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Application of self-propelled micro-/nanomotors in active targeted drug delivery
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Abstract: As a new type of micro-/nanomachines, self-propelled micro-/nanomotors (MNMs) can convert chemical or external
energies from the surrounding environment into mechanical forces to produce autonomous motion. The ability of autonomous
movement allows these MNMs to move actively to the targeted locations, and thus confers great potentials on the MNMs for
applications in biomedicine, especially in drug delivery. MNMs have been shown to effectively load therapeutic payloads for
active delivery to the disease site, which greatly improves the therapeutic efficacy and reduces side effects compared with the
traditional nanodrugs. In this review, we provide an overview of different propulsion mechanisms of MNMs, including
chemical propulsion based on redox reaction and external field propulsion driven by external energy such as light, magnetic
field, electric field and ultrasound, followed by a review of the recent progress in active drug delivery based on MNMs in the

past decade. We also discuss the current challenges and future perspectives of the application of the MNMs.
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Fig.1 Representative examples of chemically propelled MNMs. A: MNMs based on bubble

propulsion®; B: MNMs based on self- diffusiophoresis®; C: MNMs based on self-electro-
phoresis™; D: Oil droplet based on interfacial tension gradient mechanism™.
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Fig.2 Representative examples of external field-propelled MNMs. A: Light-propelled MNMs®™; B: Magnetically

propelled MNMs*”; C: Ultrasonically propelled MNMs'™.
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Fig.3 Representative examples of active drug delivery by chemically propelled MNMs. A: The drug-loaded PLGA particles
dynamic pick-up, transport and release by a Ni/(Aus/Ags)/Ni/Pt nanomotor™; B: Janus capsule motors for drug delivery™; C: Self-
assembly and GSH-triggered disassembly of a redox-sensitive nanomotor*”; D: DOX delivery by cat-B@SAFs micromotors*; E:

Mg-based micromotors for drug delivery"’; F: Urease-powered Janus nanomotors for drug delivery".
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Fig4 Representative examples of active drug delivery by external field-propelled MNMs. A: Magnetic helical
microswimmers functionalized with lipoplexes for targeted gene delivery™; B: Schematic representation of a PDA treated
FeGa@P(VDEF-TrFE) core-shell nanowire for drug delivery"”; C: Magnetic helical microswimmers functionalized with ZIF-
8 for in vitro drug delivery™; D: Ultrasound-propelled drug-loaded nanoporous Au nanomotors for drug delivery"”; E:

Ultrasonically propelled nanomotors for intracellular siRNA delivery™; F: Ultrasound-propelled high-pH- responsive

polymer coated gold nanowire for CASP-3 delivery™.
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