Effects of Long-Term Treatment With Low-Dose Pravastatin on Biliary Lipid and
Bile Acid Composition in Patients With Nonfamilial Hyperlipoproteinemia
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We tested the possibility that pravastatin, a competitive inhibitor of hepatic hydroxymethyl glutaryl coenzyme A (HMG CoA)
reductase, would alter cholesterol saturation of gallbladder bile by decreasing its cholesterol saturation index and/ or degree of
fatty acyl chain unsaturation in lecithin. Eighteen patients with type lla hyperlipoproteinemia were treated with pravastatin 10
mg/d for 12 months. Gallbladder bile samples were aspirated with a duodenal tube by stimulating gallbladder contraction with
intramuscular administration of cerulein before and after treatment. Serum cholesterol level was significantly reduced by 20%
after 3 months, and this level was maintained after 12 months. In contrast, the cholesterol saturation index of gallbladder bile
was not altered after 3 months {1.52 + 0.20 v 1.70 = 0.24), but it decreased significantly after 12 months (0.95 = 0.11, P < .01).
The degree of fatty acyl chain unsaturation tended to decrease, although this was not statistically significant except for the
decrease in molar percent of linoleate after 3 months. These findings suggest that long-term treatment with an inhibitor of HMG
CoA reductase improves bile lithogenicity even at a comparatively low dose, and can decrease the incidence and complications

of cholesterol gallstones.
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RAVASTATIN is one of a newly developed type of
hypocholesterolemic drugs that acts as a competitive
inhibitor of hydroxymethyl glutaryl coenzyme A (HMG
CoA) reductase, the rate-limiting enzyme for hepatic cho-
lesterol synthesis. High doses (20 mg/d) of this agent may
decrease plasma cholesterol by increasing expression of
hepatic low-density lipoprotein (LDL) receptors.! Chenode-
oxycholic acid desaturates biliary cholesterol through a
reduction in HMG CoA reductase activity, partly account-
ing for the dissolution of cholesterol gallstones.? Therefore,
inhibitors of HMG CoA reductase may be useful in the
treatment of cholesterol gallstones.

However, certain hypocholesterolemic agents, ie, clofi-
brate and gemfibrozil, decrease serum cholesterol by increas-
ing biliary secretion of cholesterol, resulting in increased
bile cholesterol saturation.>* This increases the possible
risk of cholesterol gallstone formation during treatment
with these agents. In fact, cholelithiasis is a side effect of
such hypocholesterolemic agents.> Inhibitors of HMG CoA
reductase may carry a similar clinical risk, namely worsen-
ing lithogenicity, although these inhibitors decrease serum
cholesterol by a different mechanism from that of clofibrate
and gemfibrozil. Although several studies demonstrated
that administration of such inhibitors for 4 to 13 weeks
decreased the bile cholesterol saturation index in hu-
mans,%? none of the studies provided data on the long-term
effect. Since cholesterol-lowering drugs are administered
for years to prevent coronary diseases, information on the
long-term effects of inhibitors of HMG CoA reductase on
bile lithogenicity is of clinical importance.
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Furthermore, we recently demonstrated that human bile
metastability measured by nucleation time is affected by a
high degree of acyl chain unsaturation in lecithin.!® Also,
high-dose pravastatin decreases bile cholesterol saturation
and prevents cholesterol gallstone formation in prairie
dogs, presumably resulting from reduced unsaturation in
biliary lecithin.!! Thus, the relevance of such an action of
pravastatin in humans is another interest.

Therefore, the aim of this study was to evaluate the effect
of long-term administration of pravastatin at a low dose of
10 mg/d on bile lithogenicity, including the degree of fatty
acyl chain unsaturation, in comparison to that of short-term
administration.

SUBJECTS AND METHODS

This study included 18 patients with type Ila nonfamilial
hyperlipoproteinemia (two men and 16 women) aged 37 to 78
years, with a mean of 60 years. None of the women received
hormonal replacement therapy. Patients ranged from 91% to 128%
of ideal body weight, with a mean of 108%. No patient lost or
gained more than 3% of his or her body weight during the course of
the studies. None had diabetes mellitus, thyroid disease, ethanol
overconsumption, or any other causes of secondary hyperlipid-
emia, and none had undergone cholecystectomy. All patients
provided a detailed dietary history and were instructed to maintain
their customary diet unchanged throughout the study. Informed
consent was obtained from each subject before the study. All study
protocols were approved by the Committee of Hiroshima Univer-
sity.

After 4 to 6 weeks of placebo treatment, pravastatin administra-
tion was started at 10 mg/d at bedtime. Bile samples were obtained
following an overnight fast. The subject swallowed a duodenal
tube, and the tip was allowed to pass into the duodenum proximate
to the ampulla of Vater as judged by x-ray and pH. Gallbladder
contraction was induced by intramuscular administration of ce-
rulein (Kyowa Hakko Kogyo, Tokyo, Japan) 0.2 ug/kg body weight.
Bile was collected by this method before and after the drug
treatment period (at 3 and 12 months). Blood samples were also
drawn when the bile sample was collected.

Serum cholesterol and triglyceride levels were measured by
standard enzymatic methods. High-density lipoprotein (HDL)
cholesterol level was measured enzymatically in the supernatant
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EFFECTS OF PRAVASTATIN ON BILIARY LIPIDS

Table 1. Effects of Pravastatin on Serum Lipids
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Table 3. Effects of Pravastatin on Bile Acid Composition in Bile

Serum Lipid {mg/dL) At Entry 3 Months 12 Months Bite Acid {molar %) AtEntry 3 Months 12 Months
Total cholesterol 282+8 227 = 10* 223 £ 8% CA 25.6 + 3.2 26.1 £ 2.1 286 45
Triglycerides 110 = 10 109 = 15 101 =14 CcDCA 40.8 = 3.9 40.2 = 3.6 37.8=x 21
HDL cholesterol 55+ 5 b5+ 7 b1 x5 DCA 294+ 4.2 27.7 + 4.4 299 + 4.1
LDL cholesterol 201 £ 10 151 = 8* 152 = 9* UDCA 26 +06 3.6 09 49+ 15

LCA 1.7+£0.2 23x04 1.3+£0.3

NOTE. Values are the mean + SE.
*Significantly different from values at entry (P < .01).

after precipitation of LDL and very—low-density lipoprotein with
heparin-manganese.

Biliary lipids were simultaneously quantified by gas-liquid
chromatography using a OV-1 capillary column (Chromatopack-
ings Center, Tokyo, Japan), with 0.25-mm diameter X 25-m
length.2 The cholesterol saturation index was calculated from a
table reported by Carey,!? assuming a total biliary lipid concentra-
tion of 10 g/dL.

Statistical significance was estimated by Wilcoxon’s signed-rank
test.

RESULTS
Serum Lipids

Table 1 shows the effect of pravastatin on serum lipids.
Serum cholesterol level was significantly reduced by 20%
after 3 months, and by 21% after 12 months. Also, serum
LDL cholesterol was significantly reduced by 25% after 3
months, and this level was maintained after 12 months. In
contrast, no significant change was observed in HDL
cholesterol or triglyceride levels.

Biliary Lipids

Table 2 shows the effect of pravastatin on biliary lipids,
cholesterol, phospholipids, total bile acids, and cholesterol
saturation index. The cholesterol saturation index was

significantly reduced after 12 months, but no significant
reduction was seen after 3 months.

Bile Acid Composition in Bile

Table 3 shows the changes in bile acid composition (mole
percent) in bile produced by pravastatin. Bile acid composi-
tion was not affected after either 3 or 12 months.

Farty Acid Composition of Biliary Lecithin

Table 4 shows the changes in fatty acid composition
(mole percent) of biliary lecithin produced by pravastatin.
After 3 months, the molar percent of linoleic acid (C18:2)
was significantly decreased, but that of oleic acid (C18:1)
was significantly increased. The degree of fatty acyl chain
unsaturation in lecithin as indexed by the molar ratio of

Table 2. Effects of Pravastatin on Biliary Lipids

Biliary Lipid At Entry 3 Menths 12 Months
Cholesterol (molar %) 7.1+ 0.9 75+09 59+ 1.1
Phospholipid (molar %) 21.0 + 1.7 232+14 19.6 £ 1.6
Total bile acid (molar %) 71.9 + 2.5 69.4 = 2.0 745 + 2.2
(&3] 152 +0.20 1.70 + 0.24 0.95 = 0.11*

NOTE. Values are the mean = SE.
Abbreviation: CSi, cholesterol saturation index.
*Significantly different from vaiues at entry (P < .01).

NOTE. Values are the mean + SE.
Abbreviations: CA, cholate; CDCA, chenodeoxycholate; DCA, deoxy-
cholate; UDCA, ursodeoxycholate; LCA, lithocholate.

saturated to unsaturated fatty acids was increased at 3 and
12 months as compared with the value at entry, but these
changes were not statistically significant.

DISCUSSION

The present study showed that the cholesterol saturation
index in bile from patients with type Ila nonfamilial
hyperlipoproteinemia was significantly decreased with low-
dose (10 mg/d) pravastatin for 12 months, although this
change was not observed after 3 months’ administration of
pravastatin at the same dose. However, serum cholesterol
level was significantly reduced by 3 months’ administration
of pravastatin (—20%), and this level was maintained over
12 months’ administration (—21%). Thus, the reduction of
serum cholesterol level preceded that of biliary cholesterol
level in our study. Duane et al® reported that simvastatin
administration at 20 or 40 mg/d for 7 to 13 weeks decreased
the cholesterol saturation index, and Freeman et al'4
reported a similar effect of lovastatin at 40 or 80 mg/d for 6
to 13 weeks. This effect of such inhibitors was confirmed by
others.” In our study, no change was found in the bile
cholesterol saturation index after 3 months’ administration
of pravastatin, but a reduction occurred after 12 months’
administration. Similarly, Okamoto et al'> failed to find a
drastic change in the bile cholesterol saturation index of
cholesterol-gallstone patients with a short-term treatment
with pravastatin (20 mg/d for 1 to 2 weeks), whereas serum
levels of total cholesterol and LDL cholesterol were signifi-
cantly reduced. These observations taken together suggest
the unique action of such inhibitors in modulating choles-
terol metabolism in humans. First, the action of such

Table 4. Effects of Pravastatin on Fatty Acid Composition of Bile

Fatty Acid {molar %) At Entry 3 Months 12 Months
C14:0 2.01 £ 0.41 1.41 = 0.45 1.32 £ 0.22
C16:0 53.93 =271 5468+ 1.67 54.65 + 1.65
C16:1 3.87 £ 0.62 3.44 = 0.39 3.40 = 0.59
C18:0 7.35 £ 0.58 8.25 = 0.62 4.60 = 0.55
C18:1 11.99 £ 0.95 14,98 = 1.62* 11.17 + 0.84
c18:2 20.11 = 218  16.35 + 1.90*  20.63 = 3.08
C20:0 0.24 = 0.12 0.37 = 0.17 0.38 = 0.08
C20:3 0.50 = 0.20 0.14 £ 0.09 0.52 £0.16
C20:4 0.83 +0.42 1.03 £ 0.49 0.32 = 0.09
C22:6 0.43 = 0.18 041 +0.21 0.53 = 0.27
Saturated/

unsaturated ratio 1.65 = 0.23 1.78 = 0.25 1.74 = 0.13

NOTE. Values are the mean = SE.
*Significantly different from values at entry (P < .05).
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inhibitors is apparently dose-dependent, and may also be
time-dependent. Second, the serum cholesterol-lowering
effect of such agents precedes a reduction of cholesterol
level in the bile, especially when administered at a consider-
ably low dose. Since pravastatin somehow increases expres-
sion of hepatic LDL receptors,! an enhanced uptake of
serum cholesterol followed by a possibly induced excretion
of biliary cholesterol might mask a decrease of newly
synthesized cholesterol followed by a presumably de-
creased biliary cholesterol excretion in short-term treat-
ment with pravastatin (3 months in the present study).
Thereafter, the cholesterol pool in the body reaches a
nadir, resulting in a significant reduction in the bile choles-
terol saturation index by long-term treatment with pravas-
tatin. Cholesterol-lowering drugs are usually given to pa-
tients with hypercholesterolemia for a considerably long
period for the important purpose of prevention of coronary
diseases. Thus, the long-term effect of such inhibitors on
bile lithogenicity is of clinical interest, and the present study
has shown that such inhibitors are not risk factors for
cholesterol gallstone formation, but may even be advanta-
geous for the treatment of cholesterol gallstones. Although
the efficacy of such agents in cholesterol gallstone treat-
ment is yet to be established, this is the first report to state
the long-term effect of such an inhibitor on bile metastabil-
ity.

The effect of long-term treatment with pravastatin on the
degree of fatty acyl chain saturation is also of interest, since
several investigators, including our group, have demon-
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strated that an increase in the degree of acyl chain
saturation results in an increase in cholesterol-holding
capacity of vesicles in model bile systems.!6'? In fact, our
previous study using prairie dogs demonstrated that pravas-
tatin increased this parameter, and consequently inhibited
cholesterol gallstone formation.!! In the present study, the
degree of fatty acyl chain saturation in biliary lecithin
tended to be increased by pravastatin. This might be
partially attributable to the stabilization of cholesterol-
carrying particulate species in bile.

The effect of pravastatin on bile acid metabolism is also
of clinical interest, but no change was found in bile acid
composition in the present study. Reihner et al! reported
an increase in the proportion of cholic acid and a decrease
in that of chenodeoxycholic acid, but failed to demonstrate
any change in hepatic 7a-hydroxylase activity. Such alter-
ations in bile acid metabolism by pravastatin need further
clarification.

Gallstone incidence is increased after long-term adminis-
tration of clofibrate.? This is due to enhanced secretion of
cholesterol from the liver into the bile, resulting in an
increase in bile cholesterol saturation. In contrast, long-
term administration of pravastatin did not worsen bile
lithogenicity, but rather improved bile metastability as
reflected by the cholesterol saturation index. Thus, long-
term administration of pravastatin may be able to decrease
the incidence and complications of cholesterol gallstones,
although further studies are necessary to clarify such a
preventive action of this agent.

REFERENCES

1. Reihner E, Rudling M, Stahlberg D, et al: Influence of
pravastatin, a specific inhibitor of HMG-CoA reductase, on he-
patic metabolism of cholesterol. N Engl J Med 323:224-228, 1990

2. Ahlberg J, Angelin B, Einarsson K: Hepatic 3-hydroxy-3-
methylglutaryl coenzyme A reductase activity and biliary lipid
composition in man: Relation to cholesterol gallstone disease and
effects of cholic acid and chenodeoxycholic acid treatment. J Lipid
Res 22:410-422, 1981

3. Cooper I, Geizeroua M, Oliver M: Clofibrate and gallstones.
Lancet 1:1083, 1975

4. Grundy SM, Mok HY, Berman M: Influence of nicotinic acid
on metabolism of cholesterol and triglycerides in man. J Lipid Res
22:24-36, 1981

5. Coronary Drug Project Research Group: Gallbladder dis-
eases as a side effect of drugs. N Engl J Med 296:1185, 1977

6. Duane WC, Hunninghake DB, Freeman ML, et al: Simva-
statin, a competitive inhibitor of HMG-CoA reductase, lowers
cholesterol saturation index of gallbladder bile. Hepatology 8:1147-
1150, 1988

7. Logan GM, Duane WC: Lovastatin added to ursodeoxycholic
acid further reduces biliary cholesterol saturation. Gastroenterol-
ogy 98:1572-1578, 1990

8. van der Hoogerbrugge LN, de Rooy FWM, Jansen H, et al:
Effect of pravastatin on biliary lipid composition and bile acid
synthesis in familial hypercholesterolemia. Gut 31:348-350, 1990

9. Mazzella G, Parini P, Festi D, et al: Effect of simvastatin,
ursodeoxycholic acid and simvastatin plus ursodeoxycholic acid on
biliary lipid secretion and cholic acid kinetics in nonfamilial
hypercholesterolemia. Hepatology 15:1072-1078, 1992

10. Hatsushika S, Tazuma S, Kajiyama G: Nucleation time and
fatty acid composition of lecithin in human gallbladder bile. Scand
J Gastroenterol 23:131-136, 1993

11. Tazuma S, Hatsushika S, Aihara N, et al: Inhibitory effects
of pravastatin, a competitive inhibitor of hydroxymethylglutaryl
coenzyme A reductase, on cholesterol gallstone formation in
prairie dogs. Digestion 51:179-184, 1992

12. Tazuma S, Hatsushika S, Yamashita G, et al: Simultaneous
microanalysis of biliary cholesterol, bile acids and fatty acids in
lecithin using capillary column gas chromatography: An advantage
to assess bile lithogenicity. J Chromatogr 653:1-7, 1994

13. Carey MC: Critical tables for calculating the cholesterol
saturation of native bile. J Lipid Res 19:945-955, 1978

14. Freeman ML, Prigge WF, Hunninghake DB, et al: Intestinal
HMG-CoA reductase activity is low in hypercholesterolemic pa-
tients and is further decreased with lovastatin therapy. J Lipid Res
29:839-841, 1988

15. Okamoto S, Nakano K, Kosahara K, et al: Effects of
pravastatin and ursodeoxycholic acid on cholesterol and bile acid
metabolism in patients with cholesterol gallstones. J Gastroenterol
29:47-55, 1994

16. Demel RA, Geurts van Kessel WSM, van Deenen LLM: The
properties of polyunsaturated lecithins in monolayers and lipo-
somes and the interactions of these lecithins with cholesterol.
Biochim Biophys Acta 266:26-40, 1972

17. Cohen DE, Carey MC: Acyl chain unsaturation modulates
distribution of lecithin molecular species between mixed micelles
and vesicles in model bile. Implications for particle structure and
metastable cholesterol solubilities. J Lipid Res 32:1291-1302, 1991

18. Tao S, Tazuma S, Kajiyama G: Fatty acid composition of
lecithin is a key factor in bile metastability in supersaturated model
bile systems. Biochim Biophys Acta 1167:142-146, 1993

19. Tazuma S, Ochi H, Teramen K, et al: Degree of fatty acyl
chain unsaturation in biliary lecithin dictates cholesterol nucle-
ation and crystal growth. Biochim Biophys Acta 1215:74-78, 1994



