Reestablishment of the blood nerve barrier in Regenerative Multielectrode Interfaces
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Introduction: Limb loss affects approximately 2 million people in the USA and 500 more undergo limb amputation every day.
Recent advances in limb prosthetics offer highly functional robotic arms/hands. However, neural control and sensation from such
devices is lacking. Neural electrode interfaces in the transected peripheral nerves have been demonstrated to provide some degree of
motor control and sensation, but long-lasting reliable neural interfacing remains challenging. We previously reported the recording of
neural activity using Regenerative Multi-electrode Interface (REMI) in peripheral nerves. The signals recorded by the REMI seemed
to decay with time. However, unlike electrode interfacing in the brain cortex, we also reported that factors other than the “cellular
scar” around the electrodes may be responsible for changes in signal quality over time. We hypothesized that one such factor is the
Blood Nerve Barrier (BNB), an impermeable layer of perineural cells that form tight-junctions in the perineurium, excluding both
proteins and ions from the endoneurium. We reasoned that if the BNB reformed in the REMI between the electrode and the tissue, the
ionic barrier may be responsible for the observed reduction in signal quality over time.
Materials and Methods: Fifteen adult Lewis rats were implanted with the REMI in the transected sciatic nerve. The animals were
divided into three groups of 5 each; 15, 30 and 60 days post implantation. Histological studies were performed using formalin fixed
longitudinal sciatic nerve sections. Immunocytochemical visualization of tight junction proteins including Claudin-1 and Occludin
were employed to evaluate the morphological transition in the barrier re-formation. Mannitol, a hyperosmotic solution was injected
via the tail vein to temporarily alter the BNB permeability in additional animals (n=2) implanted with REMI. In vivo impedance and
electrode signal-to-noise ratio (SNR) was assessed at various time points post injection. Further, Evans blue-labelled albumin (EBA)
dye was used as a marker of BNB permeability.
Results and Discussion: Immunofluorescent visualization of Claudin -1 and occludin showed increased protein expression around the
electrodes over time, indicating the re-formation of the BNB within 30—60 days post REMI implantation (Fig. 1A).
Electrophysiological testing of the manitol-disrupted BNB showed that the initial high impedance recorded at 45days postimplantation (DPI) (~550KΩ), was significantly reduced after mannitol injection, followed by a slow recovery to the initial impedance
values (Fig.1B).
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Figure.1: (A) Gradual increase in the
expression of claudin-1 at 15, 30 and 60 DPI.
(B) In-vivo impedance characterization preand post-mannitol injection

Conclusions: We have demonstrated that the BNB is re-formed overtime after regenerative peripheral electrode implantation and that
modulation of the BNB permeability alters the electrical performance of the electrode array. Thus, our results indicate that the BNB is
a critical physiological determinant for regenerative peripheral neurointerfacing, and that modulation of such response increase the
overall sensitivity of the electrode interfaces.

