Advances in diabetes management: a novel magnetic nanoparticles-based immunosensor for C-peptide detection at the Point-of-Care
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Diabetes is a growing global health emergency that affects millions of people worldwide. Despite the significant advancements made in diabetic care over the past decades, many people with diabetes still face numerous challenges in managing their condition. The development of cheap, non-invasive, and Point-of-Care (POC) monitoring devices may greatly improve the quality of life for people with diabetes, allowing for remote monitoring, reducing the need for in-person visits. C-peptide is a critical biomarker for evaluating pancreatic β-cell function and managing diabetes. It is secreted by pancreatic β-cells in equimolar amounts as insulin. They are simultaneously released into the capillary circulation, but C-peptide is not destroyed by the liver and has a longer half-life than insulin [1]. Therefore, C-peptide levels are considered a superior clinical biomarker for β-cell function, and therefore for endogenous insulin secretion. Another practical advantage of C-peptide determination over insulin is that the former can be evaluated in patients undergoing insulin therapy. In addition, circulating C-peptide determination allows to better distinguish between  type 1 and type 2 diabetes [2] and may indicate also diabetes-related diseases, such as pancreatic dysfunction and problems related to the kidneys and heart. As a result, several studies have focused on determining C-peptide levels in the body [3]. However, conventional methods, such as enzyme-linked immunosorbent assay (ELISA), chemiluminescence immunoassay, and HPLC are limited by lengthy processing times and high costs. Biosensors are precise and advanced tools for rapid, low-cost and POC detection of multiple disease-related biomarkers [4].
Here, we describe a novel electrochemical immunosensor for fast, cheap, and sensitive C-peptide detection at the POC, based on iron-oxide magnetic nanoparticles (MNPs). The MNPs, immobilized by drop-casting on the electrode surface with the use of a magnetic support, allowed higher reproducibility, avoiding coffee-ring effect [5]. This aspect plays a key role in the immunosensor development, where surface stability is one of the main issues to be addressed. Moreover, MNPs amplified current response signals, thus enhancing sensitivity, through their conductive properties and large specific surface areas, showing also excellent biocompatibility with antibodies, and low toxicity. 
The proposed immunosensor allowed the detection of C-peptide in the nanomolar range in human serum and urine samples collected from healthy people and patients under pharmacological treatment, showing excellent agreement with HPLC-UV method. These results hold great promise for the development of a better diabetes management in the future.


[1] J. Chen, Y. Huang, C. Liu, et al., Front. Endocrinol. 14 (2023)
[2] S. Iqbal, A.A. Jayyab, A.M. Alrashdi, et al., Endocr. Pract. 29 (2023) 379-387
[3] H. Ahmadirad, F. Teymoori, E. Mokhtari, et al., Front. Cardiovasc. Med., 2023
[4] Z. J. Bahaabadi, P. Kesharwani, A. Sahebkar,  Microchem. J.  207 (2024) 111922
[5] A. Kaliyaraj, S. Kumar, Y. Zhang, D. Li, R.G. Compton, Electrochem. Commun. 121 (2020), 106867 


