Changes of Serum Albumin Function in Cirrhotic Patients Studied by EPR 
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Hepatitis B virus (HBV) infection remains one of the primary etiological factors leading to liver cirrhosis and hepatocellular carcinoma (HCC) in China. Patients with liver cirrhosis often exhibit reduced serum albumin levels and impaired albumin function. Currently, clinical assessment of disease severity largely depends on plasma albumin concentration, while effective methods for evaluating albumin functionality remain limited. Moreover, although albumin infusion is commonly employed in the management of cirrhosis, its clinical efficacy and treatment protocols remain controversial.

This study aims to establish and optimize a method for assessing albumin function using electron paramagnetic resonance (EPR) spectroscopy[1], thereby providing a scientific basis for improving clinical treatment strategies. Utilizing 16-doxyl stearic acid (16-DSA) as a spin probe, we refined the EPR-based detection workflow by optimizing spectral analysis techniques, solvent selection, and the molar ratio of probe to albumin. The optimized method was applied to plasma samples from age- and sex-matched cohorts, including healthy controls, chronic hepatitis B patients, HBV-related cirrhosis patients, and those with HBV-related HCC, to evaluate changes in albumin functionality across disease stages and its correlations with clinical parameters (Fig. 1). In addition, we have successfully synthesized 15N-labelled spin probe and obtained preliminary results (Fig. 2).
Results from a cohort of 120 samples demonstrated significantly reduced albumin-binding capacity in patients with HBV-related cirrhosis and HCC, with the most pronounced decline observed in patients with Child-Pugh class C cirrhosis. Furthermore, a strong positive correlation was identified between the directly measured h-1/h0 ratio and the free component proportion derived from spectral fitting, validating h-1/h0 as a reliable surrogate marker for albumin functionality. The h-1/h0 ratio was also found to be associated with various clinical indicators reflecting hepatic function, coagulation status, and inflammatory response.
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Figure 1. (A-D) Experimental and simulated EPR spectra of a healthy individual at loading ratio of 1:4.
The percentage of the free component and h_/h, in healthy control and liver cirrhosis.





Fig. 1. (A) Experimental and simulated EPR spectra (B-D) of a healthy individual. (E-F) Comparison of the free component content obtained from simulation and h-1/h0 between healthy control and liver cirrhosis patient.
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Fig. 2. Preliminary EPR results based on the 15N-labelled spin probe.

