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Abstract: Objective: This study aimed to investigate the effects of Lactiplantibacillus plantarum KSFY202408 on exercise
capacity in mice and its underlying mechanisms. Methods: Four experimental groups were established: Sedentary (Sed),
exercise training (Ext), KSFY202408 sedentary (KSFY202408+Sed), and KSFY202408 exercise training (KSFY
202408+Ext). Mice in the Ext and KSFY202408+Ext groups underwent 6 weeks of treadmill exercise training, while those
in the KSFY202408+Sed and KSFY202408+Ext groups were administered KSFY202408 by gavage. Body weight, exhaus-
tive exercise time, organ indices, and blood lactate levels were measured. Histological changes in the gastrocnemius muscle
were observed. Gene expression levels related to mitochondrial activation, energy metabolism, and antioxidant defense in
the gastrocnemius muscle were detected, and alterations in gut microbiota were analyzed. Results: Compared with the Sed
group, both the KSFY202408+Sed and KSFY202408+Ext groups exhibited significantly prolonged exhaustive running and
swimming times (P<0.05), accelerated post-exercise blood lactate clearance (P<0.05), improved cardiac function, and alle-
viated exercise-induced splenomegaly (P<0.05). Gene expression levels of adenosine 5'-monophosphate-activated protein
kinase (AMPK), peroxisome proliferator-activated receptor y coactivator la (PGC-1a), nicotinamide phosphoribosyltrans-
ferase (NAMPT), superoxide dismutase 1 (SOD1), SOD2, and catalase were significantly upregulated (P<0.05). Gut micro-
biota analysis revealed increased microbial diversity in KSFY202408-administered mice, with Lactiplantibacillus identi-
fied as the characteristic microbial genus in the KSFY202408+Ext group. Conclusion: Lactiplantibacillus plantarum
KSFY202408 may enhance energy capacity in mice by regulating the AMPK/PGC-la signaling pathway, thereby
improving energy metabolism and oxidative stress status in synergy with exercise training. These findings suggest that
KSFY202408 has potential as a sports nutritional supplement.
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fitt g A2 B 5 s B A BAE SRR g S gk
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1.1 MRS5S

A FUAEAT B KSFY202408 435S (A s (1
HiIX [ 8RR I FE A PR L o BLCR R T Hp [ S Ak
Wy B R R A B PG, IR SR 5 S CGMICC NO.

31102; SPF MM ICR /N 32 H, 6 R, (27+1)g,

W Hr e st Sk LB S A RN F [ s B8 k& 1
T HFES 5 SCXK (HH)2019-0004]; 73735015 Nutrient
Agar, MRS R7EEFRAE LR MR AR B A BRA
Al EAkEN  4lifEN 99.99%, i ALl RA
BRAFE]; 4% R EEFHABHA S’ HaAEY
FlHz6 FR 23 w5 TRIzol 345§ . Phusion®High-Fidelity
PCR ZIREY FEB CIHIREHE AR SEEE,. =4
et Srbral, i miRHE IS AT RN 7] ; RNase-
Free water. SYBR Green PCR Master Mix % /A=
PRt () B 45 FR 2 B]; NEB Next®Ultra™II
FS DNA PCR free SUERIA AN & ¥y
AREALFOFBRAFS

BY-G20 EAEL.LHL bR HPEETTF R A fR
Nl iICEN-24R 5 3050 B .U L. Nano-300 1
FEATCCEETE BN BB ES AT IR A F]; ZH-P /\GE
B AIMLE OB YRS A R A
Lactate Scout 4 Il FLERAGINAIN BEASFEIrastl A
BRAF]; A200 ZEEPY B HrpH BHIERLHA U R84 BR
N T 6D45415 1E B G2 BAMEE . OLYMPUS-BX43
IEESC¥ R MEE HASBRARE A R A,
StepOnePlus ZAF PCR R4t FEBR G /RBHE (T5
MDOHERATF
1.2 SLr5E
1.2.1 sh¥ysegeixit  Sege/ BRUARSE T E IR E 1Y)
FREE, IR (25+2) °C, ¥R 50%+5%, 4F 12 h B
AR, H R DOK. FrA s See ™ A e S0t 3
Bl RS K S SRS I B R R4 T, /e B LS

Sh 2024072201B, & PEMRSE 7 d SBENLO N 4 48,

B. A 2% 2H (sedentary, Sed) . iz s3Il 45 4H (exercise
training, Ext) . KSFY202408 /A %k 2H ( KSFY202408
sedentary, KSFY202408+Sed) #ll KSFY202408 iz 3/
YIIALH(KSFY 202408 exercise training, KSFY202408+
Ext), H:p Sed 4HF1 KSFY202408+Sed £H /) F 7 3%
A1z B 3 AR R Y R AT ARl 32 B U125, Ext 2H A0
KSFY202408-+Ext ZH ¥ 1R 48 /38 # S5 sk 5
FEETAELE B SR, SRS, KSFY202408+Sed

#H 1 KSFY202408+Ext £ /)N fl#E B 1x10° CFU/kg:
BW () KSFY202408 B 2k i (B ik 71 52 56 4 7 /) B
R WIE N 1x10° CFU/kg-BW), [AIHF, Shy 4 43 1l
SEAG LR R T B ORIEAS B, Sed AN Ext 204 H [H]
— BRI O A B K . SRRk 7, H
T 1 E 6 JE S MRS AU R, 5 7 JE AT A
M HA . 7 IERUINZRTT, A 12 m/min B4 3 B M4
25 min &R 1 d, ZJ5 0955 1 JE LA 12 m/min (#3332
FFhG, SR PEEAEEIE N 2 m/min, MEE 3 JEITLG, MiE bk
FEREIN 5°, 55 4 JARIEE 6 JEPEAFFTE 10°, /K
s st e S 35 min®. 25 7 A ATE /N REETT 71
by A S L IR DK S AN M FLER R I E .
PSR WTE S0 KSFY 202408 X/ il A Kotk 24
PRI, 4 ] [0 B TR e e e S — R N AR R
1.2.2 KSFY202408 pyi%55% 5 H B nyhil & #
KSFY202408 Hips 7542 FP 1] MRS AR FRILH, 78
37 °C FH53% 20 h J5, 2 2% AR a3 Rh 8 54 52 2
FIMIICE MRS AR ER I L% 5% 18 he B B0
(4 °C, 4000 r/min, 10 min) Y4 KSFY202408 B {4,
JFHICEE A BRER /KGR PRIR, I ek IR HE e 4 PR
£ 1x10° CFU/kg-BW, & H#E H —¥AEEN 0.2 mL
PR PR A T o

1.2.3 /NEURRISERE  NELEERE T A
JE 25/ INERAR B, 48 h, ZEXF BT A /N B8t 22 AR AEFF
SRAEEYIFEARRIZE & ARSOK 12 h DU EHESS H il
NZEY . WAE/NRAILT 4 °C JCE 2 h ]GO, 58
A 4 °C F 4000 r/min 5.0 15 min, 5325 3%
B2 MU, 502 R- 7 T80 °C . [FAFIAE/N
ERVCA I L PRI . MG AT R VA5 E B R AS S A
F-80 °C fFH.

1.2.4 PEZSFEEQE  H/NERARSE)S, Gt SE 3 HL
O HIE L R JZ A ZHZY . S RS & T4 i 2k
FEERKIEEYE, DAL BRAR AR B L 5 4900, s i
PRI T RIMZAR7K 53 NGRS 0.1 mg R
XTSRRI TAREE, IS IO S E R . SRS
BRIE FONVAIA T 38 HF R s
1 B R N FEXT A5 I AR X E e A S ]

I #% 2 7 (mg)

/NERAAE (g)

1.2.5 J1dgae e A \GEIE S5 sh ) M 5 %

N B AT g v B AR I S 5% . Sed 2H 1 KSFY
202408+Sed 21 /)~ BU7E 1 35 0 A2 SC B0 T AR AT 3 d 2
AT AR5 BE 58 Mk B 20 YN 2, 3RS 10 m/min, By [H]

10 min. 4540/ RIS N Y i & =2 Ja 45 1E =X

J13Ry A S, BERE R AR S 10°, e M
HE A L (10 m/min #£4T 5 min, 16 m/min #17
10 min, 21 m/min ##47 10 min, 26 m/min #£f7 10 min,
31 m/min #4710 min, 36 m/min ##47 10 min,41 m/min
#£4T 10 min, 46 m/min #47T 10 min), B ZE/NRJ145

R fE % (mg /) =



- 474 - Q&T\lv*’Lﬁ

2026 4F 8 A

SRy ak, ZNER T3 AR v A B TR IR EGR E 10 IR, 1%
B ICTEMREAERT RS 10 s, 0%/ Nl 2 19
BT FHBS ]
1.2.6 JIEyruKkscss  /NEUI B IEKINECAT 3 d, %
H/NEEE R BEATZY 10 min B9 17 35 70O VI 44,
EHUE 65 cm, HAT 20 cm FYFEARIEGK IR, 7K 1R (28+
1) °C, 7KIEZY 40 cm, HE/NREBARES T E 2/ MR E
5% FYEEY), 459005 3 BV B /N BIF AR
Rk 4=, SRS NI GRES o5 1 7 1E
JIVEUFUK L0 o S A IS W PE DI R 550 S5 AH
[m], SEgead AR P AR R N BRI s 2Lz 3, 1 HE i
WA/ NRBFLIE IR ATK T 7 s ANREFF /K, id 5
ZINERIE 22 v ST P s [E] T3
1.2.7 Z3AT/E MFLIR SIS X420/ N R T8
P L IE ST HET . PR IS 5 min LA S
30 min PYFLIRMEIFA TN AE o 3 FHZLERA A Bl R
M4, SRV i SEA 7R, 25— i 22, A
ACAW A i, TR e ORI IE 5 . BRI
I ECHT S PR BRE BGLER X/ BRUR BB LAk 4
THBEALFEN
1.2.8 HEANAH A 2= gv 4500 UIEZY 5 mm JE1Y
WU P B LR, ST BIVE A 4% 258 IR % vk
(pH 7.4 " EE 24 ho FEETENG, HLREASSAR)E
SRR K, FAA WS, 280 5 B A S o i B
VI 4 pm WA IS, 347 H BB, B RS 2 KAk, BE
JEEIRANE YLD, 2 min, 1% ERER Z 501k, T E/KIR
W, B JE BT 15 s, FIFHBEE 2K, oK E
PATE A, TIEE G WA NI4T/ RIHEZ
Ji)1RAE E2RRE 2o ay O -5 A S EA R AR 71 = il - i 2 A
R T IR A RS FE AT LA 428 8 55 HES | 40 oA
S3AT . RIEANMIR I G LH LR
1.2.9 HEmALAF AMPK/PGC-1a i B AH S LN ik
IKAFIRE AREGE BN BUHEIZ IILZHEZR, A TRIzol
AT ST ERIE RNA, 2R 5 R 430G CEETXT
#z1 59T

Table 1 Primer sequences
LY PA oS 5151 (5—3")
roH o .4 F:TGACCTCAACTACATGGTCTACA
G 008084 R: CTTCCCATTCTCGGCCTTG
F: GTCAAAGCCGACCCAATGATA
AMPK  NM_0010133673

R: CGTACACGCAAATAATAGGGGTT

F: TATGGAGTGACATAGAGTGTGCT
R: CCACTTCAATCCACCCAGAAAG
F: GCAGAAGCCGAGTTCAACATC

R: TTTTCACGGCATTCAAAGTAGGA

F: AACCAGTTGTGTTGTCAGGAC
R: CCACCATGTTTCTTAGAGTGAGG

F: CAGACCTGCCTTACGACTATGG
R: CTCGGTGGCGTTGAGATTGTT

F: GGAGGCGGGAACCCAATAG
R: GTGTGCCATCTCGTCAGTGAA

PGC-la NM_008904.3

NAMPT  NM_021524.2
SODI NM_011434.2
SOD?2 NM_013671.3

Catalase  NM _009804.2

PREL) . RNA 15 A 4l EA 705, AR 4% 55
T S UL IR B RNA 55 5 il cDNA. i 5% 53¢ )5
FONBRAE B cDNA 2 WK &, Bl Master mix
10 pL. EVEAFUES 945 1 pL. Bifik cDNA 1 pL
FIICPEICAE/K 7 pLo Bl A S A4 22 R FH S 2%
% % & PCR( quantitative real-time PCR, qRT-PCR)
FEARGEATY GNP AE P H535) o § 2%k 95 C
WAE M 2 min, #RJ5 95 °C Z8PE 10 s, 60 °C 3B K 30 s,
ARPEFIIR OGS FRIEAT 40 IRTEH . ME LSR5, DA
GAPDH RWNZ3E A, T8 27247 fifi 2 H iYL R AR
XTI E . ARG S )T R 1.
1.2.10 /NERZRERAEY) 16S rRNA JFFIIE R
5|4 338F-806R (16S rRNA F:[X V3~V4 A 45 [X ) X
/NELZE(E DNA 3547 PCR 338 FNA A= ) Z2 46 P )
Fo MBS I#IF5 A0 : 338F 5'-ACTCCTACGG
GGAGCAG-3', 806R 5-GGACTACHVGGGTWTC-
TAAT-3'c A PCR )% #{# A 15 pL Phusion®
High-Fidelity PCR IR &9 EAT; IE M I 514
£ 2 pmol/L, £ 10 ng #4 DNA. #AE 54 45 7F
98 °C F#17 1 min FYWIERZEME, SRIGHE 98 °C F i
47 30 YAEPE 10 s, 7E 50 °C FiBk 30 s, IFTE 72 C
F3EfH 30 s K1 72 °C 5 min, $% MR BT AL, {d
JH NEB Next®Ultra™II FS DNA PCR free SCZEHI £
TGRS A B P SCZE . ) Qubitdf SCESEA 77047, IF
JHEERT S 6E I PCR X SCFES e . A5
BT AT BE 4 AR G, 72 Tllumina -5 IR RE
5= CEEIFI T . MR YE A AE AR Y Barcode J¥ A1 5
PCR ¥ #4547 21, NI T HLEE th 4% 55 H X g
Bt . 2Bk Barcode 55|75, 4] FLASH %X
(1211 JAS) XSRS FEAS Y readsEF T B 422, 115
YT 2 N IF AR50 (Raw Tags) . F)S,
i Cutadapt ZX 4 VCHC S 17 51407 50 97 LA DI Bk,
LLakE G L R A Tk, #E—25, SR A
fastp 14 (0.23.1 iliAS ) X Raw Tags P47 ™% B4
0k, DISRAS S B0 Raw Tags., ARG H
FHrHT B B, X LIRS T Tags P T A4
JEAN 5%
1.3 #IEAIE

PR BE 22 LT B R v 22 (Res) /g 3R .
i FHSE T4 IBM SPSS(23.0 A4S #474534T, R
BADR 2207 220011 (ANOVA) FITXS B 22 56 7 B AG 36
PEATZZ M L, SR TUKEY 34740 0] PR FL %L,
P<0.05 F/n B W E 25 . FIH GraphPad Prism
A4(8.0.2 WA #4745 .
2 BEREHHR
2.1 KSFY202408 /)N RIKE RIS

WA 1 s, 55 1 JEE N AR SRS B, 45407
FRIMAREE T 25 5 . 8- SC0 SR, 254/ N AR
BIEESE LA, TRE ). 25 7 B
B 45 BRI, Sed 4H . Ext 2H . KSFY202408+Sed ZH FiI
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KSFY202408+Ext ZH /N L& 5 43 51 2~ 40.02+1.36.
39.59+0.40. 40.41+1.61 Fll 37.77+1.38 g, JFith, Sed
ZH 1 KSFY202408+Ext £H #H kb HL A7 i 2 22 7 (P<
0.05), RIAMHE FAMEATIE Shl Lk . AR FE B T
Sed 21, KSFY202408 1 [Aliz sl Il 25 ] A3 %% 42 il /1
B EE 194 ; KSFY202408+Sed ZH Fil KSFY202408+
Ext ¢AAH L B B 3 25 5 (P<0.01), (i iz sl
I TR R s il N BRUAR SR i B it
AL/ TR A (0] DI i 3 22 55 (P>0.05) o MR ¥
PR 5 ATHEN, 162 shE U AFFE KSFY 202408
VoA sl N AR I, HA5 KSFY202408
KGE I AA R AT B BOER .

A B o Sed KSFY202408+Sed

—=— Ext —¥ KSFY202408+Ext

N
S

INRATE (¢)
T

30

25 1 1 1 1 1 1 1
o 1 2 3 4 5 6 7
SIS A ()
B *
44r I ok 1
— 1
Cat
HH T
=
E 40
< T
H
= . -
;@ 38|
36 1 1 1 1

e o %Xgeé
A
4V ‘2«0
\C:g )

1 A2/ EAR L (A) A 7 JARE (B)
Fig.1 Body weight change curves of mice in each group (A)
and body weight at week 7 (B)

TE: * T HA W35k 22 53 (P<0.05), **3Rm HA ikl 35 22 5+

(P<0.01),

2.2 KSFY202408 %t/ FRAE RS B A0 S20T

/NS48 B A5 1 S 56 ) BR AR BRSS9 222 U,
PRI, ARG 0T T 2541/ N O IEFE 5. I
FRECFNRAE R KW R Geiz il 2k n] 5 S0 0
e E WEIEAS S A5 E Y, TE AR EEEA Y “iz 3
BLCIE” o XA B4 S TR S S it s ae 1 .0
U, SRS EE R IR BE | B AlEE B A% O AR BEER A, X
FRIBMIE S R EAEILZE X, 3k 2 PR,
Sed ZHEYCMIFEFE SN 4.86+0.26 mg/g, FHBE T Sed 4H,
iz 3 F1 KSFY202408 T #3458 i 35 3% i .0 Ik 5 L
(P<0.05), H:v KSFY202408+Ext ZH /> Fl.Cs I F8 %X
BEINR 6.03+0.27 mg/g, WAL R] §B 51z sh AL AELS
R IARSE, AT/ INERiE shif ) S5l FERTAE

FEHH, AHEE T Sed 4H 1Y 40.11+:0.91 mg/g, Ext £4H |
KSFY202408+Sed ZH Al KSFY202408+Ext £H 1% ATHE
EECHR 2N (P<0.05) , iXFRBH/NERIFIEA T
IHER, KSFY 202408 Flizs syl &R T BERG in T HFFE
Wit . 5940, 5 Sed gHAHEL, Ext ZH /N FRAG A FS %
A (P<0.05), RHRIZUMY 1315 3 ST 2k
A IZE N PN R AE I N7, W] BE-55 NG AL B 58 i 241 e iy
B PERS RAESE ., T KSFY202408+Ext 2H IGUIEHS %5
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