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Bl AT i35 Shank3™ PIMUE K B SCBERT, 2 mA %0
Uit . i Lk, IRE RGN ASD BH 1
YEF R EARBAE RS & 1o whagimsEpg gy e
PATREST 7L ZIMRAT o T Rz s e o Y AT
T, H X BRI 3 R A T PIOBORE (1) 3 — R 4T
Sy, XA AL ORIE R E R G HGE . AL,
IXSERFGY 22 R ATHEMEAE R SR B0 XT 42 1, 3B Bl X e
PERAIIE A AZ OB AR VR R WARAE . 25 L rik,
AT 8 Jil A Eiz s X R (valproic acid,
VPA) 755 B IMUEE /N BRI AE 2 RE F7 . AR ZIHR
AR AR T, BRBEAT IR RIS 4 55 A% 0
TN, LA ASD Iif IR 32 30 B 52 T il 0t
BT AEE IR

1 HHSH%

1.1 EIesh¥ koA

P AT M CSTBL/6I /N 3~4 S, {RFE (20+
1.5) g, WT P2l aEYRHARA R A
Y S I 2 A LIRS BN 2 5 s
ftE, HAFESEEE DAV (Ll shP
ARG MRE . S iE 7R ARG IR
EIEA OGRRBESE] 2 177 8:00 2 R 41 8:00) , i
(22+2) °C, {BJF (55+5) %, HHIFEMPK.

SEBG/INERAE N IR 2, HERER L - 20K I
INERAAE, AP R HE R C S TR 0.5 K
(B0.5), ZZ#MERR 28 spin % o Ko BRBEHL 3
X HREH FNPIMOREZH . PIOPAEZH (n=10) T E12.51}
J& i v B 500 mg/kg VPA (Sigma, FE[E); XJHEZH
(n=10) F E12.5 B JiF Ja 1 O 55 0 AR PRER K W o
RN A 28 dJE BT FLEA T SE R A4 . SRR AT AT
WISAT AR, R ] AL SRR AT . fEIE
AT R RN2E 2 TCA L RE T A4 T R 2 i 1) S 50/ N BRIy
W) . ARSI ThER SRS 4, AEFRERK
X HEZH AR A5 MERE 2 A5 10 L, R AR A9
HXT B2 (Control, CTL); fINJHAE i 45 2H 45 3k 45
30 HOMEREL L, FLrPoErE 24 HOBiBE, M 22 HA
B, HIFETRIG . ARSI R R
H76.7%, PR B MERE /N, A I BERIL R
VPA 5 S IUMAEZH (VPA) FIIR s GE 45 460z 3h 21
(VPA+Exercise, VEX), %510 2. CTL 11 VPA i;
SO 2 2R 9% 8 J8, VEX kAT 8 JB A 4R
Bk, REE/INRIPE DL BLBIAN R A 7o 2
g, AR 10 H

1.2 BEIEZTM

Zh A JE 45 (PND28) iz she /MR
YA AT 8 A EIE s T, JFREL 10 m/min
382 3 10 min, K5 361 28 13 m/min A9 3
2310 min, )7 A 16 m/min 93 1 15 40 min.
YN LRI DS ] e ] — iR Be i T B 5 U145 1 h,
5 d/JE =8 JH
1.3 1TAZER
1.31 =5 +k 38 5258 (three-chamber sociability
test)

X EI i S8 O L T 3 W Y o B R
—~ 60 cmx40 cm>20 cm &5~ 34 5], ]
FEATT S EME. kSR N RS N
5 min JF IR, 7ERS 09— M0 E — A [H
P A8 AR R 58 /0 B (unfamiliar 1, U1) B9
TAE RSB, T — s — A R 2 01
(empty, E), S RBEE TN E, HHRKRER
10 min, 55 BB, K 05— H RIS 1P IR R 2
/NEU (unfamiliar 2, U2) BCAEZ5EH, 1R R
AR, B HEEZR 10 min, >R Smart 3.0 £k 4
(B IR EA AR A R AR AT 80 R 73 HT o
U5 75% RS v Se s X . thaghRE = (UTIX
MR I E]/ (U1 X B FR I ] 425 58 X R R I
[]) ) x100%; fh2xicte= (U2 X AR R I [a)/
(U1 X AFRRIRIU2 K ERREE]) ) x100%.
132 fk At a2t 12 L5 (five social memory
experiments)

BTRY/ RAg ay VA ML g5 I R A N0 A1 = = S R/ € 1
iR oy R S AP B, H RO B . R R By
BOFIE 258 87 B B SR AR BN R A E 2510 i et 25
A KSR N N IETE & T
(50 cm*50 emx50 cm) . ARHHTEL, — H5321/)
SR AL AR IS A R R 28 /N RO e &, I
WA SRR 1 min, 10 min J&7, TR R B EL,
XoF S B 22T 3 YK S min (9305, BRI [H]
B 10 min, FEAEASHTAT BB, KAk /N 14
5 — H RPN AR R /N 2, #EATHE SR
AR, FHEEAALIE 5 R A S SR B AT
Mo KM Smart 3.0 M GinikR1EAR]) FEATEIE
KN BRI, 0 75% 10985 15 T 52
X
1.3.3 HIRMPSLE: (self-grooming test)

/N R B T S ) SR T 487 AR e [ A B
Ve, RPRIFAGERAT . B/ NRUSCE 7 T
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Az JE A, GBI 10 ming 325/ BAE 20 min il
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PRAE o7

1.3.4 Hr iR 925 (novel object recognition,
NOR)

BRI 256 3 T /N R A il
REJIFNCIZHE ST o HF PS5 R Y A AR TCE AR
FA AR I, I REE AT REZ) 10 em; RS HFE/)N
BUBADEAE N, A HARSE 10 min JFHUH . Th
Jei s B NS AR (BGRYIAR) BEPLER
o BYIR GBIk, frgfRe A2, LS
INERPRSE S min JFHUH o 3 Ahe s/ NERXTIR A 5
Yk B RG], TR HERIFE A LAV L 12 e
71, HERFEEL (recognition index, RI) = (11K B
PRITIEE] ) / (R B 3R 58 B (8] + ) 4 A 5% 58 1)
[H]) x100%.

1.3.5  Morris /K 2 £ 5 5% (Morris water maze
experiment)

KA E S5 A FH /N Bk 8 Kl R AR DAL /N
S0 E. ST, 4 AP BT B A A T e
WrBe s R R B, g LA, Wik EERYS
SIS /IN B Ml S min, 980 0GR /0N BRI
SEHGHT 1R, K S8/ BURSCZE I D P A 1 — e

FE TSI BB : 55 1R, FEKAE R %
HEEMTRRY), $PERUELES =R, #ETK
12 cm, fE/NREER WLFH 5 WFEIEE N 120 s,
/MR 120 s NERBEDF PR 5 F, L/ NRTE
B LRAEIIE 15s, T F—H/NRTE; &/
KREEFE 120 s NHREPE &, SEEE 51 3/ BUEH|
FH EHAEIAEE 1S so LE/NREERTT N 4R
R 52 BRASE B 0 ol i3 A K388, SRASPE VIR AR 1~4
K, ¥FEERCTKET, NS0T AR 2R i
STV RE A S ATHAIK, SRAZOMEEIESR, /MR
FP- iR AT B8 A, IO SRR, 23l
k.

2 AREBTEL: 8 AT IC R 2, R 24 h ST
T, WEBICES, DR —Z Rk
BERYERAIK, 2F2 120 sic /N R o 4% |
H bR B 5= R E) A28 B R DL 5 U8
1.3.6 FAERHIELSCE (marble-burying test)

PR/ NER A — R IR TRy, SC R )
T VAl me 14 28 2 W 09 £5 08 AT 8, {H 2009 4
Thomas 55 7 B i [ F A I 8152 Ml s aE P42

AT R, JF AT DU e MR ASD /) B A
R ZINRAT R . SERREPRE T . TORRA /N B AR
AR FEFEH (30 ecmx17 emx16 em) , HE N
5cm, FFEBUETV RIS PRAEBOEMER (BN
2cm, ERANSg) BRMAERRIERT, Al
— A4S HERE, 1055 20 min PN /)N BRAE HE SR 1) B0
B BRI R U AR, IF ] 75% kG
THUEER, R

1.3.7 W3%32%;: (open field test, OFT)

WSS 0 - TTAL S8/ BRAE BT A B 1 i
gt o B SEER /N R — 50 emx50 em x50 cm
MIEJTIE &, SR Smart 3.0 B4 %) 5256 /N AT
10 min Zdi R 850 o B HAL e/ BRI 52 5
T5% IAEIE T S X s BGRB8 B
BE S A [R] AT 204 o
1.3.8 BEEFRI

BAME— A EAABEHERE (30 cmx
20 cmx30 cm) FIJGCHE B EFE (30 cm*20 emx
30cm) Ak, BEFEZEIHF—15 emx7 em iY[]
o F25610 5 /N BUAE 10 min P F 45 0 452 B B ) 1
FRET,
1.3.9
EPM)

AR TR R E TS S S W fE SR RN Y
SEES T, R HAA A ERT AR AL, AR
We/NERBY SR 2 . EPM T (open arms) Fll
4% (closed arms) £ M x4k, 2 TFIELXL,
X X, B85 om, K35 cm, MFE
F 15 em, RE B 40~55 em ey . K ETHE
B LTI AR S T AR R, SR EEY
FEAERMENZ O, DR HGE X LN B TR RN
PRV DA () s B B () RIS R R TP /N R £ B8 A TR o

SCEOHT, RS ShYE N S A 0 3 h,
DI Bk o /NN FRE TR BT, ) S
Y51, RRERE TR E i rh e X, Sy e I
W, SR SE I DL ER B T 5 R H Smart 3.0
IR, BRERSITE m AR R RS N
izdl), SLEIHE A S min, SZEEE S, FHGRS AN
RIS
1.4 HEST

17 M2 2 0 K FH Smart 3.0 S TR 4E
FT AT S 96 B0 PG ¥ FH SPSS B AF 4y A oAb B i it
Shapiro-Wilk £ 5o BF 58 0T G B E S0 A i &L, R
Levene f 0 A K 56 41 (B 5% 25 550 . 456 DL L5k

2 R LK (elevated plus maze,
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() E A 8 BRI 3R 7 223 Bk (one-way analysis
of variance, ANOVA); I 1E 24070 W54 % A Ak
SRR T oM o AL He SR F /N B 2
15 (least significant difference, LSD), ZHWNFLEEK
A EZ W7 2208, X ek, B Bl
GraphPad Prism 8.0 X422l . Fr Ay 45 R ¥4 LIS
{H+FrifE1R (meantSEM) F£rn, W EMEZE TP
P<0.057KF-,
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Fig. 1 Behavioral results in mice with autism

Detection of spontaneous recovery in autistic mice before and after 8 weeks using behavioral experimental methods. (a, b) Three-chamber sociability

test; (c) novel object recognition; (d, ¢) open field test; (f) self-grooming test.

22 BREBEIHHEERE MR IMEAE /DRI
[(E2

FRA AT 0N = Fa A28 SR A REA ST
/N IAESERE DT . FLRATASIEAL LB 5 2 s
51 RAASA L, CTL 41/ BUAESS 4 R4S IHHE
A HLIX {55 B A B RT3 S R R
(P<0.01); S5 4RAZMEL, SLE/NREE S IKTE
FEAE A H X A5 R ) S PR B RS () 43 L S v T
(P<0.01); VPA ZHMfEME/INERES 4 ORIES 5 IRHEAEZE
A8 HL X A5 B B S A 1] F 43 e Y TG A S AR Ak 5
S LR ASHIL, VEX 2 MM /NS 4 ot 3e st
PR H DX ASE B (4] S BE 2 ER B) 40 Bl A SR /N B

1B 4 He ) B T R (P<0.01, P<0.05); 5
WA AR, SCRMERE /NS S IRTEA S AC H
X 45 B4 1Y Gl BB B A A A S b Y W e B
(P<0.01, P<0.05, #2).

AR A SR A — B B s R R . 5%
(E) BFEITEAHL, CTL ZH MR/ N Bt 20k fE Ul
HEREHA TR (P<0.01); VPA 2H MEME/)N Bk 2
kUl FiE B FERP E S L B 25 (P<
0.01); VEXZHMEME/INR Stk E UL B h 5]
TR (P<0.01, E3). EU] VPA 5T IMAE /)N
SRR AT S Im b B be 1A s ol el Fd:
ey AR E



2172 EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2024; 51 (9

(a)

oot -
°\\°
1:’ EES *k
S >—<i‘ * % — ok
= 40F — —_
g
R
(9]
§ 20+
2

Ist 4th 5th  1st 4th 5th st 4th 5th st 4th 5th  1st 4th 5th st 4th 5th
Male Female

(b)

80 :CTL

sk B VPA

© —
S 60 ** * Bl VEX
g
=
s
.8
Q
E
&

0
Ist 4th 5th

Ist 4th 5th Ist 4th 5th

Ist 4th S5th 1Ist 4th 5th Ist 4th 5th

Male

Female

Fig. 2 Results of five social memory experiments in mice

Percentage of experimental mice were in the socialization area for 1st, 4th, and 5th in the experiment in terms of distance and time. *P<0.05, **P<0.01.

SAAMR AR T B R o, 5IHAKE UL
FREEAF A L, CTL 4 M A /DN B B A A 2 Ak f
U2 RN B 4t 22 i) (P<0.01), VPAZHM/N
LU e A i Mol s, VEX ZH /)N B 4808 3)
D) 8 25 A S O M /DN B X — BB (13D 6

DL SRR, VPA S (14 FIOMRE B /DN B
FETE R E ML 23D 2P, 1T 8 JE A 4Es sl mT el
X — R
23 FAERIBEIHNESRE MR I E /s B8 Z R
A

A R E LR v P /INR IR 2R AT . 1R
RE/R, 5CTLAMEL, VPA 4L MEkE/N R B
AR R (P<0.01), ARizsh TG B
T HERRE /N B A BREERT [R] (P<0.05, El4)., B
IIE ME I /)N BRAF A 0 3 T A 200 A Tk, T 8 SR
Az s TR 2 s ASD /N E R ZIRA T4 .
24 BFHRIZIHHHEARE MR I E /DR AIIA M
Ihék

B AT X 3 A A SN R AR
TR 5B AR I ER RIS TR PN /MR A A E 2
REJr. 45 EoR: 5 CTLZHAHIL, VPA ZHMEE /N

SUAHIHE B E R (P<0.01); 5 VPAYIAMILL,
VEX 41/ A 46z 81 15 A 36 50 35 38 in
(P<0.05, [&5). BAIMURE M /)N B AE B A
ARG, W8 A s TG, s ASD
NN BERE RS
25 BHERIBIFHERRESMIMAE/NRZE B2
HE

SENIAUATSC R A R0, sl Y25 /N Bk
RIS H RS . VPA 4L/ B IR 2
AT K T CTL 4, VEX 2H M/ B
3 VPA 41 B PR B ML FR B 5, AHXT VPA 41/
RIS R 2T ieie e f1 (K 6a~c) . 25 IR
EINBEE R R : 5 CTLAIM L, VPA 41/
SUAEARIR T 15 J5 76 E ARG B A5 B3 B 18] 7 4 L R 28 ik
SRR FH R (P<0.01, K 6d~f); 5 VPAZ
e, VEXZH/NERATE H AR5 FR 15 B8 I 1] A 4 LA
ZEHOT B I UECE E I (P<0.01, Kl 6d~f) ., %
A AICRE E B /N BR 2 D e RE T i B PE T, 8 JA]
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Fig. 3 Results of three—chamber sociability test

(a) Trajectory diagrams of three-box experiments for each group of mice; (b, c) time and percentage of time spent in each area by experimental mice;
(d, e) social behavior and social memory of experimental mice. *P<0.05, **P<0.01.
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Fig. 4 Self-grooming time in mice
**P<0.01.
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Fig. 5 Cognitive index of mice measured by novel object

recognition test
*P<0.05, **P<0.01.
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Fig. 6 Results of water maze experiment in mice
(a) Trajectory diagram of the escape latency of experimental mice in the acquisition phase of the water maze. Escape latency of male (b) and female
(c) experimental mice in the acquisition phase of the water maze. *P<0.05 CTL vs VPA; “P<0.05 VPA vs VEX. (d) Trajectory diagram of
experimental mice in the spatial exploration phase of the water maze experiment. (e) Percentage of time experimental mice stayed in the target
quadrant in the spatial exploration phase. (f) The number of times the experimental rats crossed the platform during the spatial exploration phase of

the water maze experiment. The target quadrant was the third quadrant. *P<0.05.
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SRS SR RN, VPA IMERE/N B A Fh i SRR
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0.01), 8JiAEiash T s REH M (P<0.01,
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Fig. 7 Results of open field test in mice

(a) Trajectory diagrams of mice in each group in the open field. (b) Total distance that the experimental mice moved in the open field. (c) Time that

the experimental mice stayed in the center area of the open field. **P<0.01.

27 BEEREHIUEARRMESN MM AENROERE
75

BT IRE L PR AR SRR S I SR S ST
BB FH R VPAG SC 50/ N R B SEAREA T

AR TR E AR R . 5CTL4l bR,
VPA ZH i /)N BRGE A IR 0 s 1] B 7 4 b S 3
& (P<0.01); 5 VPAZHAMILL, VEXZHMEME/NAE
8 JEI A iz sl T UG UE A F R B B 1) AN B 40 e
LR (P<0.05, Kl 8a~c).

BHMFRILBERD R 5CTLALE,
VPA ZH i /N BRUAE IR T sl s DA R BROE AR
(1R 45% B8 Bsf [ 35 db ZE PERR AR (P<0.01), MM/ ERZE

FIF P R A HL M, (AR PR s; 5
VPA 41 Lo, VEX 41 MEbE /N BUFE 148 P 16 sh i 2
UM BRUFE 14 457 BRI () 38 B 5 MR & (P<0.01)
S /N BRE AR (5 R s ) AN L B v, (AAFTE T
e (P<0.01, P<0.05, [K19a, b).

SRER MR LK 5 RN 5 CTL 4l He i,
VPA ZH MR/ BRI R A FEICR B RS = (P<0.01) 5
5 VPA 4l HLAr, VEX 4L MEE /N B BR A9 5L 2
PEFEAE (P<0.01, [&110),

DL ESEER R, VPA 5 S A ERREDIMUAE /) R
TR, A I 3 PT R IOE /N BRURE A
TH.
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Abstract Objective To investigate the effect of 8-week aerobic exercise on the improvement of core
behaviors of male and female autistic mice induced by valproic acid (VPA). Methods Experimental mice were
randomly divided into the control group (CTL), VPA-induced autism group (VPA) and VPA-+aerobic exercise
group (VEX), with 10 mice in each group. The pregnant mice were injected with VPA intraperitoneally at E12.5,
and their offspring were used as autistic mice. Pups were weaned 28 d after birth and began an §-week aerobic
exercise intervention. The day after exercise, mice were tested in behavioral experiments to detect exploratory
behavior, social skills, repetitive stereotypic behavior, cognitive ability and mood. The mice were tested for social
skills, repetitive stereotyped behaviors, cognitive and learning memory abilities, exploratory behaviors, and
emotions by behavioral assays on the following day after the exercise. Results Both male and female mice in
the CTL group showed a significant decrease in the total distance and percentage of time spent in the interaction
zone in the 4th socialization compared to the 1st socialization (P<0.01); the total distance and percentage of time
spent in the interaction zone in the 5th socialization was significantly increased compared to the 4th socialization

(P<0.01); in VPA group, both male and female mice showed no significant change in the total distance and
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percentage of time spent in the interaction zone in the 4th and 5th socialization; in the VEX group, the total
distance and percentage of time spent in the interaction zone by male mice in the 4th socialization was
significantly decreased compared to the 1st socialization (P<0.01, P<0.05); and in the VEX group the total
distance and percentage of time spent in the social interaction zone by both male and female mice in the 5th
socialization was significantly increased compared to the 4th socialization (P<0.01, P<0.05). The results of the
first phase of three-box socialization experiment showed that male and female mice in the CTL group spent more
time socializing with their social partners than in contact with the empty cages (P<0.01); there was no difference
in the time spent by male and female mice in the VPA group in socializing with their social partners and the empty
cages; and male and female mice in the VEX group spent a longer time socializing with their social partners
(P<0.01). The results of the second phase of three-box test showed that male and female mice in the CTL group
showed a significant tendency to socialize with new social partners (P<0.01), whereas no significant changes were
observed in the mice of VPA group; aerobic exercise significantly ameliorated this deficit in male and female mice
with autism. Compared with the CTL group, VPA-induced significant decreases were observed in the total
distance freely moved in the central area of the open field, the time and percentage of time spent in the open arm
of cross maze, and the distance and time spent in the white box in both male and female autistic mice (P<0.01); a
significant increase in the number of bead burials and time spent in self-grooming (P<0.01); a significant decrease
in the cognitive index (P<0.01); a significantly longer latency to find the platform, and significantly decreased the
percentage of time spent in the target quadrant and the number of times they traversed the platform (£<0.01).
Compared with the VPA group, after 8 weeks of aerobic intervention, male and female mice in the VEX group
showed a significant increase in total distance, open-arm dwell time, and percentage of free movement in the
central area of the empty field (P<0. 05), and a trend toward a decrease in the dwell time of females in the white
box was not significant, the number of beads burying and the time of self-combing were significantly lower
(P<0.01, P<0.05); and a significant increase in cognitive index (P<0.05), a significantly shorter time to find the
platform, and significantly increased percentage of time spent in the target quadrant and the number of times they
traversed the platform (P<0.01), showing excellent learning memory. Conclusion Autistic mice severely suffer
from social and cognitive impairments, repetitive stereotyped behaviors, decreased activity level, and the
exhibition of anxiety. 8 weeks of aerobic exercise can improve the social and cognitive abilities, alleviate the
stereotyped repetitive behaviors, increase the activity level, and positively regulate the anxiety in autistic mice. It
is hypothesized that aerobic exercise has an important role in motor rehabilitation of autism, in order to provide a

theoretical basis for clinical research.
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