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Towards the development of an electric organ to power artificial muscles 
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Fish such as Torpedo rays and Electric eels have evolved the ability to transform metabolic energy into 
powerful electrical discharges. Inspired by this natural phenomenon, we are developing implantable 
artificial electric organs capable of powering active devices such as artificial muscles and pacemakers. 

We are currently exploring three main strategies: 

• constructing reverse electrodialysis (RED) systems using hydrogels1, 
• utilizing commercial proton exchange membranes like Nafion2, 
• and fabricating ultrathin membranes through the self-assembly of amphiphilic block copolymers 

(BCPs)3. 

 

Preliminary results show that all three approaches can successfully generate compact and efficient 
artificial electric organs at a small scale. As we continue refining these systems, we believe they could 
significantly impact future technologies in active prosthetics, soft robotics, and energy-autonomous 
biomedical devices. 

 
[1]  Guha, A., Kalkus, T. J., Schroeder, T. B. H., Willis, O. G., Rader, C., Ianiro, A., & Mayer, M., Advanced 

Materials, 2021, 33(31), 2101757. 
[2]  Pierucci, C., Paleari, L., Baker, J., Sproncken, C. C. M., Folkesson, M., Wesseler, J. P., Vracar, A., 

Dodero, A., Nanni, F., Berrocal, J. A., Mayer, M., & Ianiro, A., RSC Applied Polymers, 2025, 3(1), 209–
221. 

[3]  Sproncken, C. C. M., Liu, P., Monney, J., Fall, W. S., Pierucci, C., Scholten, P. B. v., van Bueren, B., 
Penedo, M., Fantner, G. E., Wensink, H. H., Steiner, U., Weder, C., Bruns, N., Mayer, M., & Ianiro, A., 
Nature, 2024, 630(8018), 866–871. 
 


