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    Abstract

        To define the roles of the calmodulin-stimulated adenylyl cyclases (AC1 and AC8) in morphine-induced analgesia, tolerance, physical dependence, and conditioned place preference, we used mice having targeted disruptions of either the AC1 or AC8 genes or both genes [double knockout mice (DKO)]. Mice lacking either AC1 or AC8 genes or DKO did not differ from wild-type mice in short-term antinociceptive responses to morphine measured in the tail-flick analgesia assay. Morphine tolerance that developed immediately within 3 h of morphine administration (10 mg/kg s.c.) was significantly attenuated in DKO mice and AC8 single knockout mice. Tolerance induced continually by daily injections of morphine (10 mg/kg s.c.) was also reduced in DKO mice. In DKO mice continually treated with morphine, there was a significant reduction in withdrawal behaviors, including reduced wet-dog shakes and forepaw tremor after naloxone injection (10 mg/kg i.p.). Morphine produced hyperlocomotion and conditioned place preference in wild-type mice, whereas DKO mice displayed significantly less hyperlocomotion and conditioned place preference. Furthermore, the significant increase in phosphorylated cAMP-response element binding protein (CREB) staining in ventral tegmental area induced by long-term morphine treatment was not evident in DKO mice, suggesting that CREB activation by morphine requires cAMP generated by AC1 and AC8. These results support the hypothesis that calmodulin-stimulated adenylyl cyclases are important mediators of the neuronal responses to morphine.

      
Footnotes
	
        This work was supported by United States Public Health Service grant DA15916 from the National Institute on Drug Abuse.

      
	
        ABBREVIATIONS: AC, adenylyl cyclase KO, disrupted gene or knockout mouse; DKO, double knockout mouse; CREB, cAMP-response element binding protein; pCREB, phosphorylated cAMP-response element binding protein; CPP, conditioned place preference; VTA, ventral tegmental area; NAc, nucleus accumbens; PCR, polymerase chain reaction; kb, kilobase(s); bp, base pair(s); TBS, Tris-buffered saline; ANOVA, analysis of variance.
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