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Semen (FZSS) on metabolites and intestinal flora structure in insomnia mice by combining metabolomics analysis
and 16S rRNA gene sequencing. Animal experimentation was approved according to the Committee on the Ethics
of Animal Experiments of Shanxi University of Chinese Medicine (approval number: 2021DW172). The prediction
targets were validated in para-chlorophenylalanine (PCPA) induced insomnia mice with administration of ZSS and
FZSS for 5 days, respectively. Then pentobarbital sodium induced sleeping test were performed to evaluate the
synergistic sleep-aiding effect of ZSS and FZSS. The metabolic profile of serum from insomnia mice was analyzed
by UPLC-Q-Orbitrap MS. Different metabolites were screened combined with multivariate statistical analysis. The
relevant metabolic pathways and networks were constructed by MetaboAnalyst 5.0. Intestinal flora changes were
detected by 16S rRNA sequencing technology. Animal study indicated that, compared to PCPA-induced insomnia
model, ZSS and FZSS shortened the sleeping latency and increased the sleeping duration. The serum metabolomics
results showed that, there are 36 potential biomarkers associated with insomnia were identified. Compared with the
model group, 25 and 27 differential metabolites were identified in the ZSS and FZSS groups, respectively. Both
ZSS and FZSS groups could significantly adjust to the common 20 differential metabolites. A total of 10 pathways
are closely related to insomnia, which including amino acid metabolism, energy metabolism and lipid metabolism.
5 metabolic pathways are shared in ZSS and FZSS, including phenylalanine, tyrosine and tryptophan biosynthesis,
cysteine and methionine metabolism and so on. Arachidonic acid metabolism is the unique metabolic pathway for
ZSS to improve sleep; 3 metabolic pathways including glutamate and glutamine are the unique regulatory pathway
for FZSS to improve sleep. PCoA analysis showed that the structure of ZSS and FZSS recovered to blank group,
ZSS and FZSS can decrease the abundance of Pvotella and increase the abundance of Lactobacillus. LEfSe and
correlation analysis between metabolites and differential intestinal flora showed that kynurenic acid, L-glutamic
acid, D-proline are significantly positively associated with Gammaproteobacteria in ZSS and 5-HT, acetylcholine,
L-methionine are significantly positively associated with Lactobacillus in FZSS. In conclusion, both ZSS and
FZSS can influence metabolic pathways such as amino acids, energy and lipids and regulate the structure of
intestinal flora, and then play a part in treating insomnia. However, ZSS and FZSS improve the quality of sleeping
by regulating different metabolic pathways and regulating gut microbiota structure. The results of this study
provide an experimental basis for illustrating the action mechanism of ZSS and FZSS in treating insomnia and
provide a scientific basis for clinical rational medication guidance.
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Effect of Ziziphi Spinosae Seme (ZSS) and Fried Ziziphi Spinosae Semen (FZSS) on the hypnotic response to pentobarbital-

induced sleep in mice: sleep latency (A), sleep duration (B). "P < 0.05, “P < 0.01 vs control group; "P < 0.05, “P < 0.01, P < 0.001 vs

model group. n = 6, x + 5. DZP: Diazepam
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Figure 2 The reliability investigation of the analytical method using quality control (QC) samples. RSD distribution of metabolites mea-

sured in the pooled QC samples: positive ion mode (A) and negative ion mode (B)
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139 B ) A L- B 3 DB < PR B2 AN A8 A DO 0 R 2% 3 A
22 5y 9 2SS HFE A 72 m AR, L-B 2R 4
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Differential metabolites of in serum in various groups. VIP: Variable importance for the projection; | Means that the relative

pe-ak area of group is lowered; T Means that the relative peak area is raised; - Means differential metabolite that is not in the two groups

No. Metabolite Formula Ton m/z t,/min VIP Trend
Model/Control ZSS/Model FZSS/Model

1 L-Histidine C,HN,0, [M+H]"  156.076 8 1.12 1.49 1 1 1
2 Choline CH,)NO [M+H]"  104.1070 123 887 ! 1 1
3 Betaine C.H, NO, [M+H]"  118.0863 127 6.08 ! 1 1
4 Acetylcholine C,H,NO, [M+H]"  146.1176 1.28 1.93 ! 1 )
5 L-Glutamic acid C,H,NO, [M+H]"  148.060 4 1.24 1.64 ! - 1
6 D-Proline C,HNO, [M+H]' 116.070 6 1.29 3.01 ! 1 1
7 Citric acid CH,0, [M-H] 191.019 7 1.34 1.09 ! 1 1
8  Valine C,H,NO, [M+H]"  118.0863 139 580 ! - 1
9 L-Acetylcarnitine C,H,,NO, [M+H]"  204.123 162 14.0 ! 1 -
10 Uric acid CH,N,0, [M+H]"  169.0356  1.63  9.81 ! 1 -
11 L-Methionine C.H,NO,S [M+H]"  150.058 3 1.68  7.50 ! 1 1
12 4-Hydroxybenzaldehyde C.HO, [M+H]' 123.044 1 1.90 2.51 ! 1 1
13 L-Norleucine CH,,NO, [M+H]" 1321019 2.1 8.23 ! 1 1
14 Propionylcarnitine C,H,,NO, [M+H]' 218.138 7 2.38 5.18 ! 1 1
15 5-HT C,H,N,0 [M+#H]"  177.1022 254 152 ! 1 1
16 L-Kynurenine C,,H,,N,0, [M+H] 209.092 1 3.18 1.46 ! 1 1
17 L-Phenylalanine C,H, NO, [M+H]"  166.0863 339 13.73 ! 1 1
18 Indoleacrylic acid C,,H,NO, [M+H] 188.070 6 5.06 13.81 ! 1 1
19 7-Glu-leucine C, H,N,O, [M+H]"  261.1445 5.45 2.72 ! 1 1
20 Kynurenic acid C,,H,NO, [M+H]"  190.049 9 5.58 1.01 ! 1 1
21 Indolelactic acid C,H,NO, [M+H]"  206.081 2 8.42 1.08 ! - 1
22 N-Acetyl-D-tryptophan C.H,N,0, [M+H]" 2471077 8.52 1.60 ! 1 )
23 Palmitic acid C,H,,0, [M-H] 255.233 15.13 1.25 ! - -
24 Palmitoylethanolamide C,H,,NO, [M+H]" 3002897  16.00 1.32 ! - -
25 Stearic acid C,H,0, [M-H] 2832643 1697  1.62 ! - -
26 16-Hydroxyhexadecanoic acid C,H,,0, [M-H] 271.2279 17.81 2.19 } - -
27 Benzoic acid C,H,0, [M-H]  121.0295 1830 241 ! - -
28 Palmitoylcarnitine C,,H,NO, [M+H]" 4003421 1845  4.79 ! 1 1
29 Arachidonic acid C, 1,0, [M-H]  303.233 18.51 1.85 ! 1 -
30 Terephthalic acid CH,0, [M-H] 1650193  18.66  10.27 ! - !
31 Oleic acid C,H,,0, [M-H] 2812486  19.54  1.07 ! - )
32 Palmitic amide C,H,NO [M+H]" 2562635 2197  1.09 1 ! |
33 Docosahexaenoic acid C,H,,0, [M+H] 329.247 5 22.84 4.04 ! 1 1
34 4-Methoxycinnamic acid C,H,,0, [M+H] 179.070 3 23.00 3.57 1 ! !
35 PC(18:3(92,122,152)/18:2(92,12Z))  C,H,NOP  [M+H]"  780.554 2551 1256 ! - -
36 Erucamide C,,H, NO [M+H]"  338.3417 2647  37.53 1 ! T

22 43
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Figure 3 PCA score plot of control group, model group, ZSS group and FZSS group: positive ion mode (A) and negative ion mode (B);

OPLS-DA score of Control group and Model group: positive ion mode (C) and negative ion mode (D); permutation test results of control

group and model group: positive ion mode (E) and negative ion mode (F); S-plot of control group and model group: positive ion mode (G)

and negative ion mode (H). The numbers in G and H are consistent with those in the Table 1
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