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Abstract: Proton nuclear magnetic resonance (‘*H NMR) based metabolomics was applied to characterize the
fecal metabolic profiles of chronic unpredictable mild stress (CUMS)-depression (CUMS-D) and CUMS-resilience
(CUMS-R) rats. The fecal biomarkers and metabolic pathways involved in CUMS-D and CUMS-R were screened
and identified, revealing the underlying mechanisms of two different responses of the body to the same stresses.
Firstly, the classic depression model, i.e. CUMS, was constructed. According to the fecal metabolomics profiles, the
model rats were divided into two groups, i.e. the CUMS-D group and the CUMS-R group. And then, the depression
statuses of CUMS-D rats and CUMS-R rats were verified by their sucrose preference rates. Lastly, multivariate data
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analysis was applied to clarify the fecal biomarkers and corresponding metabolic pathways involving in CUMS-D
and CUMS-R. The results show that compared with the control rats, the sucrose preference rates of CUMS-D rats
were significantly reduced. By contrast, the sucrose preference rates of CUMS-R rats had no significant difference.
At the same time, CUMS-D and CUMS-R showed both unique and shared biomarkers and pathways. Three pathways
are significantly related to CUMS-D, including taurine and hypotaurine metabolism, alanine, aspartate and glutamate
metabolism, and arginine and proline metabolism. Glycerolipid metabolism and tryptophan metabolism are specific
pathways related to CUMS-R. This study explores the mechanisms of the emergence of susceptible and resilience
of rats under the same stimulus from a metabolomics perspective. The current findings provide not only a new
perspective for studying depression, and personalized and precision treatments in clinic, but also the research and

development of antidepressants.

Key words: depression; chronic unpredictable mild stress; stress susceptibility; stress resilience; sucrose prefer-

ence rate; fecal metabolomics
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Table 1 Peak assignments in the '"H NMR spectra of feces of rats

No. Metabolite 0 'H (ppm) and multiplicity
1 Bile acid 0.70 (m)
2 Lipids 0.89 (m), 1.27 (m), 2.0 (m), 2.21 (m)
3 Leucine 0.96 (t), 1.72 (m), 3.72 (t)
4 Isoleucine 0.99 (d), 1.25 (m), 1.45 (m), 1.98 (m), 3.65 (d)
5 Butyrate 0.89 (t), 1.56 (m), 2.16 (t)
6 Propionate 1.06 (t), 2.18 (q)
7 Valine 0.99 (d), 1.04 (d), 2.27 (m), 3.61 (d)
8 a-Ketoisovalerate 1.13 (d), 3.03 (m)
9 Lactate 4.13 (q), 1.33 (d)
10 Alanine 1.48 (d)
11 Lysine 1.70 (m), 1.89 (m), 3.03 (t), 3.76 (t)
12 Arginine 3.76 (m), 1.90 (m), 1.72 (m), 3.25 (m)
13 Acetate 1.92 (s)
14 Methionine 3.85 (dd), 2.65 (t), 2.16 (m)
15 Succinate 2.40 (s)
16 2-Oxoglutarate 2.45 (t), 3.02 (1)
17 Methylamine 2.61 (s)
18 Glutamate 3.75 (m), 2.08 (m), 2.36 (M)
19 Glutamine 3.78 (m), 2.15 (m), 2.46 (m)
20 Proline 4.13 (m), 2.05 (m), 2.36 (m), 3.35 (1)
21 Creatinine 3.04 (s), 3.96 (s), 4.06 (s)
22 Trimethylamine N-oxide 3.26 (s)
23 Aspartate 3.90 (m), 2.68 (m), 2.82 (m)
24 Asparagine 3.92 (m), 2.86 (m), 3.03 (m)
25 Choline 3.20 (s), 3.51 (t), 4.07 (m)
26 D-Glucose 3.24 (dd), 3.41 (m), 3.46 (m), 3.53 (dd), 3.74 (m), 3.84 (m), 3.90 (dd), 5.24 (d)
27 Taurine 3.27 (), 3.43 (1)
28 Glycerol 3.57 (m), 3.66 (m), 3.77 (m)
29 Mannitol 3.66 (dd), 3.75 (m), 3.79 (d), 3.85 (dd)
30 Glycine 3.56 (s)
31 Threonine 3.59 (d), 4.26 (m), 1.33 (d)
32 Allantoin 5.39 (s)
33 Uracil 7.54 (d), 5.80 (d)
34 Fumarate 6.52 ()
35 Tyrosine 6.91 (d), 7.20 (d)
36 Histidine 7.84 (s), 7.08 (s)
37 Phenylalanine 7.43 (m), 7.33 (m), 7.38 (m)
38 Tryptophan 7.29 (t), 7.33 (s), 7.55 (d), 7.74 (d)
39 Xanthine 7.88 (s)
40 Hypoxanthine 8.19 (s), 8.21 (5)
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Figure 1 Typical *H NMR spectrum of fecal samples. A: Nega-
tive control group; B: Chronic unpredictable mild stress (CUMS)
model group. The metabolites marked with numbers are shown in
Table 1

Figure 2 The metabolic profiles of fecal samples. A: Principal
component analysis (PCA) score plot between the negative control
(NC), the CUMS-depression (CUMS-D) groups and the CUMS-
resilience (CUMS-R) groups; B: Partial least squares-discriminant
analysis (PLS-DA) score plot between the NC, CUMS-D and
CUMS-R groups
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Figure 4 Orthogonal projection to latent structure discriminate
analysis (OPLS-DA) score plot and the corresponding loading plot
of fecal samples. A, C: OPLS-DA score plot between the NC and
the CUMS-D groups, as well as between the CUMS-D and the
CUMS-R groups; B, D: The corresponding loading plot between
the NC and the CUMS-D groups, as well as between the CUMS-D
and the CUMS-R groups
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Table 2 The changes of differential metabolites of fecal samples
of the NC (n = 6), CUMS-D (n = 6) and CUMS-R (n = 4) groups.
P <0.05, 7P <0.01, ""P < 0.001; P < 0.05, *P < 0.01, P < 0.001

Metabolite NC vs NCvs  CUMS-Dvs
CUMS-D CUMS-R CUMS-R

Isoleucine 1 1 T
Valine 1 1 o
Propionic acid T ! I
a-Ketoisovaleric acid T 1 1
Alanine 1~ 1 1
Leucine 1~ 1 po
Glutamic acid [ | 1o
Methionine 1 1 po
Lysine 1 1 1o
Asparagine T 1 I
Creatinine T 1 K
D-Glucose T 1 I
Phenylalanine 1 1 1o
Tyrosine 1 | p
Lipids 1 _ B
Lactic acid T _ B
Butyric acid 1 _ B
Arginine 1 B B
Proline T _ B
Taurine T ~ B
Choline T _ B
Mannitol T _ ~
Aspartic acid 1 _ B
Tryptophan - _ L #
Uracil - _ o
Glycerol _ B 1
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Table 3 Weight of 14 common metabolites in the NC, CUMS-D
and CUMS-R groups

Metabolite NC CUMS-D CUMS-R
Isoleucine 9.43% 6.46% 10.30%
Valine 5.91% 4.23% 5.93%
Propionic acid 17.62% 25.86% 14.30%
a-Ketoisovaleric acid 1.91% 0.99% 2.01%
Alanine 18.72% 15.51% 20.96%
Leucine 14.55% 9.99% 15.26%
Glutamic acid 5.54% 5.71% 4.93%
Methionine 4.51% 5.15% 4.33%
Lysine 3.85% 2.56% 3.63%
Asparagine 6.23% 10.09% 6.25%
Creatinine 6.18% 5.27% 6.31%
D-Glucose 2.57% 6.18% 2.75%
Phenylalanine 1.39% 1.13% 1.57%
Tyrosine 1.59% 0.85% 1.47%
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Figure 5 MetPA analysis of metabolic pathways in feces of rats.
A: The CUMS-D group; B: The CUMS-R group. 1: Taurine and
hypotaurine metabolism; 2: Alanine, aspartate and glutamate me-
tabolism; 3: Arginine and proline metabolism; 4: Glycerolipid me-
tabolism; 5: Tryptophan metabolism. The size and the color of
each circle reflected the pathway impact value and the P-value, re-
spectively
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