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Anti-depression mechanisms of Xiaoyao Powder based on fecal metabolomics
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Abstract: Objective To characterize the endogenous metabolites and metabolic changes of feces of chronic unpredictable mild stress
(CUMS) rats by '"H-NMR, evaluate the improvement effects of Xiaoyao Powder and investigate the underlying mechanisms. Methods
The depression model was established by CUMS procedure. 'H-NMR coupled with multivariate statistical analysis was employed to
reveal the changes of fecal metabolic profiles of CUMS rats and identify potential bio-markers involved in CUMS-induced depression.
Based on the potential bio-markers, the relevant metabolic pathways were constructed. Results A total of 10 metabolites was
identified as potential bio-markers in fecal samples for the CUMS model. Compared with the control group, the contents of asparagine,
aspartate, lactate and propionic acid in the CUMS rats were significantly increased (P < 0.05, 0.01), while phenylalanine, tyrosine,
glutamate, glutamine, alanine and proline were significantly decreased (P < 0.05, 0.01). The administration of Xiaoyao Powder could
significantly increase the levels of phenylalanine, tyrosine, glutamate, glutamine and proline, whereas reduced the levels of asparagine,

lactate and propionic acid. Compared with the control group, six metabolic pathways were recognized as the most influenced pathways
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associated with the CUMS-induced depression: (1) aminoacyl-tRNA biosynthesis, (2) alanine, aspartate and glutamate metabolism, (3)

arginine and proline metabolism, (4) glutamine and glutamate metabolism, (5) phenylalanine metabolism and (6) pyruvate metabolism.

Among them, Xiaoyao Powder significantly mediated abnormalities of five pathways of (2), (3), (4), (5) and (6). Conclusion It is the

first report to investigate the antidepressant-like effects and underlying mechanisms of Xiaoyao Powder from the perspective of fecal

metabolites. The current results showed that the anti-depression mechanisms of Xiaoyao Powder might be related to regulating the

amino acid metabolism, glucose metabolism and intestinal microbial metabolism. This study provides a solid basis for revealing the

anti-depression mechanisms of Xiaoyao Powder comprehensively and deeply.

Key words: Xiaoyao Powder; depression; fecal metabolomics; chronic unpredicted mild stress model; "H-NMR; intestinal microbial
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Table 2 Peak attribution in "TH-NMR spectra in faeces of rats
g5 MUk il OH
1 EE C-15 axial methyl 0.70 (m)
2 TE CHs, p-CHz, a-CH; 0.90 (t, J=7.2 Hz), 1.56 (m), 2.15 (t, /= 6.0 Hz)
3 RRER 0-CH, p-CH3, y-CHz, 3-CH3  3.65 (d, J=3.6 Hz), 1.01 (d, J= 7.2 Hz), 1.27 (m), 0.96 (t, J = 6.6 Hz)
4 HEER 0-CH, p-CH, y-CH3 3.60 (d, J = 4.8 Hz), 2.26 (m), 0.99 (d, J = 7.2 Hz)
5 AR CH>, CH4 2.19 (q,J = 7.8 Hz), 1.06 (t,J = 7.2 Hz)
6 AR 0-CH, p-CH3 1.34 (d, J=7.2 Hz), 4.13 (q,J= 7.2 Hz)
7 WER B-CH: 1.48 (d,J=7.2 Hz)
8 MR CH3 1.92 (s)
9 fEmR 0-CH, p-CHz, y-CH2, 3-CH2  2.04 (m), 2.36 (m), 3.34 (m), 4.11 (m)
10 W% 0-CH, B-CHa, y-CHa, 5-CH: 1.89 (m), 1.72 (m), 3.04 (t, J= 7.8 Hz)
11 AMH=F CH; 3.26 (s)
12 HE® CH> 3.56 (s)
13 HER o-CH, p-CH, y-CH3 3.59 (d, J=4.8 Hz), 4.26 (m), 1.33 (d, J=7.2 Hz)
14 FHEER 0-CH, B-CHa, y-CHz, 8-CH>  3.76 (m), 1.90 (m), 1.72 (m), 3.25 (m)
15 BaEB 0-CH, B-CHz, y-CH: 3.78 (m), 2.15 (m), 2.46 (m)
16  BHHEER 0-CH, pB-CHa, y-CH2 3.75 (m), 2.08 (m), 2.36 (m)
17 REAR o-CH, B-CH2 3.90 (m), 2.68 (m), 2.82 (m)
18 KA a-CH, p-CH> 3.92 (m), 2.86 (m), 3.03 (m)
19 JRFER CH 5.40 (s)
20 JRWENE 5-CH, 6-CH 5.81 (d,J=7.8 Hz), 7.54 (d, J= 7.8 Hz)
21 AR CH 6.52 (s)
22 BEEIR CH, CH 6.90 (d, J= 8.4 Hz), 7.20 (d, J = 8.4 Hz)
23 FNEAR 2,6-CH, 3,5-CH, 4-CH 7.43 (m), 7.33 (m), 7.38 (m)
24 RFHIE N-2)CH=N,N-(7)CH=N  8.19(s), 8.22 (s)
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Fig. 2 PCA score plot (A), PLS-DA score plot (B) and corresponding model validation plot (C) of rat fecal samples
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Fig. 4 Changes of potential bio-markers in rats of each group



* 3488 « tEd

Chinese Traditional and Herbal Drugs 35513 %8 13§ 20207 A

3.5 EEHXT CUMS #IBP AR ZEFERB RN T
T{E R

MARHEC B, 1 38 2 S AR 4 B B4 IF ([
2-A), RYIEREHEEA ZE CUMS SRR
o MUK, EIERRE D AR (f
FERNERR . MR . KRB, AER. 55t
fz. THER) FAENR (AR, AR % 8 4
ZRRWINESE (B 4. SERAMLL, #HIEBE
e AN AR AR BAR. BAMNZ
FHEIR KT, B PR Ak G . FLERFITN
BRI b, ST RAZIR . A2 A4 2t
FeARUY, JEIEHCRE R B I K. XA
PRI LAY, B HCR I FE R RS .
3.6 ERREHIEX D

T B IO 2 [ ) SRR A o 22 AR AR O
PR HTIIEL S Fiom. AILAEH, MHERMS 2% A
A BGRMIEARDS, BERIRFIR LB A BRI fk
Ky BEEER AR N R R IEAR S MR, = R AN
[N PRERTE N
3.7 RTBEES

¥ ik 2 BRI SN MetPA Chttp://www.
metaboanalyst.ca/) HHEATIE 77 . K impact™>0.1
AR ENE B E MIE TR bR % . S50 IR LA,
CUMS A K BRI A 6 KRR ERAE T BED
b EIEME (RNA VSR, NER. REERM
BABARW, FHEARFAHERI, FERANEA
AR, 2R T R A A T R R AR (I 6-AD 6
XA IR R W SR R A A R AR

A 57 @ !
UM (RNA 4 8
@
HWRIR REERH RAC U
5, 15
T
od—= R R
@ AR
o T b ﬁﬂwkﬁﬁf

s°f ARt
B%  Cmmmi

I T 1
0 0.2 0.4 0.6
pathway impact

AR AR i S A= P A

THE AU 2 A R ACAHE B N ER . REA
RN R IR, AR A =R Q, 23 AN
BB A, 2R R A AT A B R (1A
6-B). EZP R EFLACH . B A ZIE D)
AR . £55 KEGG KMk & 8 M 5 45 2T 2
bR SR AR, WL 7.

6 1 2 4 3 5 7 8

I-ARR 2-7LR 3-HERR 4-0EWME S-HEER  6-RATIK
7-HRER  S-AWAER, KPHAEEMIAREEFEE; Pt
R S AR GRS, I BRI S AR DG VRS s AR (0 RN IEAR
K, WERRFAR

1-propanoic acid 2-lactate 3-proline 4-glutamine 5-glutamate
6-asparagine 7-tyrosine 8-phenylalanine, The horizontal and the
vertical axes in the figure represent variable information; The darker
the color, the stronger the correlation; The lighter the color, the
weaker the correlation; The brown indicates positive correlations

while the blue indicates negative correlations
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Fig.5 Correlation analysis results of differential metabolites
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Fig. 6 Metabolic pathways associated with CUMS model of depression (A) and antidepressant effects of Xiaoyao Powder (B)
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Fig. 7 Metabolic networks of potential biomarkers in relevant metabolic pathways
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