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The development of neuromorphic technologies increasingly relies on emerging hardware platforms, 

including memristive devices, spiking sensors, and adaptive neural interfaces [1,2]. Despite substantial 

progress, current implementations face critical limitations related to device variability, endurance, 

scalability, and the insufficient integration of physiological constraints into hardware and interface design 

[1,3]. The intrinsic complexity of neurophysiological properties, including spike timing–dependent 

coding, synaptic and homeostatic plasticity, neuromodulatory control, and multiscale feedback across 

neuronal and neurovascular loops, poses significant challenges for their translation into implementable 

neuromorphic architectures [4]. In parallel, the growing use of organ-on-chip and blood–brain barrier–

on-chip platforms for drug testing highlights the need for neuromorphic devices and interfaces capable 

of interacting with physiologically relevant, dynamically regulated biological systems, particularly with 

respect to selective transport, adaptive regulation, and interface stability [5]. Within this context, the 

blood–brain barrier provides a reference model for interface architectures in which selective 

permeability, transporter-mediated exchange, and bidirectional signaling are dynamically co-regulated 

to maintain system stability while enabling controlled pharmacological access. Translating these 

principles to neuromorphic device and interface design underscores the need for adaptive, resource-aware 

interface layers capable of controlled signal and molecular transduction, supported by advances in 

emerging memristive and brain-inspired device technologies [6]. Addressing these challenges requires 

integrated device–system co-design strategies that align materials engineering, interface architectures, 

and biologically informed models to enable robust neuromorphic technologies and physiologically 

relevant platforms for drug testing. 
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