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Multifunctional Microbeads for Cancer Hyperthermia that Exhibit Imaging and
Temperature-Responsive DDS
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Since ferromagnetic materials such as magnetite generate heat under AC magnetic field
irradiation, they are useful for hyperthermia treatment of cancers deep inside the body. If
these ferromagnetic materials can be equipped with fluorescence imaging with excellent
sensitivity and resolution, in vivo tracking of microbeads can be realized in various
environments, and it will be easy to determine whether the microbeads have escaped to
organs other than the target organs. Furthermore, if the drug release from the microbeads
can be controlled by temperature, the drug can be released in response to the heat
generated by the irradiation of an alternating magnetic field, thus creating innovative
intelligent medical materials that combine imaging and DDS. In this study, we explore the
possibility of creating this type of microbeads by immobilizing thermoresponsive polymers
and quantum dots on magnetic microbeads using a simple chemical surface modification.
Specifically, a self-assembled membrane with carboxyl and amino groups on the side chain
was formed on ferrite particles with ferromagnetism, and quantum dots were chemically
bonded to the amino group side and temperature-responsive k-carrageenan to the carboxyl
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group side. As a result, it was found that x-carrageenan was immobilized on the ferrite.
Furthermore, the surface-modified ferrite particles emitted green light when irradiated with
black light, providing an imaging function.
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