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[Abstract] Objective To investigate the metabolic characteristics of rats with hypothermia and hemorrhagic shock based on
plasma metabolomics, and to screen for specific biomarkers. Methods A total of 140 Sprague-Dawley rats were randomly divided
into control group and hypothermic environment combined with uncontrolled lethal hemorrhagic shock (H-UHS) group (n=70).
Following 12 h of exposure to —15 “C, an uncontrolled hemorrhagic shock model was established in rats of H-UHS group. Vital signs,
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blood gas, biochemical, and coagulation parameters were subsequently measured. Plasma metabolomic profiling was performed using
ultra-high-performance liquid chromatography-tandem mass spectrometry. Differential metabolites were screened by 3D-principal
component analysis (3D-PCA), orthogonal partial least-squares discrimination analysis (OPLS-DA), and weighted gene co-
expression network analysis (WGCNA). Feature metabolites were further identified through cross-validation with three machine
learning algorithms: least absolute shrinkage and selection operator (LASSO), support vector machine with recursive feature
elimination (svm-rfe), and random forest (RF). Diagnostic performance was evaluated using receiver operating characteristic (ROC)
curve analysis. Results Compared with control group, the rats in H-UHS group exhibited significant reductions in mean arterial
pressure (MAP), heart rate (HR), and respiratory rate (RR), along with elevated blood lactate, decreased bicarbonate, significantly
increased hepatic enzymes, cardiac troponin T, and D-lactate, and prolonged coagulation time, with the difference is statistically
significant (P<0.05). A total of 1,470 differential metabolites were identified by metabolomic analysis, primarily enriched in fructose
and mannose metabolism, steroid hormone biosynthesis, and secondary bile acid biosynthesis pathways. Cross-validation using three
machine learning algorithms identified four overlapping characteristic metabolites: prephenic acid, selenocysteine, 2'-deoxyuridine-5'
-diphosphate, and phosphoethanolamine, with areas under the receiver operating characteristic curve (AUCs) of 0.945, 0.979, 0.953,
and 0.991, respectively. Conclusion Prephenic acid, selenocysteine, 2'-deoxyuridine-5'-diphosphate, and phosphoethanolamine

may serve as potential diagnostic biomarkers for hypothermia combined with hemorrhagic shock.
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Tab.1 Change of vital signs, blood gas, blood biochemistry, and coagulation indicators in rats with hemorrhagic shock and hypothermia

Bt X A2 H-UHS#H t P
A iRAE
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Fig.1 Plasma metabolite fingerprint analysis in rats with hemorrhagic shock and hypothermia
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Fig.2 Plasma metabolomics differences and KEGG analysis in rats with hemorrhagic shock and hypothermia
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Fig.3 Screening of significant related metabolites with hemorrhagic shock and hypothermia by weighted gene co-expression network

analysis (WGCNA) in rats
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Fig.4 Screening of characteristic metabolites of hemorrhagic shock and hypothermia by machine learning in rats
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Fig.5 Abundance difference and diagnostic value of characteristic metabolites of hemorrhagic shock and hypothermia in rats
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