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Fig.1 Flow chart of the experiment

Animals were randomly divided into a control group (Group C), a model group (Group M), a control exercise group (Group HC), and a model

exercise group (Group HM), with 12 animals in each group. Groups M and HM underwent 8 weeks of CUMS to establish a model of depression,

while Groups HC and HM underwent 4 weeks of HIIT intervention starting from week 5.
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Table 1 HIIT intervention program

Intensity High-speed training  Number of cycles Intensity Low-speed training Number of cycles Total training
(%S,.) duration/min (%8, duration/min time/min
Week 5 85 3 4 50 1 3 25
Week 6 90 3 4 50 1 3 25
Week 7 90 3 5 55 1 4 29
Week 8 90 3 5 55 1 4 29
14 TAZEE Diagnostics, fE[E) RlFLRRUE
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1.7 #WiNiEtRS %
1.7.1 PRS2 B34 (ELISA) 32050 & e

FEanat B B e B0, BV, H R
) 5 U Y A5 900 2 i A9 B2 5 BDNF - (Andy gene
/v H], AD3269Ra) . #¥ & 2 (Andy gene 2\ W],
AD3298Ra) ., FLMR (Andy gene /A H], AD3646Ra)
FMIMCT1 (Andy gene/AH), AD2089Ra) it ll K&
KR FE Bk IE H 5-732 Al (5-HT) (Andy gene
/NH], AD2930Ra) .

1.7.2 HEHAJRENEEE (Western blot)

A5 2 R BRORTA B2 o, FH 1004 1 PBS Tk 4%
2~3 WK, BYR/INE TAIRAE T, A 10f54H 8K
TR B A T 210K )0 5 i UK - 224 30 min
TR S 4, B0 R IEE s A Sx
FELZ WP, /KA 15 min, #E4T SDS-PAGE, Hijk
SEHE, BT & PVDF I, 5% 4 45 % iR & A
30 min J5 A B & 40 —Pt, 4°CHF B+ IR 7% o
TBSTIERVE G E 40, Mtk . ZETES A
A AdE FH ECL A OGO . i ATWBwell™ 437
B AT BHE Ay o A SCBUIR M B .
NMDARI (BIOSS, bs-2175R, 1: 1 000) . Arc
(BIOSS, bs-0385R, 1:1000), C-FOS (BIOSS,
bs-0469R, 1: 1000) . GAPDH (Servicebio,
GB15004, 1: 1000) . Goat Anti-Rabbit IgG
(Servicebio, GB23303, 1:5000),

1.8 SitERHE

K HIIBM SPSS 26.0 S EA T80 b, 45
JH mean+SEM £ 7R o 55 4 JRV B0 50 H 2 07 25 40 Mt
(one-way ANOVA), #[a] 25 LA fdi ] LSD Ko %,
ANAF G IR 5345 0 84 18 FH Kruskal-Wallis 46 5 .
55 8 BRI Ty 2 F R g, (SR R O %=
7 Mt (two-way ANOVA) , F J5 k& % >k M
Bonferroni £ 4% . fii F| GraphPad Prism 10.0 3k 44
DY

2 g B

2.1 4FHIOTFFE] 5 CUMS X RIMEBHEIT A HY
T

45 CUMS ## S, 5 C4l i, M4 HHM
YR BRI Z S 2F S EIOR BT B K g
AR B SIS P AT RIUE U S T
FREME (P<0.01), F I CUMS BRI il i oy, 4
JIHOT FHUG, 5MAMEL, HM 48K R 2 %
BETE (P<0.01) (K 2a), ZEHASECS B

(P<0.01) B I+ (E2b, ¢, FEATFHUE K
[ FIRE S L (P<0.01) B3 B (K2d, e). 1k
W, SCHME, M4 (P<0.01) F1HM 4
(P<0.01) {AHE BT, HHMAKERKTM
4 (K2f).

MR 27 22 0 B4 R 3R W, CUMS FTHIT +
R B K% (F=35.350, P<0.01). ZFHit%
B (F=11.820, P<0.01), B .IKE (F=5.600, P<
0.05) . #EATFHUE AL (F=7.597, P<0.05) Fiit
ATFTUE kR (F=14.577, P<0.01) ¥ EA%H.
YEH
2.2 4FEHIOTFHBIECUMSK R R MAEENEL

X 4% 2H K FRRTAT T 2 SRR S0 A A 7 v /R e
Egs (K3a) &, 5CHMIL, MARE K
R G BRI, B O R B E R T (P<
0.01), 7E4 I HIT FHUGE, HCZHH C M5
ERERE (P<0.05), HM M 41155 B 2 [
P (P<0.05), A HIT T i & H3E CUMS K
PSR (K 3c); X454l K B4 T T Sholl
et (EI3b), 25K WK, ML T CH, MAWZE
2] PN B ' WA I = 1Y B4 5] e i
AT, A¥LEEZES (K3d). XEH
HIIT - 1 AE i 3 it CUMS K BRI B J2 44 98 43
SCER, MGE M ITE R

MR ZE F 2 a g K, CUMS AT HIT |
XK B PFC W R % B (F=0.197, P>0.05) FlI
W28 IE A8 S B (F=0.41, P>0.05) ¥ LA H
YEH.

2.3 4FHIOTFFHXTCUMSK R ELEE R 5 5 R Zirt
B2 Rt 2 32 R 7K SE R 820

FES 8 Ji32 B 45 o R K BRIk it S0 o
Ao, SSREAM, 5CHML, MAMALERS
R ERK (P<0.05), HCHRBZETHE (P<0.05),
HM M A LR & it i & Fm (P<0.05) (1A
4a) . BDNF il HHIN N RIBNTEM LK B o™
A BURAE RS, AR, 5Ccdllt
A, M 4K BUFT A i B2 2 BDNF & & i 35 T [
(P<0.01), 5M4IAMHLL, HM 4 Aj4int )= BDNF
TEDEE (P<0.01) (K4b), 5CYlbik, M
A IME H S-HT K- 2 TR (P<0.01), 4 i HIT
THiE, SMAMLL, HMZ 5-HT K F 8357
(P<0.05) (El4c). XFMCT1 S8R0 L, M4
B CHLBFRAT (P<0.01), HCHE CHL B FTHE
(P<0.01), HM A M 4 & F T+ & (P<0.01)
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Fig.2 Behavioral comparisons in each group
(a) Sucrose water preference ratio in each group in the fourth and eighth weeks. (b) Number of crossing grids in the open field experiment in each
group in the fourth and eighth weeks. (c) Number of upright times in the open field experiment in each group in the fourth and eighth weeks. (d)
Percentage of time in the elevated plus maze to enter the open arm in each group in the fourth and eighth weeks. (e) Percentage of entries in the
elevated plus maze to enter the open arm in each group in the fourth and eighth weeks. (f) Body weight of rats in each group in weeks 4 and 8. Data

were presented as meantSEM, n=8. **P<0. 01 vs group C; #P<0. 01 vs group M.
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Fig. 3 Comparison of synaptic spine density and sholl analysis results in each group
(a) Golgi staining results of prefrontal cortex in each group. (b) Schematic diagram of sholl analysis. (c) Statistics of dendritic spine density in

prefrontal cortex in each group. (d) Results of sholl analysis in each group. Data were presented as mean+SEM, n=3. *P<0. 05, **P<0. 01 vs group C;
#P<0. 05 vs group M.
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Fig.4 Lactate metabolism and neurotransmitter levels in the prefrontal cortex in each group

(a) Blood lactate. (b) BDNF in prefrontal cortex. (¢) Serum 5-HT. (d) MCT1 in prefrontal cortex. (e) Lactate in prefrontal cortex. (F) Glutamate in
prefrontal cortex. Data were presented as meantSEM, n = 6. *P<0. 05, **P<0. 01 vs group C; #P<0. 05, ##P<0. 01 vs group M.

R ZE 7 20 M8, CUMS FlHIIT - #ix}
KEMFLMR (F=0.062, P>05). ZJZH MK (F=
0.226, P>0.05) . L3 5-HT (F=3.795, P>0.05)
B HAEHT, XRE 2 BDNF (F=7.042, P<
0.05) . MCT1 (F=9.693, P<0.01) M#AEMR (F=
13.114, P<0.01) HAZREHEAEH.

24 AFHIOTFEIECUMSK R 3 f o] 281448 %
EENTH

Western blot 25 S 7~ , 5 CA M, MR
B {2 BT c-Fos A1 Arc 5 1 3% ik /K F B & 7+ &
(P<0.01), 4 i HIIT REf% 2.2 [nl % HM £ c-Fos I
Arc 135 (P<0.01, P<0.05) (Kl 5a~c)., HC
AR L, MR BRATEI: B2 JT NMDA 32 (A 31k i
FIHE, A HIOT HH/5, HC41% C 41 NMDA 5%
FEKBE TR (P<0.01), HMABMA R ET
% (P<0.01) (K5d, e).

R ZE I 250 M1 368, CUMS FTHIIT F i X}
K Bl c-Fos (F=6.244, P<0.05). Arc (F=5.469,
P<0.05) F1NMDARI (F=14.277, P<0.01) ¥jE.
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S5 VAR FH R BRGE A TSR R E5ORT S [) L 48] sz Bk
ARG 2, Ll 7 2w H TRk
SRR A SEREA T o AR R B, 4 8 HIIT 3%
BT CUMS KR BB K I 22 % . 03752560 H i
LT R BRI A B A Bt AT U 9 U BRI
B, FHHIT T HE% B 3 M CUMS K RS sh
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Fig. 5 Expression of synaptic plasticity—related proteins in the prefrontal cortex in each group
(a) Representative Western blot images of c-Fos. (b) Protein expression level of c-Fos. (¢) Representative Western blot images of Arc. (d) Protein
expression level of Arc. (e) Representative Western blot images of NMDARI. (f) Protein expression level of NMDARI. Data were presented as
mean+SEM, n = 3. ¥**P<0. 01 vs group C; #P<0. 05 ##P<0. 01 vs group M.
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Abstract Objective This study aimed to investigate the effects of 4-week high-intensity interval training
(HIIT) on synaptic plasticity in the prefrontal cortex (PFC) of rats exposed to chronic unpredictable mild stress
(CUMS), and to explore its potential mechanisms. Methods A total of 48 male Sprague-Dawley rats were
randomly divided into 4 groups: control (C), model (M), control plus HIIT (HC), and model plus HIIT (HM). Rats
in groups M and HM underwent 8 weeks of CUMS to establish depression-like behaviors, while groups HC and
HM received HIIT intervention beginning from the 5th week for 4 consecutive weeks. The HIIT protocol
consisted of repeated intervals of 3 min at high speed (85%-90% maximal training speed, S,.,) alternated with
one minute at low speed (50%-55% S,

max

), with 3 to 5 sets per session, conducted 5 d per week. Behavioral
assessments and tail-vein blood lactate levels were measured at the end of the 4th and 8th weeks. After the
intervention, rat PFC tissues were collected for Golgi staining to analyze synaptic morphology. Enzyme-linked
immunosorbent assays (ELISA) were employed to detect brain-derived neurotrophic factor (BDNF),
monocarboxylate transporter 1 (MCT1), lactate, and glutamate levels in the PFC, as well as serotonin (5-HT)
levels in serum. Additionally, Western blot analysis was conducted to quantify the expression of synaptic
plasticity-related proteins, including c-Fos, activity-regulated cytoskeleton-associated protein (Arc), and N-
methyl-D-aspartate receptor 1 (NMDART1). Results Compared to the control group (C), the CUMS-exposed rats
(group M) exhibited significant reductions in sucrose preference rates, number of grid crossings, frequency of
upright postures, and entries into and duration spent in open arms of the elevated plus maze, indicating marked
depressive-like behaviors. Additionally, the group M showed significantly reduced dendritic spine density in the
PFC, along with elevated levels of c-Fos, Arc, NMDARI1 protein expression, and increased concentrations of
lactate and glutamate. Conversely, BDNF and MCT1 contents in the PFC and 5-HT levels in serum were
significantly decreased. Following HIIT intervention, rats in the group HM displayed considerable improvement
in behavioral indicators compared with the group M, accompanied by significant elevations in PFC MCT1 and
lactate concentrations. Furthermore, HIIT notably normalized the expression levels of c-Fos, Arc, NMDARI, as
well as glutamate and BDNF contents in the PFC. Synaptic spine density also exhibited significant recovery.
Conclusion Four weeks of HIIT intervention may alleviate depressive-like behaviors in CUMS rats by
increasing lactate levels and reducing glutamate concentration in the PFC, thereby downregulating the

overexpression of NMDAR, attenuating excitotoxicity, and enhancing synaptic plasticity.
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