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[3H]-Epibatidine binding to rat brain membranes: Competition assays.

P2 Membrane preparation: Crude membrane preparations were prepared from the brains of male Sprague-Dawley rats, as previously described.45 Briefly, the tissue was homogenised (10% w/v) in Sucrose Buffer (0.32 M sucrose, 1 mM EDTA, 0.1 mM phenylmethylsulfonyl fluouride (PMSF), 0.01% (w/v) sodium azide, pH 7.4) using a glass-teflon homogeniser (8 strokes at 600 rpm), prior to centrifugation (1000 g, 4 °C, 10 min). The pellet was resuspended to 20% (w/v) in Sucrose Buffer and the centrifugation repeated. The supernatant fractions were combined and the P2 membranes recovered as a pellet by centrifugation (15,000 g, 4 °C, 30 min). The pellet was washed twice by resuspension in Phosphate Buffer (50 mM phosphate, 1 mM EDTA, 0.1 mM PMSF, 0.01% (w/v) sodium azide, pH 7.4) and centrifugation (15,000 g, 4 °C, 30 min). The final pellet was resuspended in Phosphate Buffer to a concentration of 2.5 ml/g original weight of tissue and stored in aliquots at -20 °C.

[3H]-epibatidine binding assay: Membranes were diluted in Assay Buffer (Phosphate Buffer supplemented with  0.1% (w/v) BSA) to give the desired protein content (typically 0.5 mg) in a final assay volume of 2 ml. Membranes were incubated with 200 pM [3H]-epibatidine, in the presence and absence of 1 mM nicotine to define total and non-specific binding, or in the presence of serial dilutions of unlabelled epibatidine 1, and analogues 2 and 35. Samples were incubated for 2 h at room temperature. Incubations were terminated by dilution with 4 ml phosphate-buffered saline (PBS; 20 mM Na2HPO4, 5 mM KH2PO4, 150 mM NaCl, pH 7.4) at 4 °C and rapid filtration though type A/E glass fibre filters (Gelman Sciences), presoaked in 0.3% (v/v) polyethyleneimine (PEI) for 3 h, using a Brandel cell harvester. Filters were washed twice with 4 ml PBS at 4 °C and bound radioactivity determined by liquid scintillation spectrometry (counting efficiency 45%).

Data analysis: IC50 values (concentration of drug that inhibits 50% of binding) were calculated by non-linear regression of the specific binding data from competition binding assays, fitting to the Hill Equation, % bound = 100% / (1+([L]/IC50)n), where n is the Hill number (nH) and [L] is the concentration of displacing ligand. Ki values were calculated from IC50 values using the Cheng and Prussoff equation,46 assuming a Kd value for [3H]-epibatidine of 40 pM. Curve-fitting was performed using SigmaPlot V2.0 for Windows (Jandel Scientific).
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Fig. 3. [3H]-epibatidine binding to rat brain P2 membranes, competition assays

The inhibition of binding of 200 pM [3H]-epibatidine to rat brain P2 membranes by serial dilutions of epibatidine 1, and analogues 2 and 35 is shown. Data points (mean  s.e.m. from three experiments) are fitted to the Hill equation.
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Electrophysiological studies of (+)-2 and ()-2
The techniques used here have been described more fully elesewhere.40 Male Sprague-Dawley rats (200–250 g) were anaesthetised with 2-3% halothane (in 66% N2O and 33% O2) and subsequently maintained at 1.8% halothane. Core temperature of the animal was monitored using a rectal thermometer probe coupled to a heating blanket. At the end of the experiment, animals were terminated with overdose of anaesthetic. A laminectomy was performed to expose the segments L4–L5 of the spinal cord, and a parylene-coated tungsten electrode was descended into the dorsal horn using an Epson Stepper device. The depth of the recording site was noted from the microdrive readings. Extracellular recordings were made from single dorsal horn neurones receiving C- and A-fibre input from the skin of the hindpaw, identified by their ability to respond to both noxious and innocuous stimuli (pinch and touch). Neuronal responses were elicited by transcutaneous electrical stimulation given in the centre of the receptive field of the neurone in the ipsilateral hindpaw, at 3 times the threshold current required for C-fibre evoked activity. At 10-minute intervals, tests consisting of a train of 16 stimuli (2msec-wide pulses at 0.5 Hz) were carried out and post-stimulus histograms constructed. These evoked response were separated, according to latency, into A-fibre evoked activity (0–20 msec post-stimulus); A-fibre evoked activity (20–90 msec); C-fibre evoked activity (90–300 msec) and post-discharge of the neurone (300–800 msec). The neuronal response evoked by the first stimulus of the train is referred to as “input” and consists of the number of action potentials (90–800msec) evoked by this stimulus. Wind-up, a measure of the enhanced neuronal response elicited by repetitive stimulation, was quantified as the difference between the total number of action potentials produced by the 16 stimuli (90–800 ms), and the input  16. Thus the measure of wind-up includes both the enhanced C-fibre evoked responses and the post-discharge generated as wind-up develops.

Tests were performed at 10-minute intervals, until the neuronal responses evoked at each test differed by less than 10%. The results of the last three tests were then averaged to give control values for each parameter. 

Cumulative doses of each epibatidine analogue [(+)-2 and ()-2] (0.5, 5 and 50g in 50l saline) were then applied to the exposed spinal cord into a ‘well’ formed by the laminectomy which held the 50l volume of drug. The electrically-evoked neuronal responses were followed for 60 minutes after each dose, after which the solution was removed and the next dose applied.

The effect of analogue (+)-2 was tested on 7 individual neurones; analogue ()-2 was tested on 5 individual neurones.

Data below are shown as percentage of pre-drug control values, with a 60 minute time-course for each dose of the drug. To generate a dose response curve, the maximum effects of each dose on each neurone were averaged. Data are presented as mean  s.e.m.

The results clearly show a dose-dependent inhibition of wind-up and post discharge, measures of post synaptic neuronal hyperexcitability in response to C-fibre evoked noxious stimulation and an inhibition of input onto the neurones, an index of neurotransmitter release. This dual effect was seen for the population of neurones and is clearly illustrated in the individual example (page 6) where the initial response of the neurone is reduced as is the enhanced response seen as the stimulation continues. This profile is very similar to that seen with another epibatidine analogue.3 The spinal route of administration of (+)-2 confirms this area as a key site in the antinociceptive effects of these nicotinic agents, The marked effects of (+)-2 contrast with those of ()-2. The interpretation that either ()-2 does not bind or it is too weak to activate and then desensitise the receptor, is supported by the fact that (+)-2 facilitated the neuronal responses at low doses yet as the dose increased clear inhibitions were produced whereas ()-2 only enhanced the responses.

Electrophysiological data for (+)-2
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[image: image3.wmf]Effect of analogue (+)-2 on the wind-up of one indiviual neurone
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Electrophysiological data for ()-2
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