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Mechanistic of combination of Bifidobacterium brevis in improvement of chronic
unpredictable mild stress-induced depression in rats based on gut microbiota
and non-targeted metabolomics
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Abstract: Objective This study aimed to investigate the antidepressant mechanisms of combination of Bifidobacterium brevis,
based on 16S rDNA technology and metabolomics technology. Methods Select 36 rats at random and divide them into four groups:
control group, model group, BBC group (Bifidobacterium bifidum BBr60: Bifidobacterium bifidum BBi32: Lactobacillus reuteri
BL21: Streptococcus thermophilus ST36 = 1:1:1:1, 1.5x10° CFU-d") and Fluoxetine and Mirtazapine Tablets (positive
drug, 1.0 mg-kg™), except the control group, to establish a CUMS depression rat model with chronic unpredictable mild stress. After
the model was successfully established, the rats were ig administered BBC or Fluoxetine and Mirtazapine Tablets for four weeks.
The rat depressive behaviors were evaluated by the sucrose preference test, forced swimming test, and open field test, and the levels
of 5-hydroxytryptamine (5-HT), dopamine (DA), and norepinephrine (NE) in the serum were determined by enzyme-linked

immunosorbent assay (ELISA). The number and morphological changes of neurons in the hippocampal CA1 and CA3 regions were
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observed by hematoxylin-eosin (HE) staining. The effects of BBC on the gut microbiota and metabolites of depressed rats were
explored by 16S rDNA amplicon sequencing and non-targeted metabolomics, and the correlation between differential gut microbiota
and metabolites was established by Spearman's coefficient. Results Compared with the model group, BBC effectively ameliorated
depressive-like behaviors (P < 0.05 and 0.01), enhanced the levels of 5-HT and DA in the serum and increased the number of
neurons in rats. It also restored gut microbiota dysbiosis, particularly by modulating taxa such as Bacilli class, Lactobacillales order,
Lactobacillaceae family, and Lactobacillus genus (P < 0.05. 0.01). The key biomarkers associated with the antidepressant effect
identified through fecal metabolomics included 1-hydroxy-2-naphthoic acid, glycyrrhizin A, and N-acetylhistamine, while serum
metabolomics revealed key biomarkers such as docosapentaenoic acid, cis-11-eicosenoic acid, and 3'-O-methylbatanin III.
Significant associations were found between Lactobacillus and Clostridia UCG-014 and differential metabolites. The enriched
pathways included unsaturated fatty acid biosynthesis, tryptophan metabolism, butanoate metabolism, and nicotinate and
nicotinamide metabolism, among others. Conclusion BBC alleviates depression-related symptoms induced by chronic stress by
modulating gut microbiota and regulating associated metabolic pathways.

Key words: combination of Bifidobacterium brevis; depression; chronic unpredictable mild stress; gut microbiota; non-targeted

metabolomics; tryptophan metabolism; butyric acid metabolism
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Fig. 1 Effects of BBC on body mass, sugar water preference rate, immobility time in forced swimming experiment,
distance, average speed, and trajectory in open field experiment of CUMS-induced rats (x s, n=9)
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Fig.2 Effect of BBC on S-HT, DA, and NE in serum of CUMS-induced depression rats (x s, n=5)
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Fig.3 Pathological effects of BBC on rat brain tissue(x100, x+s,n=3)
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Fig. 8 Correlation heatmap between gut differential microbiota and differential metabolites in intestine

3.7 MERSIBREESH

X H OmicShare Chttps: //www. omicshare. com/)
TELRAAE T F & P I KEGG & 8240 i, 4 1
18 2 AU Pk AT AU E B o i, W 9. IR K
B, 5 ) i S 2 ) 4 A E 2% 20 0l A2 ANV 0 AR U7
B2 1 £ ¥ A % (biosynthesis of unsaturated fatty
acids) - 1% 2 21X f (tryosine metabolism) T R X
#f (butanoate metabolism) A1 JH B F1 A W i 18
#f (nicotinate and nicotinamide metabolism) .
4 g

FEI 21 10 1, 35 /04 H AR Bl A5 RS IR
) LGSR AN W BT, 297 31% 7 /0 200 B 4 5 e 1
S 7 5 PH PR, Gy T (e R ) R 2,
PAAS B UG 7 AR TS T A i A R
HIRE I A AT 78 45 5, R I PR OSSO B A XL AT
A 00T TR RN B BR B EL AT R I PR A
o, ARSI ESE T BBC A B3 KR AR AT 1
YEM .

CUMS J {2 # Fl T @ S A8 M I AR sh A p 7 ,
T AEADL A1 0 RO, T A AR K UK IR A, At
K8 R AE S P LA T e R A, R I Rk AR R
SERERDY e AR A K RAMAT AT B A FR AR 4T
SN 2SI FH T UP Ak Y Bl P (1 HAR £ R AT NP,
W 7K Al 10 S 56 J Bl DR B AR e A R B 2 L 37 ST
SR BRI AR 2R g 70 R0 G B3 72, 93 T Uk S5 1)
ANBIy I 8] J B K BR 1A 44 BE R e RS @ i
##37. CUMS 5 3 (AR e K BB , & 30 BBC B
S JAS K RO ZK O 47 B ik W 3 S B R R
F W BBC BB 2 B3t BT 2500 PRk Bk 2k, 38 o
KR B 3G B PRI G A7 O, [R] B 38 0 FL 7R 48 B3E 3R
52 HP SR AE AR, M ITT 22 f A IR

PREE AR T LRI, N 7= 2 1R i By 42
A2 15k 28 425 W) AN BT A AT Ty 25 B 0 5 B T AR R
R VA X 4l Ak AR 4, p n B R A, H
CA1 A CA3 [X & d5 i 2 40 I X gz — , HAR &2 T i)
WO B 5 A ARE R 2 PR 2B AR SIS IE Sk,



<2766 -+ 475 F12H 2024F 128 ‘ﬁﬁ-#ﬁﬁti Drug Evaluation Research

Vol. 47 No. 12 December 2024

Biosynthesis of unsaturated fatty acids )
Tyrosine metabolism{ @
Butanoate metabolism{ @
Nicotinate and nicotinamide metabolism{ @
Xylene degradation
Terpenoid backbone biosynthesis.

Top 25 of KEGG Enrichment

Aldosterone-regulated sodium reabsorption Gene Number
Prostate cancer . . 1.0
Steroid hormone biosynthesis. . o l5
Glycosylphosphatidylinositol(GPI)-anchor biosynthesis. . 020
Autophagy-other . 025
Autophagy-yeast . 03

Autophagy-animal .

AMPK signaling pathway . PfE

Type 1l diabetes mellitus . 0.09

Pathogenic Escherichia coli infection . 0.06

Kaposi sarcoma-associated herpesvirus infection . 003
Glycolysis/Gluconeogenesis{ * .

Citrate cycle (TCAcycle)

Pentose phosphate pathway

Benzoate degradation

Phosphonate and phosphinate metabolism

Pyruvate metabolism

Dioxin dearadation

Insulin secretion

02 04 06 08 10
Rich Factor

9 MEZRRBWKEGGCEEBREENT
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