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    Abstract

        Azathioprine is an immunosuppressant drug widely used. Our purpose was to 1) determine whether its associated hepatotoxicity could be attributable to the induction of a necrotic or apoptotic effect in hepatocytes, and 2) elucidate the mechanism involved. To evaluate cellular responses to azathioprine, we used primary culture of isolated rat hepatocytes. Cell metabolic activity, reduced glutathione, cell proliferation, and lactate dehydrogenase release were assessed. Mitochondria were isolated from rat livers, and swelling and oxygen consumption were measured. Mitogen-activated protein kinase pathways and proteins implicated in cell death were analyzed. Azathioprine decreased the viability of hepatocytes and induced the following events: intracellular reduced glutathione (GSH) depletion, metabolic activity reduction, and lactate dehydrogenase release. However, the cell death was not accompanied by DNA laddering, procaspase-3 cleavage, and cytochrome c release. The negative effects of azathioprine on the viability of hepatocytes were prevented by cotreatment with N-acetyl-l-cysteine. In contrast, 6-mercaptopurine showed no effects on GSH content and metabolic activity. Azathioprine effect on hepatocytes was associated with swelling and increased oxygen consumption of intact isolated rat liver mitochondria. Both effects were cyclosporine A-sensitive, suggesting an involvement of the mitochondrial permeability transition pore in the response to azathioprine. In addition, the drug's effects on hepatocyte viability were partially abrogated by c-Jun N-terminal kinase and p38 kinase inhibitors. In conclusion, our findings suggest that azathioprine effects correlate to mitochondrial dysfunction and activation of stress-activated protein kinase pathways leading to necrotic cell death. These negative effects of the drug could be prevented by coincubation with N-acetyl-l-cysteine.
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        ABBREVIATIONS: Aza, azathioprine; GSH, reduced glutathione; GST, glutathione S-transferase; TNF, tumor necrosis factor; MAPK, mitogen-activated protein kinase; ERK, extracellular signal-regulated kinase; JNK, c-Jun N-terminal kinase; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide; LDH, lactate dehydrogenase; EGF, epidermal growth factor; PMSF, phenylmethylsulfonyl fluoride; DMSO, dimethyl sulfoxide; CsA, cyclosporin A; 6-MP, 6-mercaptopurine; PBS, phosphate-buffered saline; NBT, nitro blue tetrazolium; TCA, trichloroacetic acid; NAC, N-acetyl cysteine; MPTP, mitochondrial permeability transition pore; SAPK, stress-activated protein kinase; ROS, reactive oxygen species; TBARS, thiobarbituric acid reactive species; NO, nitric oxide; XO, xantine oxidase; GSSG, oxidized glutathione; ASK-1, apoptosis signal-regulating kinase 1.
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