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    Abstract

        Voltage-gated Na+ channels may play important roles in establishing pathological neuronal hyperexcitability associated with chronic pain in humans. Na+ channel blockers, such as carbamazepine (CBZ) and lamotrigine (LTG), are efficacious in treating neuropathic pain; however, their therapeutic utility is compromised by central nervous system side effects. We reasoned that it may be possible to gain superior control over pain states and, in particular, a better therapeutic index, by designing broad-spectrum Na+ channel blockers with higher potency, faster onset kinetics, and greater levels of state dependence than existing drugs. 2-[4-(4-Chloro-2-fluorophenoxy)phenyl]-pyrimidine-4-carboxamide (PPPA) is a novel structural analog of the state-dependent Na+ channel blocker V102862 [4-(4-fluorophenoxy)benzaldehyde semicarbazone]. Tested on recombinant rat Nav1.2 channels and native Na+ currents in cultured rat dorsal root ganglion neurons, PPPA was approximately 1000 times more potent, had 2000-fold faster binding kinetics, and ≥10-fold higher levels of state dependence than CBZ and LTG. Tested in rat pain models against mechanical endpoints, PPPA had minimal effective doses of 1 to 3 mg/kg p.o. in partial sciatic nerve ligation, Freund's complete adjuvant, and postincisional pain. In all cases, efficacy was similar to clinically relevant comparators. Importantly, PPPA did not produce motor deficits in the accelerating Rotarod assay of ataxia at doses up to 30 mg/kg p.o., indicating a therapeutic index >10, which was superior to CBZ and LTG. Our experiments suggest that high-potency, broad-spectrum, state-dependent Na+ channel blockers will have clinical utility for treating neuropathic, inflammatory, and postsurgical pain. Optimizing the biophysical parameters of broad-spectrum voltage-gated Na+ channel blockers may lead to improved pain therapeutics.

      
Footnotes
	
        Article, publication date, and citation information can be found at http://jpet.aspetjournals.org.

      
	
        doi:10.1124/jpet.106.104737.

      
	
        ABBREVIATIONS: DRG, dorsal root ganglion; CBZ, carbamazepine; LTG, lamotrigine; PPPA, 2-[4-(4-chloro-2-fluorophenoxy)phenyl]-pyrimidine-4-carboxamide; V102862, 4-(4-fluorophenoxy)benzaldehyde semicarbazone; rNav1.2, rat brain type IIa Na+ channel; HEK, human embryonic kidney; TTX-S, tetrodotoxin-sensitive; CMF, calcium- and magnesium-free Hanks' buffer; TTX-R, tetrodotoxin-resistant; DMSO, dimethyl sulfoxide; FLIPR, fluorescence plate reader; ω-ctx, ω-conotoxin; PWT, paw withdrawal threshold; PSN, partial spinal nerve ligation; FCA, Freund's complete adjuvant; MED, minimal effective dose; MAD, minimal ataxic dose; TI, therapeutic index; CNS, central nervous system.
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