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Abstract: The drug delivery system for cancer therapy has become a hot research topic in recent years. The
aim of this research is to establish a controlled drug delivery system, in order to improve the efficiency of tumor
therapy and reduce the toxicity and side effects. In this study, an implantable magnet triboelectric nanogenerator
was developed, which was used to control the drug release, achieving effective tumor therapy effects at 2D liver
tumor cells and 3D tumor sphere. The electric field provided by the implantable magnet triboelectric nanogenerator
had a precisely controllable release of doxorubicin. When the electric field was applied, the drug release speed
was accelerated. However, when the electric field disappeared, the drug release speed quickly returned to the
background value, showing a controllable drug release mode. Based on the triboelectric nanogenerator with high
voltage and low current, this drug delivery system can be safely used as wearable or implantable power source in
practical medical scenarios, proving a new solution for controllable drug delivery system and tumor treatment.
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Fig.1 Device structure and output performance of the
iTENG. (a) Digital image and the schematic diagram of the
iTENG; (c) Working principle of The iTENG; (d) Voc of the
iTENG before encapsulation; (e) Voc of the iTENG after

encapsulation; (f) Voc of the iTENG after implantation
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Fig.2 The preparation and characterization of D@RBC. (a)
The confocal picture of D@RBC; (b) Flow cytometry of D@

RBC
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Fig.3 The iTENG controlled release of D@RBCs. (a) 2D
stimulation devices; (b, ¢) Kinetics of iTENG controlled drug
release. (d - g) SEM images of innate RBC, D@RBC, D@

RBC+EF, and D@RBC after EF
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Fig.4 iTENG controlled DDS to treat Hepal-6 cells in 2D
culture. (a) The co-localization of the RBC and Hepal-6
cells; (b) The viabilities of Heapal-6 cells in the control, EF,
RBC, and RBC+EF groups were the same. However, the
viabilities of Heapal-6 cells in the DOX, DOX+EF, D@RBC

and D @RBC+EF groups decreased obviously
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Fig.5 Evaluation of the antitumor ability of EF-controlled
RBC DDS using the 3D liver tumor sphere. (a) Schematic
diagram of 3D electroporation device; (b) The releationship
between the number of Hepal-6 cell and the volume and
shape of 3D tumor; (c) Colocation of Heapal-6 cells and
D@RBCs; (d) The inhibitory effect of different treatments on

the size growth of 3D tumor sphere in 8 d
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