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Table 1  Comparison of blood lipid levels among groups of rats

(mmol - L', x+s)

215 FLL TG TC HDL-C LDL-C
REE 6 1.4610. 015 1. 623=0. 056 0. 682+0. 018 0. 389+0. 014
e IR HLAE 21 6 1. 569+0. 048" 1. 781=0. 053" 0. 594=+0. 005" 0. 489+0. 008"
LR 155 1 100 5 2 6 1. 853+0. 058" " 1. 959+0. 054 " 0.530+0. 181V " 0.510+0. 019"
e TC, RARMEREL; TG, Hi=; HDL-C, m#% R A EE; LDL-C, {IR% 2RG8R0 EE
a) H2Hditir, P<0.01; b) S5EfRMAELAL L, P<0.01; o) SEiRMAELL L, P<0.05,
F2 HAKRBGER 2R
Table 2 Comparison of gut microbiota diversity indices among groups of rats (x+s)
4151 AL Chaol $5%L Shannon 5 %% Simpson 1541
23 4 6 4382, 68+763. 75 8. 37+0. 65 0.99+0. 01
1o i LA 4 6 4056. 61+672. 82 7. 48+0. 31 0.95+0. 01"
LR 155 J 1 2 6 3021. 06+807. 39 6. 77+0. 50 0.92+0. 029

H: oa) SEALIHE, P<0.01; b) SERMAEL] e, P<0.05;

¢) SEBIMAEL] Fds, P<0.01,
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Figure 1 Principal coordinate analysis (PCoA) of

gut microbiota among groups of rats
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B R E . R E . MREEE . BT
FE . AR EAT R E AT TS, B
J& . BIFERR AR EEREAR (P<<0. 053 P<<0.01),
KB FEEIE . BIREE NKAA136 4] . FLRAT R
FXTFEEZF R ITEE X (P>0.05). SHEE
MAELE g, D4R o G I 2H K RS v 280 Wl A o
WE . WE)E . SIS . E AR A s A
XTI, FLERFF R AR FEEFEAL (P<<0. 055§
P<0.01), BIHEJE NKIA1364 . BHEAHE .
IS . RIEFR RS . BB K B A X
ZSTHiEE L (P>0.05),

A A IR 32 AR S, HP RN
THALEEERR H . FFPUREH | IHEEER AR, Pl
AR E . 01z % WA R R ARG 2 B o
RSB RE 5 e A I 2 P A R 36 4 41 TR S
B, B EET A AT T BaR I B
H. Wisiomeaay . Biansnpaet . WiREsl; Mg s
JI A9 4 PP S R 52 AN SR, AR X

R3 SHRRUE BRI TR 1K AR 2 A

Table 3 Comparison of relative abundance at the phylum level for the top five species of gut microbiota among groups of rats  (x+s)

21 FREL JEERETR ] PUFFEE T BT 1R ) TR I
EH4 6 0. 711 420. 030 8 0. 179 2+0. 029 9 0.019 60. 007 0 0. 052 0+0. 007 6 0. 034 9+0. 003 9
17 B IILEE £H 6 0. 864 6=0. 005 9* 0. 042 5+0. 007 6* 0. 057 3+0. 006 7 0.031 1+0. 004 2* 0. 002 9+0. 000 6"

VG R 15 A I 2 6 0. 900 20. 017 9V ¥

0. 005 9+0. 000 6" '

0.051 8+0.0152”  0.038 1+0. 003 0" > 0. 001 6+0. 000 3 ¢’

W oa) SEAHAHE, P<0.01; b) SERMAELA E, P<0.05; ¢) SEgiiEdl b, P<0.01,
R4 KUK BB DR RT TR E A 5 g

Table 4 Comparison of relative abundance at the genus level for the top ten species of gut microbiota among groups of rats ~ (x#s)
51 U L AT ) RE IR CIRRE NK4A136 4 LA i FLERFT R

2 HEH 6 0.068 1+0.019 5 0. 113 5+0. 036 4 0. 117 6+0.027 3 0.1715+0.0323 0.0450+0.011 1

e i InE 20 6 0. 186 3+0. 027 8 0. 147 0+0. 039 7 0. 108 3+0. 040 5 0. 040 0+0. 009 1* 0.061 0+0. 035 4

198 1 5 g A 2 6 0.229 6+0.200 0” ~ 0. 130 6+0. 008 2 0. 138 6+0.013 8 0. 040 0+0. 007 1* 0. 030 9+0. 010 2%
415 TR TR B BIRERR T R R iRt NN AR M LA R R

2 HH 6 0.0355+0.014 4 0. 065 6+0.019 2 0.018 5+0. 004 5 0.011 1+0. 0039 0.015 3+0. 003 9

1o i IE 20 6 0. 046 4+0. 009 2 0. 002 2+0. 000 7 0. 020 4+0. 001 9 0. 036 4+0. 010 3 0. 022 5+0. 004 6"

R RIMAEL. 6 0.05310.0148”  0.0175+0.0042" ¥  0.043 8+0.007 1V 0.03310.0033*  0.0332+0.004 7*

H:oa) SEAYIHE, P<0.01; b) H525EA41EHE, P<0.05; ¢) SEARIMAEL L, P<0.01; d) SEgMUiEd i, P<0.05,
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Figure 2 Functional prediction analysis of gut microbiota among groups of rats
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Figure 3  Prediction analysis of lipid metabolism-related pathways in gut microbiota among groups of rats
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Figure 4  Orthogonal partial least squares discriminant analysis (OPLS-DA) score plot of

fecal metabolite level changes among groups of rats
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Table 5 Regulation of differential fecal metabolites in spleen-
deficiency hyperlipidemia group and hyperlipidemia group model rats
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Figure 5 Correlation analysis between differential gut microbiota and differential metabolites in rats
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Effects of Spleen Deficiency on Lipid Metabolism in Hyperlipidemia Model Rats Based on Gut Microbiota
Sequencing and Fecal Metabolomics
LENG Xue', WANG Qi', LI Yang’, LI Xintong'
1. School of Integrated Traditional Chinese and Western Medicine, Liaoning University of Traditional Chinese Medicine, Shenyang,
110847; 2. School of Laboratory Animal Medicine, Liaoning University of Traditional Chinese Medicine
ABSTRACT Objective To explore the potential mechanisms by which spleen deficiency affects lipid metabolism
in hyperlipidemia, from the perspective of gut microbiota and fecal endogenous metabolites. Methods Eighteen
Sprague-Dawley (SD) rats were randomly divided into control group, hyperlipidemia group, and spleen-deficiency
with hyperlipidemia group, with 6 rats in each group. The control group was fed with standard diet; the hyperlipi-
demia group was given high-fat diet to induce hyperlipidemia model; and the spleen-deficiency with hyperlipidemia
group received combination of high-fat diet, irregular feeding, and exercise restriction to induce the model. After 12
weeks of modeling, serum lipid levels including total cholesterol (TC) , triglycerides (TG) , low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) were measured. 16S rRNA gene sequencing
was used to analyze gut microbiota composition in fecal samples, and fecal metabolites were analyzed using high-
performance liquid chromatography-mass spectrometry (HPLC-MS). Differential metabolites and microbial taxa were
screened for pathway enrichment and functional prediction analysis, followed by correlation analysis. Results
Compared with the control group, rats in the hyperlipidemia and spleen-deficiency with hyperlipidemia groups
showed significantly increased serum TG, TC, and LDL-C levels, and decreased HDL-C levels (P<<0.01). Compared
with the hyperlipidemia group, the spleen-deficiency with hyperlipidemia group showed further increases in TG, TC,
and LDL-C and further decrease in HDL-C (P <<0. 05 or P<<0.01). Gut microbiota analysis revealed 3,066 unique
species in the control group, 2,637 in the hyperlipidemia group, and 1,581 in the spleen-deficiency group. Chaol,
Simpson, and Shannon indices were significantly reduced in the spleen-deficiency group compared with the hyperli-
pidemia group, with an increased Firmicutes/Bacteroidetes ratio. Differentially abundant genera such as Romboutsia,
Lactobacillus, Clostridium, Allobaculum, and Xylanibacter were significantly upregulated (P<<0. 05 or P<<0.01).
Metabolomics identified 25 differential metabolites in feces of spleen-deficient rats, with 18 downregulated and 7 up-
regulated. Key enriched pathways included serotonergic synapse, nucleotide metabolism, vascular smooth muscle
contraction, and arachidonic acid metabolism. Spearman correlation analysis showed significant positive correlations
between Romboutsia and Desulfovibrio and metabolites such as digalactosyldiacylglycerol (48:5) , dehydrated
artemetin , lysophosphatidylcholine (26:4) , and glucuronosyldiacylglycerol (46:5) ; Clostridium was positively
correlated with cyclopassifloric acid E1, digalactosyldiacylglycerol (48:5) , and lysophosphatidylcholine (26:4) ;
Xylanibacter was positively correlated with digalactosyldiacylglycerol (48:5), dehydrated artemetin, and lysophos-
phatidylcholine (26:4). Conclusion Spleen deficiency can further alter gut microbiota composition in hyperlipi-
demia model rats, leading to microbial dysbiosis and metabolic disturbances that aggravate lipid metabolism disorders.
This mechanism may be associated with changes in pathways such as serotonergic synapse, nucleotide metabolism,
vascular smooth muscle contraction, and arachidonic acid metabolism.

Keywords hyperlipidemia; spleen deficiency; metabolomics; gut microbiota; feces; blood lipids
(ki HYT: 2024 —12 115 BRI H Y] 2025 -02 -25)
(8. A 4]



