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Abstract

Objective: To investigate the protective effect of exercise training on emotional and cognitive dysfunction in
Alzheimer's disease (AD), as well as the involvement of NLRP3 mediated microglial pyroptosis.

Method: Male 5xFAD mice at the age of 5 months were randomly divided into control and physical exer-
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cise, (PE) groups. Age-matched C57/BL6 mice were used as wild type (WT) group. The mice in the WT
and the control groups were fed in a common cage, while the mice in the PE group were fed in a cage
equipped with a running wheel, in which mice were freely to run. Open field test was used to detect the emo-
tional function, the Morris water maze test was used to detect the spatial cognitive function, and immunofluo-
rescence staining was used to detect the neuronal survival, Amyloid beta (AB) plaque deposition, the microgli-
al activation, the aggregation of microglial lysosomes and the expression of GSDMD, which is related to py-
roptosis. The expression of inflammatory cytokines.proinflammatory cytokines and GSDMD protein were detect-
ed by Western Blots.

Result: In open field test, when comparing with WT group, the time spent in the central area was significant-
ly shortened in the control-SXFAD group, which was significantly extended in the PE-5XxFAD group. During the
Morris water maze training period, the latencies of mice in the WT and PE-5xFAD groups to the platform
were gradually decreased, while there was no significant differences in the control-5xFAD group. During the
probe trial test, the times crossing the platform in the control-SxFAD group was significantly reduced compared
with that in the WT group, while which was significantly increased in the PE-5xFAD mice. The number of
neurons in the PE-5XxFAD group was significantly increased in cortex and hippocampus compared with those in
the control-5xFAD group, while AB1-42 plaques were significantly decreased in the PE-5xFAD group. Com-
pared with the WT group. In addition, the lysosomal associated membrane protein-1 (Lampl) was obviously de-
tected around the AP plaques in the control-5xFAD group. However, physical exercise significantly reduced the
expressions of Lampl and CtsB in the cortex and hippocampus of 5xFAD mice. In the control-5xFAD group,
the proinflammatory cytokines were significantly increased in cortex and hippocampus when compared with the
WT mice, while PE decreased the expression of proinflammatory cytokines and increased the expression of anti-
inflammatory cytokine. When compared with the WT mice, the 5XFAD mice exhibited a significantly increased
expression of GSDMD protein in cortex and hippocampus, while PE decreased the expression of GSDMD pro-
tein. Moreover, GSDMD protein was co-localized with Iba-1-positive microglia.

Conclusion: Physical exercise improves cognitive function in Alzheimer's disease by inhibiting NLRP3-mediat-
ed microglial pyroptosis.

Author's address Department of Rehabilitation, the Third Affiliated Hospital, Sun Yat-Sen University, Guang-
zhou, Guangdong, 510630
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AP1-42 1A , 22 [F Biolegend 2 ) , £% 5 805501;
FITC %5640 K Bl Anti-Lamp1 Hi {4 , Abcam, $25 .
ab24871;1: 100 Hi % GSDMD #7144 , ABclonal , $2 5 :
A17308) , 28 J5 F19 0t — P8 il F 1h(Anti-rabbit
IgG (H+L), F(ab')2 Fragment (Alexa Fluor®
555 Conjugate; Cell Signaling 23 /] , 475 : 4413;
Anti-rabbit 1gG (H+L), F(ab')2Fragment (Alexa
Fluor®488 Conjugate) , Anti-mouse IgG (H+L),
Cell Signaling 2y 7], 1%%5 :4412;F (ab') 2Fragment
(Alexa Fluor® 647 Conjugate) , Cell Signaling 2
wl, 5%%5:4410) . VIR RIS DAPLIYHTHE K
| (Fluoroshield™ , F6057, Sigma) #4748 Ao fdi
JeREZS G (R R, H A sl 58 £ 1 5% (Lei-
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A RIPA (radio- immunoprecipitation assay) %%
PRI (AT B R Ak 2 11 4D 7 550+ PMISF ) 12 B 2
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R & (P0012, 3 = K) #FAT | AWER I .
20ug 2 AR B Sl 10% 85, 12% 1 SDS-PAGE
PEATEBERE LUK, 7E 120V T LUK 4385 90min, S8 )5 #%
# % PVDF Ji& (ISEQ00010, Millipore, 3£ [# ) |, 7F
300mA TG 2h, HEIETE SY Mg A WA i i
H AT E ] 1h, 4°C KFERE T W —PL , 8P % p-
tubulin L4 (1:1000, 555 : AF7011, Affinity, H1[H)
P GAPDH HU{A (1:1000, 155 : AF7021, Affinity,
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HrfE ), P NLRP3 HTiR (1:1000, 585 : GB114320,
FELER ) , 1% Caspse-1 544 (1: 1000, Affini-
ty, 5% %5 : AF5418) , #iil & Cleaved- Caspase 1
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5:7074) o ffi FH ECL 4t 9% B 3l & 5 K (SQ202L,
Epizyme) il %¢ Y6 1% 1% & 4t (ProteinSimple, Santa
Clara, £ [H) Wn E AT . FIFH Image 4K f4XT
G SN IR BE A AT 7047 o
1.5 Seit2Eotr

% H Image J (National Institutes of Health,
USA) 43 #1505 2% 5 Fil Western Blot [ 52 6 45
f# ] GraphPad Prism 8.0 JFf 140110 tr. KA E
52 7 2253 BT A Tukey )5 22 5 FLASKG B0 20 HT K
WE YNGR 2B 5 TR, R BN 2 2247
#r (analysis of variance, ANOVA) #l Turkey F )5 £
AR I 7 IR A SR . A s DL A R
FrUfEZEFRIR, P<0.05 2254 1R L,

2 H#ER
2.1 IR SXFAD /N SRR FEREA T, 2
A ALECIRE

W47t 00 45 S Wow , B AR R (WT) | X BE 4
5XFAD (control-5xFAD) 5 iz 8 1)l 45 4 5xFAD (PE-
5xFAD) =1/ NI Bl o 2 22 5% (P>0.05) ,
R B2 SXFAD /)y B e DXl f5e B g sl i) A Y A
RN B 2465 (K 1A, B) (P<0.001) , iz 311 4540
SXFAD /Iy BRU7E H 0 X3 455 61 1 B ] 45 X R 4
5XFAD /) FUR 3 HEK (P<0.01) .

1 5 K Morris /K 26 B U Zree M o B2 d, 551
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[a] B 5 4E K- (P<0.0001) , PE-5XxFAD /N EAF- 5 1Y
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(F1C,D). 26 K, BUHF-& , 7 KR IR ER R
B, BN E T g R ER, 5 WTAAM L, con-
trol-5xFAD Z1/NRUZF Y- 5 IR B S 7 HAR S BR 45
B4 A I} E) H 2 0 (P<0.01, P<0.001) , fii PE-
SXFAD /Iy FRUZE BT 5 BRI E H bR 5 FR 15 BE i st
8] %% control- 5xFAD £ /N f{ {2 35 34 Jin (P<0.05, P<
0.01) (Kl 1E,F).
2.2 IR /D SXEAD /)N SLURZ S FIIEE T AR BREBR
DURR, B £ oe G

BIE DR BIR , 5B AERUINRAH EL , SXFAD
X L %) Bz o AR S 35 ] LB Sk ) AB BRI (P<
0.0001, P<0.0001) , Ifii PE-5XFAD /™ il i 5t Fl ¥ T
AB BEHDTAR b X A 21 & 3 /> (P<0.001, P<0.01)
(FE2A,B) . [FIET, AR BEHITARJE o] WL ph 2800 %
R HER T Z0ras R B, 5B AERUNRAH L,
SXFAD X} BRZH/INER I B o A 2 i b 28 e 55t B i
/> (P<0.01,P<0.01) , 1fijiz sl 24l /N R #2480t
BB B2 B 25 1N (P<0.05,P<0.05) (K12A,B) .
2.3 GBI ZRINH] AR BEH JE] FEL/IN B S5 200 A s it 4
(R4

e CEE R B, 5 WT 4LAH EE, X BEZH /N R
R 5T AR BEHJE [ Lamp 1 2¢ %58 B 2538 m (P<
0.0001) , 1fiiiz sl Y112k n] B 2 FEAK AR BEH JE] Rl /DN i
AP A Lamp 285658 BE (P<0.01) , iz sl k40
/NN BT A A A Lamp1 9858 B L WT 4170 LUk
Fahn(P<0.05) (JF 3A,B) . Western Blot 552 I 4t
RN, X B SXFAD /N BB o At 55 1) Lamp 1 25
KA A /N B 2519 0 (P<0.01, P<0.01) , i
SN2 A] 2% 8 /0 SXFAD /)N §LU 5 F1VE & Lampl
E KRk (P<0.01,P<0.01), Xf R4 5xFAD
/IN SR 5 RV T 14 7 Tl Ak 21 21 2K 11 B (cathepsin
B, CtsB) 19 # i5 5 WT /N BUBH I2 38 i (P<0.01, P<
0.01) , TMiiz sl 5] i 2 FEAIK SXFAD ZINERUBZ JoT FTiaE
T () 775 A 4 4 2R A B 1) 2B 1 K - (P<0.05, P<
0.001)(E13C,D),
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Cleaved caspase-1 % [ 7K P 3 3 38 (B ot . P<
0.05,P<0.01; 7 5 . P<0.05, P<0.01) , fij iz Il 240
SXFAD /INER U 5 A1 25 9 NLRP3 . Cleaved caspase-
1 B8 PR R 0 BR4H SXFAD /)N B 25 PR AR (R I
P<0.05, P<0.001; i & . P<0.05, P<0.05) ( &l 4A,
B). SEFAERNR A, X IR SXFAD /N S A
T 5 %) ASC IL-1B A & (7K - i 25 18 (2 Joa < P<
0.01, P<0.05; 7 . P<0.01,P<0.01) , fi iz hill 4
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BN R SXxFAD /)N BRI 2 BRI (2 5T - P<0.01, P<
0.05; 7 & . P<0.05, P<0.05) , 5 87 4= BI/NFLOC I
Z5(P>0.05) (K14C,D), SEFAERINER FLES, X ]
2H SxFAD /)N BBz Jo FifE 2 (4 TL-18 (1 & KT 3%
Hahn (B2 5t P<0.0001 ;76 5 : P<0.001) , i1z 3l Y1l 25
2l SXFAD (PE-5xFAD) /)N [z Jo Al o5 %) TL- 18 /Y
B KRt IR 2H 5xFAD /) B (Control-5xFAD) &2
FIEAR (2 . P<0.01 335 . P<0.05) , 558 T (WT)
/N R HE N (B2 J52 < P<0.055 1 5 : P<0.05) (BT 4E,
F). S5EFAERUNR LSS, X HEZH SXFAD /)N B S A
VBT TL-10 (8 /K- B 3 ek (2 5 : P<0.01 5 7
. P<0.01) , iz sl 240 SXFAD /)N LUz 5 FlE: o
(1 IL-10 f) 2 7K F-506 BEZH SXFAD /)N B 253 in
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R, SEPA TN ELE, 6 BB SXFAD /N iU S AN
16 5 (1) GSDMD 2 1 1Y 26 34 12 35 5 I (jz2 Jiz « P<
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AN GG I R 58 A8 1 7 L DR /N R ok S 5 [R] 58 A
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