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            Abstract
Most local anaesthetics used clinically are relatively hydrophobic molecules that gain access to their blocking site on the sodium channel by diffusing into or through the cell membrane1. These anaesthetics block sodium channels and thereby the excitability of all neurons, not just sensory neurons. We tested the possibility of selectively blocking the excitability of primary sensory nociceptor (pain-sensing) neurons by introducing the charged, membrane-impermeant lidocaine derivative QX-314 through the pore of the noxious-heat-sensitive TRPV1 channel. Here we show that charged sodium-channel blockers can be targeted into nociceptors by the application of TRPV1 agonists to produce a pain-specific local anaesthesia. QX-314 applied externally had no effect on the activity of sodium channels in small sensory neurons when applied alone, but when applied in the presence of the TRPV1 agonist capsaicin, QX-314 blocked sodium channels and inhibited excitability. Inhibition by co-applied QX-314 and capsaicin was restricted to neurons expressing TRPV1. Injection of QX-314 together with capsaicin into rat hindpaws produced a long-lasting (more than 2â€‰h) increase in mechanical and thermal nociceptive thresholds. Long-lasting decreases in pain sensitivity were also seen with regional injection of QX-314 and capsaicin near the sciatic nerve; however, in contrast to the effect of lidocaine, the application of QX-314 and capsaicin together was not accompanied by motor or tactile deficits.
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                    Figure 1: 
Application of extracellular QX-314 (5â€‰mM) and capsaicin (1â€‰Î¼M) together selectively blocks sodium currents in capsaicin-responsive DRG neurons.
[image: ]


Figure 2: 
Application of QX-314 and capsaicin together blocks excitability in nociceptor neurons.
[image: ]


Figure 3: 
Intraplantar injection of capsaicin and QX-314 together produces prolonged local anaesthesia to mechanical (von Frey) and thermal noxious stimuli.
[image: ]


Figure 4: 
Injection of QX-314 followed by capsaicin adjacent to the sciatic nerve anaesthetized the animals to noxious mechanical and thermal stimuli of the hindlimbs without producing any motor deficit.
[image: ]
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        Editorial Summary
Hit where it hurts
The snag with most local anaesthetics is their lack of specificity. They are lipophilic, so can enter virtually any neuron, where they indiscriminately block sodium channels in the membrane. A way of blocking the activity of specific pain-sensing neurons without affecting other sensory or motor neurons could be used to create a more targeted form of local anaesthesia, and that is the prospect held out by Binshtok et al. in this issue. They report that the lidocaine derivative QX-314 can be targeted to pain-sensing neurons. Normally QX-314 can't cross the cell membrane. But antipain specificity is ensured by allowing it to enter via the TRPV1 channel, a capsaicin receptor found only in pain-sensing neurons. Co-application of QX-314 and capsaicin in rats blocked mechanical and thermal pain, inducing local anaesthesia, without the paralysis seen in 'normal' lidocaine anaesthesia.
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