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BWE B® HiT4B &gl (high-intensity interval training, HIIT) 85 18 4 A 0T 4 %014 U5 A1 B4 (chronic
unpredictable mild stress, CUMS) K FUif: S 41 20 DI T - ZLER il A G AR S Bt LA ABREA T M I VEFAMLA . 3% 48 HLSPF
24 8 JFIWAMENE SD K BUREHLY 4 4H . IERZ#4H (C). CUMSZ#H (M), IEWEsh4 (HC) MCUMSZEh4 (HM).
M4 5 HM 41 #:32 8 B CUMS # #5; HC 415 HM 41\ 26 5 Bl JF 42 32 4 A HIT T 1 (3 min (85%~90%) Smax+1 min
(50%~55%) Smax, PE¥3~5IK, Smax Wi KiZshHi %) il HC 45 HM A 7e58 4 L #IRE T fizshiEsg o, 2. 4.
8. 12, 24 h A KA 8 J e RS T M PLIRMR B 5 #2564 IR S 8 K, RAIMIKIRZ S W3S 0 1 5 A 2
FEECEEAT N 2R AR PP 2 AR BRAMAREEA Ty o E5E 8 JARAT N 2N G RARIG L, 3 R R (A 3i- ik  (LC-MS)
JEHE I AR | bR E BB AR . ELISA il Western blot Kl HAR I & i . FLAR SN TR MR . PN R R - L A OGS X
WS B OR R 12 7K (monocarboxylate transporter, MCTs) AU R EAK T, R 4R HIT TH B ERS T
CUMS K MK 2% . W358 B SL R BN SE AR 45 R0 RIS 2= A I & B0 M AL C 4TAR LA 21 R & A i 3
Ak, 4HIT FHUS, HCALS CAAHE . HM41S ML A 54 14 FpA0 11 Fp2s AR5 21 0 38 M bna mas R
R, MEFCH, MAMGEDHSR LR B P, PIERR YR A W, 4 R HOT 78 &8 HM 40 S 80 3L
R . TIERRR ML 5 M FLAR K FE AR fb a3 550 Sh A B LR P ARk — 3% S5 C 4Lk, MZILDHB & i & F+5, PKM2 I
PDH & i LU S MCT2 5 MCT4 A 25 A i 2 5 7K F 5 R, 4 A HOTF B 1 7 HM 41 PKM2 1 PDH % & 2L MCT2 5
MCT43E HRFERKF . &8 48 HIT Al LR CUMS KB LR IR BE L) A 36 Th2H 21 v PKM2 5 PDH RIS & i,
IF FIMCT2 5 MCT4 iz HRE ARk, fRiF P LR A IS R A, DA PO IR AR-ZLRR S i AR, SO
FEAT R

KB ESREEI AR SR, NRRRR-FURRE, SVERAE , MR BUMMERRANGN, SRR sk
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DIse s B R EAE 0 R HE AR,
HIIT FJ G2 el 8 AT Hh X A8 1 4 Qi 25 L 1 A %L
THFE ",

TR 72 - L 1 A £ S A S 2 8 LA v i 46
VHEEARAE R T 2N B QA 2R, [RIBZLRetE N
e I L N IR A —RIEE A (tricarboxylic
acid cycle, TCATEIF) RiAT HAACH 1 h &
AR AR Y OREIEE R, AR B A
BEREAR 5 TCA TG GACHHERFERT, NI R -7LIR
IR R W EE AR 5 TCATE IR AR A, AEAARIE
RIFAILT h 2 ¥R G D TR R - AL AR B A2
B2 R U3 O e S e A L N B PN PR T SO
S SRR ) A R R IR OC 1

FFERI, ARl 28 2R 48 b BRI o 4 it - A
2 J6- 3L R ZF #2  (astrocyte neuron lactate shuttle,
ANLS) i 2 32 #5251 & AR AE 1) SC s R 2
— 10 ANLS JZ 45 B P e o 4 j A i 2L R 9 e
iz EMAITTNIF T AT, LU E ML ITREET
KL 17 FOR IR 5% 15 4844 (monocarboxylate
transporter, MCTs) S5 ANLS i #2, EfMKGE4N
JH N A1 LR e J5 R o 4 B %ok L R A 7 155 A
X T YERE P AR T EA R - 2L R SRR S A B
YEH . MCTsHEA 14F0 IR, Pl M4 RS0 23k
A MCT1. MCT2 5 MCT4, H+ MCT1 5 MCT4
TR TICRAN, MCT2 %3k Faigos ™, Bt
W], MCTs 4 59 15 1] BE S 20 ANLS 32 45 M i
SURIARAE "' W H R IIE2E S | IR 5 IE 4R
R, SHVARAE Ry &4 & B VTG, AN

WA S EOCR I S HBURRG /N, Stk
AT, AR AR . S AR AT EBERRAR > 2
SR, a3l IR0 1 CUMS KU 4
IR AU G R AR T 22

Li L RTIR, N ERIR-FLIR B AT BE IR T I ARAE
[ ZE AR A, AR HIIT RE A5 8 4% 40 AR K Bt
L2 SR N R - LI A A AR S, 2 i Bt AR
AT, HAEHIBUH] AN . R, ABFFE E e
BT W a5-BUEE (LC-MS) RS mfR i 2H 27
FOAR e HITT 2 ARAE (19 22 AR, SR JE %
FHARRE f P AR S 22 S A ) LR -5 PR R R 12k
AR ERE i, i X U 4% DAY R - L R Al ) S G
i 5 MCTs BEATBAR T, IRAIRITN IR - 7L
PRAIE HIIT B0 VABAE vh AV A4

1 M7

1.1 Wz 5594

48 U8 JEIY I SD AR, 4 H bt 4 1) 4
SRS ARA R A E (ST TIES . SCXK
(H) 2021-0006) . MFEHEE AR E (25+2) °C,
M 50%+20%, GG JEH 12 he KRGS NP 7 1
JJa, K HBEHL MR LR (C) FIER a3h
1 (HC), CUMS“ZFrdl (M) #1 CUMS iz 34
(HM), %4112 H., M45 HM 41457 8 J& CUMS
WAL, HCH15 HM 41N S BT ih #2532 4 Jil HIIT
T, BAmBRME 1, Sy R e &l v R
BlF 78 8 PR ZE B 2 4lbE (SXULL2022069), 5K
b A A Sh A R T R

Body weight, open field test, sucrose preference test, blood lactate concentration

Adaption(

|

| 1W|2W|3Wr4Wr5W|6W [7W |8W )
C Normal feeding
M CUMS interventions
48 SD rats -
HC Normal feeding HIT interventions
HM CUMS interventions CUMS+HIIT interventions Hippocampal .
sample collection

Fig.1 Flow of animal experiment
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1.3 HOTFHAE

i 5 fx Kz 3 # F  (maximum movement
speed, S..): HCZ5 HM 41 7E L5050 4 A 44218
NN ZE, RN —. 8= HH . N
AL 15 m/min, 20 m/min. 25 m/min., 25 m/min [
R ZE 5 20 ming W APEYIZREE RS, D20 n/
min 3412 5 5 min J5 K8 4 min, $RJ5 DAL E
1728, B3 min B S m/min, K%

A 2 XU S, K B2 B 10 s 475 R4k
SEHEHE S SO 1.

ERXTHHE: RH3min HHEEHES 1
min (R SZIE S, TFUA LA 1S m/min (1 28 55
175 min #48, Z5 BN LA 1S m/min B9 5 HE RCA S
min, HIEWE R0, BEAINZLSd, RE2d, I
it 4, BARZE 1 20

Table 1 HIIT intervention programs

Week High-speed training Low-speed training Total training time/min
Speed Time/min Cycle Speed Time/min Cycle
Week 5 85%Smax 3 4 50%Smax 1 3 25
Week 6 85%Smax 3 4 50%Smax 1 3 25
Week 7 90%Smax 3 5 55%Smax 1 4 29
Week 8 90%Smax 3 5 55%Smax 1 4 29
14 ML ERGN M 40 °C.

TESCHGEE 4 78, K HC 25 HM 2058 Bz PRI
Y50 24 h NI FLIRR M B AR A, AR T E H 4R
AW AEBA B . e R REHRES T . 1230
JEH50. 2. 4. 8. 12, 24 h, fdi R ZE B K KL
BE K, B LR A5 R Al O 4 AT AL (Lactate
Scout4, EKF Diagnostics, fE[E) JfUH0.2 pl Il
W, FEF10 s TR HUELIR HeE .

TESZIREE 8 JH, K 4520 4 FeiRAS T 1 B ik
MFLRRMeRE, Rl 757k Im L.

1.5 fTAZRM

FERFFARIATAT N2, LR K i 2 SE 55
D e Y = o W = N N (P AV T
HIA 2
1.6 LC-MSRigAZEHm

R L G A 2 A g 0 VK A
(UPLC—Q—Exactive HF, Thermo Fisher Scientific,
EH),

1.6.1  AEFE A A 2 A I

FEARTALEE . B 20 mg 16 S22 A 200 wl 46
K, EAGR FHRALOF TR A RTE. BO0E
W EE WA A a2 k2T, 11100 pl )i
HO (v: v, 1: 1) EH TS, WHE30s, K
4 OB A0 minJ&, FRREOJE ISR E
LCHE AR T LC-MS 43#r o

WARSAE: WA, 4k (5% 10 mmol/L Z
MR, 0.1%Z/KEW); WahMB, O, RHA
A A DR BB B2, iR 0.3 ml/min, HEAE 2 pl,

S B FURCR A HESI IR 6 5 74 X
R AT FHB R . DS % F RS
WS BN A 320°C, HBVRMAININAR IR
S 450°C, 4341 Bl 60~900 miz; 4y HE N
35000,

e b . K H Compound Discoverer 2.0 4k
X AR A T AT, K 25 AR AR e {1 T AR S
HEATIH 405 i SIMCA-P 14.1 8t 47 Z 5080
ot . A2 EWY EDME (varable
importance in projection, VIP) 5 P{H#f i 241 0] 2=
AR, 385k Metabo Analyst 5.0 JE47 3 1% & 4
I3HT
1.6.2  FOARE HEAG

P it P A 5 PR HCEL IR 5 PN T 8 s oA 4
(B21929, >98%; B24354, >98%), fii [ ZJiEK
W (ve v, 10 1) B2E AL 100 mmol/L i FLIR bR
HESHIR TS 100 pmol/L (Y PN BRI bR HE S A . 1 HK
A hRERG EWGE IR A ISR SRR, 1REG
PR W AL W B A B 0.5, 1. 20 5. 10
mmol/L, N B & ¥ B 435l 8 0.5, 1. 2. 5. 10
pmol/L .

FEARTRALBR . WA S5 Bt 5 S AR AR
WZH I S5 AR ]

BAEALHL . 3l ) Xcalibur F R ECELER 5 PN
PR AR B B TR] | WA AR DL R g LU, ST AR A
FEHILL AR 2R, X RLIR S TN R UEA T 1 o
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1.7 ELISA

K FH ELISA WUt & 0 v A6 I K B i 1 2 21
FLER A & B A (lactate dehydrogenase A, LDHA) .
FLER M 2 B (lactate dehydrogenase B, LDHB) .
PN B R R I 1] Tl 2 (pyruvate kinase isozyme type
M2, PKM2) W ¥ & B (alanine
aminotransferase, ALT). WNHIFRAEE B (pyruvate
dehydrogenase, PDH) IR R L (pyruvate
carboxylase, PC) ZEfRiff &, EAAEAIES RIL
R &V BIEFT (F8505-A; F8504-A; F30819-A;
F21296-A; F9052-A; F21631-A; IR} 5
FRZT]) .
1.8 Western blot

I50 mg ¥ HEH L, B RIPA 247 2)
5, LA12000 rppm, 4 °CEL 10 min, & L,
i I BCA LA & (G2026, Servicebio) X i 2
P TRE i 10% SDS-PAGE 43 8 i 5 1 7
RERE, B PSR E R, SRR
MEE MBI 1. 1000, TBST HEUEEE — 40,
FRR e G B ECL ik e A 6k F &, T4
TR R G B HUR . ] AL WB well™ 534K
EEATEEE A, HIWER 5SS E A ZE 0 KE
(ERR N B S N S R e S .37y &
1.9 ZitESH

iz ] IBM SPSS Statistic 26 5 GraphPad Prism
10.1 R T B g T i S 2 o 5 4 RV B R 1T
FHEAR R )5 225381 (one-way ANOVA), 4H[A] £ &
PO P LSD A5, A4 G TE A4S 431 i 05 4
Kruskal-Wallis 5 - 58 8 JRHEEA T 1E 25534 LA &
JrEFHRRE, HHANHEET2Z9H (two-way
ANOVA), F% ] Bonferroni #1753 5k . firf
Bl LI H+pREZ (meanstSD) K7, P<0.05
hZEFAAGIEE L

2 # R

2.1 4FEHIOTF K ECUMSK RIVERHEIT A
WK A 2 S5 56 5 W3 5256 B S P 2 B A
FEPURER AT R LA S A & TG SRR TT . CUMS
WAL 4G, ML TCH, MAE5HMY HIAE
WEAK R 226 ST RE S 28 AR B0 W B FRAR (P
<0.01, P<0.05, &l2), FH CUMSHEIRIE Hl k),
A HOT 15, fHEETFC4l, MAS5HCAH
WE L E R (P<0.01), HMA1AH B E(ET M
4 (P<0.01) (K2a); TEMEIKIEZESLEH, MUK

KA ZEREFHMRT C4H (P<0.05), 4 HIT)G,
HM 407K (i 2 2R 1 25 [1H - (P<0.05) (E2b); W™
W g R gon, 5 CAMtt, MAESLRBIS 5
AR B AR, HC A BT BB E TR (P<
0.01), 4JAHIT THiJ5, HM ZH BB Z0ds
BB EHTMY4 (P<0.05, P<0.01) (K2, d).
RgE IR, 4 5 HIT REREA 3L & i CUMS KR
HARFEEA T o
2.2 4EHIOTFFHBECUMS A RiED RN -3
ERER R I RS
2.2.1 AJEHITF BT CUMS K U S N ERER X
TS A T e 0 S A A RT3 1

a. ZIG o

1 A2 i e/ A ) 51 43 Br - (orthogonal PLS-
DA, OPLS-DA) jE—fHAWEEANZg It
SRR, BEARAIRE SRR, T #S
HREA B AR 22 55 DL M Al ) 22 S, FER A
OPLS-DAf4rK v, CHM MU R EHE, H
QC FER IR Ry (K 3a), R AR EN
8, W RHEE SRR BT ESR . SR P R N e
AT (PLS-DA) (n=200) 346 [ iR 2
HAELPIAEIS, 458 R R=0.723, O=-
0.329 (#3b), FEBIRRE W, NEESIIE
M4, OPLS-DAZ R E /R, CHEMARENE
(F3c), FHCUMS KRR AR 4 3 & A 3
i, CHESHCAHRENE (Kl3e), U4
HIT - Flfe Wk 2 ko2 K B AR ; M4ls
HM 4B B (F3g), R4 EHIT T
i R CUMS K U S 2 8U R .

b. 5 b

24 S-Plot K VIP>1 & P<0.05 i e 4% 41 22
)22 SR (K3d, £, h) &3, S5CHAMIL,
MZNERR . NEARR . e 22 e A AR A5 17 Fp AR i
YK E TR, LR . LR MR 4R
WA BT, S MAAHE, HMAU T 4% —
fiz . LR FPS A R 45 5 AR 3 B, A
Fi5 . NEBSRN A= R 45 6 R I B & T (382).
HCYitk, HCAIAm . NEIfR . WLEFS% 7 Fp4R
WY R ET R, DORIERS | WAWE, a-fHE%
TIRAE TR AL (5R3).

RG], CUMS KB &4 4ty
21 A2 S & A AR A, 4 A AT
2 W 1A, AN, IR KRR 4 )5
HIT THiJa, A 14F Y L4 REE, Xk
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Fig. 2 Analysis of behavioral indexes of rats
Body weight and behavioral test results of rats in each group at week 4 vs. week 8. (a) Body weight;  (b) sugar-water preference rate;  (c)
number of uprights in the open field test;  (d) number of traversed frames in the open field test. Comparison with group C: *P<0.05, **P<
0.01; comparison with group M: #P<0.05, ##P<0.01. n=10.
B, 4 HOT T RS B 081 ok bl A ZUb Ry AR
Table 2 Differential metabolites between groups C and M and between groups M and HM
Serial number Metabolite name VIP P M/C HM/M
1 Choline 13.7315 0.0350 T * | ##
2 Creatine 10.459 7 0.017 1 T —
3 Taurine 7.1237 0.0135 T L #
4 Carnitine 6.8472 0.0332 T —
5 Oleic acid 4.844 7 0.036 1 T —
6 Phyto sphingosine 4.0475 0.004 2 Tk T ##
7 Lactate 3.6422 0.001 6 | 1 #i##
8 4-Guanidinobutyric acid 2.980 9 0.025 0 T L#
9 Glycolic acid 2.5353 0.0354 L * 1 ##
10 Pyruvate 2.2067 0.0193 T* T#
11 Ethyl icosapentate 1.552 57 0.021 6 T* | ##
12 Pentoxyl 1.538 0.025 4 T —
13 Dihomo-gamma-linolenic acid 1.297 0.034 1 T | ##
14 Pentoxyl 1.2875 0.006 8 T —
15 Malonic acid 1.244 4 0.0109 1= —
16 Threonic acid 1.199 0.0354 | —
17 Oleoyl-L-carnitine 1.1853 0.000 6 1 Ak —
18 Maleic acid 1.150 1 0.0199 T 1 #t
19 Niacinamide 1.096 53 0.007 7 1 #x —
20 Alanine 1.06 0.002 4 1 L #
21 Histidyl histidine 1.038 3 0.001 2 T % —
Notes: Comparison with group C: *P<0.05, **P<0.01, ***P<0.001; comparison with group M: #P<0.05, ##P<0.01, ##P<0.001.
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Fig. 3 Multivariate statistical analysis of LC—MS untargeted metabolomics

Metabolomics multivariate statistical analyses were performed to test the reliability of metabolomics assay parameters as well as hippocampal

metabolic profiles in each group of rat hippocampi (of which the QC group is a sample used for quality control)
OPLS-DA scores for each group;  (b)
Plot plots for group C vs. group M;  (e) plots of OPLS-DA scores for group C vs. group HC;

(g) plots of OPLS-DA scores for group M vs. group HM;

c. AR B B

1 Jl Metabo Analyst 5.0 X} |3 22 AR5 4 ik
AR A, ACEHE B Z I {E (impact value)

PLS-DA model validation plots;

(n=6) .
(c) plots of OPLS-DA scores for group C vs. group M;

(a) 3D plots of
(d) s-
(f) S-Plot plots for group C vs. group HC;

(h) S-Plot plots for group M vs. group HM.

> 0.1 B A STk e R A % . 25 R oK,
CUMS FIARAR 7Y =5 L5 ) P TR R AR5 L e i
SRR . AR A A GG L R A IR
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Table 3 Differential metabolites between groups C and HC

Serial number Metabolite name VIP P HC/C
Hypoxanthine 15.86 0.008 0 L *
2 Lactate 14.19 0.037 2 T
3 Creatinine 11.29 0.018 4 T
4 N-Acetyl-L-glutamate 5-semialdehyde 3.11 0.0187 1%
5 Pyruvate 3.53 0.0116 1%
6 Biacetyl 2.99 0.019 1 | *
7 Dehydroascorbic acid 2.35 0.0353 L *
8 2-Keto-glutaramic acid 1.88 0.0413 T
9 Oleoyl lysolecithin 1.50 0.0190 L *
10 Heptane-1-thiol 1.46 0.000 6 | e
11 Alpha-hydroxyglutarate 1.44 0.023 7 L *
12 Cyclacillin 1.36 0.049 6 T
13 Threonic acid 1.336 0.002 6 | **
14 Histidyl histidine 1.13 0.000 6 T
Notes: Comparison with group C: *P<0.05, **P<0.01, ***P<0.001.
4 &g (Kl4a), 4 HOT FHGEE T HNFLR SNERRIKE, degiz i,

1 CUMS KB B R AR O8T . W e g 5 2B AR
W, ZRRERR AL AR AR AR 3 S RihE s (& 4b),
DA K Tl ] 1 A R T 35 A e A e S A AR
W (Kl4e).

F T #E— B E 4 J5 HUT T3 6F CUMS K B
T S Re A QA o TR AR A, RrcAH S MUl
)22 AR - M 25 HM 24 2 0] 25 AR L) B
CAl 5 HCHZ B & At o br, &3
SH MBS AR S VR R 2 P (B 4d) .
RS R, FLRR SN ER R Al BB & HUT & 40
TSR FH 0 B8
222 AJHHITT 4 & CUMS K R 5 FL IR 59
Tl e L R It LR 75

a. M S FL R N IR % ARk

IR ST A AR FLRR S TR R R R 45 4 2 [ Y
K2 S, R TR A LA
RS 4 Ji HIIT T F % CUMS Kk B T 45 £ 179 il 152 -
FLER AR . LC-MS #lbR i 25 R R, FLR
SNERRAESS H A BIEIEXTFR, w4 (&
Sa, b)o

HIHE T CHL, ML Sl SUrp LR ¥ i 5 %
it (P<0.05), PNEARRMEE B35 THE (P<0.05), 4
JEHIT )5, fHETM41, HM4LFLER M
NERER e B i % T (P<0.05, P<0.01); HC45
CAUMLL, FLERWREE S NEIRRM LY BT (P<
0.05) (Kl5c, d). FRgEHRFEH, CUMS KR
L 28 2 DY R R - LR el R A, 4 )8 HILT T 1 ] LA

b. MFLARAE 1L

XTIE & R FTEIZ 8T 15 24 h N B 7L IR e
AL PEATRG I . 25 SR BoR, ET WSS h N ImFL
i T P A e RIS B MG T (P<0.01), i28f1)5 24 h
I FLR R FE R AR (Kl Se) o 456 HALF
FEHRGE ', AW E 12 B T TS 15 24 /N &
Vg T 20 SV S AR BUR B ]

Sy ik — AR 4 HUT 105 R AT D4 217,
PRV PE RN TR IR TANE 4% 2l 22 i il LI
WPEVEATRE , 2550 B, M4 MFLR E B %
KT C4l (P<0.05), 4 HIT )5, HMAIMMF,
R T FEAS 2 WL mIE (P<0.05) (1&15F) ., 45 5%

B, 4 HIT FHA] L% B CUMS K Uil FLER
W, #URIMFLRTRES S T HIT i 3 11 54

ZUFLIR U BRI
2.3 4FHITFHIRFCUMSKRiED WEREE-3
xR HEEPKM2SPDHE £

LDHA 5 LDHB /2 9& 45 A1 il 12 - L 19 il 1y O ikt
R, K500 LDHA 5 LDHB P R0l Y & 7
R B, &4 280 LDHA & & & &k 4 35728k
(K 6a), WitHLT C4l, M4 HC4l LDHB % &
WEWH (P<0.05, P<0.01), 45 HIT Tk R
ZlE CUMS KELLDHB & (El6b). tHELTC
40, HC 4] LDHA/LDHB & &K (P<0.05) ([
6¢c), HMZE5HMA ZmEA W EE . Liks
WL, CUMS KM LDHB & & 58 T, S5
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Fig. 4 LC-MS untargeted metabolomics differential metabolite and metabolic pathway analysis

Metabolic pathway analysis was performed using Metabo Analyst 5.0 to compare the differential metabolites between groups C and M, between

groups M and HM, and between groups C and HC,

between groups C and M;
and HC;

HC. 1: pyruvate metabolism; 2:

metabolism.

U LDHA F1 LDHB &5 2 UK — 3% 2 [Al i U (E A
ITE 3 AR

P2 J2 M P i 38 5 o it s e X 9 T R 2
A6 A TR R R A AR 8T, R D R R - LR B 1)L U8
P G PR . K 6d ok, MILLTCH, M
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A TR R 1 5 P9 B 2 ) T S By, 5 SR R
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S (P<0.01) . PCHEALTIERER YL b A 5Bt LR )G
fE L R UEA TCA EER, IS S5hE S Ak

and Wayne’ s analysis was performed for all three.

(b)  metabolic pathway changes between groups M and HM;

glycolysis/glycolysis metabolism;

(a) Metabolic pathway changes
(¢) metabolic pathway changes between groups C

(d) metabolite Wayne diagrams of the differences between groups C and M, between groups M and HM, and between groups C and

3. taurine and taurine metabolism; 4: niacin and nicotinamide
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Fig.5 LC-MS target quantification and blood lactate results
Hippocampal lactate and pyruvate levels and blood lactate levels were measured using targeted quantitative metabolomics technology with a lactate
analyzer. (a) Lactate chromatogram; (b) pyruvate chromatogram;  (c¢) hippocampal lactate concentration (n=8); (d) hippocampal
pyruvate concentration (n=6); (e) changes in blood lactate concentration within 24 h after exercise in rats (n=8)  (Comparison with the
resting state:  *P<0.05, **P<0.01); (f) blood lactate concentration in the quiet state of rats in each group at week 8 (#=8) . Comparison
with group C: *P<0.05, **P<0.01; comparison with group M: #P<0.05, ##P<0.01.
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Fig. 6 Detection of key metabolic enzymes of pyruvate—lactate axis
Changes in the content of the hippocampal pyruvate-lactate axis and its upstream and downstream key metabolic enzymes in rats of all groups (n=
6) . (a) LDHA content; (b) LDHB content;  (c¢) Ratio of LDHA to LDHB content; (d) PKM2 content; (e) ALT content;
(f) PDH content; (g) PC content. Comparison with group C: *P<0.05, **P<0.01; comparison with group M: #P<0.05, ##P<0.01.
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Fig.7 Protein expression of MCTs
(a-d) Protein expression of MCT1, MCT2 and MCT4 in hippocampal tissue (7=3) . Comparison with group C: *P<0.05; comparison with
group M:  #P<0.05.
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Note: Red font represents up-regulation of the level
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regulation of the expression of this transporter vector.

Abstract Objective To investigate the role of 4-week high-intensity interval training (HIIT) in modulating the
metabolic homeostasis of the pyruvate-lactate axis in the hippocampus of rats with chronic unpredictable mild
stress (CUMS) to improve their depressive-like behavior. Methods Forty-eight SPF-grade 8-week-old male SD
rats were randomly divided into 4 groups: the normal quiet group (C), the CUMS quiet group (M), the normal
exercise group (HC), and the CUMS exercise group (HM). The M and HM groups received 8 weeks of CUMS
modeling, while the HC and HM groups were exposed to 4 weeks of HIIT starting from the 5th week (3 min 85%
- 90% Smax+1 min 50% - 55% Smax, 3 - 5 cycles, Smax is the maximum movement speed). A lactate analyzer
was used to detect the blood lactate concentration in the quiet state of rats in the HC and HM groups at week 4
and in the 0, 2, 4, 8, 12, and 24 h after exercise, as well as in the quiet state of rats in each group at week 8.
Behavioral indexes such as sugar-water preference rate, number of times of uprightness and number of traversing
frames in the absenteeism experiment, and other behavioral indexes were used to assess the depressive-like

behavior of the rats at week 4 and week 8. The rats were anesthetized on the next day after the behavioral test in
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week 8, and hippocampal tissues were taken for assay. LC-MS non-targeted metabolomics, target quantification,
ELISA and Western blot were used to detect the changes in metabolite content, lactate and pyruvate concentration,
the content of key metabolic enzymes in the pyruvate-lactate axis, and the protein expression levels of
monocarboxylate transporters (MCTs). Results 4-week HIIT intervention significantly increased the sugar-water
preference rate, the number of uprights and the number of traversed frames in the absent field experiment in
CUMS rats; non-targeted metabolomics assay found that 21 metabolites were significantly changed in group M
compared to group C, and 14 and 11 differential metabolites were significantly dialed back in the HC and HM
groups, respectively, after the 4-week HIIT intervention; the quantitative results of the targeting showed that,
compared to group C, lactate concentration in the hippocampal tissues of M group, compared with group C,
lactate concentration in hippocampal tissue was significantly reduced and pyruvate concentration was
significantly increased, and 4-week HIIT intervention significantly increased the concentration of lactate and
pyruvate in hippocampal tissue of HM group; the trend of changes in blood lactate concentration was consistent
with the change in lactate concentration in hippocampal tissue; compared with group C, the LDHB content of
group M was significantly increased, the content of PKM2 and PDH, as well as the protein expression level of
MCT2 and MCT4 were significantly reduced. The 4-week HIIT intervention upregulated the PKM2 and PDH
content as well as the protein expression levels of MCT2 and MCT4 in the HM group. Conclusion The 4-week
HIIT intervention upregulated blood lactate concentration and PKM2 and PDH metabolizing enzymes in
hippocampal tissues of CUMS rats, and upregulated the expression of MCT2 and MCT#4 transport carrier proteins
to promote central lactate uptake and utilization, which regulated metabolic homeostasis of the pyruvate-lactate

axis and improved depressive-like behaviors.

Key words high-intensity interval training, pyruvate-lactate axis, depression, chronic unpredictable mild stress,
monocarboxylic acid transporter
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