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BWE B® Hit4EmER S (high-intensity interval training, HIIT) 9875 1 4 A AT 3 0 9% AW 3% (chronic
unpredictable mild stress, CUMS) K BRfE-h 2H 2L b DY R AR - L R A G AR A O AR REA 7o A FIBLARD . 3% 48 HL SPF
2% 8 I HEYE SD KR FRBENLA M 421 . IEW 484l (C). CUMSZ#eH (M), IEWiEsh4 (HC) MCUMSEZEEI4l (HM),
M4 5 HM 425 8 J8 CUMS it ; HC 205 HM 41 A5 5 J8HF tR4% 52 4 I HIIT T30 (3 min (85%~90%) S, +1 min (50%~
55%) Sy TEIRI~SIK, S, HEKIBENHEE) . Kl HC45 HM 4175 4 R LHeIRAS T2 8250, 2. 4. 8. 12, 24h
DL R A5 205 8 R HnIRAS T L FLRRYR BE ;. 7655 4 IR A 8 AR, SRITFIAIRNE R . Wit 5 3 WS 2 Ak B T
SEFEAR AR AR DA TR o 750 8 AL T AR A R M SH A0 4L, A3 BRI 3l%- ik (LC-MS) B 4L
W ERAR | AR E R EAR . BRGS0 (ELISA) MR I RENTE: (Western blot) i HACE & 5. IR 5N
A R i . R T T - S e S A Ol g 55 1 P AR R e s 2 Ak (monocarboxylate transporter, MCTs) 1Y 25 i R iR K-
LR ARONT THEEERE T CUMS K BRI ESR . U308 5 B 25 40 JES m Rl 2= & 8L, S5C
AL, MR 210 FREY & A B, 4 HOT THE, 5C4lMHt, HC4lA 14255 R sl e EmiE, 5M
HAHLL, HMAA 11 Fh 22 A3 3] 38 W SEARE R B TR, ML T CH, M4 DAL h LRI W35 K,
DA P e B b 353, 4 TR HINT F P 3538 M 40 S0 SV LR . IR RS, I LR VR B AR (b i 3 S50 Sh 1 21 3L
WeEEAR b —3%, S5 C4IAHLL, M4ILDHB & 2 F5, PKM2 I PDH & & L & MCT2 5 MCT4 (198 |11 i 3255 7K - i 25 %
%, 4J8 HIIT 15 1% 7 HM 20 PKM2 1 PDH & 1t L} MCT2 5 MCT4 & [ Bt Kk K. 4518 4 8 HIT T ia] L 3%
CUMS K BRI I LA v 3 LA K it Sh 2 21 b PKM2 5 PDH ARG & &, JF LI MCT2 5 MCT4 %2 8R4 W3Rk, MRk
FCFLIR BB S A, AT 1 DI R AR - LR S AR RS, Bl iRt o4 o

KGR SRBEREN SR, NRRRR- LR, PUARAE , MR PEAATHURRR AN, ORI E ik
HESES Q493.9, R7494 DOI: 10.16476/j.pibb.2024.0449 CSTR: 32369.14.pibb.20240449

TARAE R O R L R R LA LR AR
R, BT L HER SR FE M AL P A RETZ
— o WFTERBL, VHRAE 8 BT ik R RCR AT SE
29097, FFHBA AR, ORI, 1
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KRG BECUMS K RIVEBEEIT A *1469-

5 TAC SRR R AT, DI R - LR B A b
fift 5 TAC WA AL, FESNABAE A e AL o 2 #45
CBEAVE AT 12 TR A R - LR it 32 Z2 A A s il 1 81
P, XS IT  FE PR 28 AR Bl R A S 5 ARAE Y
KR REEYIAE [ ),

5 R BT, AR 2R R g 2P I 5 40 i -
M2 Iu-FLER 9442 (astrocyte neuron lactate shuttle,
ANLS) &f 2 32 45 2 51 & AR IE i G &R 2
— 1o0 0 ANLS S48 B IV I 5 4 f 7 A= 19 FLIR 9 7%
iz BTN T EARAET, DL A ITRE R
Ry 7 R IR L 12 4K (monocarboxylate
transporter, MCTs) 25 ANLS il #2, B KSELN
i A A 2L R e JBE RSB~ A B Xk LR 44 T 5 e
X T YERE P AR I EA AR - FLER A SRR S A
YERH . MCTsHLA 14F0ERY, il 4 R 23k
ik MCT1, MCT2 5 MCT4, H 1 MCT!1 5 MCT4
TR THEAIM, MCT2 Rk THigoc ™, w5
LW, MCTs i 5% K15 n] g 530 ANLS 5245 AT
SURAMARE " SRR L A 5 ES T
FEWGIX, SIVAREE R & A & R VIAE, AMER
WAEH SR B A SURRRAR /N, i ek
AT REEACIH RS | S TT SRR 2 202
SR, 1z BT F00AT LI RO 5 2P AS AT F50 0 R
#  (chronic unpredictable mild stress, CUMS) K
SR S5 2H 2 e e A R T 2 K BRI AR A 728

ZE F A, YRR - 7L R B AT BB YT AR AE
() T AR S S, AR HIT REAS A F= M AR K FUE
L 2H 2R N AR - LR A AR S , E TR
ATy, HAEHIOLM A, P, AR E L
FEF T A% Tk (liquid chromatography-mass
spectroscopy, LC-MS) E#E [ ] 21 27 47 A i 1k
HIIT S0 IARAE i 22 S AR . SR R R A5
RO s 22 A FLIR 5 N B R EA TS THEE
i, e o A 45 TN TR TR - L TR Bl ) OC B X Tl
MCTs FEATHEAR BT, RAARIE P A R - FL IR il 7
HIIT S VARAE H BT

1 RS T%

1.1 X594

48 18 J i I SD R B, W F b 4 1) 4
SR E B ARABRAF (SIFATIES . SCXK
(1) 2021-0006) . W FEFREE N EE (25+2) °C,
MR (50+20) %, JGHEJEIN 12 he R B Ry M 4]
IR VEE, BB N E R ZEd (C) FIER
4 (HC), CUMSZ (M) Fl1CUMSIz3)
4 (HM), B 12 5, M45 HM 41 #5528 JAl
CUMS i, HC4H5 HM NS 5 T ih 2 4
HIOT T, HARREME 1, LRrEe Ly
KEFRLEF A B2 By 24l (SXULL2022069),
S AR AR S A BN e

Body mass, open field test, sucrose preference test, blood lactate concentration
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Fig.1 Flow of animal experiment

1.2 CUMSHIBMERIZET R

M 415 HM e I A 7057, IF HAER
BEBLLG T —FRoflE, X Eefl s . B . |
U RAE ., VOKTE . PR . Je R AR R R
i, FRER 8, REARMATATNFMIL . CUMS
AU 52 ) o R S BRI 2 O A ST 1 A
ik,
1.3 HIOTFHAE

W e K iz 8l
speed, S,.): HC 5 HM 47525050 4 i #2526
NAENZR, BARNES I —. F = JJH. JH55%

(maximum movement

LA 15 m/min, 20 m/min. 25 m/min. 25 m/min ¥
HEIZE) 20 min. EMPEVIZRES RS, L 20 m/min
(3K 32 801 5 min JE R 4 min, 85 DA HET T
B8, B3 min BN S m/min, KRy Y
P L S e KEEZ BRI 10 s T Ak EL i
ITIB BN E N T3

XTI KA 3 min & #izsh454 1 min
KWK E iz 2, IR ELL 15 m/min (9 3R 947
5min # B, Z5T LA 15 m/min 938 BE AR 5 min,
FIEIEE 00, YIRS I/, IRE2d, IZk#TT
4, EARWFR T
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Table 1 HIIT intervention programs

Week High-speed training Low-speed training Total training time/min
Speed t/min Cycle Speed t/min Cycle
5 85%5S, 3 4 50%S,,. 1 3 25
6 85%5S, 3 4 50%S,,. 1 3 25
7 90%S,,.. 3 5 55%S, . 1 4 29
8 90%S,,.. 3 5 55%S, . 1 4 29

1.4 MmIELEEKN

TESCHGEE 4 78, K HC 405 HM 4058 Ryt
Y55 24 h NI FLIRR M BE AR A, AR U H 4R
AR EAEBA B . e R REHFRRES T 1230
JEE50. 2. 4. 8, 12, 24 h, i R M 28 A K Bl
B HE K, B LR A% AR Al A 4 AT AL (Lactate
Scout4, EKF Diagnostics, %[ ) Jf-MH 0.2 ul ML
W, WEF10 s J el LR R B .

TESCIGES 8 J&, Kl 4% 2 e FmIRAS T 1 R # R Ik
MFLERAEE , Al 7k F L.

1.5 fTAZMm

AR IR IEATAT 2R, ALK 2 SE 5
M5, iR h2e e BRI E S A
AL 2
1.6 LC-MSHRigAZFHm

AR 2 2 R I AL 2 2 By v o R T AR
(UPLC-Q-Exactive HF, Thermo Fisher Scientific,
EH),

1.6.1  ARFE A 2 A I

FEARTALEE . HL 20 mg 16 EH 21 21 A 200 pl 46
K, TEARIR T RALUF T E A RTE. BO0E
B EIE WA i as 78k 21, H1100 pl )
HO (v:iv, 1:1) HATHEFES, WE30s, K
W ACHREFTALEE 10 min J5, PR EO A B E I RS
LCHA T LC-MS 43#r .

WM WM A, 4liZk (4 10 mmol/L Z
FREE, 0.1% Z/KIEW); WahtHB, . RHAA
[F) () P e A B, 334 0.3 ml/min, PEFEHE 2 pl,
FEIR 40°C,

Ji oA BT URSR A HESI LA s A K
W, BT . FHBYRHE, A KB5S H RS A
¥, BRI N 320°C, HiB AR A
450°C, FHHETEFIHR 60~900 (m/z); 439HE%435 000,

B AEAb B . R FH Compound Discoverer 2.0 %X
PEXF AR BT 430, WA LR AR {1 T R
PEATIH—AL 5 {1 SIMCA-P 14.1 #4672 055 1

o HEAEERGYEZM: (variable importance in
projection, VIP) 5 PE#fw b 2= 54 S,
Metabo Analyst 5.0 35 Tl & 425347 .

1.6.2  HEFRE HAI

PR e AE O AR CEL IR 5 P9 R R A A
(B21929, >98%; B24354, >98%), ffiH ZHEK
W (v:iv, 1:1) BCE K 100 mmol/L B FLER bR
HES A 100 pmol/L A TS ARSI A A . I
B ERA R GE IR A AR SR SR Ea i, RS
PR LR 43 0.5. 1. 2. 5. 10 mmol/L,
PIERRRHE 4051 0.5, 1, 2, 5. 10 umol/L.

FEARTRALER . WA . B S5 5 AR mf
L R SR AR ]

BAEALFR . T Xcalibur 42 BCFLER 5 PR R
PR O BRI R | W AR A R oy FU S5, ST ARIE S
FENLL RAntE 2, XTFLIR S N R RR A T 1t o
1.7 BEEXSREIRM 4T (ELISA)

K HTELIS A T S U A6 T R Bl T 5 2H 21
FLER M Z ¥ A (lactate dehydrogenase A, LDHA) .
FL0R I & B (lactate dehydrogenase B, LDHB) .
PN R PR 85Tt [) T8 2 (pyruvate kinase isozyme type
M2, PKM2) . & W # &
aminotransferase, ALT). NERNERMEHE (pyruvate
dehydrogenase, PDH) F1AEAR LG (pyruvate
carboxylase, PC) ZfQi &, HAAEAES MK
Fl & Ui T (F8505-A; F8504-A; F30819-A;
F21296-A; F9052-A; F21631-A; FiER%RT 5
FRAF]D
1.8 ZERRENTE (Western blot)

50 mg it HZHZY, il A RIPA 24Ad M 472
W5, LA12 000 r/min, 4°C#5 0> 10 min, WCHE I
W, A BCAIRKA & (G2026, Servicebio) Xk
BT R Eid 10% SDS-2 s B e vt fie
FLUK AT B B U B R A TR, B (dFH — B
R, AR PUARR B LLEI A 1 1000,
TBST iSVE /5 % i N E —$H030 min (1 : 5000),

(alanine
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RIS ECUMS X RINEBHEIT A 1471

Ve A B ECL fb O &, TAOUR
REHEDERUR. [T ATWB well ™ /T35 7%
o, LAEREASNSENZRI KA ER
7~ HIER AR
1.9 FIHFEDH

iz ] IBM SPSS Statistic 26 5 GraphPad Prism
10.1 AT B R G T i S 4 . 5 4 TRV R AT
R E T 22087 (one-way ANOVA), [0 £
LA LSD R 50, ANAF G 1E 240 A i 5l il
Kruskal-Wallis #6555 8 A AT 1E A 43040 LK
R, RS R 2508 (two-way
ANOVA), Ff%H Bonferroni #1735 55 . T A
ol LS HE+r 22 (meantSD) KoK, P<0.05
SRR EAGEEE L

2 & B

2.1 4FHIOTFF K ECUMSK RAVERHEIT A

WE K i 2 52 50 5 W 3 50 e M S ) = S A7
FEPRSER AT R DL M A R IGES AR ZETTH . CUMS
A SRS, AT CH4, MALSHMARIAE . Bk
T BT B R B0 A BRIL (P<0.01,
P<0.05, [2), FHCUMSHRIZ HILL) .

(a)
500
:C
400 - BT e M
> *k *k B :HC
g 300
g [ :HM
=)
S 200
o}
100
0 4 8
t/week
(©
15+
—:C
3 . . M
=
ED 10 B :HC
=
b 4 O :HM
.
g Sr *k o *%
’ ’-T_I
0 4 8
t/week

4JHHIT 15, BIZE 8 JERT, 44 HmaRH:
TPNFERR LRI . AT C4l, M4l 5 HC 4k
R ERL (P<0.01), HMZAE BEM T MA
(P<0.01) (¥2a); 7ERKIRZLHE T, MAREK
2R B EMT C4H (P<0.05), 4/8HIT)5, HM
ZHME K I 2 % 08 3% R (P<0.05) (El2b); Wi
SEEREER N, 5 CAMEL, MALE SRS 5
BB AL, HC A B B T (P<
0.01), 4 HIT THl5, HM 4 E 7R B 58
BB EmTMA (P<0.05, P<0.01) (Kl2c, d).
IRZERULR, 4 5 HIIT GBS A L5 it CUMS KR
HIHABEEA T R
2.2 4FHIOTFHMECUMSK R iE D RENER-FL
[ TANE = BN
221 AJAHITT FUR ST CUMS K BRI L5 P9 R g AL
55 MR TR AE A S A A

a. ZIG o

1F 52 fiw f1¢ /Iy 3 F1 51 43 B (orthogonal PLS-
DA, OPLS-DA) Z—FhHA W ERXMZcsit
ST, REARNR SRR IC R, TR
HBEARR BRI 2R AR 2R, E&H
OPLS-DA/rEHh, CHMMA B EHE, HQC
FEMBIR A (Kl 3a), RS ERE T,

(b)
< 150f 0
2 M
o B :HC
£ 100F _ * X w7
:‘:’4 1 :HM
o
a
()
g 50
3]
=
wn
0 4 8
t/week
(d)
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Z
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Fig. 2 Analysis of behavioral indexes of rats
Body mass and behavioral test results of rats in each group at week 4 vs. week 8. (a) Body mass; (b) sucrose 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.
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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) (n=6). (a) 3D plots of OPLS-DA
scores for each group; (b) PLS-DA model validation plots; (c) plots of OPLS-DA scores for group C vs. group M; (d) S-Plot plots for group C vs.
group M; (e) plots of OPLS-DA scores for group C vs. group HC; (f) S-Plot plots for group C vs. group HC; (g) plots of OPLS-DA scores for group
M vs. group HM; (h) S-Plot plots for group M vs. group HM.
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KRG BECUMS K RIVEBEEIT A *1473-

TG R KA R /3T BEsK . SR e/ N — e )
M4HT (PLS-DA) (n=200) K36 iR BRI 517
E A S, 458 B8 R=0.723, 0*=-0.329
(F3b), RIBARIFE R, NEESIIGIHS,
OPLS-DAZER E/R, CHEMAR EHE (K
3c), W CUMS KB R B & A4 2281k,
CHSHCHRENE (K3e), FI4FHIT
fE 0 MU R R SR, M4 HM A1)
SrFF (K 3g), W4 HOT T WifE % 8 & )81
CUMS K g Sl 2RI

b. 227 T

454 S-Plot K 1 VIP>1 . P<0.05 556 4% 20 22 [
Z5EY (K3d, f, h) ZF. 5C4ititt, M
N . IEARR . T2 e R3S 17 R Qi
KR ET R, TR . LR MR RS 4 AR
YK B AR 5 MR, HM AU T 4 —
Fig . FLIER AN PR A R 55 S AP B3 B, IR
R . NHGRFNA- AR AE 6 P W& T (K2)
H5CHAH, HCAZLM . N . WUEFS 7 Fp AR
WY B ET R, DOEIERS | WAWE, a-FHE%
TFRAE TR R (3R3).

Table 2 Differential metabolites between groups C and M and between groups M and HM

Serial number Metabolite name 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 4.047 5 0.004 2 T ** 1 ##
7 Lactate 3.6422 0.001 6 | ** 1
8 4-Guanidinobutyric acid 2.9809 0.0250 1 * L #
9 Glycolic acid 2.5353 0.035 4 L * 1 ##
10 Pyruvate 2.2067 0.0193 1T * T#
11 Ethyl icosapentate 1.552 57 0.0216 T* | ##
12 Pentoxyl 1.538 0.025 4 T —
13 Dihomo-gamma-linolenic acid 1.297 0.034 1 T | #4
14 Pentoxyl 1.2875 0.006 8 T ** —
15 Malonic acid 1.244 4 0.0109 L * —
16 Threonic acid 1.199 0.0354 | #x —
17 Oleoyl-L-carnitine 1.1853 0.000 6 1wk —
18 Maleic acid 1.150 1 0.0199 T T
19 Niacinamide 1.096 53 0.007 7 T —

20 Alanine 0.002 4 T L #
21 Histidyl histidine 1.0383 0.001 2 1wk —
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.
Table 3 Differential metabolites between groups C and HC
Serial number Metabolite name VIP P HC/C
1 Hypoxanthine 15.86 0.008 0 L *
2 Lactate 14.19 0.0372 T
3 Creatinine 11.29 0.018 4 T
4 N-Acetyl-L-glutamate 5-semialdehyde 3.11 0.018 7 T
5 Pyruvate 3.53 0.0116 T
6 Biacetyl 2.99 0.019 1 L*
7 Dehydroascorbic acid 2.35 0.0353 1=
8 2-Keto-glutaramic acid 1.88 0.0413 1=
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Continued to Table 3

Serial number Metabolite name VIP P HC/C
9 Oleoyl lysolecithin 1.50 0.0190 L*
10 Heptane-1-thiol 1.46 0.000 6 |
11 Alpha-hydroxyglutarate 1.44 0.023 7 | *
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 ks

Comparison with group C: *P<0.05, **P<0.01, ***P<0.001.

RS FRY, CUMS KU S 4Uh 4 gy
21 MY & A B ANk, 4 HIT +1
2 MR 1AM . BeAh, IEE KERAE4
HIT FHiG, A 14F Y k4 B g2k, X%
B, 48 HIT T T RE A% 25 08 15 K BRI S 2 Y
R

c. 1R B 5B

i F§ Metabo Analyst 5.0 X} |- ik 22 5 AR5t 9 it
FrARE B A3 A, ACHE B2 (impact value)
>0.1 80 K BT IR AE fe K AR % . SR WO,
CUMS PP AR TR = L5 ) R e AR 038 L 4R e A
SEAAR . AR R AN A R RIS L R A P
R} 4 ACHHE RS (K 4a), 4 & HIIT T HAED i
 [H1H CUMS K BRI A R A | AR P A S A AR
. ARRERR AT A RE R A 3 AR hE R (&l 4b),
D [l 308 2 AR PN T 7 A 5 0 e o o S AR A
WHER (El4c).

g 7 #E— L1 E 4 8 HOT + #i% CUMS K fR
U S EE A Y AR, e S MUz
6] 22 AR . M5 HM 20 2 5] 22 S S LA &
C 45 HC A a2 A AT 4] e o i, &P
S A LIRS R 2 R (K 4d) .
R RN, FLRR S5 NER R 7] fE e HUT & T
TR PR SR
222 AJFHIT T HUEE CUMS K UG SFLIR 51N
PR 5 2 LA R I LR i

a. M S LR S5 TN IR & A8k

LIRSS SRR R FLRR S TR R R SR 45 4 2 [
KA, I, X T TR E T
PIHEST 4 & HIIT T Fi % CUMS K Bl it T 4 21 7 i
2 -FLRRF A 520 . LC-MS ¥ibn E 4 R iR, #,
Pk 5 PR PR E 45 1 HE WA B0 T X A, TR, L 4
(Kl 5a, b).

MEETF C4, M DS LR TR i & T
i (P<0.05), WNERMRME W %I (P<0.05),

AFHUT THij5, METFMA, HM Az A
PR B 2 T (P<0.05, P<0.01); HCH4lH
CUIAHLL, FLRRWEE SRR E W (P<
0.05) (Kl5c, d). FRZEHRFEH, CUMS KR
28 2 D R R - LR il R A, 4 )8 HIOLT 1= i ] LA
LR SN ERRR B, MG RR A

b. M FLERAE L

XPIE K BTEIZ sh TS 24 h A9 I FLER Mk 1
AL TR . SRR, ET USR8 h NIEL
i e B 5 2 T Wk RS N (P<0.01), iz3f5 24 h
M FLERR FEVR E 2K (Kl Se) o 454 HALDT
FEMGE 2, ARG B B T TR A 24 /N
V3 Th 2] 2 S AR OB e ]

i — ARSI 4 HUT 105 R AT D217,
PR BE B IR R R TAM A, X 45 21 22t i LR
WL VEATAG I, 25 R, M4 i LR e B
KT C4 (P<0.05), 4 HIT )5, HMAIMF,
Mk FEAS 2 i 2 01 (P<0.05) (& 5f), 48 HIT
15 AT L) 3 19 CUMS K B SRR e 2, R
MFLER AT RES S T HUT i/ 5 191 S 4 2L FL IR VR
.
2.3 4FHITTHIRECUMSA RiEDRERNEE-3
ERh X ERIEPKM25SPDHE £

LDHA 5 LDHB Jz J& 45 A1 il 12 - L 1% il iy O
R, #6500 LDHA 5 LDHB iR GG Y & 17
&, 5402 8] i) LDHA & oK & A W 7281k
(Kl 6a), MAHETC4H, ML FIHC 4 LDHB 7% &
BERN (P<0.05, P<0.01), 4 & HIT T AR
7] CUMS K f LDHB % (Kl 6b)., #MLTFC
4, HC 41 LDHA/LDHB & & &1k (P<0.05) (/A
6c), HMA5HMAZHEA WEEL, Fiks
BRI, CUMS KA LDHB & FH TR, S5
PR PR - LR Sl 2 ffr ,  1f 4 J8] HIT T #iX} CUMS K
LAY LDHA Fl1 LDHB & & DL N — 38 2 [a] 0 FL (A
B E R
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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, and Wayne’s analysis was performed for all three. (a) Metabolic pathway changes between
groups C and M; (b) metabolic pathway changes between groups M and HM; (c) metabolic pathway changes between groups C and HC;
(d) metabolite Wayne diagrams of the differences between groups C and M, between groups M and HM, and between groups C and HC. /: pyruvate

metabolism; 2: glycolysis/glycolysis metabolism; 3: taurine and taurine metabolism; 4: niacin and nicotinamide metabolism.
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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=0); () 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
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Changes in the content of the hippocampal pyruvate-lactate axis and its upstream and downstream key metabolic enzymes in rats of all groups (7=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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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
Forty-eight SPF-grade 8-week-old male SD

stress (CUMS) to improve their depressive-like behavior. Methods
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%
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=90%) S,.+1 min (50%-55%) S,..» 3—5 cycles, S, 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 sucrose 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 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 sucrose 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 MCT4 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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