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Identification of dietary compounds and factors regulating production of functional proteins
associated with adaptability, and development of analytical methods for evaluation of the effects
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™ Introduction

The liver is the major site of clearance for most statins. Hepatic elimination involves
metabolic enzymes and drug transporters. Impaired nutritional status, such as in
starvation, fasting, and high-lipid diets, and pathophysiological factors such as diabetes
reportedly affect liver drug-metebolizing phase | and Il enzymes and transporters, leading
to the altered hepatic metabolism of drugs, carcinogens, steroid hormones, and fatty
acids. However, ittle is known about the role of nutrition in the adverse effects of
statins. In the present study, we used rats fed a high-lipid and high-sucrose (HF) diet to
investigate whether nutritional status affects statin-induced adverse effects such as severe
hepatotoxicity and myopathy.

In addition, to elucidate whether dietary inulin prevents the development of metabolic
disease, we examined the effects of inulin, enzymatically synthesized from sucrose, on
serum and liver lipid profiles, blood biochemical variables and hepatic expression of fipid
metabolism-related enzyme and transcription factor genes in rats fed the HF diet.

Our uttimate aim was to elucidate whether dietary factors can prevent severe adverse
effects of statin therapy and to develop convenient analytical methods for evaluation of
the effects of functional factors and dietary compounds.

™ Results

Rats that consume an HF diet develop hepatic steatosis. Treatment with fluvastatin (8
mglkg) ameliorates hypertriglycemia and hepatic steatosis in rats on standard (SD) diets,
but causes increases in concentrations of plasma aspartate aminotransferase (AST) and
creatine kinase, leg muscle weakness and myositis in those on HF diets. Fluvastatin at the
concentrations that we found in the plasma of HF diet-fed rats causes release of AST
from Chang liver cells and suppression of cell growth. Thus, we performed this study to
determine whether the increase in systemic exposure resulted from suppression of
uptake or metabolism of fluvastatin in the liver. We found no significant differences
between SD and HF diet-fed groups in baseline concentrations of Oatpl, Oatp2, Mrp2,
Mrp3, Mdrlb, CYPIA, CYP2C, CYP3A, UGTIAS, or UGT2BI proteins. In contrast,
Oatpl, Mrp3, CYPIA, CYP2C, and UGT2BI protein concentrations were moderately
decreased and those of CYP3A and Oatp2 mRNA markedly suppressed by fluvastatin,
whereas Mrp2, Mdrlb, UGTIAI, and UGTIAS protein concentrations did not change
significantly. The amounts of constitutive androstane receptor, pregnane X receptor, and
hepatocyte nuclear factor 4a proteins were decreased in the liver cell nuclei of
fluvastatin-treated HF diet-fed rats, which correlated with decreases in Oatp, CYP2C,
and CYP3A. Taken together, these results indicate that nutritional status may influence
the adverse effects of fluvastatin, and inhibition of transporter-mediated hepatic uptake in
HF diet-fed animals may suppress elimination of fluvastatin.

Treatment with inulin for 3 weeks reduced the increase in liver concentrations of
triacylglycerol and total cholesterol in rats fed the HF diet, but not in those fed the SD
diet. Moreover, the concentrations of portal plasma propionate and circulating serum
adiponectin, which are decreased in HF rats, recovered to nearly normal levels after
administration of inulin. In addition, dietary inulin suppressed increases in concentrations
of portal plasma insulin and circulating serum leptin and induction of acetyl-CoA
carboxylase and fatty acid synthase mRNAs in the liver of HF rats, consistent with the
reduction of liver lipids. These observations indicate that dietary inulin may prevent the
development of metabolic disease.

™ Perspectives

This study provides clues to treating statin-induced liver failure associated with lipid
accumulation, since fluvastatin increases serum AST concentrations in HF diet-fed rats
and this precedes increases in serum CK concentrations and muscle damage. In order to
prevent severe adverse effects in patients with hepatic steatosis, we should be alert 1o
the waming sign of an increase in serum AST concentrations.

In addition, dietary inulin is useful for preventing the development of metabolic diseases,
such as hyperlipidemia and hyperinsulinemia caused by consuming an HF diet, by
suppression of hepatic lipogenesis
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[Figure 1]

Effects of fluvastatin treatment on serum concentrations of AST, ALT,
a-guanosine-5' -triphosphate (a-GTP), and creatine kinase (CK) in rats fed an SD or
HF diet and administered fluvastatin.

Rats (7 weeks of age) were fed an SD or HF diet for | week and then given
fluvastatin (0, 4, or 8 mg/kg) with the diet daily. We killed the rats 4, 8, or 14 days
after starting fluvastatin. Values are the mean + SE. (n = 4). %, P < 0.05; **P < 001;
*#¥, P < 0.001 versus SD diet-fed control rats. #, P <0.05; ##, P <0.01; ###, P
<0.001 versus HF diet-fed control rats. n.d., not determined.
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[Figure 3]

Enzymatically synthesized inulin modulates hepatic and serum lipid accumulation
through suppressing hepatic expression of lipogenic enzymes such as fatty acid
synthase and acetyl-CoA carboxylase in rats fed an HF diet.
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