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WE B8 . A T PERK/ATF4/CHOP il B4R 3T i ik 18 3 2t e B M K (VD) K W P 4B . F ik it
48 A SPFA MM SD KR, MMM F R =5 A BT RAF R4, 5 5 A 12.36 A, FIM K AKX
LEIUAM 20 BB BRoE BEAT AR R & B AL F R R o AR L kB S e B 4, 12 R, EIRIE
AU T RAETHRINE 30 min/(R-d),E 448 ; GBI EH ErERRW THEAYZ T F A
0.33 mg/(kg-d),E 44 Bl ; A A2 BESH 4R, T4 R G, KA Morris KK T EIIRK KT HF
TR R EHEENERRED CAL R AP Z LA MM KA L8 %8 E F PCR(RT-qPCR) , Western
blot ik 4~ A 4 M| &% & B B R A W & M % B8 (PERK) . & L4 % B F 4(ATF4) .C/EBP Rl /& % & (CHOP)
mRNAKF A EFEGHAS AT, RO ITAFEN 5EF KU i B A 0 35 3k 8 Bk B o B3k
X, FAFERKAZLRY, ZFEARITFEL(P<0.05), HSHMAE  HiRKiEFHE BhE-TFH ks
R R, FAT S RHEA R, 27 A% FEL(P<0.05), @ AVZTAMLEM AR 40
RN ML Z R PRI TR R A, RAARIE T B, 2 M R AT AR B A YT LIRS R B AR A
LAER  HRIE AR A B I B AT REEH B R E, @ ML PERK.ATF4,.CHOP mRNA
KFREOLE . 5BRFRAE , HAB M AL CAl R PERK.ATF4,CHOP mRNA K -F 38 27+ F (P<
0.05) ,PERK .ATF4 CHOP & & 423 R 5 (P<0.05); 5AER A b 42, RkiE SN 20 5D CA1 R
PERK.ATF4 . CHOP mRNA K-FZ &GS FH A BHIK(P<0.05), &7 kiE23) TP VD X R Ind
2, K E RN s i AR A ALE) T 46 55 835 PERK/ATF4/CHOP # %, 47%4) VD K R 5L R ERSAH X & G
PERK .ATF4 .CHOP mRNA & & & &k A %,

KEWE gk RKIE ) IR A T AL s R M 8 PERK/ATE4/CHOP 38 %

Il %8 P i i (vascular dementia, VD) J& — Ff SO RS I B AN RO R B VDA
o N SRR =S 5 G (E 2k 7 1 1= §9NS1 B I 11 = R S e & /NS N S 7 T N o D R DAY
AEVHGE R AE , R A ICA2 T T % A BE (endoplasmic reticulum stress, ERS) 7£ VD k& 4= & J&&
B BT TR A RORS M R AR A s Eigis hRE EEMERYY . MM (endoplasmic reticu-
BT 3k 60% AAy SR F G A T EA lum, ER)EREAR AW & B S5 E 0 EEY

SIMtEs XY AR, £, 5 ST PERK/ATF4/CHOP i BRI E IS 8T Ui A PRI RUBLEI () ]. HER 24, 2023,33(4) :333-340.
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JIT Bt I dfe SR P BT I R R A S/ R R AT Y R
R R, K1 & H W (unfolded protein response,
UPR) (i o UPR 20 i {5 5 e 53 s 1 247 46 1 i3k
JiE R P 5 IR 984 38 1 (protein kinase R-like endo-
plasmic reticulum kinase, PERK) .75 L% A T 6
(activating transcription factor 6, ATF6) i % 1 JIJL s
fifi—1 (inositol requiring enzyme 1 IRE1 )iE g UPR
TR I 33K S Al Y 1) T g TT A PR AP 2P B ERS 1Y
MZTT, B BARTLIARESTY . BRI, 18 PERE
AW ERS 7l i 3 UPR ' C/EBP [ 5 & 11 (C/EBP
homologous protein, CHOP) i - # Z8 y0 Z A JH 1,
AT UL, P9 5T I 7 240 M A7 3 RO T el o B AR
FH, LAPY BT 19 R 38 5 AT RESZ IR YT VD RV 7E SRl o

iz 2T 1 e vk AT ERAEE A AT VD
THBFFE 2B 2 B RTE . IR R B, AR
B FRE A AR VD B AR ) S
WFIR IR IE SE A 40 3l B8 38 o B2 /5 A O pl 2278 7
PRl 1 635, st A A I s T 243 VD R LAY A
myfgt AR BARAE RALE A . iFikis
A RB s HEE )T N — , A5 PERK/
ATF4/CHOP 3l P& #R0F iF vKk a2 SO0k i dife i 453 £ K B
T Ey 2 oo R a al REALED , U SA VD I IRYG
SR — 2 1 BN SR
1 MR5ERE®
L1 Se4s2h

SPF 2% I SD K B 48 HL, 7~8 Jal i , 14 i
(28020) g, g T3¢ B U158 52 96 5 ) BB A BR 2 W
[ SE 58 3 W) A 7 P Al HIE S - SCXK () 2019-0003 ] .
BT AR 2226 °C, W8 (55£5) % 1Y 4l 57 38 KUE
s R, B OKEEE @R SR LR SRR
FERE AR R T O T\ A7 L 50 sh Wy i 18 1
RULY o PTG SEIFE T 2 7™ 4 4 B ) S g8 FEAR
AT (LS : AHUCM —rats—2020006) .
1.2 BRGNS AE
1.2.1 iR Anti-PERK(CEP=HE S :ah229912) |
Anti—ATF4 (/£ 741t 5+ ab216839) |\ Anti-CHOP 3t 14
(A=t 5  ab11419) B [ 9E [ Abcam 23 7] ; 4T
S HRPARIC —HL (£ E SAB A H] £t 5 1 13012) 5
BCA 3 H & H#10 & (427741t 5- - PICP123223) \RT-
PCR & & (A 7=t 5 : K0223) \RIPA 4141 41 fifd T
W S (AR LS £ 89900) H 1 FE Bk KRB
e CpED A B A B RNA $2HGL (A= =4t 5
10606ES60) 1 F 2 5 A= Yy B} £ (Lot ) Befi A BR 2>
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) 5 300 5 5 R & (S7. B8 58 Fermentas 28 7] , A= 7= 4it
5 K1622) 5 &6 T (i B v 2 N | AR e
5+ WBKLS0100) ; P I i i DU 0B #2255 11 g 4l
(e 254 R A, =5 : 5070017FN)

1.2.2 SERANES KRR (DU)I]48 AR R A
RN &, BB WMT-200 %) 5 H 9k % (26 [ BIO-
RAD /A &), %15 . Mini Protean 3 Cell) ; HL#4Y (i1 7°
B RESE LR A BRA A RS PS-9) ; BiAR A I
{8 (€ [F BioTek 2~ &, #5 : SYNERGYH1) ; 5 3 1
HE R O ML (5 E Eppendorf 23 @], 145 . 5417R) 5
RM2016 U] i AL (8 [ o A W) ) 5 H-800 25 4 HiL 5%
(HARHSEAF) ; B (HARRFREAA, B .
Nikon Eclipse) ; 7300PCR Kl 4% (3& [H ABI/A ] ) o
1.3 G2 4l SR

131 GERETSL IR S Y0 B ) A m
Morris 7K 2K B 52 56 51 bk S50 45 31 3 5 ke 78 7K P ise v
AR R PEH 48 HKEAE LR shY), insc s
AR ST S A TR T

1.3.2 YR 504

1.3.2.1  shialfil & 48 HOK RIERENLE 737k
SRR FARA ML, 550 12.36 K L5
HEE TN T £ R FH 73 A A 235 L XU 33 B ik 5 (common
carotid arteries, CCA ) #F47 VD BRG] 26 0 #AE
AT KB S B RIS, T B V)T 78 40 2
& KU 205 Bh ik LA 45 AR LR 43 1) 300 00 ity 5 378 0
Ui 25 FL, IF M R BT B, TH B4R A S LR T B
E U REEE R U B e N U S S A e Rl e E 7
B EHETE . BT AR RS A A (B3
XM ER S KALESL . RIFHE M7 df5F, 241K
FRUZEAT 26 2 YR Morris 7K 28 B SC 8 o 7 (LB 4113
b VR AR U — 18 TR 21 2k sl vk AR 300 ) /52 56
20 -2 6 RETR AR S > 20% , B v AR )

1.3.2.2  sh¥srel SR 4% BRI E R0
MERUL 25 Al Rk shal , Bl 12 H.

1.3.3 THiHk

1.3.3.1 ifikiz shdl H 47 Jo 0 F iUk I 25 .
HART T o KREET AR R
[BTE 7K i ( B 42 100 em) 1, 7K (26 +2) °C L, KB
40 em , DUBA AR K B T AN AE firh A2 Jre 368 <2 #5 E 17K
K Sl HEIZE 2 d, 10 min/ (WK -d) , 53 )1 25
gida , AT E R EWEUK 2R, 30 min/ (WK -d) | i
SRt 4 JE L DI ZRIs R ISR R BRUE K R R AR D
Bj7 1 RS K BB T, ek S B sk F W XA R R
Bl
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1.3.3.2  Zidl B AR B 25 4 4l
Ak s 3 S R Y T DU R 2T R AN TR R
HB]0.33 mg/(kg-d), ELE T4,

1333 A4 HEKRE, AHWES4 5.

1334 BFARA AHIKRE, AHEI4)8,

1.4 MEAks

141 F7h2FWE T4 G 4 4347 Morris
TR KB S . Morris 7K 2K B A —[RIJE 7K 3t , 76 7K
TR — AR S N . E DRI T SE I Kk
WA AN EER) SR W) N 45 RR 1
ELBRE— G EAKT 1 em, EKFH
A S KR AR EI A, BRI 4D R
[ — A K SR A K it T2 SR Uk A% O, AR B R
e V5 FERT Rk RV R, AR BR AT 90 s
WA R AERLE B B o B, Rk R A S
G IR 90 s, SIS do LASEER
55 3~5 RV IIFERT R P kB AR . SEGREE 6 K
AT R R L PR &, REAERIETS d, 1858

K ETE 90 s P 2F Bk i1 5 XA B

1.4.2 METTBMANEE TR )G 44K R
25 7 S5 UHE W A BRI, W7 Sk BBUARG , o 43 g LA
T T 41 21 CAT X ST B 1074 1 A R /K e e+
KAy R E AR W . DK 21K, 1%
HOSEREK 2% L g B Y] R L) R
JE 60 nm, Rk PR e I fh WU gL 1, R B ST
BE(H AR HALAH], H5  H800 ) W E 4 28 045 #4 It
B

1.4.3 %% %! PERK . ATF4,.CHOP mRNA /K3
HREALEERE 3 R R, T4 A [R) 1 R e o s
B, vk BOR BRI SY CA1 X427, % ] TRIzol ¥
PEPOE RNA B S 5 9 eDNA LR A7 T -80 “Cik
625 H o SEBT 2¢O A2 1 PCR (real—time quantitative
PCR, RT-qPCR) ¥ ## 2 9% . 95 “CHIZZ M 1 min;95 °C
A 20 5,60 CiR 2k 60 s, fEF 40K . L GAPDH Ry
WS, k222 it a4 B Ry S A X Rk i .
1P AL 1,

%1 PERK.ATF4.CHOP mRNA 3|#1/5 %!
Table 1 PERK,ATF4,CHOP mRNA Primer sequence

FH 15 (5—>3") FEYIEE /bp

W TGGTGAGGGATGGTAAAG

PERK . 173
T : GACGGATGATTGCAGGTA
W : GCATCTGTATGAGCCCTGAG

ATF4 . 107
T AGAACCACGAGGAACACC
W : CTTCACTACTCTTGACCCTG

CHOP N 125
T :CCTCCTGAGCCATAGAAC
i : TATCGGACGCCTGGTTAC

GAPDH 140

T :CTGTGCCGTTGAACTTGC

1.4.4 JRZ1%41 PERK.ATF4 CHOPE & &M
“1.4.3731 RT-qPCR 2088, 4 515 5 CA 1T X441,
ARSI R RO IR B PR R T
-80 ‘CUKAfi . F% M8 Western blot 1 , >R F BCA & 11k
JEE I R I R . UK RAFHE 80V,
20 min, 53 85 5 120 V, 60 min) , > 5% JIE ik 5 i
(25 V,30 min) , £ (5% Bifg 45, % F 30 min) ,
In—HemE SR (1:1 000 R, 4 °C), —HimaE (1:
5 000 ) , i ECL & G REG 5 min J5 W52 o ff
Image] FAFEEHOK A, A4S HAAFE A SN S
M B-actin KL WAy HARX Rk &

L5 Stk

R JH SPSS 22,0 Ge i B AR AT RO A3 BT . ik
VORME £ EAS A0 A R R H Cees) 278 , 4L He
BRI 22501, T EL R FH LSD— ke 3 . P<
0.05 F /R 2 HA G 1L

2 & R

2.1 AR AEE

B F ARG e, #5080 24 S 24k sl vk AR 409 I i
HER, ZEHOF &5 O B>, 2R B A G
X (P<0.05). SHIAIL i, iFvkiz shal 25l
S 17 3k dht v O 01 B B 4, oE O B B B
i, R A G E X (P<0.05), WE2. K1,
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Table 2 Comparison of average escape latency time and

times of platform crossing in four groups (¥+s)

21 5 n SEHIEREETR R /s gl A B/ Ik
WFERA 12 24.28940.451 6.917+1.505

REiIZ4] 12 54.50040.491" 1.7504-1.055"
Wikisshd 12 31.5424+0.505% 4.3334-1.074%
i 12 31.53940.548” 4.333+1.303

T ST ARAE, 1) P<0.05; SERIH HAE,2) P<0.05,
Note: Compared with the sham operation group, 1) P<0.05; com-

pared with the model group, 2) P<0.05.

2.2 4R CAL X #he o i sk b i
T AR L T CA T X B 28 70 40 i i S A R

BFAR4

FERIZH

B O, G (5T, B3R A AT DL 2o (R A T
PR ) S5 A g, P R AR SR S AT T R LT e
] o A0 2 o 22 U A A S (AR BE AR L B R
Wi G, 2 PR 40 i A 5 WD ek 2 e T
VB 25 AL, SORLIRIRE T 228, 25 KA S B , A3 i o 22
LR HEFIJCHE M 2 27 YR Xy n] WIRAL . WRKIZ Bl
A TCAENR AT, TR 322K, A A 4
BRERUZH T, OREMA OHLITD P9 5T 0 53415 249 55, AT LR
OYEEGE A , (HLEA B s YA AL R R 2 A
REsg . 299 A Mg RO &
SERE , DN T I AG AN T O, L P AT T AL R s i
LA YEIRAE . WA 2,

ek 7/

lirikiz sh

1 AAHFKHIT LR

Figure 1 Comparison of swimming trajectory in four groups

3

lirikiz sh4l
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Y0
2 44HCAl XHEZTTBMEEHILLEE (<10 000)

Figure 2 Comparison of ultrastructure of neurons in CA1 region in four groups (x10 000)
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2.3 44 KK CA1IX PERK.ATF4. CHOP mRNA
KoF-LEEE

H5HF AR, A4 PERK . ATF4, CHOP
mRNA 7K P T, 22 5 B G122 L (<

0.05). SR AL, iFikiz shal M2 924 PERK |
ATF4 .CHOP mRNA 7K1 5[4, 2 R B A 5t
22E Y (P<0.05), WLFE3,

*®3 4HBDHELAPERK.ATF4,CHOP mRNA 7K T LL 42 (i+s)
Table 3 Comparison of mRNA levels of PERK, ATF4 and CHOP in hippocampus in four groups (x=s)

2 5 n PERK ATF4 CHOP
FARA 3 1.103£0.203 1.036£0.318 1.0024-0.086
T2 3 7.45640.974" 4.74440.894" 6.096+1.431"
Wevkiz g4l 3 2.668-0.294% 2.257+0.114% 2.1524-0.156%
25 3 1.69740.265> 2.021+£0.112? 1.583+0.112%

W SETFARAE, 1) P<0.05; SHAIAH HE,2) P<0.05,

Note: Compared with the sham operation group, 1) P<0.05; compared with the model group, 2) P<0.05.

24 44 CA1X PERK.ATF4. CHOP & (A& &
S5 FARA i, BRI 410 5 CAL1 X PERK .
ATF4 .CHOP & A & B A5, 2R B A 51t

2T N (P<<0.05) s SRR A Hds , iEvkaz sh 24 fn 2y
Y4H T 5 CA1 X PERK \ATF4 .CHOP 2& [ & 1 2% B
B, 2R A SR L (P<0.05), WHE4,
3,

#4 44HBESALPERK.ATF4,CHOP E A &2 b4 (715)
Table 4 Comparison of levels of PERK,ATF4 and CHOP in hippocampus in four groups (%+s)

e n PERK ATF4 CHOP
BRFARA 3 0.348-+0.117 0.263240.291 0.4044-0.046
PRI ZH 3 1.0094-0.894" 0.8520.158" 0.893+0.082"
rvkiz 2R 3 0.696-0.119? 0.508+0.148” 0.606+0.062”
2 3 0.564-0.113? 0.380+0.124% 0.7384+0.034”

ESMEARH R, 1) P<0.05; ST LE,2) P<0.05,

Note: Compared with the sham operation group, 1) P<0.05; compared with the model group, 2) P<0.05.

BFEARA BMA Fpkzsid 24

PERK e i s 410 kDa

ATF4 —  — s 50 kDa

CHOP e S e s 07 Da

B-actin | S — a— ) (D

B3 44PERK.ATF4.CHOPEZEH&WE
Figure 3 Protein band figure of PERK, ATF4 and CHOP

in hippocampus in four groups

3 7 it
3.1 liEkis gl dREE P ee o FL2A S , B0 VD
KEGNh g

ARBFFEA R R, SR A, Tir vz sh4
S 247 6 s P ORI A A L, O 5 RO
T BERIEKGE B VD A BRI D ph 2 o0 BAT

YER, AT EcE VD KON A g . S5 Wos e Tk
iz B RE A B3 VD K ERA 1) 8 R i 2 205 B ok A
ZE IR - XRS5 L PR EA L@
e vkiz s K BRI AE K, B T K 3 4E H g
i 338 fim R BRLC I Y e 9 o A SF 213 Ik, VD
K BRLBY i ML 375 & (cerebral blood flow , CBF) 34 fint™
VD K BRAESEAT i 4558 B2 i e Uk 42 s, 381 <K CO,
Oy R FERE N, A BE CBF B4 N, CBF 34 i1 fig
i R 1 DX A 28 ST A A3 T S A e i 4, DA
2 VD R BOA I BE . 13X 5T SCERAF 9T 45 SR A
1=l @ A A BAFT AR SRk & L VD #4032 4
5028 5 N AT OGP AR Y AL R 2 b 2
TUAH A% G B AR BE S A2 MBI 2 R, 2 (R 0 7
24 ZERIASTE U , 7R T BEAF A P 28 RE RN, X 5
AH OGP 28 50 B 52 45 SR AR LY S 1T i Uk iz 2l 41 A
28 TUHZNE AZATTE M, (O BT A3 i 53R Lok o3 A
Y5y, 454 i IR 58 45 SR i Uk 2 3k VD R
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FRAH 8 O A0 ] 8 5 1 28 SRRE S VAT %, (EL S TS
T A A T IR
3.2 lgvkis gzt VD g PR P Hl nl g 5 00 19
PERK/ATF4/CHOP i £ X

ARG LR BN, SRR R, e ks sh 4l
PERK .ATF4 .CHOP mRNA K & [ 3141 B S REAK
R IEVKAZ B%t VD R R g ook e T ae 5
PERK/ATF4/CHOP {5 53 45 & . 5 YUAN &5
I SEIE S UK iz B AT A ERS F PERK i 1% , M0
VD K EUANHITI BRI &5 R EA—3 . XTRES AT
K £ 4 5% : PERK . ATF4 ., CHOP % [1J& UPR [ W i
PR BB (1, Free e p v A 2 S BVD KR
FY KA ZH 2 UPR R 8% ) 8, AR LRI PEIE 2
45451 GRP78/PERK 43 5 , PERK & 4= A BfR 16> .
W IR Ak 1) PERK 48 55 J1 Wl 2 £ 1A% 40 B Al s IR 1
Za(eukaryotic translation initiation factor 2o, elF2a) 5
TR 1R 16 1 el 2 T LA a2 1 5 30 2%, 9820 P9 i
I A A AT B /A 1 A B A AR 3R A A i, ol
YBRLAF G o AHLBR VD R R s R] ) i 8 3 AN 2,
22 ) ERS 1] ¥k i elF2a B g 1L , 3 1% PERK T i
ATF4, B B40% B9 ATF4 1] 42 /=5 CHOP ) §% 5% fl 36
K2, CHOPYE N SEHERIE M T-/0 T, CHOP ik iE
15 S AN AT R oA 2 gk & R B
IR TTRER AR . VK S RERS Y UPR L
M H PERK/ATF4/CHOP 15 5 38 [ , #00 il A Bk 1 75
T K B 5 X ERS #H568E H PERK \ATF4 5 CHOP
AR, W LM 2T 0

PRV R DU OB A 2 R BN R YT VD I
25, BA MG 4008 T, s A D RE AR
B 8 T8 D L A 2895 R A DI AR PT RE 2
AN RSN G PR S PR AR T ol R T v
DL AR A5 . AR ST 4 R R, S iEikiE Bh
A, WAL AEAT 2% . PERK/ATF4/CHOP i %
MEE AR Z S G L, X ks
hAE G VD R B & oo i 2 S D RE O T
S HBC R Y . NIL, WK EE sh7E s VD K
SRR ke 0L 483495 7 1 ) R T ELAR B
4 N 2

iEvkiz shxt vD K BREA — & I R 3 7E H
BEfE— B E Bk VD K BUNFN L fE , il RE 50
2 UPR S % o' PERK/ATF4/CHOP jifi %411 ] ERS 3¢
R &I A . (HARFFRANGFE SR EZ
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S8R LRI R D31 A W 25 o B TR BRI Dk i 8l 2

¥ VD R BUAFITIRE R BARHLHI S5 . T — 2L 0F 508

PRITUF VK Iz )y I ) A58 B X VD K RAT %5

IR, O 2R SR R AR STTT VK12 B 2035 ERS B HLAA
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ABSTRACT Objective: To explore the neuroprotective effects of swimming exercise on rats with vascular dementia (VD) based
on the PERK/ATF4/CHOP pathway. Methods: A total of 48 male SPF SD rats were randomly divided into sham operation group
and experimental group, with 12 and 36 cases respectively. The permanent bilateral common carotid artery occlusion method was used
to establish the model in the experimental group, which was randomly divided to model group, swimming exercise group and drug
group, with 12 cases in each group. The swimming exercise group underwent load-free swimming training for 30 min/(time-day),
lasting for four weeks; the drug group received intraperitoneal injections of monosialotetrahexose ganglioside sodium, 0.33 mg/
(kg-day) , lasting for four weeks; the other two groups were allowed free activity for four weeks. After four weeks of intervention,
Morris water maze experiment was used to observe behavioral changes of rats; transmission electron microscopy was used to ob-
serve the ultrastructure of neurons in the hippocampal CA1 region of rats; real-time fluorescent quantitative PCR (RT-qPCR) and
Western blot were used to detect the relative expression levels of protein kinase R-like endoplasmic reticulum kinase (PERK), acti-
vating transcription factor 4 (ATF4), and C/EBP homologous protein (CHOP) mRNA and protein. Results: (1) Behavioral changes:
compared with the sham operation group, the average escape latency in the model group was significantly prolonged, and the num-
ber of platform crossing significantly reduced, and the differences were statistically significant (P<0.05). Compared with the model
group, the average escape latency of the swimming exercise group and the drug group were significantly shortened, and the number
of platform crossing significantly increased (P<0.05). (2) Neuron ultrastructure: in the model group, the number of organelles in the
cytoplasm decreased, cytoplasmic matrix dissolution and vacuolization occurred, mitochondria cristae were broken and unclear, and
neural fiber necrosis and dissolution were visible; compared with the model group, the swimming exercise group showed significant
improvement in the structure of various organelles in the cytoplasm and the degree of vacuolar changes. (3) Expression levers of
brain tissue PERK, ATF4, CHOP mRNA and protein: compared with the sham operation group, the expression levels of PERK,
ATF4, CHOP mRNA, and protein in the hippocampal CA1 region of the model group significantly increased (P<0.05); compared
with the model group, the expression levels of PERK, ATF4, CHOP mRNA and protein in the hippocampal CA1 region of the swim-
ming exercise group significantly decreased (P<0.05). Conclusion: Swimming exercise can protect brain tissue in rats with VD and
improve their cognitive functions. The mechanism may be related to the regulation of the PERK/ATF4/CHOP pathway, suppressing
the expression of ERS-related proteins PERK, ATF4, CHOP mRNA and protein in the hippocampal region of rats with VD.

KEY WORDS vascular dementia; swimming exercise; neuroprotection; cognitive function; endoplasmic reticulum stress; PERK/
ATF4/CHOP pathway
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