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KB B#E M (5-Hydroxytryptamine, 5-HT) #= % & (Dopamine, DA) K-F, HM & )Rk LfehiFdm =
B (Malondialdehyde, MDA) . % ft# Ak (Glutathione, GSH) #= A8 & 1L 435 1L ﬁﬁ (Superoxide dismutase,
SOD) K-FUE AR &L ¥ X5z B -F 49 mRNA K-F (TNF-a. IL-1p. IL-6 F= [L-22) , @it IBA-1 %92 3¢ L $ &0
BB P AY 2 R R R SE R L. R H2%ﬁﬁﬁ%%57bmﬁw%¢wiﬁ%f”HW%&%E
#H (P<0.01) , 2F¥ W7 HRTFERETF ARG OIREAE (P<0.05) o R, &EKR Y H LR EF
Ak (P<0.01) , EAEGIFHHEMIE LA (P<001) . 112 FREZFRS T DK LETF 5-HT 4= DA K+
(P<0.05) , RN EFEALT DR & DFede 7 69 A S HAREH MDA 49 K-F (P<0.01) , FHRIEFRZT
GSH #9 K -F#4= SOD 49 & (P<0.01) , EAEZXEFTE, N2 FRAILEFEKTIRER T TNF-a. IL-1 = IL-
6 WA R EE (P<005) , EERZTHWXRF IL-22 089 A B R (P<0.05) , FEHIERET DRBPAFED K
Rty id FikE (P<0.05) o #it: LBRA KA N2MEARRUEALARR I ERXERRMUE N FF AT
Hy, AR B A R A R ATUS T 69 o) B R S 69 T A AR T ARG
FKER:FRBRALE, LR A RE, 1R S, AT
FES2KS:TS201.4 SCHEAFRIRAS: A X E4S:1002-0306(2026)01-0443-10
DOI: 10.13386/j.issn1002-0306.2025010237

Ameliorative Effects and Mechanisms of Pediococcus acidilactici 11-2
from the Qinghai-Tibet Plateau on Chronic Stress-induced
Depressive Behavior
WANG Yuhao', MA Jiabin', YAO Yu?, YUAN Tian’, LIU Zhigang""

(1.College of Food Science and Engineering, Northwest A & F University, Yangling 712100, China;
2.Hebei Grain and Oil Quality Testing and Information Service Center, Shijiazhuang 050000, China;
3.College of Chemistry & Pharmacy, Northwest A & F University, Yangling 712100, China)

Abstract: Objective: This study aimed to investigate the ameliorative effects and underlying mechanisms of Pediococcus
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acidilactici 11-2, a strain isolated from traditional fermented foods of the Qinghai-Tibet Plateau, on depressive behavior
induced by chronic stress through in vivo experiments. Methods: C57BL/6J mice were randomly assigned to three groups:
control, model, and P. acidilactici 11-2 intervention groups. A depression model was established by subjecting the mice to
six weeks of chronic unpredictable mild stress (CUMS). Depressive and anxiety-like behaviors were assessed using the
open field test, elevated plus maze, tail suspension test, and sucrose preference test. Cortical levels of serotonin (5-HT) and
dopamine (DA) were quantified via high-performance liquid chromatography (HPLC). Additionally, levels of
malondialdehyde (MDA), glutathione (GSH), and superoxide dismutase (SOD) in the hippocampus and serum were
measured, alongside mRNA expression levels of inflammatory cytokines (TNF-a, IL-1f5, IL-6, and IL-22) in the
hippocampus. Microglial activation in the brain was evaluated using IBA-1 immunofluorescence staining. Results:
Intervention with P. acidilactici 11-2 significantly increased the time spent and distance traveled in the central area of the
open field (P<0.01) and enhanced exploration time in the open arms of the elevated plus maze (P<0.05). Furthermore,
immobility time in the tail suspension test was significantly reduced (P<0.01), and the sucrose preference index was
markedly elevated (P<0.01). The intervention also significantly increased cortical 5-HT and DA levels (P<0.05), reduced
MDA levels in the hippocampus and serum (P<0.01), and elevated GSH levels and SOD activity (P<0.01). In terms of
neuroinflammation, P. acidilactici 11-2 significantly downregulated the gene expression of pro-inflammatory cytokines
TNF-a, IL-1f, and IL-6 (P<0.05), upregulated the expression of the anti-inflammatory cytokine /L-22 (P<0.05), and
attenuated microglial activation in the brain (P<0.05). Conclusion: Pediococcus acidilactici 11-2, as a foodborne probiotic,
significantly ameliorates depressive behavior induced by chronic stress. These findings provide a foundation for the
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development and application of probiotics in functional foods targeting brain health.
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5% 38 o8 18 P A AT $ 2640 W5 A0 3 38 ( Chronic unpredi-
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i AT & BT AR B
1 MRIEREE
1.1 MRS

FLIR F Bk 112 (R8T 448 Tk W e
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1.20 mol/L iF %A AL &(, 2.00 mmol/L Z, —J}&# P4 Z. BR )
LL1:1 myLteflim A B3 BRGWAEK LirE
10 min, ZRJGTEARIFISRA F 786 3O TS
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SRAE/INRINLYE FINfE Th2H 20 . g S AU FE A B 7K
i 10% (w/v) FIET3K, 250> (8000 r/min, 10 min,
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RE MY AV T VS W i MDA F GSH 7K~ &%
SOD 7,
1.2.7 RT-qPCR AzilifE Sy 58 5E A R R Rk =
2% Jial¥ 45 AT, FH BIOZOL $2HU )N B S g
mRNA, J-ff B i 543066 1T NanoVue Plus i
ITER . [ cDNA & AU £01F mRNA ¥ 55
A1 cDNA., fifi ] 2xSYBR Green qPCR Master Mix
Kit >k it mRNA /K. 38 145 T 519551, %
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Table 1 Primer Sequence
R Ef51#(5°-3°) S b]5141(3°-57)
GAPDH ~ AGGTCGGTGTGAACGGATTTG ~ GGGGTCGTTGATGGCAACA
TNF-a ~ CCCTCACACTCAGATCATCTTCT  GCTACGACGTGGGCTACAG

IL-18  CAACCAACAAGTGATATTCTCCATG GATCCACACTCTCCAGCTGCA
IL-6 CTCTGGCGGAGCTATTGAGA AAGTCTCCTGCGTGGAGAAA
IL-22 TGTGCGATCTCTGATGGCTG GCTGGAAGTTGGACACCTCA

1.2.8 PG YL OISR AN L5/ )N I 44 IR 1 7 o
AEFE/INEUS , HE /N IR T A S 4% £
W 24 he BB ARAS AL 3 A8 A 5 b, D)k
5 um Yl FHRZRIE TS, SR 7E 100%. 90%.
80% Fl 70% LWHHPRIRPER 5 min, TEBEIRZ2 riEh
WP PEYE 3 K, BRIR 5 ming SRJEOEE U] A 5 )
IBA-1 —$HTHE 4 C M P Ed®R. ek, H
WEIR 2% vh ER VS M VR AR B v, P i = R S
2 ho DAPI FHFAZGL A LAE Y] R nl WAk . A 50
DN MBS T oS CIEUR, I Image J FAF
Xof BE A DX A 7o
1.3 IR
{8 FH GraphPad Prism 8.0 i 47 £ 38 #1452 1143
Bro G5 DLSFIEEPRMEIR 22 (MeantSEM) 1%, K
JHEARI 2R 7 2253171 (one-way ANOVA) SKHESS2H =2
(] ) S 35 22 54, Tukey 1922 8 HLBAG S0 HIVES IS 40
Bro P<0.05 ¥ HA G 2%m X, Hh*3koR pP<
0.05, BA B2 5, **+3R/R P<0.01, A B3
PE2ESE
2 RS9
2.1 FLEGETRE 11-2 % CUMS /NRHDEREEFEREIT
R E{EA
SMERGEFLIR FBREA 11-2 %F /)N BUIAR #6384
JH, AAWFFEE T CUMS 55004l AR R, 4%
AN 1 s, 5 CON 2HAH b, CUMS /N RER™
B 14y v DRSS B ) 18] G S i s A . 25 A1
(P<0.01), TEE 2R 2K B e h FUR (R 2R T TR]
e B 2k (P<0.01), FR B H LRI f4 A2 FEREA TR, 1T
2k 11-2 1T e 3 3 5 1T/ NRRAE o i f5
B A F1E ShE BS (P<0.01), I 353 i e 2 ek
‘B R TR IR R B 1A] (P<0.05) . TEE IR,
CUMS 4/ AN Bl s [a] Snd 238 )i (P<0.05), F=RER
H LAY R BT oA, T 11-2 B9 AR B 380 T AN
FAFTE](P<0.01), 2% T 1M1 T i i/ BRI A
70 o TEBEK A &5 P, CUMS 21 /)N BUREE i 47
5RO B 35 k2 (P<0.01), FEB H HUs i e i B4,
W Zead 11-2 T Wi, X Fh B 52 45 2 b 5 35 ok 35
(P<0.01), XSzt LR, 2Ll EKE 11-2 1T
DLk 35 2sE CUMS 75 51/ N U SRR EEA T4 o
22 FBEFETKE 11-2 5 CUMS /MNRE B P HE B R
IKFEHIR M
DAFERIFSE 30 & A INAB Y A A 5 1 2238 ot 7K P
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Fig.1

Effects of Pediococcus acidilactici 11-2 treatment on depression and anxiety-like behaviors in CUMS-induced mice (n=8)

T A B AR PR PUE IR B AT C: W 37156 r O DX 45 B BT 8] 1z Sl R 5 D w28 5 28 5 a6 T O {52 B I Il E: B
RS LI E]; Fe AR (R AR 4. *F0R P<0.05, BA REFNEIEES, 3R P<0.01, AR D EVEZS; K 2~ 5 7]

A S A O, ARG ok e 0RO (i R N R )2
HY S-HT Al DA KA T . WK 2 pios, 5
CON ZHAH Lk, CUMS 41 /9/NEL 5-HT F1 DA 7K~
I FEFRAR(P<0.01), WiEB T ZLAR A BRI 11-2 TS,
/NER 5-HT A1 DA 7K 3415 2] i 25 038 (P<0.05) 5
X156 B ZLER HBR B 11-2 AT RAdke3E f CUMS & % i
/NEURZJZE R 5-HT Fl DA KRR

A 8.8 o *
5 8.6 .
g T
£ 8.4 2
T 1 -
) o m
M © o o
= 8.2 ° g e
8.0 . ; P
CON CUMS 11-2
B 16 ok *
15_ o oo
® 3 o
&S L s
< 14— o . : I‘--a--
a o e n
il ° —1— . .
2 13- ] e
o -
12 T ¥
CON CUMS 11-2

B2 FLERH BRI 11-2 Xt CUMS /N2 2 5-HT Hil DA
IR (n=6)
Fig.2 Effects of Pediococcus acidilactici 11-2 on the levels
of 5-HT and DA in cortex of CUMS-induced mice (n=6)

2.3 ABRBTKE [1-2 ¥ CUMS NREDFMER S

GASE GOl
EAN TRV UA N TG P AT PR 7 A

BRI, T30 A IR N BEER, D4 he
Jii . A DNA SEZEAYRGT, H-THiania
B IRARRY . WFFER, AN KT R
15 5 AR RE 1Y & A= 8 UJ A 26 B, PN % (Malon-
dialdehyde, MDA ) 241 ifd N G BT i S8 A i A v = A
M—FA BRI ), B R B AL N IR
AR R YPY, AR T, 5 CONH/MNRALE,
CUMS £/ B i S5 F LY h MDA ZKSF- ik 25 T 55
(P<0.05), &3 11-2 THiJF, MDA /K 35PH B 55 T [
(P<0.01) . BEALYIE 1L (Superoxide Dismutase,
SOD) F14 M H Ik ( Glutathione, GSH) 244 P4 iy Wi Fifr
SCHPT AR B, A T LT R R 3 I SRR
15 . AERFAR DI RE AT I =X, ZELR P A S sZ S AL AL
R A e Thi K353 BT 2 AI/EHP, il 3
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