Scratching the itch: tackling wombat mange by targeting scabies mites with pesticides
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Introduction. Sarcoptic mange is a contagious skin infestation caused by the parasitic mite Sarcoptes scabiei (scabies mites). Sarcoptic mange is a serious issue for bare-nosed wombats in south-eastern Australia, with implications of severe skin crusting, scratching, hair loss, and death due to malnutrition or secondary infections. There is a strong need to improve the currently limited options for treatment of mange in free-living wombats.
Aims. This study focusses on the pharmacological characterization of two glutamate-gated chloride channels (GluCls) and a resistant to dieldrin GABA-activated chloride channel (Rdl) from the scabies mites expressed by Xenopus laevis oocytes using two-electrode voltage clamp (TEVC) electrophysiology.
Methods. Oocytes were voltage clamped at -60 mV and concentration-dependent glutamate and GABA gated chloride channels were measured.  The sensitivity of pesticides (fluralaner and moxidectin) as either agonists or antagonists  were characterised using TEVC electrophysiology to gain an understanding of how the channels and pesticides alter channel functions, and determine the impact of genetic variants.
Results. GluCl1.16 and GluCl1.9 are splice variants but have significantly different sensitivities to glutamate (EC50 6.4 ± 1.7 µM and 36 ± 1.9 µM; p < 0.05) respectively. Fluralaner is one of the currently used pesticides to treat wombat mange and inhibits glutamate-gated and GABA-gated ion currents mediated by GluCl1.16 and GluCl1.9, and Rdl2.18 respectively. In contrast, another currently used pesticide, moxidectin, generated a rapidly activated current for both GluCl1.16 and GluCl9, that desensitized to a steady state but did not wash out after stopping the perfusion of the pesticide from the bath. This suggests that moxidectin is an irreversible agonist of GluCl1.16, and GluCl1.9, which shows similarities to the mechanism of action of ivermectin on mammalian glycine-gated chloride channels.
Discussion. This is the first study of GluCl and Rdl ion channels from scabies mites and demonstrates that they are sensitive to current pesticides and also provides the means for screening novel pesticides for the treatment of wombat mange. Further characterisation of the pharmacological characteristics of these channels and their genetic variants will contribute to the development of new treatments of scabies mites infestations and where resistance to current treatments has limited treatment options.
