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Abstract: This study aimed to investigate the effect of the petroleum ether fraction of Xiaoyaosan (XY-A) in a
rat depression model with consideration of an underlying mechanism based on gut microbiota and metabolomics.
All procedures involving animal treatment were approved according to the Committee on the Ethics of Animal
Experiments of Shanxi University. A rat model was established using the chronic unpredictable mild stress (CUMS)
procedure and XY-A and venlafaxine (positive control) were used as intervention drugs. Sequencing of the 16S
rRNA gene combined with LC-MS metabolomics was used to investigate the effects of XY-A on gut microbiota
and metabolites in CUMS-induced depression, and Pearson correlation analysis was carried out on gut microbiota
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and metabolites. The results showed that XY-A significantly improved the depression-like behavior of CUMS rats
and restored the level of brain-derived neurotrophic factor (BDNF) in the hippocampus. Gut microbiota analysis
revealed that XY-A can increase the diversity of microbial species in CUMS rats and significantly restored the
relative abundance of intestinal Rothia [Prevotella], with effects on intestinal inflammation and the production of
short-chain fatty acids. Cecal content metabolomics identified twenty biomarkers that were altered by depression,
whereas administration of XY-A ameliorated the changes in seventeen metabolites, with the most strongly affected
metabolic pathways being linoleic acid metabolism, taurine and hypotaurine metabolism, primary bile acid biosyn-
thesis, and arginine and proline metabolism. Correlation analysis further showed that there was a strong relation-
ship between the gut microbiota and the cecal content metabolites. In summary, XY-A may exert antidepressant
effects by regulating the composition of the gut microbiota and the metabolites and pathways of the cecum. The
results provide a reference for the potential molecular mechanism of antidepressant action of XY-A.
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Figure 1 Effect of the petroleum ether fraction of Xiaoyaosan
(XY-A) on weight and behavior of chronic mild unpredictable
stress (CUMS) rats. A: Body weight; B: Sugar water preference;
C: The number of crossing; D: The number of rearing. K: Normal
groups; M: Model groups; Y: Positive drug (venlafaxine) groups;
S: Petroleum ether fraction of Xiaoyaosan groups. n = 6, X £s. "P<

0.05, "P<0.01 vs M; #P<0.05, #P<0.01 vs K
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Figure 2  Neurotrophic factor levels in the hippocampus. A:

Brain-derived neurotrophic factor (BDNF) levels; B: Nerve
growth factor (NGF) levels. n = 6, x * s. "P<0.05, “P<0.01 vs M;
#P<0.05, #P<0.01 vs K
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Figure 4 Classification and abundance of cecal contents of the phylum (A) and the genus (B)
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Figure 5 Relative abundance of selected phylum with significant differences among each group (A-B); Relative abundance of selected

genera with significant differences among each group (C-H). B/F: Bacteroidetes/Firmicutes. n = 6, x 5. "P<0.05 vs M; *P<0.05 vs K
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Table 1  The stability of UHPLC-MS method using QC sample

Bt LC-MS 315 &% 4H K

No. t/min RSD (%) of t; m/z RSD (%) of m/z RSD (%) of relative peak areas lon
1 1.14 0.146 0 146.165 2 8.16x10° 4.49 M+H
2 4.64 0.2510 252.109 1 6.32x10° 3.00 M+H
3 5.67 0.1823 166.086 2 4.08x10° 3.29 M+H
4 9.54 0.4075 297.1132 4.08x10° 4.68 M-H
5 12.77 0.5211 357.278 6 1.36x10* 3.13 M+H
6 16.39 0.504 0 785.592 4 3.43x10° 1.46 M+H
7 19.11 0.3936 436.2837 9.83x10° 3.16 M-H
8 25.22 0.208 9 256.263 4 1.04x10* 3.40 M+H
9 26.31 0.193 2 403.158 4 8.16x10° 5.46 M-H

10 29.35 0.1459 310.310 2 8.36x10° 8.85 M+H

A B . e gl Bgla e o o o
i / ¢ 44 :/' 3
50 A . .
g o bl g % o
=50 = i
100 L1 -ﬁ I
-150 -150 25
-200 =200 .
200 -100 0 100 02 04 06 08 L0

==}

1.09893*t0[1]
2 & 3
k
p(corr)[1]

1*1] pll]
Figure 6 PCA scores plot of rat cecal contents from control group, model group, S group and QC (n=6, R?X=0.53, R?Y=0.998, Q?=0.902)
(A); PLS-DA scores plots of rat cecal contents from control group, model group, and S group (n=6, R?X=0.519, R?Y=0.999, Q*=0.886) (B);
permutation test from PLS-DA (R?=0.946, Q?=-0.13) (C); OPLS-DA scores plots of rat cecal contents from control group and model group
(n=6, R2X=0.568, R2Y=1, Q?=797) (D); S-plot from OPLS-DA (E)
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Table 2

higher and lower level; "P<0.05, “"P<0.01 vs M; *P<0.05, #P<0.01 vs K

Identified differential metabolites in the cecal contents of CUMS rats with or without administration of XY-A. T and | represent

No. Metabolite tz/min m/z lon VIP HMDB ID M/K SIM
1 Spermidine 1.144 146.165 1 M+H 6.073 6 01 257 1# -
2 Taurine 1.369 126.022 0 M+H 4.480 3 00 251 L T
3 Creatine 1.677 132.102 1 M+H 2.9658 00 064 L 1
4 Citric acid 2.618 191.018 6 M-H 12561 00 094 L # 1
5 2'-Deoxyadenosine 4.646 252.109 1 M+H 1.8552 00 101 L # 1
6 Kynurenic acid 7.81 190.049 9 M+H 1.464 3 00 715 L T
7 Taurocholic acid 7.921 514.283 2 M-H 12.144 00 036 L# 1
8 1beta-Hydroxycholic acid 8.07 409.294 8 M+H 1.117 2 00433 L
9 Benzoic acid 9.344 123.044 2 M+H 1.304 9 01870 1 T

10 Taurochenodeoxycholic acid 12.044 498.288 3 M-H 7.9136 00 036 b* T

11 Cholic acid 14.363 409.294 8 M+H 11172 00 619 L # T

12 Coprocholic acid 14.599 449.326 1 M-H 21737 03533 L #

13 Palmitoylcarnitine 17.592 400.342 1 M+H 1.7037 00 222 L T

14 Stearoylcarnitine 20.013 428.373 4 M+H 2.8345 00 848 L T

15 LPE (18:0/0:0) 21.092 480.308 4 M-H 3.9925 11 130 L

16 Oleic acid 21.453 283.262 2 M+H 42955 00 207 L # 1

17 Enoxolone 22.412 469.331 2 M-H 25157 11 628 1 T

18 linoleic acid 22.51 281.247 1 M+H 2.028 1 00673 L # T

19 Deoxycholic acid 23.234 393.299 9 M+H 5.303 4 00 626 L # 1

20 Stearamide 29.451 284.294 8 M+H 4.196 6 34 146 L T

20 AN 5 AR AH OC 1) 22 S AR, R OISR E SRS, 5 MEXRMESH

T 105 AT B 17 S AR, b S [ 12 4 (R
2) o 3% B T8 O AR P S A o AT A A K R B E B
B B R A —E R EIER

44 ERKHFBEEESHT K Metabo Analyst Xf %
ST P S AU R AT & R b . Kl 7, RiAk
& Pathway impact 2 75 H1 #1 #1 73 Ar B v 55 L 7 A i
% B MY, AL bR-log P 3 A IE B E 4 4 HT I
MK ARFFUR impact value>0.1 DL K —log P>4 1)
ARUE B8 AL A TR R AR 4. EEARE: O T
T ERAX W (linoleic acid metabolism); @ W] 2% JH VTR Ak
Y14 1k (primary bile acid biosynthesis); @) 4~ fiffi i Fl1 I
A-RERRACI (taurine and hypotaurine metabolism); @ F
IR A Z B A (arginine and proline metabolism).

bl : ; ;
i Primary bile acid biosyathesis  :

Linoleic acid metabolism

| arqisinelnod peothne
£ I W

. Taurine and hypotaurine metabolism

L4
°
00 02 04 06 08 10
Pathway impact
Figure 7 Pathway analyses of metabolites. Each point represents
one metabolic pathway; the size of dot and shades of color are pos-

itively correlated with the impact on the metabolic pathway
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(r>058¢r<-0.5P<0.05) (& 8). nLLkHl, BDNF
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KRIKH B 5 A I (spermidine). 184-H 5 Yk 2 (enox-
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Figure8 Heat map summarizing the Pearson's correlation between
neurotrophic factor, gut microbiota and metabolites. “P<0.05, “P<
0.01 (gut microbiota vs metabolites); “P<0.05 (neurotrophic factor
vs metabolites)
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HERR 23 IEAR G, S54RI (taurine) 2235 SUAR 5K
T B 5 R i S TR AR OG, BRI B 5 R R IR
(kynurenicacid) LI « 2~ fiff #& 23 %I iR (taurochenode-
oxycholic acid). i % iIF 2 (deoxcholic acid). V. i f%
(linoleic) K HE L A B (palmitoylcarnitine) . 4~ fif iz f2.
EAROR, 5K G B3 AR OC . X S R IR S, B 1
AL D BEAE I I AR AN I E I N AR
AR B E ZEER
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