hEERC A 555 ol 20264F2)
<122 - Journal of China Medical University Vol.55 No.2  Feb. 2026

i -
B HIM 1@ IFHSPAS/PINK1/Parkin{= S B BT S & Rk
B W& 3= fw ik i /s BRI (2 Th BE

gﬁ '§€%1 ’ ‘7,5'}75”%_2’ g{"éﬂééj— !
(PG RFEIRAABE =B 1. AL ;2. R BE 2, IhvE KIA] 037009)

WE BB F TP BAK 5 B G A5 (HSPAS) 8 % PINK1/Parkin /569 £ 454K ) o4 7 & B B £/ B3 02 (/R) v &
wginle e Hik B AEEBALB-c/ s U ALS H Sham4L 3357 28 1/RZEL 96, +1/RZL 36, +1/R+3-MA (B 495 7)) 20 365 +
I/R+scramble siRNAZAF= %237 +I/R+HSPAS siRNAZAL, 218 % . I/R 7 d/&, 5K JA Longa#F 4 ik 3% 4% &40/ RAY 2 ik ; TTCH: &.+F
A& B2 REAR SLARAR ;. KT TR AT -AE 20 BT 1L #E 5 ELISAAE M B-28) R e 75 Y 98 3R 78 B F o (TNF-o) | & 28 BLA~
2 (IL) —1BAIL-104%; FEiF 2 ZPCRA M &40/ R 4k fo F % X HSPAS mRNAZK-F; Western blotting# ] B R d R
PINK1A=Parkin & & 3% Z58R 5 Sham#AA8 M, URZL /D RAY 2 T e 8 51 3% 5 Ao AR SLARARIG A B AR 5 FRAS G B 4] o 5 AL
B RBR Y 5 B FHTNF-afelL- 1R T 7+ &, MIL-10K-F AR (P3<0.05) 5 1/RLAAIG, 30 +1/RL0 /N R AV 22 2 G 52 B3 3F o e i
AR SEARFRIY AR B AR R IRAS 8 B i) fo F AT & RS I ; fn E TNF-afeIL-1B7KF T 4, B B IL-107KF £ (P3¥<0.05) .59
F+URALAB L, 9,7 +1/R+HSPAS siRNAZEL > 5, B A7 £ FRAT G B 18] o F AT & R FOR D5 e FTNF-afelL-18K-F A &, mIL-10
KT AR (P39<0.05) 5 ShamZE A8 Fo , I/RZ8 /)y R 4k £ F %5 R HSPAS mRNAZPINK1 Parkin & & 3£ 3% e (P35<0.05) ; H51/R%L
AL, 3 + /R4 /) HSPAS mRNAZPINK1 Parkin & £ ik # — 3 hm (P3<0.05) ; 538 F +1/RLLAA L, 365 +1/R+3-MA 2L 7=
36, +1/R+HSPAS siRNAZL/)» PINK 1w Parkin & & £ & ¥ B4 (P¥)<0.05) 45iE  FH 365 5) T hkid i LA HSPASH # 7%
PINK1/Parkin/~§-#4 £k 4k B £ BC-E VR D R 0998 1C 7k o

KEIE s b/ BRIE; AR R G AS; PINKI/Parkinfz T3 35 Ao

RESHES R7433 XHEARERD A NERS  0258-4646(2026) 02-0122-05

2% HARHE  hitps:/link.cnki.net/urlid/21.1227.R.20260108.1447.024

DOI: 10.12007/j.issn.0258-4646.2026.02.005

Early running improves memory function in cerebral ischemic mice via mitochondrial
autophagy mediated by the HSPAS5/PINK1/Parkin signaling pathway
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Abstract Objective To explore how early running improves memory function in mice with cerebral ischemia/reperfusion (I/R) injury
by modulating PINK 1/Parkin-mediated mitophagy through heat shock protein A5 (HSPAS). Methods Male BALB/c mice were randomly
divided into the sham,running,I/R, running+I/R, running+I/R+3-MA (autophagy inhibitor), running+I/R+scrambled siRNA , and run-
ning+I/R+HSPAS siRNA groups, with eight mice in each group. After seven days of I/R,the neurological function of mice in each group
was evaluated by the Longa score, cerebral infarct volume by TTC staining, memory function by water maze analysis, serum levels of tumor
necrosis factor o (TNF-t), interleukin-1B (IL-1B) and interleukin-10 (IL-10) by ELISA,mRNA level of HSPAS5 in the ischemic penumbra
of mice by real time quantitative PCR,and protein expressions of PINK1 and Parkin in the ischemic penumbra by Western blotting.
Results  Compared with the sham group, the I/R group had increased neurological deficit score and infarct volume , decreased time spent
in the target quadrant and number of platform crossings,increased serum levels of TNF-a and IL-18,and decreased level of IL-10 (all
P < 0.05). Compared with the I/R group,the running+I/R group had decreased neurological deficit score and infarct volume , increased
time spent in the target quadrant and the number of platform crossings, decreased serum levels of TNF-a and IL-1B,and increased
level of IL-10 (all P < 0.05). Compared with the running+I/R group , the running+I/R+HSPAS siRNA group had decreased time spent in

the target quadrant and the number of platform crossings,increased serum levels of TNF-a and IL-1B,and decreased level of 1L-10
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(all P < 0.05). Compared with the sham group,the I/R group had increased expression of HSPA5 mRNA and PINK1 and Parkin protein
in the ischemic penumbra (all P < 0.05). The expression of HSPA5 mRNA and PINK1 and Parkin protein was further increased in the

running+I/R group compared with the I/R group (all P < 0.05),while the expression of PINK1 and Parkin protein was decreased in the

running+I/R+3-MA and the running+I/R+HSPAS siRNA groups compared with the running+I/R group (all P < 0.05). Conclusion Our

study provided evidence showing that early running could improve memory function in mice with I/R injury by activation of PINK1/Par-

kin-mediated mitophagy through the upregulation of HSPAS.

Keywords running; heat shock protein AS; ischemia/reperfusion; PINK1/Parkin signaling pathway; mitophagy
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Fig.1 TTC staining of the ischemic penumbra in each group of

mice
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Tab.1 Comparison of target quadrant dwell time and number of platform crossings of mice among different groups

Group Target quadrant dwell time (s) Platform crossing times

Sham 125+13 30203
Running 12115 27+04

/R 83+0.9" 2.1+03"
Running+I/R 119+ 15" 2.8+0.3”
Running+I/R+3-MA 9.1+1.1"" 22+02"Y
Running+I/R+scramble siRNA 11.7+1.7" 2.7+03”
Running+I/R+HSPA5 siRNA 8.8+0.9" 23+03"Y

1) P < 0.05 vs. Sham group;2) P < 0.05 vs. I/R group;3) P < 0.05 vs. running+I/R group.

*2 BHENRMBTNF-o, IL-1BFAIL-107KFLLEE ( pg/mL )
Tab.2 Comparison of serum TNF-, IL-1B, and IL-10 levels of mice in different groups ( pg/mL )

Group TNF-a IL-1B IL-10
Sham 25.0£29 613+63 58.0 6.4
Running 264 3.1 62.1+6.8 592+62
/R 2253 +24.6" 132.5 +14.2" 28.5+3.3"
Running+I/R 90.7 £9.5"? 83.6+9.3"7 427 £4.8"7
Running+l/R+3-MA 91.2+94"? 82.9+9.1"7 432 £45%7
Running+I/R+scramble siRNA 923+9.6"? 83.5+9.0"7 44.1 £43"7

Running+l/R+HSPA5 siRNA 145.7 + 15.5"2

1132+ 123" 3163477

1) P < 0.05 vs. Sham group; 2)P <0.05vs. I/R grnllp;3)P < 0.05 vs. running+I/R group.
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PINK1 63 x 10’
Parkin 51x10°
B-actin 42 % 10°

1,Sham group;2,running group;3,1/R group;4,running+l/R group;5,
running+l/R+3-MA group;6,running+I/R+scramble siRNA group;7,
running+l/R+HSPAS siRNA group.

B2 FANRERMYFXPINKIFParking B &1k
Fig.2 Expression of PINK1 and Parkin proteins in the ischemic

penumbra of mice in each group
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Tab.3 Relative expression levels of PINK1/Parkin protein in brain tissues of mice in each group

Group PINK1 Parkin
Sham 1.0+0.1 1.0+0.1
Running 1.0+0.1 1.1+0.1
I/R 1.8+02" 1.7+0.2"
Running+I/R 25+03"? 24+03"7
Running+I/R+3-MA 14+027 1303”7
Running+I/R+scramble siRNA 24+03"% 23+03"?
Running+I/R+HSPA5 siRNA 12£0277Y 12+03”7

1) P < 0.05 vs. Sham gmup;Z)P <0.05vs. I/R grnllp;3)P < 0.05 vs. running+I/R group.
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