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In patients with hepatobiliary diseases, hemodynamic changes, such as arterial
hypotension and reduced pressor effects of vasoconstrictor substrates, are commonly
observed. The mechanisms for the hemodynamic changes observed in patients with
hepatobiliary diseases remain unknown. To clarify the involvement of bile acids, the
effects of bile acids on intracellular Ca** concentration ([Ca*],) and nitric oxide (NO)
production were investigated in vascular endothelial -cells. Moreover, the
relationships between clinical concentrations of individual bile acids observed in
patients with hepatobiliary diseases and endothelial NO production induced by each
bile acid were investigated.

Deoxycholic acid, chenodeoxycholic acid and the taurine conjugates increased [Ca?"];
in a concentration- dependent manner, while cholic acid and taurocholic acid showed
no significant effect. These effects resulted from the first mobilization of Ca?* from an
inositol 1,4,5-triphosphate-sensitive store, which was released by ATP, then followed
by Ca®" influx.

Deoxycholic acid and chenodeoxycholic acid also enhanced NO production in a
concentration-dependent manner, while cholic acid and taurocholic acid did not
enhance it at all. The effects of individual bile acids on NO production were additive.
The bile acid-induced NO production was suppressed by NC-nitro-L-arginine methyl
ester, exclusion of extracellular Ca?* or calmodulin inhibitors. In patients with
hepatobiliary diseases, the plasma concentrations of chenodeoxycholic acid,
ursodeoxycholic acid and cholic acid (free acid, taurine and glycine conjugates) were
markedly elevated. Patients with hepatobiliary diseases had higher plasma levels of
[NO,/NOg] than control subjects.

These results provide novel evidence showing that bile acids increase [Ca®*]; and
subsequently NO production in vascular endothelial cells. Increased plasma



concentrations of chenodeoxycholic acid (free, taurine and glycine conjugates) in
patients with hepatobiliary diseases may induce endothelial nitric oxide production.
Thus, the NO production induced by bile acids may be involved in the pathogenesis of
circulatory abnormalities in patients with hepatobiliary diseases.

Cis-polyunsaturated fatty acids such as eicosapentaenoic acid (EPA) are the major
components among fatty acids contained in fish oil. EPA has been reported to
decrease systemic vascular reactivity to noradrenaline and lower systemic blood
pressure in man. ' To clarify the involvement of EPA, the effects of EPA on NO
production and endothelin-1 (ET-1) production in vascular endothelial cells were
investigated. The results showed that EPA increased both [Ca®"]; and NO production
in a concentration-dependent manner, while it significantly inhibited basal ET-1
production and ET-1 mRNA expression. Insulin (1 uM) markedly increased ET-1
production, but decreased NO production. EPA decreased or abolished these effects
induced by insulin.

These findings suggest that EPA enhances NO production, possibly due to the
activation of calcium-calmodulin-dependent NO synthase elicited by intracellular Ca2*
increase, while it reduces basal and insulin-enhanced ET-1 production via the
inhibition of ET-1 mRNA expression. These effects of EPA may contribute to the
vasorelaxant effects of EPA.
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