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    Abstract

The neuroactive steroid alphaxalone reveals a complex biphasic concentration-effect relationship using the 11.5 to 30 Hz frequency band of the electroencephalogram (EEG) as biomarker. The purpose of the present investigation was to develop a mechanism-based pharmacokinetic-pharmacodynamic model to describe this observation. The proposed model is based on receptor theory and aims to separate the drug-receptor interaction from the transduction of the initial stimulus into the observed biphasic response. Individual concentration-time courses of alphaxalone were obtained in combination with continuous recording of the EEG parameter. Alphaxalone was administered intravenously in various dosages. The pharmacokinetics were described by a two-compartment model, and parameter estimates for clearance, intercompartmental clearance, volume of distribution 1 and 2 were 158 ± 29 ml · min−1 · kg−1, 143 ± 31 ml · min−1· kg−1, 122 ± 20 ml · kg−1 and 606 ± 48 ml · kg−1, respectively. Concentration-effect relationships exhibited a biphasic pattern and delay in onset of effect. The hysteresis was described on the basis of an effect-compartment model with Cmax as covariate. The pharmacodynamic model consisted of a receptor model, featuring a monophasic saturable receptor activation model in combination with a biphasic stimulus-response model. The in vivo affinity (KPD) was estimated at 432 ± 26 ng · ml−1. Unique parameter estimates were obtained that were independent of the dose and the duration of the infusion. In conclusion, we have shown that this mechanism-based approach, which separates drug- and system-related properties in vivo, was successfully applied for the characterization of the biphasic effect versus time patterns of alphaxalone. The model should be of use in the characterization of other biphasic responses.


Footnotes
	
Preliminary results were presented at the British Pharmacological Society meeting January 2000 [Visser SAG, Smulders CJGM, Van der Graaf PH, and Danhof M (2000) Biphasic and dose-dependent in vivo time course of GABAA-receptor-mediated EEG effects of the neurosteroid alphaxalone, in rats. Br J Pharmacol129:81].


	Abbreviations:	PK/PD
	pharmacokinetic-pharmacodynamic
	EEG
	electroencephalogram
	HPLC
	high pressure liquid chromatography
	CL
	total body clearance
	Q
	intercompartmental clearance
	V1 and V2
	volumes of distribution of compartment 1 and 2
	Vdss
	volume of distribution at steady state
	Cmax
	maximal concentration reached in plasma
	DMSO
	dimethylsulfoxide
	HPβCD
	2-hydroxypropyl-β-cyclodextrin
	fu
	fraction unbound
	keo

	equilibration rate constant for hysteresis
	E0
	baseline EEG
	Etop
	maximal EEG effect
	ePD

	in vivo drug efficacy
	KPD

	in vivo drug affinity
	a
	coefficient determining steepness of the parabola
	b
	stimulus intensity where the top of the parabola is reached
	d
	exponent determining the asymmetry of the parabola
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