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WE B8 %508 RS 9 iE w i e 1% R A% (autism spectrum disorder, ASD) HEREATAHFH 5T K
J§-TEAR-15 AR (hypothalamic-pituitary-adrenal, HPA) MRS NEM ., Ak EHSDEER, T2 12.5 RAHINEK
41 400 mg/kg N GHREL (valproic acid, VPA) #RERAF I AERERK, Fir=fr il 3 ASDARRIZ (PASD, #=35) FMIEH
XIHRZL (PCON, n=16). FEAFRUHAERH 23 K, SRII=EM28. 0735, Morris /KSR BRI T T AT T 027 R, 1702
MRRZE G, WAL 45 BEHLEER 8 LRl (PCON, PASD), RFIMGEHE Gl MhA% (ELISA) i yd (2 B b i Bz g
ZREZE (corticotrophin-releasing hormone, CRH) . 428 I F %% (adrenocorticotropic hormone, ACTH) M f% iz
(corticosterone, CORT) &, PITFAL HPAGMIDREIRAS . FEAT R A0 28 K, B RIA KBB4 5S4 CONXJHEZ
(CON, n=8). ASD L T#ildl (ASD, n=6). ASDizz/jZl (ASDE, n=8). ASD 44l (FMT, n=8) FlASD R#&IHA
(sSFMT, n=5). Hrr, ASDA M CONZA TR, ASDEMM LG5 28 Kikd, #4768 B £Hustizsh T9; FMT ML
AEH KR, HHESZE)2 MG ASDE 4 K RA 2R (1 my100g), FHSd, Rp2i4)8; sFMT 24005 B 44t
AEBEERK . TIREEHG, RN AT 5 M HPA Slidsdn. &5  TIRT, SIEE X R4, ASD IR +t2efe ) Fidt:
B . ARG SRR . LS RS R A RE 8 B R % (P<0.05) 5 PASD 41 IfiL i H CRH.,
ACTH 1 CORT ¥ J& 2 3 15 T PCON 4] (P<0.05), £ 68 A LM TH)A, S5 ASDAIM L, ASDEA KM+ 3EHEE
LA AT . E AT RRR R . LIS [2E ) | eI R T ARE 1 8 G (P<0.05), Ifil7% CORT ¥R i & ¢
fit (P<0.05), CRH M ACTHREESR Rl EHZ 4 Mz sh KRMERBHE T U, 5 ASDAMsFMTAIMHE, FMT4]
KAt 68 ) AL SR B 4 . B AT S IR R G HR | 23 (82 2] | 0 F ARE 0 B R (P<0.05) , IiLVE
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WA TR, ASD EERAIRNRA 1%~2% 4o Hrfise
[ 8 2 JLEE 1) ASD /i R B ik 1/36 1, i Fk [
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(hypothalamic-pituitary-adrenal axis, HPA) 7E ASD
KR BL R S OCHEAE T m R AT 5T B,
ASD JLZE K2 BT RE KV Th i, HPA il 52 B B s
PR PEHRIE . HPA A B0 5108 Mk R A
RASAEG, RAEHFATUAZ 5 R YI6E, 4
125 AT T 2 FE ASD AT, (RN RIE
PRI 77K (A T o 2 RIS e il b B8 22 AR 2 I i
Kol B FE R ¥ K (corticotrophin-releasing
hormone, CRH), #Ffiifi fff o {4 B il o8 22 ¥ I
MR B2 Bt ¥ % (adrenocorticotropic hormone,
ACTH) , FE'H bl K 5T B (corticosterone,
CORT) WY& BUAIAEEZ o B, mlmiE
AT 3 19 HPA il 2 B8 B A% -5 22 Rk pip5 i 1) 9
PA A O i, JEEE/N RS R
Ji73 T T R B 2 1] S5 250 HPA B X6k I 3840 3R 384 1) sz oy A
R, 5 R EER AT 2, BE A
ASD 1R FRIERE 10 Ak, WY R ASD BB )
Y3 i A TE B RS, AT RE R IR 18 ot
SESAEME . HPARNE 3l PRash B0 s A
YIK MR, e EASD REAT S e MH
RHEERSE, HPARIMIIRE SHtacqT A B VMG,
P P T e i T R 2R LN B S AL S AT
SR, S DA L N B A SR R Y PR OR
HPA il ] g2 52 1 ASD 47 A S8 7R JCEHE A4 i o

AR, 18 ZhHIE S RE % i ASD JLE Y%
DR BN RE, [R]85 i 1 TR A 4 RN 22
FEPE U8 FRATUREIZ RTINS A B, 6 JR R A 4His
Al i 2 o ASD B LA CRE IR AN S 1 n) @
HHXE R ATA O tAh, s sis
LKW, HFHEIEShRENE ASD K BBY#E3E1T
K HEWD), HildFE#E (fecal microbiota
transplantation, FMT) #F—LAiE 51z 5038 i) 7 18 14
o rp A 2 B AR GE, AT ERE ASD R BRI
ol o, Mo FETRSARAE S — B R 7 18 T A
FRIT F B, CHUESEXT ASD JLE M il AT R
SERA I CE MR 22 SR, 1B A
V& T TRRE T ) HPA b B 2ok B TR B T el s
ASD AT AAEAR , HEARPLR M AE R . Wik, &
WFREETROHER , RITIHAERE R BRUSTRY, #R5%
F E 58z s Xt ASD AT 0 I HPA Sl i) 20 K i 3
R RERN, BERTiz ks ASD AiEIk
FpR 2R W 2E AL, o ASD R HR LT SR s AR
SIS/

1 #Rn7TE

1.1 FEMEFLH

H EH% RS (XR-PL107, FIHFRES B
FABRATD; 1Rk &g (R kids BF
AT B.OHL (5424R, Eppendorf) ; Fpr
{% (SYNERGY LX, BioTek); H&mzth (%5
P4543, Sigma); =HitE35LE4H (RD1150-SIT,
TEBEGEREARAR); UL
(RD1112-OF-G, LgREUEBERHEARATR); K
HE kit (RD1101I-MWM-G, FiE#EE R
AN F) . K REEREEE G2 W MHALE (enzyme-
linked immunosorbent assay, ELISA) X% & (1%
5 : CSB-E07014r) . {2'§ L IR K B & ELISA ik
Flér (995 . CSB-E06875r) FIME' IR Kz ik &
R E ELISA IR & (185 : CSB-E08038r)
W HEUAE A TREARR AT
1.2 KEAHE
1.2 SE5shY

1 B 8 ~ 9 JH] iy SPF % Sprague-Dawley (SD)
KE (A ERR2ESL s Y e, VFATIE
5. SCXK () 2016-0041) M. HEAEH, HZ%
TIal— SPFsY i, FREEIRE (22+2) °C, #H
XHRIE N 35% ~ 75%, JCHEFEMI M 12/12h, HHIX
KR 58 DR MR . KRR aE N PR 2 JE
W HERRRFEIE 1. 289 L& 58, IR H LSS EI i
BRSO 28 138 Uk B A A - B SR B 2SIl
IE N 1K (embryoic 1, El), ZZE KR TH
TEMESE . A SRS S O TR )
Yiids SERE W), HARSLE AR MR T 2= b
SCH W % B s b E (A g S 2021
DWLL-07).
1.2.2 A A5 Ko 4a

W SD KB T 240956 12.5 KHE I 3 41 400 mg/
kg NI FREE (valproic acid, VPA, ¥ T 0.9% 4 F#
IR LK 250 g/L i), HF4CE R ASD ALK
Bl (PASD, n=35). [FJiH SD 4% Fl i AH ) 27 18]
JE i G A e R BER K, AR R T R R RRZE
(PCON, n=16). TEAFEURAJEE 23 KA 7T FH]
o2, AT 2H v 25 B AL 2E B 8 HK B
(PCON, PASD), % ELISA il HPA i 4H 3¢ 45
Fro FEATRRH A G55 28 K, 5 0 4L A K BB AL
Sy 54l : CONXIHEZL (CON, n=8). ASD LT
4l (ASD, n=6). ASDizzh4l (ASDE, n=8).
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B E R AR AE R K BRAT 4 R HPA B B #200 °3:

ASD ¥t 4 (FMT, n=8) #1 ASD {& %% ## 41
(sEMT, n=5). o, ASDZF1CON 4 # Him7z,
ASDE M A JE 55 28 Kot , A7 6 Ji A T fideia
BT, FMTAM RS 42 R, BHEHZ
3) 2 J&l J5 9 ASDE 40 K BRUBT i 2 A2 (1 ml/
100g), FfE5d, 4 fH; sFMT 41005 5 25
AEEK . TR, K4 14Tl 2% Fl HPA
AR
123 Eghtmh%E

ASECR B B s s T, EahITR
FATREMRE S 2 KX (BRI A G4 28 K) .
iz 24 KRR IR 28 B B F 26 B (148 36 em,
PE T B 10 em, BEARRISF 42 cm*26 cmx19 ¢cm)
24 Wt A &8, IEGE T IAT, A KR
PEAT A 3 d AYaE N2, RS 2R T A 6 JE Y
HEMiizsh, Esh28, Msghe (MEEE)
Hizghmpg Wy, i [F]—s25 54 H 18: 003
WHFIRARGI TR . AR R Kz )
HRT 2 km K RIEFT0HT 20
124 ZERBHEITE

h T RRIE shE PUMAE A TR 5K H iz 3l
X} i 1 T RE BB MRON ,  E— 2R P A i 18 T R
A 7 %8 o R K [ B[R] IR4E B3 H 2 8l i KT 2
km I8 S H K BRI AEA B, H RS ASD K
Mo ZEd (B B4 T, REmA
(SFMT) DAIA:FRER/KHE B RN XT IR, FERRE M NIz
S T2 iz shfa, Wiz shal KR B 3%
i, (AP S DIVE B 7 AR Al 2 AR 3R 1Y
ASD KRN, Frgzafi]l (4)H5d, H20d). W
A i A]— S 08 B3 ZE AR IR e A A E R PhuA . B
AAPTRS . a fERZEMEILEE . 9 H 8. 00~9:
00 R4 ASD iz Bl 21 K FUIT T T B et 2608, {77 T
TCRAAFEE ; b Wk FRECGEME, #1: SLHufln
AAFERK, BEPERIRER; o ik RAERZ
At PR A A, RS SOREW; d
B ZGOR BT 4 °CE L LA 6 000 r/min, 15
min TR L, FEde DIEW, HEIUUEY; e K
b AR AR A O A BRI ALY R, IR G
BV RIS TR £ OB ITIRER B ROR B I, %
1 ml/100 g AT I THES -
1.2.5  Frohiiad

AT AR IR Y TEbREAL A T IS = N
SERL, R E B E A, BRI
JEREGREE | IR . A M gt g — K

YA 255 N 51 7E [ B [ B2 (9: 00~16: 00) 58
B, MERET S Y 75% S Eig i, 2R
PATIE 53 R 0 R AR

a. =R, F TP R BAESS i A
FEAZ B R A . SR AN 150 emx50 cmx40
em B = E MR, BEAE B A3, S
WG HT, k2R RAE T 48 A AR R 5 min.
B feobs— B RS TR 3 B R A2 K R (strangerl) i
ANZEFFRIE , 028 K R 10 min PI7E =46 19
WEEN . WHERE, ¥ —HE4AKRRK
(stranger2) AL FEERTE, ZEHH 1Y stranger] i/ &
AAE, FRRULES 10 min. 058 2K FRZEA A 152 5E
AHIE] R AURE A B B A R B RO K

b. WA . TP K BRAER RS iR R
18 ARG AR . KK EA 100 cmx
100 em B H GRS AR gy, 85k KRB 10 min Y
iz shif g . R g X sl i () KRRzt
TR

c. Morris 7K 2 B K o FH T PPAS KRR 28 ] 2
2 e SRS, EEASRE U TSR A A
R R . LI AE FLAR 120 cm A RIE /K it vt
17, WA B 10 em, N T/KE FZ4)1 ecmAbE
WA, KRR 24°C, TFRSKRT 1R, k%
K RAEAT 120 s 3@ W PEF KN 2R Bl E473 d
(BRAWR) BELAATES, KBRS IR
A, TR 120 s, KRR G E15E 30 s,
HARRE], IR FEIHMER30s, idskdkEER
B (DTSR E) o 55 4 RIEFT25 IR R 5L
5, M6, BREMEESRBAKM, i85
60 s P HAEJFF- 5 R BRI A BERE . IFTE] . SP-34
JE R SR IR
1.2.6  TiHK Sz s (ELISA)

TR G, XA R R TR, 48
i F SR M E A 1.5 ml .08, FEART
4°C ., 3000 r/min Z5FF &0 10 min, W4EE BIHR
(IMVE) FHZHE, RAFT - 80 CCUKFERHIN. K
FHELISA 200 £ 6 I 1 5 v HPA A S R MR B
BGPTSR IS AEAS S e ) £ i B
PR REE IMA B, ERMFE2h; FEILAR
T, FHVEBRWENR SR, BRREE 30 s5 IMAAY)
FIPUA TR, =RWE 1 h, R, BES
IMABAR o E LY B (HRP) #RiCHYSEME T4E
W, ZEIEDOEREE 30 min, FRGEN; REMAL
IRY (TMB), 37 °CifEYt v 15 min, fITAZE
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Wb RO o A P B AR {AE 450 nm 7 A0 5 4%
fLOLE R (4), RyebrnEthZitH CRH, ACTH
L CORT & (Ffii: pg/L).
127  Geiteeb i

% H GraphPad Prism 10.0 #1742 01, Bt
A EEIEE IR MERR (meantSEM) 3278
TIRFT AL LGRS AR A e e, T 2
20 [\) L 3ok LR J7 22 (one-way analysis of
variance, ANOVA) 73#7. # B A7 6 RS
Ty 2255 1EmE, YERAESERG S . Wi (A LR H]
Mann-Whitney test, 2 #H [0] It % & H Kruskal-
Wallis test, DA P<0.05 H22FH G124 X,

2 GR

21 ZHVPAREBEXN FRXRITAH. HPASR
=2
2.1.1  ZHIVPAR X UK AT A By
=R R BN, fETTHET, PASD K
S5 stranger 1 (3K R4 Mk ] . Pr eSS [B] 45 B Asf[a]
KBl R B PCON 23 i /> (P<0.05), 7E
F A stranger2 Ji5, PASD 415 stranger2 1) 3k
FEAbISEIE] | T A () 452 B8 I R] S 2 i vk 554 PCON
M B EW L (P<0.05, EI1), P ASD KR
TEAEAT A BE 1 R St s it A - IR o
W37k S s, PASD 41K B A HiT% sl
PN I 5 5T - A R N 1.7 AN N S 30 -
KE R e IR KT PCON 4L (P<0.05, [
2). R ASD KA &G KRG, FLXH R
BERIRZ DGR T
K EARIGZE R s, PASD 4K BUE 54
PR X IR Ak R L i T 1) B 2B B i B T
PCON# (P<0.05), Hit A& 5 BRIk 101 8
WA FPCONA (P<0.05, K3), I ASD Kl
TS 23] | eI B AL RE 1A T R
2.1.2  ZPHIVPAZRFE AU BHPA R 1R
M5 Rl 25 3 W, 5 PCON 4iAH L, PASD
ZHAEUIMIE T CRH. ACTH M CORT [ 1y i 3
Fm (P<0.05, El4). FHASD K1) HPA il 5
Pt B IRAS
2.2 IEFHXFTASDKRITHA. HPAHAIEM
2.2.1 BBhXTASDK AT AR
“EZAEm AR YR, THE, 5CON4
A, ASD 4H KBS stranger] A9k 38 42 fih Aisf [] i,
950 (P<0.05), 4 stranger2 A9 3k HR 4% fik A a] |

JIT A 25 1] 45 BRI ) R 42 fik 880 Wk 25020 (P<
0.05); 5 ASD#I# L, ASDE 4 K Fi 5 strangerl
F stranger2 B3k R4 b k(] | A 2 [R) 5% BE B[] K2
P8y B (P<0.05, K15)., EH6HH
F iz 3h T AT 3 s ASD R R FE A RE T
KAt A8 H i b 58 77

ik s R s, 5 CONAAML, ASDA
KE A BTESN 0SSR P o K
FE W R] A 2F ask hut RO 1 E FEAR (P<0.05) ;
5 ASD A, ASDE 20 K B [ H i 2 A0 A B
SERE | R X | Bt R 2 i O IR
WM (P<0.05, K6), £H6JHHFHIIZ
Al 4 BT ASD R R A & 16 87K, IfHg5s L
B BE R R 2%

K FE R R R, 5 CONAIAMHE, ASD
AR EBRAET- 5 G PR XU UK BEAR | Uk st i) f 2
BB B (P<0.05), Hit AFEZMRMY
WK B IE K (P<0.05); 5 ASD 4H L%,
ASDE 4 K FRU7EF- 5 5 BR DXk i e vk s R« Uik st
[ S 2 R B B (P<0.05), HiE A&
SRR &40 (P<0.05, 7). FMH 6
B 3 #5123l ] e ASD KRR 25 H] 2% ) |
101 K T RE
222 iBEIXFASDK FLHPARIF S

MR EE R BN, 5 CONAAHIL, ASD
KEMLE  CRH, ACTH b2 CORT ¥ i ) i 2 T+
(P<0.05); 5 ASD4IALL, ASDE 41K B i H
CORT ¥ J¥ B F %K (P<0.05, K8), ACTH &
CRHYKJE S T FEEs, RUl6 M A FHstizshnl i
1% ASD K KL HPA %l 53807
23 EHRBROEFBEITASDKRITA. HPA
e b A
23.1 B KEBYZERBAEXT ASDK BT A Y520

—EALRE LR BN, 5 ASD A L,
FMT 2H K B 5 stranger] 1) T 78 %5 [0) 455 B4 s () &g %
FER: (P<0.05), 4 stranger2 )3k &R 42 f st (] . Iy
25 (A5 B I [) B2 422 Ml 850 2B 15 m- (P<0.05) 5
5 SsFMT 21 #1 tb , FMT 41 K B 5 strangerl &
stranger2 %) Sk FREZAMET (] | BT 7525 [a) 45 P B[] S 42
fil kB WE RN (P<0.05) 5 5 sFMT ZHAH [,
ASDE 2 K i 5 stranger] F$2 ik %L, 5 stranger2
P Sk 2 st (8] | T A 2 () 5% R Bk ) Bz ik £
WEW (P<0.05, K9)., FIFHE KM
FETR AT d B 5 ASD K BB AE A 8 1 At A8 i st
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Fig. 1 Influence of VPA exposure on the social behavior of rats

(a) Representative trajectories of rats in each group in the three-compartment social behavior test, S1 and S2 represent stranger rat 1 and stranger

rat 2 respectively in the trajectories. (b, e) The head contact time of each group of rats with stranger rat 1 and stranger rat 2 respectively. (c,

f) The time each group of rats stayed in the space where the stranger rat 1 and stranger rat 2 respectively. (d, g) The number of times each

group of rats had head contact with stranger rat 1 and stranger rat 2 respectively. *P<0.05, **P<0.01 vs PCON group.

PEfR LS

i s ] R, 5 ASD 41 Fl sSFMT 41 4H
I, FMTAI KR A G ny B i . P
L RESE I ] S g ik O IR B R EE R (P<
0.05); 5 sFMT4M L, ASDEZ KK A MG shiY
SRR PR L AR P S R) K g
i P R B R i (P<0.05, K110). RAK
H3Z 3l R B 26 T ] I8 2542 T ASD R B B & 1%
K, I B R BT IR R %

KEF RIS R YR, 5ASDAMLE, FMT
HR TV 6 Z BRIk B L . WDk s [a) A& 28
BB g (P<0.05) 5 5 sFMT 44 AH 1,
FMT 21 K fl 5 ASDE 41 K BRUZE - 15 5 R DX 3k 1 i
UK AR LUK N ] B g O B R (P<
0.05), #AFH LRI B E4m (P<
0.05, El11). FARHIZ 8h K B AT 2% 0L
2 ASD KR MZs )52 | icfe S fihie J1 .
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Fig. 2 Influence of VPA exposure on the spontaneous activity of rats

(a) Representative trajectories of rats in each group in the open field test.

the open field.

(d) Distance traveled in the center area of the open field.

(b) Total distance traveled in the open field. (c) Average speed in

(e) Duration of staying in the center area of the open field. (f)

Average speed in the center area of the open field. (g) Number of times crossing the center area of the open field. *P<0.05 vs PCON group.

2.3.2
A

MR ZE R R, 5ASDAIAMHEL, FMT4
K BRI oY ACTH 1 CORT ¥k J& 14 L 35 P& (P<
0.05), CRHME T FEEH; 5 sFMT AL,
FMT 2 Fil ASDE 2H K ALY H ACTH Fil CORT ¢ J&

iz Bl K B AY 2% B B2 A X ASD K BUHPA il 8

K EFEAL (P<0.05, K12), CRHWKEBEE T
kA%, nl WA AL 5 12 sh 41 K R HPA Bl
AR EIARFNEPEREARA S RIFEHLZE ZI KR
(Y2 B AT AR ASD K BUHPA Bl 13005, JE T
ACTH Fll CORT ¥ & () KA FH R Ry d 3
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Fig. 3 Influence of VPA exposure on the learning and memory abilities of rats
(a) Representative trajectories of rats in each group in the Morris water maze test. (b) Distance swum in the platform quadrant area. (c)
Residence time in the platform quadrant area. (d) The average swimming speed in the platform quadrant area. (e) Number of times of crossing

the platform quadrant area. (f) Latency of entering the platform quadrant area. *P<0.05, **P<0.01 vs PCON group.
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Fig. 4 Influence of VPA exposure on the HPA axis of rats
(a) The concentration of corticotropin-releasing hormone (CRH) of rats in each group. (b) The concentration of adrenocorticotropic hormone

(ACTH) . (c) The concentration of corticosterone (CORT) . *P<0.05 vs PCON group.
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Fig. 5 Effect of exercise training on the social behavior of ASD rats
(a) Representative trajectories of rats in each group in the three-compartment social behavior test, S1 and S2 represent Stranger rat 1 and Stranger
rat 2 respectively in the trajectories; (b, €) The head contact time of each group of rats with the stranger rat 1 and stranger rat 2 respectively.
(c, f) The time each group of rats stayed in the space where the stranger rat 1 and stranger rat 2 respectively. (d, g) The number of times each

group of rats had head contact with stranger rat 1 and stranger rat 2 respectively. *P<0.05, **P<0.01 vs CON group; #P<0.05 vs ASD group.
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Fig. 6 Effect of exercise training on the spontaneous activity of ASD rats
(a) Representative trajectories of rats in each group in the open field test. (b) Total distance traveled in the open field. (c) Average speed in
the open field. (d) Distance traveled in the center area of the open field. (e) Duration of staying in the center area of the open field. (f)
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the platform quadrant area. (f) Latency of entering the platform quadrant area. *P<0.05 vs CON group; #P<0.05, ##P<0.01 vs ASD group.
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Fig. 8 Effect of exercise training on the HPA axis of ASD rats
(a) The concentration of corticotropin-releasing hormone (CRH) of rats in each group. (b) The concentration of adrenocorticotropic hormone

(ACTH) . (c) The concentration of corticosterone (CORT) . *P<0.05, **P<0.01 vs CON group; #P<0.05 vs ASD group.
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Fig. 9 Effect of fecal microbiota transplantation on the social behavior of ASD rats
(a) Representative trajectories of rats in each group in the three-compartment social behavior test. (b, e) The head contact time of each group of
rats with the stranger rat 1 and stranger rat 2 respectively. (¢, f) The time each group of rats stayed in the space where the stranger rat 1 and
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*P<0.05 vs ASD group; A P<0.05 vs FMT group; #P<0.05 vs SEMT group.
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Fig. 10 Effect of fecal microbiota transplantation on the spontaneous activity of ASD rats
(a) Representative trajectories of rats in each group in the open field test. (b) Total distance traveled in the open field. (c) Average speed in
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Fig. 11 Effect of fecal microbiota transplantation on the learning and memory abilities of ASD rats
(a) Representative trajectories of rats in each group in the Morris water maze test. (b) Distance swum in the platform quadrant area. (c)
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Abstract  Objective The study explores the influence of voluntary wheel running on the behavioral
abnormalities and the activation state of the hypothalamic-pituitary-adrenal (HPA) axis in autism spectrum
disorder (ASD) rats through gut microbiota. Methods SD female rats were selected and administered either 400
mg/kg of valproic acid (VPA) solution or an equivalent volume of saline via intraperitoneal injection on day 12.5
of pregnancy. The resulting offspring were divided into 2 groups: the ASD model group (PASD, n=35) and the
normal control group (PCON, n=16). Behavioral assessments, including the three-chamber social test, open field
test, and Morris water maze, were conducted on postnatal day 23. After behavioral testing, 8 rats from each group
(PCON, PASD) were randomly selected for serum analysis using enzyme-linked immunosorbent assay (ELISA)
to measure corticotropin-releasing hormone (CRH), adrenocorticotropic hormone (ACTH), and corticosterone
(CORT) concentration, to evaluate the functional state of the HPA axis in rats. On postnatal day 28, the remaining
rats in the ASD mode group and the normal control group were randomly divided into 5 groups: the control group
(CON, n=8), the ASD no-intervention group (ASD, n=6), the ASD exercise group (ASDE, n=8), the ASD fecal
microbiota transplantation group (FMT, #n=8), and the ASD sham fecal microbiota transplantation group (sFMT, n
=5). The rats in the ASD group and the CON group were kept under standard conditions, while the rats in the
ASDE group performed 6 weeks of voluntary wheel running intervention starting on postnatal day 28. The rats in

the FMT group were gavaged daily from postnatal day 42 with 1 ml/100 g fresh fecal suspension from ASDE rats
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which had undergone exercise for 2 weeks, 5 d per week, continuing for 4 weeks. The sFMT group received an
equivalent volume of saline. After the interventions were completed, behavioral assessments and HPA axis
markers were measured for all groups. Results Before the intervention, the ASD model group exhibited
significantly reduced social ability, social novelty preference, spontaneous activity, and exploratory interest, as
well as impaired spatial learning, memory, and navigation abilities compared to the normal control group (P<
0.05). Serum concentration of corticotropin-releasing hormone (CRH), adrenocorticotropic hormone (ACTH),
and corticosterone (CORT) in the PASD group were significantly higher than those in the PCON group (P<0.05).
Following 6 weeks of voluntary wheel running, the ASDE group showed significant improvements in social
ability, social novelty preference, spontaneous activity, exploratory interest, spatial learning, memory, and
navigation skills compared to the ASD group (P<0.05), with a significant decrease in serum CORT concentration
(P<0.05), and a downward trend in CRH and ACTH concentration. After 4 weeks of fecal microbiota
transplantation in the exercise group, the FMT group showed marked improvements in social ability, social
novelty preference, spontaneous activity, exploratory interest, as well as spatial learning, memory, and navigation
abilities compared to both the ASD and sFMT groups (P<0.05). In addition, serum ACTH and CORT
concentration were significantly reduced (£<0.05), and CRH concentration also showed a decreasing trend.
Conclusion Exercise may improve ASD-related behaviors by suppressing the activation of the HPA axis, with the
gut microbiota likely playing a crucial role in this process.

Key words autism spectrum disorder, microbiota, hypothalamic-pituitary-adrenal axis, exercise, fecal
microbiota transplantation
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