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Abstract: Selective targeting and inhibition of afferent subtypes would allow control of
nociceptive input to the spinal cord while potentially maintaining other sensory
modalities and motor function. Optically active proton pumps provide precise
temporal control of neuronal inhibition (Chow et al, 2010). Here we tested whether
intrathecal viral vector delivery of the optically active proton pump ArchT could
successfully result in neuronal transduction and expression of spinal cord or afferent
neurons and whether peripheral afferent neurons could be inhibited using optical
activation in vivo.
After Animal Care and Use Committee approval, 10 uL of replication deficient self
complimentary AAV8 vector containing ArchT with a GFP tag were injected at L3-4
in male Sprague Dawley rats as described (Ririe et al, 2004). Eight weeks later,
primary afferent electrophysiology was evaluated using intracellular recording at
L5(Boada et al, 2010). After intracellular electrode placement, the receptive field
(RF) and membrane electrical properties of 15 mechano sensory afferents were
characterized (5 LTMR-Hair; 1 SAI, 2 LTMR-RA, 4 AHTMR, 1 CHTMR)
followed by examination of the effect of exposure to green laser light (520 nm).
Preliminary results showed 4/15 cells were optically sensitive. Of the 4 neurons
inhibited, all were fast nociceptors (A-high threshold mechanoreceptors (AHTMR)
with mechanical thresholds between 15-99 mN and CV in the Aδ/β range (10-14
m/s)). In 4/4 cells, there was a rapid (± 0.02 sec) hyperpolarization of membrane
potential (average 4.5±0.5 mV). After optical activation all RF and action potential



(AP) characteristics returned to baseline. Optical activation produced complete
electrical block of AP propagation in response to skin incision in the RF. Sensitization
within the RF from skin incision was also reduced; both cellular RF mechanical
sensibility and size remained at normal levels. Active electrical properties, AP
amplitude and duration (D50), appeared to be unaffected.
This is the first report of optical inhibition of peripheral sensory afferent neurons in
vivo. The lack of expression of the channel in motor neurons is beneficial, but the
etiology of the specificity is unclear. Further studies will focus on understanding the
specificity of nociceptor efficacy of optical inhibition with ArchT. These techniques
will be valuable for exploring afferent activity in pain circuits and may lead to
therapeutic interventions utilizing light, possibly patient controlled, for spatial and
temporal control of afferent nociceptive input to the spinal cord to control pain.
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