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    Abstract

        The p38 mitogen-activated protein kinase (MAPK) is a key mediator in cytokine-induced signaling events that are activated in response to a variety of extracellular stimuli such as stress factors, apoptosis, and proliferation. Therefore, the MAPK family plays an integral role in disease states including oncogenesis, autoimmune diseases, and inflammatory processes. Inhibition of these protein kinases represents an attractive strategy for therapeutic intervention. In particular, one class of p38 MAP kinase inhibitors, the pyridinyl imidazole derivatives, is intensely investigated by several industrial groups, but so far no studies concerning the metabolism of these structurally related substances seem to be available. The objective of our examinations was the preclinical characterization of ML3403, {4-[5-(4-fluorophenyl)-2-methylsulfanyl-3H-imidazol-4-yl]-pyridin-2-yl}-(1-phenylethyl)-amine, a potent inhibitor of p38 MAP kinase, comprising the basic pyridinyl imidazole structure. In human hepatic microsomal incubations, the sulfoxidation to ML3603 ({4-[5-(4-fluorophenyl)-2-methylsulfinyl-3H-imidazol-4-yl]-pyridin-2-yl}-(1-phenylethyl)-amine) and M-sulfone ({4-[5-(4-fluorophenyl)-2-methylsulfonyl-3H-imidazol-4-yl]-pyridin-2-yl}-(1-phenylethyl)-amine) was found to be the predominant metabolic transformation. In addition, oxidative removal of the phenylethyl moiety, pyridine N-oxidation, and hydroxylation reactions were observed. Incubations were carried out with hepatic microsomes from various species and with recombinant human cytochrome P450 isoenzymes, showing that CYP1A2, CYP2C19, CYP2D6, and CYP3A4 are the prominent enzymes in the metabolism of ML3403. Michaelis-Menten kinetics of ML3603 formation by these recombinant isoenzymes showed that CYP3A4 plays a pivotal role in the sulfoxidation reaction. In addition, pharmacokinetics of ML3403 were evaluated in male and female Wistar rats after oral gavage, showing a fast and high conversion to its active sulfoxide metabolite ML3603. A remarkable gender-specific difference in the systemic exposure to ML3403 and ML3603 was found in rats. No gender-specific difference was detected in incubations with human liver microsomes.

      
Footnotes
	
        doi:10.1124/dmd.106.013409.
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        ABBREVIATIONS: MAP, mitogen-activated protein; p38, p38 MAP kinase; ACN, acetonitrile; P450, cytochrome P-450 enzyme; FA, formic acid; p.a., proanalysi; LC, liquid chromatography; MS/MS, tandem mass spectrometry; rP450, recombinant P450 isoenzyme; SPE, solid-phase extraction; SRM, selective reaction monitoring; TNF, tumor necrosis factor; SB203580, 4-[5-(4-fluorophenyl)-2-(4-methanesulfinyl-phenyl)-3H-imidazol-4-yl]-pyridine; SB242235, 5-[5-(4-fluorophenyl)-3-piperidin-4-yl-3H-imidazol-4-yl]-2-methoxy-pyrimidine; HLM, human liver microsome; ML3603, {4-[5-(4-fluorophenyl)-2-methylsulfinyl-3H-imidazol-4-yl]-pyridin-2-yl}-(1-phenylethyl)-amine; ML3403, {4-[5-(4-fluorophenyl)-2-methylsulfa-nyl-3H-imidazol-4-yl]-pyridin-2-yl}-(1-phenylethyl)-amine; M-sulfone, {4-[5-(4-fluorophenyl)-2-methylsulfonyl-3H-imidazol-4-yl]-pyridin-2-yl}-(1-phenylethyl)-amine; ML3435, {4-[5-(4-fluorophenyl)-2-methylsulfanyl-3H-imidazol-4-yl]-pyridin-2-yl}-phenyl-amine; ML3596, {4-[5-(4-fluorophenyl)-2-methylsulfinyl-3H-imidazol-4-yl]-pyridin-2-yl}-phenyl-amine; RLM, rat liver microsome; M-437-pyr, {4-[5-(4-fluorophenyl)-2-methanesulfinyl-3H-imidazol-4-yl]-1-oxy-pyridin-2-yl}-(1-phenyl-ethyl)-amine; M-421-pyr, {4-[5-(4-fluorophenyl)-2-methylsulfanyl-3H-imidazol-4-yl]-1-oxy-pyridin-2-yl}-(1-phenylethyl)-amine; M-317, 4-[5-(4-fluorophenyl)-2-methanesulfinyl-3H-imidazol-4-yl]-pyridin-2-ylamine; CL, clearance; TNR, total normalized rate.
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