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With the continuous development of nanotechnology, nanoparticles (NPs) have increasingly attracted attention in the field of radiopharmaceuticals. As a drug delivery system, nanoparticles offer unique advantages, such as the ability to achieve efficient drug accumulation in tumor tissues through the enhanced permeability and retention (EPR) effect. The EPR effect, which is due to the high permeability of tumor blood vessels and poor lymphatic drainage, allows nanoparticles to preferentially accumulate at tumor sites, thereby improving drug targeting.
[bookmark: OLE_LINK3]In the synthesis of nanoparticles, iron oxide nanoparticles (such as Fe3O4) have been widely studied for their magnetic properties and biocompatibility. The synthesis methods for Fe3O4 nanoparticles are diverse, and by optimizing the synthesis conditions, their size and shape can be controlled, which in turn affects their behavior in biological systems. Additionally, surface modification of nanoparticles is a crucial step. For example, modifying the surface of Fe3O4 nanoparticles with aminopropyltriethoxysilane (APTES) can introduce functional groups such as amino groups (-NH2), which facilitate subsequent conjugation with certain chelators. This surface modification enables radiolabeling and in addition can enhance the stability and biocompatibility of nanoparticles.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Regarding radiolabeling, 44Sc (β+, EC), a positron-emitting radionuclide, has a half-life of 4 hours and is suitable for PET.Labeling nanoparticles with 44Sc allows for real-time tracking of nanoparticles in biological systems, which is significant for assessing drug distribution and efficacy. However, the stability of the conjugates in biological media is a key issue that needs attention. Highly stable particles can accurately deliver radioactive isotopes to target organs, reducing imaging errors and radiation risks, preventing premature release of isotopes. This helps to reduce damage to normal tissues and improve treatment efficacy and safety.
When designing nanoparticles for radiopharmaceuticals, a variety of factors need to be considered comprehensively. First, the size, shape, and surface properties of nanoparticles significantly influence their distribution and stability in biological systems. Second, although the EPR effect provides a theoretical basis for nanoparticle targeting of tumors, the complexity of the tumor microenvironment must also be taken into account in practical applications. Moreover, the stability and biocompatibility of radiolabeled nanoparticles are key factors in ensuring the safety and efficacy of radiopharmaceuticals.
