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Abstract: Deep vein thrombosis (DVT) is a venous thromboembolic disease characterized by

high incidence, mortality, and sequelae. Therefore, the effective prevention of DVT has
become a critical public health concern. However, due to its complexity, the pathophysiologi-
cal mechanism of DVT remains unclear. Metabolomics can be employed to analyze disease char-
acteristics and provide scientific evidence on the underlying mechanisms. In this study, an
established left femoral vein ligation rat model of DVT (n=10) was used and compared with
sham surgery controls (n=10). In the DVT group, rats were anesthetized using an intraperito-
neal injection of 10% chloral hydrate (300 mg/kg), after which the hair was shaved and the
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groin disinfected. A 2-cm longitudinal incision was made along the midpoint of the left groin
area, and then the left femoral vein was separated. The vein was partially ligated at its proximal
end to shrink the blood vessel lumen to approximately half. Then, 0.4 mL of 10% hypertonic
saline was slowly injected from the distal end of the left femoral vein. At the same time, the
femoral vein turned dark red, which indicated the formation of thrombosis. Finally, the incision
was sutured after verifying bleeding in the surrounding tissue. Keeping all other procedures the
same as the DVT group, the vein in the control group was not ligated or stimulated using hyper-
tonic saline. The abdominal aorta plasma from rats in each group was collected seven days
later. Untargeted metabolomics analysis based on ultra-high performance liquid chromatogra-
phy-electrostatic field orbitrap high resolution mass spectrometry ( UHPLC-Orbitrap HRMS )
was conducted to investigate the plasma metabolic profiles of the sham surgery control and DVT
groups. Principal component analysis ( PCA) and orthogonal to partial least squares discrimi-
nant analysis ( OPLS-DA ) on metabolome data for multivariate statistical analysis were
employed to assess differences in the metabolic profile between the two groups. The results re-
vealed distinct profiles for the DVT and control groups. The selection criteria for the differential
metabolites were the variable importance in the projection ( VIP) values of OPLS-DA (VIP>1)
and fold changes (FC) in the DVT group (FC=<0.5 or FC=2, P<0.05). The resulting 27 differ-
ential metabolites reflecting a metabolic disorder in the DVT group were selected and analyzed.
Of these, the levels of 17 metabolites significantly increased in the DVT group, including trime-
thylamine N-oxide (TMAO), 4-amino-2-methyl-1-naphthol, chenodeoxycholic acid, and 7-ke-
tocholesterol, whereas the levels of 10 metabolites decreased, including 3-dehydroxycarnitine,
phosphatidylcholine 22:6/20:2 (PC 22:6/20:2), diglyceride 18 :3/20:4 (DG 18:3/20:4) and
anserine. To identify the changes in the metabolic pathway reflected by these differential metab-
olites, a differential abundance (DA) analysis based on the Kyoto Encyclopedia of Genes and
Genomes metabolic pathway was conducted. The results showed that the differences in the
metabolic pathways between the DVT and control groups were mainly manifested in the primary
bile acid biosynthesis, bile secretion, histidine metabolism, linoleic acid metabolism, glycero-
phospholipid metabolism, and B-alanine metabolism pathways. Among them, the primary bile
acid biosynthesis and bile secretion pathways were upregulated in the DVT group, whereas the
glycerophospholipid metabolism, linoleic acid metabolism, and B-alanine metabolism pathways
were downregulated. The histidine metabolism pathway contained upregulated as well as down-
regulated metabolites, resulting in a DA score of 0. In conclusion, these results indicate that the
plasma metabolic profiling of the DVT group was significantly altered, while the disordered me-
tabolites and metabolic pathways could provide a reference to further understand the pathologi-
cal mechanism of DVT and identify new drug targets.

Key words : ultra-high performance liquid chromatography-electrostatic field orbitrap high reso-
lution mass spectrometry ( UHPLC-Orbitrap HRMS ) ; metabolomics; deep vein thrombosis
(DVT)
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Fig. 1 Hematoxylin-eosin staining of venous thrombosis in (a) sham surgery control and
(b) deep vein thrombosis (DVT) rat groups
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Table 1 Differential metabolites of the plasma sample in the sham surgery control and DVT model groups

Metabolite FC P-value ESI* Category

Trimethylamine N-oxide 2.82 2.4x107* + aminoxides
4-Amino-2-methyl- 1-naphthol 2.86 1.0x1073 + naphthols
Chenodeoxycholic acid 3.20 1.6x1072 + bile acids
Taurocholic acid 3.15 7.8x107* - bile acids
7-Ketocholesterol 2.40 2.0x1073 + cholesterols
trans-Hexadec-2-enoyl carnitine 3.05 2.6x1072 + fatty acids

Leucinic acid 6.02 1.0x1073 - branched fatty acids

1-Methylnicotinamide 3.91 1.0x1073 + pyridinecarboxylic acids
Vinylacetylglycine 2.85 2.7x1072 + amino acids
Valylproline 3.40 1.1x107° + amino acids
1-Butylamine 3.02 5.7x1078 + amines
Imidazoleacetic acid riboside 2.13 2.6x1072 + nucleosides
1,3,7-Trimethyluric acid 3.94 1.0x1073 + purines
Sa-Tetrahydrocorticosterone 2.80 1.7x1072 - steroids
Phenyllactic acid 2.50 2.0x1073 - phenylpropanoids
Pyridoxal 2.55 4.1x1074 + pyridines
Imidazoleacetic acid 2.08 4.0x1073 - organic heterocycles
3-Dehydroxycarnitine 0.36 3.8x1072 + keto acids
PC(22:6(4Z,7Z2,10Z,13Z,16Z,19Z)/20:2(11Z,14Z) ) 0.48 2.9x107° + glycerophospholipids
DG(18:3(62,9Z,12Z)/20:4(5Z,8Z,11Z,14Z) ) 0.41 6.3%x107° + glycerolipids
LysoPC(20:2(11Z,14Z)) 0.44 2.1x107* + glycerophospholipids
Anserine 0.36 1.9x1072 - peptidomimetics
L-Carnosine 0.10 2.2x1072 - peptidomimetics
Caprylic acid 0.43 6.8x107° - fatty acids
Bovinic acid 0.49 5.0x1073 - fatty acids
3-Hydroxycapric acid 0.36 1.7x107° - fatty acids
Hydroxypyruvic acid 0.36 4.0x1073 - organic acids
PC. phosphatidylcholine; DG diglyceride.
[ W DG8:3(6207122)204(5282,112,147)
Ca rylic acid 3
ydroxycapric acid
3 Dehydrox carnitine
VINIC a
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| | A ydroxypyruvic acid
] Camosine 1
| I Chenodeoxycholic acid
[-Methylnicotinamide
1-Butylamine
Valylproline 0
Trlmethylamme N-oxide
Taurocholic acid
N trans-Hexadec-2-enoyl carnitine
Leucinic acid -1
Imidazoleacetic acid
Vinylacetylglycine
Phenyllactic acid 2
‘ Imidazoleacetic acid riboside -
Sa-Tetrahydrocorticosterone
4-Amino-2-methyl-1-naphthol
Pyridoxal 3

7-Ketocholesterol

| 1,3,7-Trimethyluric acid

Y Y
Sham surgery control DVT model

5 BFAREAE DVT EEAEKXRMEERRIEGFHHE
Fig. 5 Heat map of the differential metabolites in the sham surgery control and DVT model groups
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Encyclopedia of Genes and Genomes
(KEGG) pathways
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was downregulated in DVT model group. The size of the seg-
ment endpoint indicated the number of differential metabolites
involved in the pathway.
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