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Abstract: This study aimed to explore changes of gut microbiota in experimental model rats with psychological
suboptimal health state (PSHS). The experimental rats were given a variety of stresses, including orphaned, uncertain
empty bottle stress, circadian disorder and other stresses to simulate PSHS caused by various stress events in
human life. Open field test, elevated cross maze, blood biochemical indexes and other auxiliary models were used
to evaluate the experimental animal model. Changes of gut microbiota were studied by 16S rRNA gene high-
throughput sequencing. All experimental protocols were approved by the Animal Ethics Committee of the Biomedi-
cal Research Laboratory of Shanxi University. Compared with the control group, the body weight of PSHS group
gained slowly (P<0.01). In addition, the numbers of crossings and rearings in the open field test, and the percentage

of time and entries in the open arms, were significantly reduced compared to the control group (P<0.05). But there

Wk H #1: 2019-01-10; 1181 H 1A 2019-03-06.

FEGIUH : E KRR AR B BIIUE (81441096); 1L 76 44 N FH ZE R 78 % B H (201701D121137); 1l 7848 FHL BRI — M5 H (201603D321077);
WL VG 48 A7 H SRR THRI (201603D3113013); L 624 FHEE AT H 5 F1BA (201605D131045-18); 1L 644 8 55 546 % (201605D111004).

*EIAE & Tel: 86-351-7019297, E-mail: jstian@sxu.edu.cn

DOI: 10.16438/7.0513-4870.2019-0035



-+ 1598 - 2% %4 Acta Pharmaceutica Sinica 2019, 54(9): 1597 -1605

were no significant change in the percentage of sucrose preference, blood biochemical, blood routine examination

and so on. Gut microbiota analyses showed that the diversity of gut microbiota in PSHS model rats changed, and

the relative abundances of 10 species of gut microbiota changed significantly (P<0.05, P<0.01), including Bacilli,

Lactobacillales, Lactobacillaceae, Lactobacillus, Clostridia, Clostridiales, Blautia, Coriobacteriales, Coriobacteria-

ceae, and Adlercreutzia. To some extent, the established PSHS model rats reflect the state of humans with PSHS.

By studying the changes of gut microbiota in the animal model with PSHS, this study provided an important

reference for explaining the physiological change due to PSHS and formulating relevant measures of intervention.
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Figure 1 Rat behavioral test indicators. A: Changes in body weight of rats; B: Changes in sucrose preference of rats; C: Changes in the

number of crossings; D: Changes in the number of rearing of rats; E: Entries of open arms; F: Time spent open arms. Control: Control group;

PSHS: The group of rats with psychological suboptimal health state; Depression: The group of chronic unpredicted mild stress; Anxiety: The

group of rats with anxiety disorder. "P<0.05, "P<0.01 vs control group; *P<0.05, #P<0.01 vs PSHS group
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B AT IR UL B AR IR AR AR S &, SR BTN O
A R R . 25 R BOR, 5 A AL AL,
PSHS B K R ¥ AT R I 28 BT A8 o o0 2 IY g
B K B B 3 K G248, V6 B0 R ) SORE BT 6 B 5 0
FREE N R, IR BLS5  AEB G 45 .
7 EENSEZEMS T

i H QUME %A, SRICSFEALETT A H B R
553 K AL SR 3 BE A AT, FH ORIR B ARTADIR
BIZRTE T TR & 73 K BRI R bl 72T 1K
*F-_I (¥ 3A), Firmicutes. Bacteroidetes 1 Actinobacteria
TEW LRI S5 R b A e DLy, Horh, 528 Ext IR
[k, Actinobacteria 7T 0 2 V. {8 #5200 28 v AF X6} =F 8 55¢
1K, A & Z 57 (P<0.05). {£)852KF L (K3B), i

Table 1 Effect of blood routine indicators in the control and PSHS groups. n = 12, x 5. WBC: White blood cells; LY: Lymphocytes;

RBC: Red blood cells; HGB: Hemoglobin; HCT: Red blood cell specific volume; MCV: Erythrocyte mean corpuscular volume

Group WBC/10°-L"! LY/10°-L"! RBC/10"2-L" HGB/g-L ! HCT/% MCV/fL
Control 9.45+2.50 747+ 1.77 7.47+0.35 137.00 = 6.00 40.80 £+ 1.60 55.10+ 1.70
PSHS 8.16 £2.08 6.15+1.43 7.19+£0.35 139.00 + 6.00 40.94+1.72 56.50 + 1.70

Table 2 Effect of blood routine indicators in the control and PSHS groups. n = 12, x + 5. MCH: Mean corpuscular hemoglobin; MCHC:

Mean corpuscular hemoglobin concentration; RDW: Red blood cell distribution width; PLT: Platelet; MPV: Mean platelet volume

Group MCH/pg MCHC/g-L"! RDW/% PLT/10°-L"! MPV/fL
Control 18.5+0.5 336.0+12.0 15.8+0.7 762.0 = 68.0 53+04
PSHS 19.0+0.4 339.0+ 8.0 154+0.5 759.0 £35.0 54+03

Table 3  Effect of determination of blood biochemical parameters in the control and PSHS groups. n = 12, x £s. AST: Aspartate amino-

transferase; ALT: Alanine aminotransferase; BUN: Urea nitrogen; CREA: Creatinine; TG: Triglyceride; TCHO: Total cholesterol

Group AST/U-L"! ALT/U-L! BUN/mmol- L CREA/pmol - L TG/mmol - L™ TCHO/mmol-L"!
Control 112.00 + 20.00 52.00 +9.00 5.00+1.14 29.30 +£3.70 0.69 +0.21 1.51+0.31
PSHS 118.00 + 42.00 46.00 + 8.00 4.27+0.85 29.70 + 1.60 0.73 £0.30 1.49+£0.17
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Figure 4 Analysis of bacterial diversity in control and PSHS. Alpha diversity analysis including Shannon index (A), Simpson index (B),

Chaol index (C), ACE index (D). E: Beta diversity analysis. "P<0.05 vs control group
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Table 4 Information on differential gut microbiota in control and PSHS group
Number Differential gut microbiota VIP
1 k_Bacteria; p_Firmicutes; ¢_Bacilli 2.34
2 k Bacteria; p_Firmicutes; ¢_Clostridia 2.18
3 k_Bacteria; p_Actinobacteria; ¢_Coriobacteriia; o_Coriobacteriales 1.12
4 k Bacteria; p_Firmicutes; ¢ Bacilli; o_Lactobacillales 2.62
5 k Bacteria; p_Firmicutes; ¢_Clostridia; o_Clostridiales 2.44
6 k_Bacteria; p_Actinobacteria; ¢_Coriobacteriia; o_Coriobacteriales; f_Coriobacteriaceae 1.74
7 k_Bacteria; p_Firmicutes; ¢_Bacilli; o_Lactobacillales; f Lactobacillaceae 3.78
8 k_Bacteria; p_Actinobacteria; ¢_Coriobacteriia; o_Coriobacteriales; f Coriobacteriaceae; g_Adlercreutzia 1.46
9 k Bacteria; p_Firmicutes; ¢ Bacilli; o_Lactobacillales; f Lactobacillaceae; g Lactobacillus 4.76
10 k Bacteria; p_Firmicutes; ¢_Clostridia; o_Clostridiales; f Lachnospiraceae; g Blautia 2.46
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Figure 5 Average relative abundance of differential gut microbiota in control and PSHS rat's fecal samples. "P<0.05, “"P<0.01
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