
Electrically Controlled Local Drug 
Delivery Beyond Size and Charge 
Limitations of Iontronic Transport
Sebastian Hecko, PhD



Electrode

Reservoir

Iontronically Delivered Drugs 

Gemcitabine FluoxetineGABA

© Max Schinagl

Strakosas et al., Sci. Adv. 2021, 7 (5), eabd8738.

Waldherr et al., Adv Mater Technol. 2021, 2001302. 

Asefifeyzabadi et al., Adv. Mater. Technol. 2025, 70039. 

Ion Selective

Membrane

~1V

(IEM)

Ion Pump



Top 200 Pharmaceuticals by Sales 2019
Compiled and produced by the Njarðarson Group (The University of Arizona)



Electrode

Ion Pump

Reservoir

Ion Selective

Membrane

Click-to-Release (C2R)

=

C2R

+

Released

Active

Charged Tetrazine

> 600 g/mol

Immobilized 

Inactive(IEM)

Monomethyl 
auristatin E

Keytruda
(PD-L1)

Nat Commun 2026,17, 4629
Drug Depot



Controllable Iontronic Tetrazine Transport
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Tetrazine Delivery Decouples Iontronic 

Transport Limits from Drug Characteristics

Tetrazine Delivery Decouples

 Iontronic Transport Limits from Drug Properties

Bovin Serum Albumin (BSA, 66 kDa) release



Ongoing

In Vivo

Beads Hydrogel

Depot

Implant

⌀ = 3 cm

⌀ = 1-2 mm

„rice-grain sized implant“

WPT



Acknowledgements

Marle Vleugels

Donghak Byun

Moa Hörberg

Rassen Boukraa

Daniel Simon

Christian Bayer 

Linda Waldherr

Rainer Schindl

Johannes Bintinger

Hannes Mikula

Nikolaus Poremba

Andreas Löffler

Patrick Keppel

Walter Kuba

Grant # 101099963 Nat Commun 2026,17, 4629






	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11

