catenin ¥ #Hil GSK-3p 7t , AT LAy > APP %4
fift S AR A, R B A 28 R AP VR TSR, pl Rl U
T Wint {5 538 T i AR PR, sk AD AT

(iR
3.2 Wnt 5 Tau HH

7 J20TgAD /)N ELH , Wit {55 2 fiE st 5 45 in 1
Tau & 17 5 Thr231, Ser235 11 AT8 iRk, H &
PRBH Wr Wit 34 48 5 35 A BN B P A AE Tau 251
i R AL, A A ITHR ), Wnt/B-catenin {5538 %
Al DLIE 3 PR GSK-3B &M, Y Tau & 1k B
A=, HE— 2B F 58 R B, LA e JE R /N B M
GSK-3B i B W i 1k 3 2 B-catenin 4% & & FEAI,
BT Tau & FAIBERR AL, 55 A 55 & B, ANDRO
PO Wnt {5 45 AT 2l 38 AR 52 f APP-PS1 /N BRUEY Tau
A R JE— 25T & B, ANDRO J4TH
Wnt 55 B T Tau 25 (1 25 Thr231 Ser235 L4 K&
Ser202 F1 Thr205(AT8 A7 ) iR fL /K -4, WASP-1
AL G APP-PS1 /)N B, Wint {5 53 2%, #1#] Tau & 14
PHF-1(Ser396 F1 Ser404) {ii x5 i R AL, $& 7R %
Wt {5 538 6 0] 38 5o #0 i) GSK-3B +of B Wl 2 1k, |, b
RGP, 3t Tau & (3 EEwERR AL .
3.3 Wnt 5#Z %5

IEH BT, Wnt/B-catenin {5 = i B 75 48 4E 75
S G E N B T R AR, L 4 RAE 1 AL
SR L 5 A 3E B A8 PR RSk S B . B-catenin
SEARE TP R BN F R IR Y, o A W AR 5
Wy B4 E Z K vy (Peroxisome Proliferator-Activated Re-
ceptor Gamma , PPAR~Y) 1 & B-catenin 11§ 3 K 7] L)
i B GSK-3B 16 7, WiE Wint {5538 %, R 1R R
iE T /E ™, GSK-38 [AliF 2 51845 NF-«B {5 %
W, S 5SS KA BT B R
16 AD KUK P Wint {5 53 5% 503t T K RUI P 2
RAE . BLA, KPR ot 2 38 2 4 i GSK-3B i,
PTG Wint {5 5l B A 4 R ER ) DL RO 4R
N, Tl GSK-3B, AT LATE Wt {5538 #%, 4l
NF-kB {5 538 % , DI o5 8 i 28 00
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3.4 Wnt 5 HWE

KEWFFTFE, BE Wit n] AL P 20 i [
KA % AR Ak, Wnt3a it 4 dF TR BRI 5 41 41
CAL X [ /NI BT, 53 S g ke B, Bl A5 7N
BB N S Wint3a S, #E T/NBUORHE N Wint3a
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Figurel Possible mechanism of insulin signaling path-

way in the improvement of Alzheimer's disease by exer-
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g % 2R A7 5 e s T] RE Sz B ek AD Ay G B i
6, B HHEZ 3% AD H B R AR S 3 I 5 1
FEIL A 2T, JUH R AD H MAPK K& Wt {55 5l
O S N 117 i R (U O[S A s o ez D [T RS 2
JE | iz gl 77 AR D RO R R A 1 B Y 5
HE— B RABITE . Ak Al B — 2L Wiz 3% AD
Jige & 2R A T B PR A AR AR AL, RS
%3 AD Wiz sh s, LU iz s PG AD 2
LT 2 SR R

SE k.

[1] SARGENT L, BROWN R. Assessing the current state of
cognitive frailty: Measurement properties[J]. The Journal
of Nutrition, Health & Aging, 2017, 21(2):152-160.

[2] CORREIA S C, SANTOS R X, CARVALHO C, et al.
Insulin signaling, glucose metabolism and mitochondria:
Major players in Alzheimer's disease and diabetes inter-
relation[J]. Brain Research, 2012, 1441:64-78.

[3] WILLETTE A A, MODANLO N, KALOGIANNIS D.
Insulin resistance predicts medial temporal hypermetabo-
lism in mild cognitive impairment conversion to Alzhei-
mer disease[J]. Diabetes, 2015, 64(6):1933-1940.

[4] CRAFT S. Insulin resistance syndrome and Alzheimer's
disease: Age-and obesity-related effects on memory, am-
yloid, and inflammation[J]. Neurobiology of Aging, 2005,
26(1):65-69.

[5] BRUEHE, 5 A0, 220K, 55 B R R 5 2 BUBE SR

=
=
A
[




e % M By AT 5 AR R A A T R SR B 69 4E R AL g

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

SR TR 5 FARBT AR SC A [3]. v [ S 4R 22 2R R, 2017,
37(17):4270-4271.

KIS A0 22 3 Wint 38 (5% AR PR 1 285 A8 A 1Y
3 FHLHIBESE [D] A - K IH K2, 2019.

S, B XK BT PISKIAKT 5538 B 78 3 U i
28R AT MR T i AL R A T [3]. A W AR IR
2017,28(6):853-859.

RIDLER C. Alzheimer disease: Misfolded diabetes-mel-
litus peptide seeds amyloid-p aggregation[J]. Nature Re-
views Neurology, 2017, 13(3):128.

LINSY, WANG T Q, Xu L T, et al. Qingxin Kaigiao
recipe improves cognitive performance, inhibits apoptosis,
and reduces pathological deposits in APP/PS1 double
transgenic mice via the PI3K/Akt pathway[J]. Evidence
Based Complementary and Alternative Medicine, 2020,
2020:3019674.

HE X L, YAN N, CHEN X S, et al. Hydrogen sulfide
down-regulates BACE1 and PS1 via activating PI3K/Akt
pathway in the brain of APP/PS1 transgenic mouse[J].
Pharmacological Reports, 2016, 68(5):975-982.
KITAGISHI Y, NAKANISHI A, OGURA Y, et al. Die-
tary regulation of PIBK/AKT/GSK-3B pathway in Alz-
heimer's disease[J]. Alzheimer's Research Therapy, 2014,
6(3):35.

LIUH L, ZHAO G, ZHANG H, et al. Long-term treadmill
exercise inhibits the progression of Alzheimer's disease-
like neuropathology in the hippocampus of APP/PS1
transgenic mice[J]. Behavioural Brain Research, 2013, 256:
261-272.

KANG E B, CHO J Y. Effects of treadmill exercise on
brain insulin signaling and B-amyloid in intracerebroven-
tricular streptozotocin induced-memory impairment in rats
[J]. Journal of Exercise Nutrition Biochem, 2014, 18(1):
89-96.

G [R5 G ANAE 5K T, 55 A 5iR PIBKYAK 57 3 % 1% 1
00 BT 75 g SRAE /) LR M B T3 A g T 2 S AR B
B B[] P A 5 A 45,2019,55(1):22-27+74.
GRIFFIN R J, MOLONEY A, KELLIHER M, et al. Ac-
tivation of Akt/PKB, increased phosphorylation of Akt
substrates and loss and altered distribution of Akt and
PTEN are features of Alzheimer's disease pathology[J].
Journal of Neurochemistry, 2005, 93(1):105-117.
SCHUBERT M, BRAZIL D P, BURKS D J, et al. Insulin
receptor substrate-2 deficiency impairs brain growth and
promotes tau phosphorylation[J]. The Journal of Neuro-
science, 2003, 23(18):7084-7092.

TANABE K, LIU Z H, PATEL S, et al. Genetic deficiency
of glycogen synthase kinase-3beta corrects diabetes in

Sport Science Research

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

mouse models of insulin resistance[J]. PLoS Biology,
2008, 6(2):e37.

JIANG J, WANG Z H, QU M, et al. Stimulation of EphB2
attenuates tau phosphorylation through PI3K/Akt-mediated
inactivation of glycogen synthase kinase-3B[J]. Scientific
Reports, 2015, 5:11765.

B 8 2R G T, A AR RS Bl R B S 2
21 PIBK/AKYGSK3B 15 53 i Y 52 il [J]. JL 5K & K
24 2016,39(4):55-59.

LEEM Y H, LIM H J, SHIM S B, et al. Repression of
tau hyperphosphorylation by chronic endurance exercise
in aged transgenic mouse model of tauopathies[J]. Journal
of Neuroscience Research, 2009, 87(11):2561-2570.

i [ 5%, BB XA, S5 T RELIZ Bl 00 R Bl R il g B A1
13 T 20 21 PIBK/AKE {5 538 #% 19 52 0 [J]. b [ iz gy =
2 Jusk 2016,35(10):901-907+912.

TB/NTC, A 2 00 B T e PR 3R G ) PIBKYAKt
15 5 8 % D B DR I ) & A B L [9]. o R 2 4R
2kt 2015,35(17):4743-4746.

FAN L, QIU X X, ZHU Z Y, et al. Nitazoxanide, an
anti-parasitic drug, efficiently ameliorates learning and
memory impairments in AD model mice[J]. Acta Phar-
macologica Sinica, 2019, 40(10):1279-1291.

LIN J Y, KUO W W, BASKARAN R, et al. Swimming
exercise stimulates IGF1/ PI3K/Akt and AMPK/SIRT1/
PGC1la survival signaling to suppress apoptosis and in-
flammation in aging hippocampus[J]. Aging, 2020, 12(8):
6852-6864.

WANG Q, HU J Y, LIU Y R, et al. Aerobic exercise
improves synaptic-related proteins of diabetic rats by in-
hibiting FOXO1/NF- $ \kappa $ B/NLRP3 inflammatory
signaling pathway and ameliorating PI3K/AKkt insulin sig-
naling pathway[J]. Journal of Molecular Neuroscience,
2019, 69(1):28-38.

CACCAMO A, MAJUMDER S, RICHARDSON A, et al.
Molecular interplay between mammalian target of rapam-
ycin (mTOR), amyloid-beta, and Tau: Effects on cogni-
tive impairments[J]. The Journal of Biological Chemistry,
2010, 285(17):13107-13120.

SHEN W Z, LU K L, WANG J W, et al. Activation of
mTOR signaling leads to orthopedic surgery-induced
cognitive decline in mice through B -amyloid accumula-
tion and tau phosphorylation[J]. Molecular Medicine Re-
ports, 2016, 14(4):3925-3934.

ZHAO N, ZHANG X L, SONG C H, et al. The effects
of treadmill exercise on autophagy in hippocampus of
APP/PS1 transgenic mice[J]. Neuroreport, 2018, 29(10):
819-825.



A 2021 E FER2 8 E5H

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Kou X, Chen D, Chen N. Physical activity alleviates
cognitive dysfunction of Alzheimer's disease through
regulating the mTOR signaling pathway[J]. International
journal of molecular sciences, 2019, 20(7):1591.
KANG E B, CHO J Y. Effect of treadmill exercise on
PI3K/AKT/mTOR, autophagy, and Tau hyperphosphory-
lation in the cerebral cortex of NSE/htau23 transgenic
mice[J]. Physical Activity and Nutrition, 2015, 6(1):
199-209.

RAMAN M, CHEN W, COBB M H. Differential regu-
lation and properties of MAPKSs[J]. Oncogene, 2007, 26
(22):3100-3112.

HWANG D Y, CHO J S, LEE S H, et al. Aberrant ex-
pressions of pathogenic phenotype in Alzheimer's diseased
transgenic mice carrying NSE-controlled APPsw[J]. Ex-
perimental Neurology, 2004, 186(1):20-32.

ey bR E 20 AR R AB 5 AD R
U L 27T ERK 4R [ R A 1Y 52 [J]. vh 12 25 232 41,
2014,42(2):21-23.

DU Y, DU Y, ZHANG Y, et al. MKP-1 reduces AR
generation and alleviates cognitive impairments in Alzhe-
imer's disease models[J]. Signal Transduction and Tar-
geted Therapy, 2019, 4:58.

5K TR I, AT A TR IR B Ve R
HHS MAPK 5538 1Y 6 &R [0]. 1 B E 4R 440,
2011, 31(13):2589-2591.

SAVAGE M J, LIN Y G, CIALLELLA J R, et al. Acti-
vation of c-Jun N-terminal kinase and p38 in an Alzhe-
imer's disease model is associated with amyloid deposi-
tion[J]. Journal of Neuroscience the Official Journal of
the Society for Neuroscience, 2002, 22(9):3376-3385.
LI H, IP S, YUAN Q, et al. Isorhynchophylline amelio-
rates cognitive impairment via modulating amyloid patho-
logy, tau hyperphosphorylation and neuroinflammation:
Studies in a transgenic mouse model of Alzheimer's disease
[J]. Brain Behav Immun, 2019, 82:264-278.

SUN L N, QI J S, GAO R. Physical exercise reserved
amyloid-beta induced brain dysfunctions by regulating
hippocampal neurogenesis and inflammatory response via
MAPK signaling[J]. Brain Research, 2018, 1697:1-9.
MACPHERSON R E K, BAUMEISTER P, PEPPLER
W T, et al. Reduced cortical BACE1 content with one
bout of exercise is accompanied by declines in AMPK,
Akt, and MAPK signaling in obese, glucose-intolerant
mice[J]. Journal of Applied Physiology, 2015, 119(10):
1097-1104.

PENA G S, PAEZ H G, JOHNSON T K, et al. Hippo-
campal growth factor and myokine cathepsin B expression

Sport Science Research

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

following aerobic and resistance training in 3xTg-AD
mice[J]. International Journal of Chronic Diseases, 2020,
2020:5919501.

LEUGERS C J, KOH J Y, HONG W, et al. Tau in MAPK
activation[J]. Front Neurol, 2013, 4:161.

KIM E K, CHOI E J. Pathological roles of MAPK signa-
ling pathways in human diseases[J]. Biochimica et Bio-
physica Acta, 2010, 1802(4):396-405.

KIROUAC L, RAJIC A J, CRIBBS D H, et al. Activation
of ras-ERK signaling and GSK-3 by amyloid precursor
protein and amyloid beta facilitates neurodegeneration in
Alzheimer's disease[J]. eNeuro, 2017, 4(2): 149-116.
CHEN S'Y, SUN J, ZHAO G, et al. Liraglutide improves
water maze learning and memory performance while re-
duces hyperphosphorylation of tau and neurofilaments in
APP/PS1/tau triple transgenic mice[J]. Neurochemical
Research, 2017, 42(8):2326-2335.

WANG S, BUM K E, OH Y, et al. The effect of treadmill
exercise on tau hyperphosphorylayion in an aged transgenic
mouse model of taupathies[J]. Physical Activity and Nu-
trition, 2012, 16(2):93-100.

UM H S, KANG E B, KOO J H, et al. Treadmill exer-
cise represses neuronal cell death in an aged transgenic
mouse model of Alzheimer's disease[J]. Neuroscience
Research, 2011, 69(2):161-173.

WANG Q, JIANG H L, WANG L L, et al. Vitegnoside
mitigates neuronal injury, mitochondrial apoptosis, and
inflammation in an Alzheimer's disease cell model via
the p38 MAPK/INK pathway[J]. Journal of Alzheimer's
Disease, 2019, 72(1):199-214.

HU Q F, YU B B, CHEN Q L, et al. Effect of Lingui-
zhugan decoction on neuroinflammation and expression
disorder of the amyloid B-related transporters RAGE and
LRP-1 in a rat model of Alzheimer's disease[J]. Molecular
Medicine Reports, 2018, 17(1):827-834.

KANG E B, KWON | S, KOO J H, et al. Treadmill ex-
ercise represses neuronal cell death and inflam mation
during AB-induced ER stress by regulating unfolded pro-
tein response in aged presenilin 2 mutant mice[J]. Apo-
ptosis, 2013, 18(11):1332-1347.

HE Y L, SHE H, ZHANG T, et al. p38 MAPK inhibits
autophagy and promotes microglial inflammatory responses
by phosphorylating ULK1[J]. The Journal of Cell Biology,
2018, 217(1):315-328.

SCHNOEDER, LAURA, HAQ, et al. Deficiency of ne-
uronal p38 alpha MAPK attenuates amyloid pathology
in Alzheimer disease mouse and cell models through
facilitating lysosomal degradation of BACEL1[J]. The



e % M By AT 5 AR R A A T R SR B 69 4E R AL g

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Journal of Biological Chemistry, 2016, 291(5):2067-2079.
BAO C C, YANG Z, CAI Q Y, et al. Incremental load
training improves renal fibrosis by regulating the TGF-
BLTAK1/MKK4/p38MAPK signaling pathway and indu-
cing the activation of autophagy in aged mice[J]. Inter-
national Journal of Molecular Medicine, 2019, 44(5):
1677-1686.

BILIC J, HUANG Y L, DAVIDSON G, et al. Wnt in-
duces LRP6 signalosomes and promotes dishevelled-
dependent LRP6 phosphorylation[J]. Science, 2007, 316
(5831):1619-1622.

TAPIA R C, BURGOS P V, INESTROSA N C. Inhibition
of Whnt signaling induces amyloidogenic processing of
amyloid precursor protein and the production and aggreg-
ation of Amyloid-beta (Abeta)42 peptides[J]. Journal
of neurochemistry, 2016, 139(6):1175-1191.

TAPIA R C, INESTROSA N C. Whnt signaling loss ac-
celerates the appearance of neuropathological hallmarks
of Alzheimer's disease in J20-APP transgenic and wild-
type mice[J]. Journal of Neurochemistry, 2018, 144(4):
443-465.

Wi, R B R A 25 Wint/B-Catenin 7 - i 5 Jo 1
240 YA T BT 2% T B R B A 2R 3k (9] B
25712,2016,6(7):34-37.

WIJESURIYA H C, BULLOCK J Y, FAULL R L M,
et al. ABC efflux transporters in brain vasculature of
Alzheimer's subjects[J]. Brain Research, 2010, 1358:
228-238.

HUANG M, LIANG Y, CHEN H, et al. The role of
fluoxetine in activating wnt/B-catenin signaling and re-
pressing B-amyloid production in an alzheimer mouse
model[J]. Frontiers in Aging Neuroscience, 2018, 10:164.
METCALFE C, BIENZ M. Inhibition of GSK3 by Wnt
signaling:Wo contrasting models[J]. Journal of Cell Sci-
ence, 2011, 124(21):3537-3544.

LUCAS J J, HERNANDEZ F, GOMEZ R P, et al. De-
creased nuclear beta-catenin, tau hyperphosphorylation
and neurodegeneration in GSK-3beta conditional transgenic
mice[J]. EMBO J, 2001, 20(1-2):27-39.

SERRANO F G, TAPIA R C, CARVAJAL F J, et al.
Andrographolide reduces cognitive impairment in young
and mature ABPPswe/PS-1 mice[J]. Molecular Neurode-
generation, 2014, 9(1):61.

RIVERA D S, LINDSAY C, CODOCEDO J F, et al.
Andrographolide recovers cognitive impairment in a nat-
ural model of Alzheimer's disease (Octodon degus)[J].

Sport Science Research

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Neurobiol Aging, 2016, 46:204-220.

VARGAS J Y, AHUMADA J, ARRAZOLA M S, et al.
WASP-1, a canonical Wnt signaling potentiator, rescues
hippocampal synaptic impairments induced by AR oligo-
mers[J]. Experimental Neurology, 2015, 264:14-25.
AJMONE C M A, D'URSO M C, DI BLASIO G, et al.
Glycogen synthase kinase 3 is part of the molecular ma-
chinery regulating the adaptive response to LPS stimula-
tion in microglial cells[J]. Brain, Behavior, and Immunity,
2016, 55:225-235.

FEVLT  JR/NTE 700, A 1 R 0 Wint 5538 B ek
2 B IR U B K BT 20 24 PR R 9 (9] Wi VI IR
= 2%,2015(8):1262-1264.

VALLEE A, LECARPENTIER Y, GUILLEVIN R, et al.
Effects of cannabidiol interactions with Wnt/B-catenin
pathway and PPAR+y on oxidative stress and neuroinfla-
mmation in Alzheimer's disease[J]. Acta Biochimica et
Biophysica Sinica, 2017, 49(10):853-866.

RIOS J A, GODOY J A, INESTROSA N C. Wnt3a ligand
facilitates autophagy in hippocampal neurons by modu-
lating a novel GSK-3B-AMPK axis[J]. Cell Communi-
cation and Signaling, 2018, 16(1):15.

ZHANG J Y, LEE J H, GU X H, et al. Intranasally de-
livered Wnt3a improves functional recovery after traumatic
brain injury by modulating autophagic, apoptotic, and
regenerative pathways in the mouse brain[J]. Journal of
Neurotrauma, 2018, 35(5):802-813.

El G A A, SOUBH A A, MOHAMED E A, et al. Morin
post-treatment confers neuroprotection in a novel rat model
of mild repetitive traumatic brain injury by targeting de-
mentia markers, APOE, autophagy and Wnt/B-catenin
signaling pathway[J]. Brain Research, 2019, 1717:104-116.
KIM D Y, JUNG SY, KIM K, et al. Treadmill exercise
ameliorates Alzheimer disease-associated memory loss
through the Whnt signaling pathway in the streptozotocin-
induced diabetic rats[J]. Journal of Exercise Rehabilita-
tion, 2016, 12(4):276-283.

i 1 G X G 5, 55 AT 48 B0 IR B Ml B S5 A
13 T 20 21 Wnt/B-Catenin {5 538 # 9 52 Wi [3]. [
B & 22 4% 7%,2017,36(9): 765-772.

AT 3RS, AR, 12 AR [ RIS B BRI U

K 0] X4 it 3 %8 K BDNF (IGF1 1 WNT4 fi) 3%
AR [I]. 4 B 22417, 2014,66(5):559-568.

(WS X )



