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    Abstract

        Ginseng root is one of the most popular herbs throughout the world and is believed to be a panacea and to promote longevity. It has been used as a medicine to protect against cardiac ischemia, a major cause of death in the West. We have previously demonstrated that ginsenoside Re, a main phytosterol of Panax ginseng, inhibits Ca2+ accumulation in mitochondria during cardiac ischemia/reperfusion, which is attributable to nitric oxide (NO)-induced Ca2+ channel inhibition and K+ channel activation in cardiac myocytes. In this study, we provide compelling evidence that ginsenoside Re activates endothelial NO synthase (eNOS) to release NO, resulting in activation of the slowly activating delayed rectifier K+ current. The eNOS activation occurs via a nongenomic pathway of each of androgen receptor, estrogen receptor-α, and progesterone receptor, in which c-Src, phosphoinositide 3-kinase, Akt, and eNOS are sequentially activated. However, ginsenoside Re does not stimulate proliferation of androgen-responsive LNCaP cells and estrogen-responsive MCF-7 cells, implying that ginsenoside Re does not activate a genomic pathway of sex hormone receptors. Fluorescence resonance energy transfer experiments with a probe, SCCoR (single cell coactivator recruitment), indicate that the lack of genomic action is attributable to failure of coactivator recruitment. Thus, ginsenoside Re acts as a specific agonist for the nongenomic pathway of sex steroid receptors, and NO released from activated eNOS underlies cardiac K+ channel activation and protection against ischemia-reperfusion injury.

      
Footnotes
	
        This work was supported, in part, by grant-in-aid 17081007 for Scientific Research on Priority Areas, grant 18659066 from the Ministry of Education, Culture, Sports, Science, and Technology of Japan, and Research Grant from Takeda Science Foundation, and the Cosmetology Foundation.

      
	
        ABBREVIATIONS: NO, nitric oxide; NOS, NO synthase; eNOS, endothelial NOS; nNOS, neuronal NOS; E2, 17β-estradiol; DHT, 5α-dihydrotestosterone; AR, androgen receptor; ERα, estrogen receptor-α; PR, progesterone receptor; FRET, fluorescence resonance energy transfer; SCCoR, single cell coactivator recruitment; LBD, ligand binding domain; CFP, cyan fluorescent protein; YFP, yellow fluorescent protein; P4, progesterone; SMTC, S-methyl-l-thiocitrulline; l-NIO, l-N5-(l-iminoethyl)ornithine; SH-6, d-2,3-dideoxy-myo-inositol 1-[(R)-2-methoxy-3-(octadecyloxy)propyl hydrogen phosphate]; PP2, 4-amino-5-(4-chlorophenyl)-7-(t-butyl)pyrazolo[3,4-d]pyrimidine; ICI182,780, fulvestrant; DMSO, dimethyl sulfoxide; PI3, phosphoinositide 3; pyrazole, 1,2,5-tris(4-hydroxyphenyl)-4-propylpyrazole; estren, 4-estren-3α, 17β-diol; DMEM, Dulbecco's modified Eagle medium; ICa,L, L-type Ca2+ current; IKs, the slowly activating delayed rectifier K+ current.
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