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Effects of running on medial prefrontal cortex and microglia in APP/PS1 mice
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[ Abstract | Objective To investigate the effects of running on the volume change of medial prefrontal
cortex (mPFC) , as well as amyloid beta protein (AB) and microglia in mPFC in mouse model of Alzheimer’s
disease (AD). Methods Male APP/PS1 transgenic AD mice aged 10 months were randomly divided into
AD running group ( AD Run, given active running intervention for 4 months ) and AD control group ( AD
Ctrl) , while non-transgenic mice at the same age were set as normal control group (Ctrl). The mice from the
AD Ctrl and Ctrl groups received no treatment. Morris water maze test was used to evaluate the abilities of
spatial learning and memory of mice, and Y maze test was adopted to assess the working memory and reference

memory in the mice. The volume of mPFC and the total number of microglia (IBA1cells) in the mPFC were
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quantified with stereological methods. The number of activated microglia (CD68"/IBA1" cells) in the mPFC,
cell body area, and process number of microglia, number and area of AR plaques, and area of AR plaques in
IBA1" microglia were quantitatively measured by immunofluorescence multiple labeling and laser confocal
microscopy, and the ratio of area of AR plaques in IBA1" microglia to the total area of AR plaques was
calculated. Results The AD Run group and Cirl group performed better than the AD Cirl group in Morris
water maze and Y maze tests. The volume of mPFC was significantly less in the AD Ctrl group than the Ctrl
group (P<0.05), while that of the AD Run group was obviously larger than that of the AD Cirl (P<0.01).
The AD Ctrl group had greatly larger numbers of IBA1" cells and CD68*/IBA1" cells in the mPFC than the
Ctrl group (P<0.05), whereas the AD Run group had much larger numbers of those cells than the AD Cirl
group (P<0.05). The total and average area of AB plaques in the mPFC was greatly diminished in the AD
Run group than the AD Cirl group (P<0.05). In addition, the AD Run group also presented larger numbers
of IBA1" cells and CD68"/IBA1" cells around AR, larger average body area of single microglia and CD68"/
IBA1" cells, and elevated area of AR plaques in IBA1" cells, along with its ratio to the total area of AB
plaques in mPFC improved ( P<0.05). Conclusion Running exercise increases the number of CD68"
microglia in the mPFC, reduces the AR plaques, delays the atrophy of mPFC, and thus improves the spatial

learning and memory abilities as well as working memory and reference memory in APP/PS1 transgenic

Bl 4242 PR R 241, 2022,44(9) 863

AD mice.
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NJU) /N EL[ SCXK ( 35:) 2010-0001 1 , 76 T B = Rk 2%
SPF %503y b0 AT S0 W 1 IR /N B
SETTHEDR Y5, DR S OB P91
Tg(APPswe) : $63EP #2351k ~350 bp
oIMR1597 : 5'-GACTGACCACTCGACCAGGTTCTG-3’
oIMR1598 : 3'-CTTGTAAGTTGGATTCTCATATCCG-5’
Tg(PSENI) ; $ 3L 424k ~ 608 bp
oIMR1644 . 5'-AATAGAGAACGGCAGGAGCA-3’
oIMR1645. 3'-GCCATGAGGGCACTAATCAT-5'
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IINBAENTE R X B (n=15) o &4/ RAEH KER}
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PR 2 1)/ N B PR ZL AR AR 1) 12 HUNEGHEAT Morris
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BIR) ek g 18] LA K F- 6 BIn7EA B Y 2 B 8, B
Sk AR H AR AR P 4A EL H R G K 28 B B (SLY -
WMS, Jb st R A R A ) g5k,
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Morris 7K 2K B AEE A5 X 25 4N T Y 2K
I, Y 2B et el BE A LR AE A, 36 3 M, A
RS A8 120°, KA 30 emx10 emx 15 em, 3 PNEE
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10 minx2 ¥, Wil FIG 3403 b b, 2R 45 )
F A 3% TritonX-100 7 37 C#TFL 2 h;F 0. 01 mol/L
PBS HEEUE 10 minX3 Y5, KU1 i AFAL 1 h Y
0. 04% 2R iE T b, 57 CHeAa, 5 min; H R IKZ IE
et s FH 95% LW 6 TEK SEERG K L 2R B B
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TG IR 4 5T, T8 IKRA ST A i
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PYEZ) TEE T b /m) I mPRC (g1 R 9K R B HLE
AR, G A P A B BT X PN T R R
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3K, JG Il A R AR T P, ORI B R
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0. 1%t R AW ,37 CIKIE 2 h;4 CUkFEGE —
HiPt IBAL Fik (3 5 ; ab178847, Abcam 4\ &), 35
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[ B LLs o 1:1 000)48 h, =R 1 h J5,0.3%
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et 4 FRAARAIUAE (983 F 45 s DX i A e PR 4t A e
RN AN ST T S e R OG R B A A
AAKAF mPFC PYAY IBA" Zf A 8™ 2

1 1 1
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Abcam A w], S E i RELL B 1:500)48 h, =R
1 h J5 0. 3% Tween-20 {3 10 minx6 ;37 °C I
F Kk 6 — PL Goat Anti-Mouse IgG ( DyLight 549;
A23310, Abbkine ZA ], [ BB H S 1:500) . Goat
Anti-Rabbit TeG ( DyLight 649; A23620, Abbkine /A,
FrE s FBEEL A 1:800)2 h, A 0. 01 mol/L PBS &k
10 minx3 ¥ M5 B 5, R &= 44 4 8 min, 50% <, Ji%
5 minX2 K, A PBS v IHLOO KR E Fr o

TEWOGH B £ B MBS (Nikon, H AS) N AR & F
11z i Tmage J /) H 3514047 T. 2. Analyze Paticles 114§
mPFC N 10 pum® L _E ) AR BESRAY S, 40

TS AR BEHUR R LS /Y 25 pm JE FIE X H
AB W JE B X3, 1% mPFC X Py AR BEH . CD68"/
IBAT"ZHMI LA e AR SREHJE] L /I Jot 24 0 F) 3k 5 [ e
Xk mPFC /N5 4 A% e SR 1 T AR T 7
A, IS /N B 5 20 i 1 - 45 T AR (455 M A 2%
G ) FEAL/ NI BT (CD68™/IBAL™) A A THI AR 5
SRJG 15 ] Tmage J BYH 4 T Skeleton X BLAS /NI Jot
A ML HEA TR S0 A, IR0 A /N B o 4 i 5 1) 6
S SR I KNI A P AR B Y i AR R AT 4
B, R/ INB AR N AR BEBR IR LAY AR BEBR
TR HL B
1.8 it ot

Bl xxs Fo8, R SPSS 20. 0 #EAT 4L 4>
B, R EA T IE SRS 30, s T A iy 22 20 A
FR 7735 3 A/ B 2 e R0 5 38 T AR S Jok 56 o i
ANEUR R 5 U E bR G BRI DK IR 1) 20 BE (B S E )
PO s HoAth 3 20 22 [ f4 5040 s B0 TR R )y 22 43 BT ) 1%
PEAT 3T, I 18] ) KR8 ) o Ik ST R AR o A6 3 ok
F1508. LA P<0.05 Rt G247 X,

2 R

2.1 APP/PSI # 4 B /KA H L Z 4

Wb 1A AN T BB %, &4t PCR -
1 e B NE B GE I FL VK S, APP R PST BE PRI 1 35 1 B
SRk APP/PS1 SUEESL AD /NERL, APP il PST &
PRI A H BRLARAT 1 Ry i 6 HREH /N B, DL 1,
2.2 WiE k& APP/PS1 R S AL 1L A

1t Morris 7K 28 B 7 A7 AL 47 55 90 A1 45 8] R 28 55 5
o, AD X R ZH /)N B 2R 30 B I 2% T OE R 6 R,
AD B0 A v /N SR A0 T AD X RR4H (1A
2A) o Hirb sE AT S 0 A 0k a0 AR 0 45 R UK
AD Xof B2 53¢ 1 8 % BR A W 25 A8 K (P <0. 05) , i
AD 125 20 & AD X R 40 & 3 M 45 4 (P<0.05; [#
2B) ;73 (AR ZR SE 50 v 1Y 2F 5 OBUAS SR R, AD XF R
ZH AT o RRZH B MR/ (P<0.05) T AD BB 4
B AD X HRZH MRS £ (P<0. 015 8] 2C) s S MR R
S H bR G BRI K B[] R IE 5 E 45 2R B, AD
Xof BRZE 5 1 0 HRZH I 3 i/ (P<0..05) L 1 AD B
AR AD R IR W25 1SR (P<0.05 1 2D E)

TEY A AD XA /N R AR B 2T
IEF X REZH , T AD B2 /N R R I 2L T AD
XPRRAH . Horp, &S B SLI IE A R A5 R R, AD Xt
HEZH A T 0of R ZH B MR8/ (P<0. 05) Tl AD 125
2R AD X R P 23 K (P<0. 05 18] 2F)
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100 bp—

600 bp—
500 bp—
400 bp—
300 bp*’
200 bp—

100 bp—

1.3.4.5.7.8,15.19~22 5 A B3 s RN R (L EAE) DR APP PSI K W42 S 3% A B AL 2.6.9~14,
16,17 .18 .23 .24 5 4 APP/PS1 345 H AD D R (L & 4E) , D R APP . PSI A Wiz 53 4y, BEES
DNA Marker

E 1 APP/PSI MEER/NRERERE

TE X HE AL AD X} IRZH AD HiAb4
80 - —@= I X MR
- AD XJHRZH
= AD J4
60
= a
;;E 404
— 2 l
\\\ o = D
/ \\ 8| 204
2 ~7 / 0 T T T T T T
1 2 3 4 5 6
A WA T
59 0.6 0.5+ | 0.5+
= = : B8 a b
4 = b &g 0.4+ g 0.4
= =1
3- b = 04 2 034 a gos-
= 2 5 b
21 = & 0.2 #1 0.2
a & 0.2 ‘H§ ®
1 & £ 0.1 4% 0.1
m m K
0- 0- 0- 0-
EH AD AD R AD AD 1EH AD AD 1EH AD AD
wiegl xRl g C KR XHHR4L ppdl D XHHRAL XTREZL bl B XPHRZH PR pbd

A:3 208 BAE Morris A 8 R ASAAT 5 75 R & 92 B 9 403 1 B Morris A R ASALAT 55 0 BB 264k 4T 0L 5
C: Morris R T FEIKE ZH P F & K4;D: Morris KT 5 AR & I B A7 Z MR R 18 K ;E: Morris /K
HEERNRA KL ARSI B F, Y TR AR AR EREAE a: P<0.05, 55 E4 A BALL,
b: P<0.05,5 AD x| B 201k ix

E2 MPEzhgE APP/PS1/NRFIMICZREANKEER (n=12,54s5)



http ;//aammt. tmmu. edu. cn Fii 4225 B2 R 24, 2022,44(9) 867

2.3 saFiEshiEsg APP/PS1 s & mPFC aﬁ;é:eﬁ 2.4 $hFiE ¥ m APP/PS1 s & mPFC M )& i 4m
FHOR i e o (18] 3A) SR 24 = 4o e 25 R i M (IBALY) 89 3%
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1.5
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= 1.0
e
=
.E,:[W
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[= %}
Ei
{ O_
500 wm 8] IEH AD AD
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0.05,5 AD x} 8 4a pb 3z
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T E PR TE X R 2

80 000 =
& b
2 60 000 - a
E
40 000
<
==
20000
]
=
T 0-

EH AD AD

XNRZEL XML Bl B

A ARIEEEL AN 34 mPFC A IBAL ety = Z B A= 3 A0 A mPFC B IBAU" o= & A HEXRAHHZK,
SEEAHERL, WA ERNEN LS HEMRI RS &M ey w4 1.7 IBALU @ pe;
B: &40/ & mPFC 1 IBA1 4w il B4 (n=5,8+s) a: P<0.05,%5 £ 3Bk ;b: P<0.05,5 AD 2882
rbix

4 M5iEFhEn APP/PS1 /R mPFC /MR AR (IBALY) py s
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Ry BT Y AR BEH 6) AR

B G 5 WO L R AR A I 25 SR BoR (K
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X RRZE 0 3 PR/ (P <0. 01, & SEF) 5 A J& il (1)
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PG AL TF I8 AR BERAY TR
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