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Abstract

Introduction

Hyperthyroidism is a disorder of the thyroid gland that is characterized by an over production of thyroid hormones (thyroxine and triiodothyronine) and a wide array of clinical manifestations (1). Antithyroid drugs that are commonly used to treat this condition include propylthiouracil and methimazole, which are known to have serious side effects on the immune system and the bone marrow (2). Abouthiouzine [1-n-Butyl-3(isonicotinamido)-2-thiourea] (Figure 1) is a newly designed antithyroid agent with a reportedly less side effects profile compared to other drugs used to treat this condition. The relative efficacy of abouthiouzine, after equimolar dose, was found to be 102% and 51.5% of that of propylthiouracil with respect to the rate of 125I-discharge and 125I-uptake, respectively. In addition, chemiluminescence studies on polymorphonuclears (PMNs) revealed that abouthiouzine has slight oxidant property. Such properties may provide advantages in avoiding the iatrogenic hypothyroidism and antithyroid-induced immunological reactions.  

The purpose of this study was to characterize, for the first time, the pharmacokinetics of abouthiouzine following a single intravenous administration in an animal model. Such work is an imperative step in the development process of abouthiouzine as a novel antithyroid drug and for clinical testing. 
Materials and Methods

Reagents and Chemicals:

Abouthiouzine was designed using elctrotopological-state (E-state) indexes and synthesized in the college of Pharmacy’s research laboratories (King Saud University, Riyadh, Saudi Arabia), as it has previously been described (Abou-Shaaban et al 1995, 1996). Propranolol was purchased from Sigma (St. Louis, MO, USA); methanol, acetonitrile and ethyl acetate of HPLC grade were obtained from BDH Laboratory (BDH Chemicals Ltd., Poole, UK). All other reagents and chemicals used in the assay were of the highest purity available for analytical research; water was of Milli-Q quality. 

Experimental Design:

Fair male vole rabbits (weight=4.3(0.6 kg), which were maintained in accordance with the recommendations of the “Guide for the Care and Use of Laboratory Animals” approved by College of Pharmacy Animal Care and Use Facility, King Saud University, Riyadh, Saudi Arabia, were used in the study. Animals were allowed free water and food ad libitum during the study except that the chow was pulled twelve hours prior to animals’ dosing. Abouthiouzine was prepared in DMSO at a concentration of 10 mg/ml, and 2 mg/kg was given intravenously through a major ear vein and blood samples (0.5 ml) were collected from counterpart ear through an indwelling vein catheter into heparinized vacutainer tubes before treatment and at 1, 2, 5, 10, 15, 30, 60, 90, and 120 min after dosing. Plasma was separated by centrifugation of blood at 2500g for 10 min and stored at –20°C pending analysis. 

Abouthiouzine Assay: 

Determination of abouthiouzine in plasma was conducted by high performance liquid chromatography system (HPLC). Briefly, abouthiouzine was extracted from plasma as follows: to 0.5 ml of plasma sample, 25 (l of internal standard (0.5 (g/ml propranolol prepared in methanol) was added in a 15 ml capped glass tube with vortex mixing. The mixture was shaken with 6 ml of ethyl acetate for 10 min and centrifuged at 2500 g for another 10 min. The ethyl acetate layer was transferred to another glass tube and evaporated to dryness under gentle stream of nitrogen. The residue was reconstituted with 150 (l of mobile phase and 75 (l of this was injected onto the column. A calibration curve was prepared with each batch of test samples by spiking known amounts of abouthiouzine to blank rabbit’s plasma and treating in the same manner as described above. HPLC system consisted of a Waters model 717 autosampler, model M-600 HPLC pump, and model M-2487 dual UV absorbance detector set at (=240 nm. The mobile phase consisted of potassium dihydrogen phosphate (10 mM), acetonitrile, and methanol in the ratio of 60:25:15 (pH of 3.0 adjusted to with phosphoric acid), which was delivered at a flow rate of 1.5 ml/min through a stainless steal (-bondapack phenyl column (10 micron, 3.9(150 mm). Signal output was captured using Millennium32 software, version 3.05 (Waters Corp., Milford, MA, USA). 
Pharmacokinetic Analysis: 
Abouthiouzine pharmacokinetic parameters were determined by compartmental analysis using least-square nonlinear regression analysis preformed with WinNonlin software (version 4.1, Pharsight Corporation, Palo Alto, CA, USA). Inspection of the semilogarithmic plots of abouthiouzine plasma concentration-versus-time curves indicated that they could be described by a biexponential decline process. Therefore, the data was initially fitted to one, two, and three compartment models for the best fit. The best fit was based on Akaike Information criterion, analysis of residual plots, and correlation matrixes. All plasma concentration data were weighted according to 1/y2, where y is the plasma concentration of abouthiouzine. The estimated pharmacokinetics parameters included the intercepts A and B, and the macro rate constants ( and β. Additional computed parameters included volume of distribution of the central compartment (V1), volume of distribution of the peripheral compartment (V2), and micro rate constants (k12, k21, and k10). 
Non-compartmental analysis was used to estimate volume of distribution at steady state (Vss) and total body clearance (CL) as dose/AUC0-(. The area under the concentration versus time curve (AUC) was calculated by the trapezoidal rule with extrapolation to infinity. AUC from time 0 to infinity (AUC0-() was calculated as the sum of AUCt and any residual area, which was computed as the concentration at the last time point divided the terminal rate constant.   
Abouthiouzine protein binding:

Binding of abouthiouzine to plasma proteins was determined by separating the unbound fraction (fu) from the bound fraction (fb) of the drug using an ultrafiltration technique. To achieve this goal, rabbit plasma samples were spiked with different concentrations of abouthiouzine, which were followed by incubation at 37(0.5°C for three hours to allow equilibrium between the bound and unbound drug. Samples (0.5 ml) were then quickly placed in ultrafree-MC centrifuge filter tubes (Millipore Co, Bedford, MA, USA) and centrifuged are 2500g until no more than 10% of the initial volume had been filtered. The estimated percentage of protein binding of abouthiouzine was calculated as follows: FU=CU/CT, Where CU is the unbound concentration of abouthiouzine in the produced ultrafiltrate, and CT is the total concentration of abouthiouzine determined in pre-filtration plasma samples. Preliminary experiments were conducted to assure that there was no significant binding of abouthiouzine to the tube filter.     
Results

Abouthiouzine was well tolerated up to the target dose of 2 mg/kg by all animals. The pharmacokinetic parameters of abouthiouzine assessed by model-independent analysis and model-dependent compartmental analysis were very similar. An open two-compartment model was the best model to describe the plasma concentration vs time course of abouthiouzine. The Akaike Information Criterion (AIC) value decreased from 14.87 to –6.23 and Schwarz's Bayesian criterion (SBC) value decreased from 14.31 to –1.76 when using a two-compartment model instead of a monoexponential disposition function, and the visual inspection of the residual plots also favored the two-compartment model. The estimated mean and derived pharmacokinetic parameters by compartmental analysis are given in Table 1. The total body clearance obtained from this analysis was 0.32±0.08 L hr–1 kg–1, with a range between 0.152 and 0.544 L hr–1 kg–1. The volume of distribution of the central compartment (V1) and volume of distribution of the peripheral compartment (V2) was 114.14±34.03 ml kg–1 and 409.81±116.04 ml kg–1, respectively. The half-life of the initial (t½,λ1) and the terminal phase (t½,λ2) was 1.1±0.5 min and 117.9±44.9 min, respectively.
The estimated model-independent pharmacokinetic parameters are listed in Table 2.
Discussion 

The experiments described here constituted the entry-into-pharmacokinetics study with abouthiouzine, a novel drug intended for use in the treatment of hyperthyroidism with less side effects compared with conventional antithyroid agents.
Recent efforts have been directed towards the development of new antithyroid agents with a more favorable toxicity profile. A series of compounds have been synthesized using structure-activity relationships. The design of these compounds was based on atom level electrotopological state (E-state) indexes, a measure of atom electronic accessibility that is a useful tool in drug design of compounds with desired pharmacologic activity (11-13).  E-state indexes of the thiourylene moiety have successfully been utilized to design antithyroid compounds with reduced antioxidant properties (14). One of these compounds is Abouthiouzine. A series of investigations have been published evaluating the antithyroid and antioxidant activities of ABZ. 
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Table 1.
Pharmacokinetic Parameters of Abouthiouzine following IV administration in rabbits derived by compartmental analysis.

	Parameter
	Estimate (Mean±SEM)
	95% CI

	A (µg/ml)
	20.82±6.58
	7.93 – 33.71

	B (µg/ml)
	4.42±1.88
	1.50 – 7.33

	α (min–1)
	0.609±0.248
	0.123 – 1.10

	ß (min–1)
	0.017±0.009
	–0.001 – 0.036

	k10 (min–1)
	0.088±0.042
	0.005 – 0.171

	k12 (min–1)
	0.374±0.184
	0.014 – 0.735

	k21 (min–1)
	0.165±0.058
	0.052 – 0.277

	V1 (ml/kg)
	114.13±34.03
	47.45 – 180.82

	V2 (ml/kg)
	409.81±116.04
	182.37 – 637.26


Table 2: Noncompartmental Pharmacokinetic Parameters of Abouthiouzine Following an Intravenous Administration (2 mg kg–1) in Rabbits
	Parameter

	Estimate (Mean(SEM)

	Cmax       ((g ml–1)
	14.14(2.51

	Co          ((g ml–1)
	22.47(4.58

	MRT     (min)
	122.62(173.17

	AUC0-t  ((g min ml–1)
	147.90(12.90

	AUC0-∞ ((g min ml–1)
	274.10(39.77

	Vss         (ml kg–1)
	360.07(63.44

	CL        (ml min–1 kg–1)
	7.79(0.86
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Figure 2

Figures’ Captions
Figure 1:
Abouthiouzine,  [1-n-Butyl-3(isonicotinamido)-2-thiourea]
Figure 2:
Mean abouthiouzine plasma concentration following the intravenous administration of 2 mg/kg dose in rabbits.
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