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Abstract: Objective To compare the differences in gut mycobiota, microbiota, and metabolites between depression rat models
induced by Chronic Unpredictable Mild Stress (CUMS) and Chronic Restraint Stress (CRS). From the perspective of the "gut
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microbiota-metabolite axis", this study aims to explore whether different stress stimuli specifically shape the gut microenvironment in
depressed rats. Methods The CUMS and CRS rat models were prepared, and the success of the models was verified through the
forced swimming test and the tail suspension test. 16S rRNA gene sequencing technique was used to determine the diversity and
composition of gut mycobiota and microbiota in rats based on the two models. The metabolic profile and metabolites of gut contents
in rats were detected by using the untargeted metabolomics method of UPLC-Q-TOF/MS. Through data association analysis, gut
mycobiota, microbiota, and metabolites related to the occurrence and development of depression were screened, and the differences
between the two models were compared. Results Compared with the corresponding control groups, the forced swimming and tail
suspension immobility times of the CUMS rats and the CRS rats were significantly prolonged (P < 0.05, 0.01, 0.001), confirming that
the depression models of CUMS and CRS have been successfully established. The sequencing results showed that the gut mycobiota
in the two models had certain similarities, and the abundance of Fungi_phy Incertae sedis and unclassified_k Fungi in the phylum
level and Fungi_gen_Incertae_sedis and unclassified k_Fungi in the genus level in the two models decreased significantly. There were
significant differences in gut microbiota composition and change trend between the two models. Such as, the abundance of
Patescibacterota increased in CUMS rats and decreased in CRS rats; the abundance of wnorank f [Eubacterium]
_coprostanoligenes_group decreased in CUMS rats and increased in CRS rats; the bacterium of Candidatus Saccharimonas and other
four genus level bacteria showed significant changes only in CUMS rats; two phylum level bacteria including Thermodesulfobacteriota
and Actinomycetota and nine genus level bacteria including norank_f Muribaculaceae changed significantly in CRS rats. The results
of metabolomics study showed that the metabolites and enrichment pathways of gut microbiota in the two models were significantly
different. CUMS rats were mainly related to the disturbance of primary bile acid biosynthesis, unsaturated fatty acid biosynthesis and
tryptophan metabolism, while CRS rats were mainly related to the disturbance of steroid hormone biosynthesis and purine metabolism.
Conclusion Our findings demonstrate that CUMS and CRS induce depression-like phenotypes via distinct gut microbiota-metabolite
axis, highlighting stressor-specific modulation of the gut microenvironment and metabolism. This work advances our understanding of
the heterogeneous pathophysiology of depression and lays the groundwork for targeted interventions.
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Table 1 Identification results of metabolites in gut contents of rats with two depression models
o BN EE
e PELALFR AR i m/z BFH  4FxX VIP CUMS CRSvs
vs XHE-1 XfHE-2
Cl L-4-hydroxyglutamate L-4-F2 B R e 060 148.0606 [M-+H]"  CsHeNOs 1.8 | —
semialdehyde
C2  L-valine LA R 067 1180865 [M-+H]" CsHuNO, 14  |™ —
C3  2-phenylacetamide 2-2K L B 1.33 136.0752 [M+H]"  CsHeNO 16 | —
C4  racemethionine BRI 155 1940493 [M+FA— CsHuNO:S 14 | —
H]
C5  8-amino-7-oxononanoic acid ~ 8-Z%E-7-AUNTE 200 2101103 [M+Na]® GCeHyNOs 13 | —
C6 inosine W 206 267.0737 [M—H]"  CiHeN:Os 1.0 — I
C7 1-pyrroline 1-nmgt gk 243 700653 [M-+H]"  CaH:N 17 =
C8 indoleacrylic acid 5| PR 257 1880707 [M-+H]" CuHeNO. 27 |~ —
C9 isoleucylproline St AN L- R 259 2291542 [M+H]"  CuHzoN0s 29 | —
C10 quinoline-4, 8-diol WEENHE-4, 8- 297 1600397 [M—H] CeH:NO, 13  |™ —
C11 indoleacetaldehyde g Ibfe-3- £, 299 3191439 [2M+H]" CwHNO 14 | —
C12 kynurenic acid RIRIR 304 1880354 [M—H]  CwHNOs 11 ™ —
C13 indole-3-carboxaldehyde W Ppe-3- FH 438 1460603 [M-+H]"  CoH/NO 15 >~ -
C14 m-coumaric acid A FE5E RS 515 327.0871 [2M—H] CoHgO3 6 1t -
C15 170, 21-dihydroxy 170, 21- 32554050 502 3492372 [M+H]"  CaHzOs 25 1™ —
pregnenolone i 597 349.2371 [M+H]" CaHz0s 10 — 1
C16 3-hydroxytetradecanedioic acid 3-F&%5 1 PUki 12 692 2731712 [M—H]"  CuHsOs 11 | -
C17 30,6, 70, 120-tetranydroxy- 30, 6B, 70, 120-PUE3E- 708 4232756 [M—H]  CuHaOs 18 1% —
5B-cholanoic acid 5p- AU
C18 mesobilirubinogen HIEZLER IR 723 5933332 [M+H]"  CxHuNOs 65  — 1
C19 cholylcitrulline - 7.68 5883595 [M+Na]' CaHsiNsOr 2.1 — ™
C20 11-ketoetiocholanolone L1-FAR B GE R 770 3492030 [M+FA— CuHsOs 10 1™  —
H]
C21 7o-hydroxy-3-oxochol-d-en-  3-AACTa-FRIEMER- 780 389.2692 [M+H]'  CauHOs 14  — T
24-oic acid A-JiIR
€22 cucurbic acid VU R 796 4232752 [2M—H]  CipHoO0s 11 ™ —
C23 20-hydroxyeicosatetraenoic acid 20-F2- b PU R 799 3652338 [M-+FA— CxHxO: 15 1 —
H]
C24 medroxyprogesterone FRFL 2 8.03 3452423 [M-+H]"  CxHxOs 12 1" —
C25 9-(3-methyl-5-propylfuran-2-  9-(3-HIE-5-HHEMKIH- 852 4462891 [M+Na]® CuHaNOs 15 =
yl)nonanoylcarnitine 2-9E) -1 AT
C26 30, 7a, 12p-trihydroxy-5B- 3a, 7o, 12B-=F2JE5B- 882 4072797 [M—H] CasHwOs 35 1* —
cholanoic acid TR
C27 o-linolenic acid a-JE R 896 2792311 [M+H]" CusHpO2 17 |~ —
C28 7u, 120-dihydroxy-3-ox0-4- 70, 120-—F8HE-3-A0- 929 4032496 [M—H]  CauHxOs 10  — N
cholenoic acid A-fIRfm
C29 3,5-dimethylphenyl - 11.24 1801022 [M-+H]"  CwHzNO, 12 1° -
methylcarbamate
C30 3B-hydroxy-5-cholenoic acid ~ 3B-F#2&-5-IHJAR 1134 3752891 [M+H]®  CauHx0s 37  — T
1416 3732755 [M—H]  CauHxOs 13  1* —
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F£18)
tR/ RA=E
e JELAATR LR E S i miz g 47 VIP CUMS CRSvs
vs -1 XfHt-2
C31 pelargonic acid T 1159 3152544 [2M—H]  CoHis02 21 -
C32 6,912, 15,18, 21- 6,9,12,15,18,21- 1 1167 3572787 [M-+H]"  CauHz0: 64 1 —
tetracosahexaenoic acid VUt AR 1178 357.2793 [M+H]"  CuHz0: 6.3 — 7
C33 3B, 7a-dihydroxy-5p-cholanoic  3f, 7o-—FE3E-56-2% 1192 3912843 [M—H]  CauHeO: 10  — I
C34 12-ketodeoxycholic acid 12-F £ H R 11.94 391.2848 [M+H]" CuHzOs 41 17
12.06 391.2855 [M-+H]"  CaHz0s 7.0 — 7
€35 allochenodeoxycholic acid Pzl 1y 1290 7835782 [2M—H] CauHwoOs 10  — [
C36 coprocholic acid bR 1294 4493277 [M—H]  CaHaOs 13 | —
C37 7B-hydroxy-3-oxo-5p-cholanoic 7B-£35-3-%AC-56-2% 1296 8035471 [2M—H] CxsHxO: 10 — ™
C38 androsterone HE K55 T 1300 3352225 [M+FA— CiHx0, 11  — I
H]
C39 8R-hydroperoxylinoleic acid 1366 313.2365 [M-+H]" Ci18H3204 18 7
C40 16-hydroxyhexadecanoic acid ~ 16-F2%:1751. 1371 2732432 [M+H]"  CiHzO: 14  — ™
C41 isolithocholic acid P Ly 1401 7515872 [M—H]"  CuH«Os 88 1™  —
C42 myristoleic acid N IR 1413 2272007 [M-+H]"  CuHzs0: 25 " —
C43 oleic acid TR 1423 2832630 [M-+H]" CiHuO: 14 | -
1434 2832634 [M+H]"  CiHuO, 1.0  — 1
C44 1-hydroxy-1-phenyl-3- IF3- 18031\ 1482 4053004 [M+FA— CauHwoO, 11 — N
octadecanone kil H]
C45 27-hydroxyisomangiferolic acid 27-F#3E TR EEIR 1512 4953454 [M+Na]® CsoHasOs 16 1 —
C46 200, 22p-dihydroxycholesterol 200, 22B- —F2JEHEIRE 1519 417.3380 [M—H] CzrHaOs 1.3 1 —
C47 13-HODE 13-Ft/\E ML 1530 5914627 [2M—H]  CisHOs 1.0 — I
C48 30, 70, 26-trihydroxy-5p- 30, 70, 26-=F2HE-5B-H 1545 4193533 [M—H]  CxHwOs 10 1™ —
cholestane it
C49 7a-hydroxycholesterol 7o F5 JEE T[] P 1552 4033577 [M+H]"  CxHs0:2 1.3 1 —
C50 cerebronic acid IR AT 1731 3833536 [M—H] CuHsOs 14 = -
—FRAREERLEENEL; "P<0.05 "P<0.01 **P<0.001.
— indicates undetermined or no significant change; “P <0.05 P <0.01 *"P<0.001.

FRIE-5B-H ES bt (C48) 35 FLBE Aspergillus 3% 171
A2, 15 EE Diutina+ Debaryomyces M Candida
BEEMRK, EEKR (C36) 59K
Candidatus_Saccharimonas .3 iAHK; S 5 AR
Ok -48- — BE (Cl10) 5 4
Candidatus_Saccharimonas &35 A, 15| Pk-3-
LB (Cl11) 5 H B Diutina. Debaryomyces F
Candida RZE G ZH5AMMRITRIEY &
SRR o- KR (C27) 5 H W Diutina
Debaryomyces 1 Candida .35 7% (B 10-A).
CRS K2 5 36 [l B R A6 R e S

(C38) S5 HH Didymella i3 FEM %, & 5E%
R BFINE (C6) 5 Bacteroides i35 1IEAHR (K
10-B)s

ZEEHHRME T 4R, CUMS KB 2%
7B (WIRNMRA BRI G S AU IR DT RR 1) A= &
AR P CEACE ) (C49. C36.
C48.C10.C11.C27) 5 5 DiutinaDebaryomyces
Candida - Aspergillus F1 4 Candidatus_
Saccharimonas F7%, CRS K H ) SCEEACHT =4
Co M1 C38 Z 553K [ M =46 UMERS AR AT,
5 R Didymella M4 Bacteroides 1455 .
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