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Abstract

These studies test the hypothesis that a major determinant of
excessive biliary cholesterol secretion is a level of hepatic
sterol synthesis that is inappropriately high relative to the
needs of the liver cell for preserving cholesterol balance. Bili-
ary cholesterol secretion was measured in vivo in two models
after loading the hepatocyte with sterol by two different mech-
anisms. In the first model, cholesterol was delivered physiolog-
ically to the liver in chylomicron remnants. This resulted in a
sixfold increase in cholesteryl ester content and marked sup-
pression of cholesterol synthesis, but biliary cholesterol secre-
tion remained essentially constant. In the second model, 3-hy-
droxy-3-methyl-glutaryl CoA reductase levels in the liver were
markedly increased by chronic mevinolin (lovastatin) adminis-
tration. Withdrawal of the inhibitor resulted in a sudden five-
fold increase in the rate of sterol synthesis in the liver of the
experimental animals that was inappropriately high for cellu-
lar needs. This excessive synthesis, in turn, was accompanied
by a fivefold increase in the cholesteryl ester content, enrich-
ment of microsomal membranes with cholesterol and, most
importantly, by a threefold increase in the rate of biliary sterol
secretion. As the rate of sterol synthesis gradually returned to
normal over 48 h, the cholesterol ester content, the lipid com-
position of the microsomal membranes, and rate of cholesterol
secretion into bile also returned to baseline values. These re-
sults further support the concept of functional compartmental-
ization of cholesterol in the hepatocyte. Derangements that
cause an inappropriately high rate of sterol synthesis in the
endoplasmic reticulum may lead to an expansion of that pool of
cholesterol that is recruitable by bile acids and, hence, to
greater saturation of the bile.

Introduction

The most common cause of gallstone disease in Western popu-
lations is either a relative or absolute increase in cholesterol
secretion by the liver, yet there is little understanding of the
basic mechanism(s) responsible for this phenomenon (1, 2).
Cholesterol is an important component of the liver cell and
serves several functionally different roles. It may, for example,
act as a structural component in certain cell membranes, as a
substrate for enzymes such as acyl-CoA:cholesterol acyl trans-
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ferase (ACAT)' and cholesterol 7a-hydroxylase and as a puta-
tive regulator of the synthesis of 3-hydroxy-3-methylglutaryl
(HMG) CoA reductase and the LDL receptor (3-6). Further-
more, a small fraction of this cellular cholesterol is available
for recruitment into the bile by bile acids, and this pathway
represents one of the two major mechanisms for the excretion
of the sterol molecule from the body (3). The cholesterol that is
required for these varied roles comes from only three sources:
it may be (a) absorbed from the diet, (b) synthesized in the
extrahepatic tissues and delivered to the liver, or (c) synthe-
sized within the liver itself. Under physiological circumstances
changes in the rates of delivery of sterol from the intestine and
extrahepatic organs to the liver is compensated for by recipro-
cal changes in the rate of hepatic cholesterol synthesis. In this
manner the net balance of cholesterol across the liver cell re-
mains essentially unchanged. Furthermore, under these physi-
ological conditions, the pool of sterol within the hepatocyte
that is recruitable by bile acids also appears to remain essen-
tially constant (7, 8). Hence, the rate of biliary cholesterol
secretion, and, therefore, the degree of biliary cholesterol satu-
ration, remains relatively constant under circumstances where
there may be marked changes in dietary cholesterol intake or
de novo cholesterol synthesis.

However, recent data from a number of different sources
now suggest that this tightly regulated system may become
metabolically deranged in such a way that bile acids passing
through the liver are able to recruit significantly greater
amounts of cholesterol and so produce bile that is more satu-
rated with respect to sterol. For example, hamsters that are
deficient in essential fatty acids have a rate of hepatic choles-
terol synthesis that is elevated 15-fold and rates of biliary cho-
lesterol secretion that are increased over sevenfold (9). Simi-
larly, when rats are treated with pregnenolone-16a-carboni-
trile and an agent that blocks cholesterol absorption, hepatic
sterol synthesis and biliary cholesterol secretion are again
markedly elevated (10). In both of these situations suppression
of hepatic cholesterol synthesis leads to suppression of biliary
cholesterol output. Thus, in contrast to the normal physiologi-
cal situation where biliary cholesterol is independent of he-
patic synthesis, in these pathological states the pool of sterol
that is recruitable by bile acids appears to depend directly upon
the rate of cholesterol synthesis in the hepatocyte. A similar
abnormal state may exist in the obese human where a correla-
tion has also been described between the rate of cholesterol
synthesis and the degree of saturation of the bile (1, 11).

Unfortunately, these models are complex since the treat-
ments may induce other changes in liver metabolism in addi-
tion to the excessive rate of cholesterol synthesis. Thus, the
purpose of this study was to determine directly if inappropri-

\. Abbreviations used in this paper: ACAT, acyl-CoA:cholesterol acyl
transferase; HMG, 3-hydroxy-3-methyliglutaryl.
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ately high rates of cholesterol synthesis expand the pool of
cholesterol available for bile acid recruitment under circum-
stances where the flux of bile acids across the liver was held
constant. These studies took advantage of the observation that
chronic administration of the HMG-CoA reductase inhibitor,
mevinolin, leads to synthesis of excessive amounts of this rate
limiting enzyme in the cholesterol biosynthetic pathway (12,
13). In such animals, the rate of hepatic cholesterol synthesis
measured in vivo with [*H]H,O is normal since the excessive
amounts of HMG-CoA reductase are partially inhibited by the
presence of the mevinolin (unpublished observations; the ge-
neric drug name for mevinolin is lovastatin). However, when
the inhibitor is abruptly removed from the diet, this excess
reductase becomes manifest, and hepatic cholesterol synthesis
markedly increases in a manner that is transiently inappropri-
ate for cellular needs. Thus, in this study we quantitated the
effect of introducing cholesterol into the liver either physiolog-
ically in chylomicron remnants or unphysiologically by in-
ducing unregulated sterol synthesis. The effect of these two
manipulations on the recruitment of cholesterol into bile and
on other metabolic pathways was then measured.

Methods

Materials. Mevinolin was provided by Merck Sharp & Dohme Re-
search Laboratories (Rahway, NJ). Glycocholic acid (sodium salt) was
obtained from Calbiochem-Behring Corp. (LaJolla, CA), [*H]H,O
from ICN (Irvine, CA), and [cholesteryl-4-'*C]cholesteryl oleate,
[24-'“C]-taurocholate, and [1,2-*H(N)]cholesterol from New England
Nuclear Products (Boston, MA).

Experimental model. Female, Sprague Dawley-derived rats (Sasco,
Inc., Omaha, NE), originally purchased in the 125-150 g weight range
were kept in a room with alternating periods of light (1500-0300) and
darkness (0300-1500), allowed water ad lib. and fed rodent diet
(Wayne Laboratory Animal Diets, Chicago, IL) for at least 2 wk before
being used. Chylomicrons were obtained from donor rats fitted with
intestinal lymphatic cannulae and infused intragastrically with an egg-
yolk emulsion (14).

In the first group of experiments, exogenous cholesterol in the form
of chylomicrons was administered as a bolus intravenous injection at
the beginning of the dark phase of the light cycle. The dose of the
chylomicron bolus was adjusted so that each animal received 80 mg of
chylomicron-cholesterol per kg of body weight. Control animals re-
ceived a saline injection. Separate groups of animals were killed 0, 6,
12, 24, and 48 h after the chylomicron bolus for determination of the
hepatic cholesteryl ester content. The in vivo rate of hepatic cholesterol
synthesis was measured at the same time points in a parallel group of
animals using [*’HJH,O (15). A final group of animals was fitted with
femoral vein and bile duct catheters and the endogenous bile acid pool
was drained. Bile flow was maintained by an exogenous infusion of
glycocholate (8.8 mM) in saline at a rate adjusted so that each animal
maintained a constant bile acid flux across the liver of 100 gmol/h per
kg body weight. Bile was collected in hourly aliquots and assayed for
the concentrations of bile acids, phospholipids, and cholesterol.

A second group of experiments was carried out in a manner similar
to that described above except that instead of the chylomicron infu-
sion, the rats were pretreated for 1 wk with a diet containing 1,000 mg
of mevinolin per kg of ground diet. At the beginning of the dark phase
(designated time O h) the diet containing mevinolin was removed. The
rate of in vivo hepatic cholesterol synthesis was measured at the time
points described above, and in a separate group of animals bile was
collected during an exogenous infusion of glycocholate as described
above. In a third group of animals, the endogenous bile acid pool was
labeled by instilling about 100,000 dpm of '“C-labeled taurocholate
intragastrically 24 h before placement of a bile fistula. Bile was col-

1182 L. E. Bilhartz, D. K. Spady, and J. M. Dietschy

lected in hourly aliquots and assayed for radioactivity to determine the
time course for drainage of the endogenous bile acid pool. A final
group of animals was killed at 0, 6, 12, 24, and 48 h after the mevinolin
was withdrawn. Aliquots of whole liver were taken for determination
of cholesterol ester content, and microsomal membranes were isolated
from the remaining liver as described (16), and the membranes were
assayed for their protein, phospholipid, and cholesterol content.

Hepatic cholesterol content and biliary lipid analysis. Hepatic cho-
lesteryl esters were separated from free cholesterol using silicic acid/
celite column chromatography (17), saponified, and then quantified by
gas-liquid chromatography. The biliary concentration of bile acids was
measured by reversed-phase high performance liquid chromatography
(Waters Associates, Medford, MA) with a differential refractometer as
the detector. The mobile phase contained 65% methanol/35% 0.6 M
acetate buffer, pH 4.5, pumped at 1.2 ml/min through a 3.9-mm
X 30-cm pBondapak C,3 Column. The content of cholesterol in bile,
plasma, and in microsomal membranes was measured by gas-liquid
chromatography and the phospholipid content of bile and membranes
were determined as described (18). The biliary lipid concentrations
were multiplied by the bile flow rates to obtain the lipid secretion rates.
The units are nmol of lipid secreted per h per g wet weight of liver.

In vivo rate of hepatic cholesterol synthesis. To determine the in
vivo rate of hepatic cholesterol synthesis the animals were injected
intravenously with 25 mCi of [’ HJH,O and killed 1 h later. Blood was
drawn to determine the specific activity of the plasma water and ali-
quots of liver were weighed and saponified with alcoholic KOH. He-
patic sterols were isolated by precipitation with digitonin after which
the digitonides were split with pyridine and assayed for radioactivity
(15, 19). The absolute mass of cholesterol synthesized during the 1-h
test period was calculated using experimental data showing that 24 H
atoms from water are incorporated into each cholesterol molecule
under the conditions of these experiments (20). The units are nano-
moles of cholesterol synthesized per hour per gram wet weight of liver.

Statistical analysis. In the tables and figures an asterisk indicates
that the experimental value is significantly different from the appro-
priate control valve using a Student’s ¢ test (P < 0.05). All data repre-
sent mean values+1 SEM.

Results

In control animals under basal conditions, each gram of liver
contained 4,740+180 nmol of free cholesterol and 520+60
nmol of esterified cholesterol. Over the course of 1 h that same
gram of liver synthesized 16020 nmol of cholesterol and se-
creted 40+5 nmol of cholesterol into bile.

The first study was designed to illustrate how these normal
parameters of hepatic sterol metabolism respond to a sudden,
physiological increase in the load of cholesterol presented to
the liver. As shown in Fig. 1, these basal conditions were per-
turbed by administration of a bolus of chylomicrons at time 0.
The control group of animals received only a saline injection,
and neither the cholesteryl ester content, the rate of cholesterol
synthesis, nor the rate of biliary cholesterol secretion changed
over the course of the experiment. In the chylomicron-infused
group, the lipoproteins were rapidly cleared from the plasma,
and within hours cholesteryl esters began to accumulate in the
liver (Fig. 1 A) and hepatic cholesterol synthesis was sup-
pressed (Fig. 1 B). The effect of the chylomicron bolus was
maximal 12 h after injection, and both the ester content and
the rate of cholesterol synthesis then returned to normal by 48
h. In contrast, despite loading the hepatocyte with cholesterol
the rate of biliary cholesterol secretion was not significantly
different from those values found in the control animals (Fig.
1C).
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Figure 1. The response of hepatic cholesteryl ester levels and choles-
terol synthesis, and biliary cholesterol secretion to a physiological
load of cholesterol. At time 0 each animal received intravenously ei-
ther saline alone or a bolus of chylomicrons containing 80 mg of
cholesterol per kg body weight. Groups of these animals were then
used to determine the rates of cholesterol synthesis and biliary cho-
lesterol secretion in vivo, as well as the concentration of cholesteryl
esters in the liver. Each point represents the mean+1 SEM for six an-
imals. *P < 0.05.

In the second set of studies, the liver was also suddenly
presented with an excess load of sterol. In this case, however,
the load came from the inappropriate, unphysiological over-
production of cholesterol within the endoplasmic reticulum of
the liver cell. To accomplish this, animals were fed a diet con-
taining the cholesterol synthesis inhibitor, mevinolin, for 1 wk
which results in a marked increase in the content of HMG
CoA reductase, the rate-limiting enzyme in the cholesterol bio-
synthetic pathway. Since the activity of the inhibitor is lost
more rapidly than the activity of the enzyme after withdrawal
of the drug, there is a sudden and inappropriate overproduc-
tion of cholesterol in the liver of the experimental animals.

Fig. 2 shows the time course required for drainage of the
endogenous bile acid pool in the control animals and the me-
vinolin-withdrawn animals. As shown, in both groups, ~ 95%
of the endogenous bile acid pool was drained between 12 and
18 h after the fistula was established. Thus, mevinolin had no
direct effect on the enterohepatic circulation of bile acids;
moreover, the quantity of endogenous bile acids secreted dur-
ing this same period approximates the rate of bile acid syn-
thesis.

The major findings of this study are shown in Fig. 3. The
rate of cholesterol synthesis in vivo increased nearly sixfold,
from 167+24 to 911+35 nmol/h per g, 12 h after withdrawing
the mevinolin (Fig. 3 B). Much of this newly synthesized sterol
was apparently esterified since the cholesteryl ester content of
the liver also increased (Fig. 3 4). In marked contrast to the
first experiment, however, this inappropriate increase in the
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Figure 2. Time course for drainage of the endogenous bile acid pool
after placement of a bile fistula. The animals were administered

~ 100,000 dpm of ['*C]taurocholic acid in saline intragastrically 24
h before placement of a bile fistula. The fractional secretory rate of
the labeled taurocholate is plotted as a function of time. Each point
represents the mean+1 SEM for six animals; there were no signifi-
cant differences between the two groups in the time required to drain
the endogenous bile acid pool.

cholesterol load to the liver resulted in a marked increase in
the rate of cholesterol secretion into bile. At 12 h, for example,
the experimental group was secreting 263+42 nmol/h per g of
cholesterol compared with 102+13 nmol/h per g in the control
group. It should be emphasized that the rate of bile acid secre-
tion was carefully maintained at a constant value in both
groups of animals so that the excessive cholesterol secretion
seen in the treated group could not be ascribed to an increased
bile acid flux across the liver.
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Figure 3. The response of hepatic cholesteryl ester levels and choles-
terol synthesis, and biliary cholesterol secretion to an inappropriate
overproduction of cholesterol by the liver. These animals were pre-
treated for 1 wk with either a controlled diet or a diet supplemented
with mevinolin (1,000 mg per kg of diet). At time 0 the mevinolin
treatment was discontinued, and groups of animals were used to
make the same measurements shown in Fig. 1. Each point represents
the mean+1 SEM for 10 animals. *P < 0.05.
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Table I shows the biliary secretion of bile acids, phospho-
lipids, and cholesterol 12, 24, and 48 h after withdrawal of the
inhibitor during infusion of the exogenous glycocholic acid.
During the critical 12-h time point, when cholesterol synthesis
was at its maximum, the total bile acid flux was virtually iden-
tical in the two groups, yet phospholipid and cholesterol secre-
tion were both significantly elevated. Moreover, the composi-
tion of the bile acid flux driving lipid secretion was the same in
the two groups (87% glycocholate, 5% tauromuricholate, 5%
taurocholate, and 3% taurochenodeoxycholate), and, thus,
changes in cholesterol recruitment could not be ascribed to
either quantitative or qualitative (21) alterations in the bile
acid flux that was driving lipid secretion.

In Fig. 4 the molar ratios of the three biliary lipids are
plotted as a function of the time after withdrawal from mevin-
olin. In the control group, the molar ratios of the three biliary
lipids remained essentially constant during the 48 h of bile acid
infusion. In contrast, the exaggerated sterol synthesis brought
about by mevinolin withdrawal gave rise to marked pertuba-
tions in the lipid ratios. Each mole of bile acid traversing the
liver recruited more than twice as much cholesterol at the
point of maximal disequilibrium when compared with the
control group (Fig. 4 4). The ratio of cholesterol to bile acid
remained significantly elevated for 24 h and only returned to
normal when the rate of cholesterol synthesis returned to nor-
mal. The ratio of cholesterol to phospholipid demonstrated a
similar pattern (Fig. 4 C). Finally, and somewhat surprisingly,
phospholipid secretion was also significantly increased during
this interval (Fig. 4 B).

In an effort to determine if expansion of the recruitable
cholesterol pool was associated with alterations in the lipid
content of any subcellular membrane compartment, hepatic
microsomal membranes were isolated from control animals
and from animals O, 8, 16, 24, and 48 h after withdrawal from
mevinolin. The results of this experiment are shown in Fig. 5.
When expressed as nanomoles of lipid per milligram of micro-
somal membrane protein, the phospholipid content of these
membranes remained constant throughout the period of with-
drawal of mevinolin. In contrast, the cholesterol content of
these membranes increased from a baseline value in the con-
trol group of 90+4 nmol per mg protein to 158+11 nmol per

mg protein. Moreover, this selective enrichment of this mem-
brane compartment with cholesterol corresponded in time to
the period of inappropriate cholesterol synthesis and to the
acute expansion of the recruitable cholesterol pool.

Discussion

In any species, including human beings, two of the major de-
terminants of the rate of cholesterol movement into bile are
the absolute amounts of bile acid traversing the liver (22, 23)
and the chemical structure of the particular bile acids con-
tained within the enterohepatic circulation. Thus, changes in
either the absolute flux or the relative hydrophobicity of the
bile acid pool alters the amount of sterol that is recruited from
the liver (21). However, several lines of evidence now suggest
that changes in these two parameters are insufficient in most
cases to account for the excessive amount of cholesterol that
appears in the bile in pathological states in man and in several
animal models. Thus, we and other investigators (24-28) have
suggested that the principle abnormality causing the produc-
tion of bile that is supersaturated with cholesterol may be an
expansion of an intracellular pool of sterol that is recruitable
by bile acids, rather than a quantitative or qualitative change
in the bile acid pool.

In the regulated, physiological state, the rate of hepatic
cholesterol synthesis fully compensates for changes in the rate
of sterol delivery to the liver from the intestine and other
extra-hepatic organs and in the rate of sterol degradation (3,
29). A change in the net balance of cholesterol across the liver
is associated with an appropriate, and reciprocal, change in the
rate of hepatic sterol synthesis (Fig. 1, 4 and B). Under these
circumstances, the pool of hepatic cholesterol that is recruit-
able by bile acids apparently remains constant (Fig. 1 C) al-
though the contribution of newly synthesized cholesterol to
this pool may vary severalfold (7, 30). While the anatomical
location of this recruitable pool is uncertain, it clearly is func-
tionally distinct since the specific activity of biliary cholesterol
is consistently greater than the specific activity of sterol in the
liver as a whole after administration of [?’H]JH,O to the ani-
mal (30).

Table I. Biliary Lipid Secretion Induced by a Controlled Bile Acid Flux after Withdrawal from Mevinolin

Bile acid secretion

Time after mevinolin

withdrawal Bile flow Endogenous Exogenous Phospholipid secretion Cholesterol secretion

h mi/h per kg wumol/h per kg umol/h per kg umol/h per kg
Control 12 3.61+£0.23 14+1 87+3 23.7£1.5 2.10+0.27
Mevinolin 12 4.26+0.47 13+£2 87+2 31.8+£2.2* 4.31+0.64*
Control 24 3.64+0.12 11£2 90+1 22.1+£1.0 2.02+0.08
Mevinolin 24 4.47+0.35 81 93+6 27.9+2.4 2.62+0.29
Control 48 3.78+0.36 11+3 91+3 22,4125 2.00+0.17
Mevinolin 48 4.82+0.62 8+2 93+5 26.7+3.1 1.84+0.22

Female rats were fed a control diet or a diet supplemented with mevinolin for 1 wk. A bile fistula was placed, and after the endogenous bile
acid pool had been drained, glycocholic acid (8.8 mM) was infused intravenously at a rate calculated to maintain a total bile acid flux across

the liver of 100 umol/h per kg body weight. Endogenous bile acids were
* P <0.05.
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separated from the exogenous glycocholate by HPLC and quantified.
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Figure 4. Molar ratios of the three biliary lipids during mevinolin-in-
duced, inappropriate cholesterol synthesis in the liver. In these stud-
ies the bile acid flux across the liver was kept constant at 100 umol/h
per kg body weight. Each point represents the mean+1 SEM for 10
animals. *P < 0.05.
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Figure 5. Hepatic microsomal membrane lipid content as a function
of time after withdrawal from mevinolin. 20 mevinolin fed animals
were divided into five equal groups and killed 0, 8, 16, 24, and 48 h
after withdrawal from the inhibitor. The hepatic microsomal mem-
branes were isolated as described and assayed for their protein and
lipid content. 8 h after withdrawal from mevinolin, the cholesterol
content of the membranes and the ratio of cholesterol to phospho-
lipid was significantly elevated. Each point represents the mean+1
SEM for four animals. *P < 0.05.

In contrast to this situation in the normal animal (7) and in
humans (31), there are several pathological situations where
the recruitable hepatic cholesterol pool is no longer indepen-
dent of the rate of cholesterol synthesis. For example, hamsters
fed a fat-free diet manifest a 3- and 16-fold increase, respec-
tively, in whole-body and liver cholesterol synthesis rates, and
these changes were associated with a sevenfold increase in the
output of cholesterol in bile (9). Similarly, treatment of the rat
with pregnenolone-16a-carbonitrile increased the rate of both
hepatic cholesterol synthesis and biliary cholesterol secretion
(10). Furthermore, in both of these models, when the rate of
hepatic cholesterol synthesis was varied by altering the amount
of cholesterol reaching the liver from the intestine, the rate of
hepatic cholesterol secretion varied directly with the rate of
hepatic synthesis. Thus, paradoxically, cholesterol feeding
suppressed both hepatic sterol synthesis and biliary cholesterol
secretion (10) and has even been reported to prevent choles-
terol gallstone formation (32). Finally, as seen in these two
animal models, in the obese human there is also a direct cor-
relation between whole-body cholesterol synthesis and biliary
cholesterol secretion (33). Taken together, these results suggest
that in these pathological states, the rate of hepatic cholesterol
synthesis is no longer tightly coupled to the needs of the liver
cell, and, thus, under these abnormal circumstances, choles-
terol is synthesized in excessive amounts and secreted into the
bile. Other possible explanations for these observations in-
clude metabolic abnormalities that might have been induced
by these treatments or by the presence of obesity in the human
subjects.

The current studies, however, provide direct support for
the hypothesis that a rate of sterol synthesis that is inappropri-
ate for cellular needs may expand the cholesterol pool that can
be recruited by bile acids and thereby result in excessive cho-
lesterol secretion into bile. The animals treated with mevinolin
for 1 wk exhibited no discernible metabolic abnormalities in
terms of sterol metabolism at the beginning of the experiment.
Rates of cholesterol synthesis in the whole animal and liver, in
particular, were normal, as was the rate of cholesterol secretion
into bile. The free cholesterol content of microsomal mem-
branes, the cholesterol ester content of the hepatocyte, as well
as the plasma cholesterol concentration were all within the
normal range at the outset of the experiments. After with-
drawal of the mevinolin, however, the expanded pool of
HMG-CoA reductase became immediately manifest, and
there was inappropriate overproduction of cholesterol (Fig. 3).
This acutely expanded pool of newly synthesized sterol tran-
siently enriched the hepatic microsomal membrane fraction.
ACAT, located in this same membrane compartment, was
able to esterify a portion of this excess free cholesterol, but a
significant fraction was recruited by the bile acid flux and
secreted into bile. As the excess HMG-CoA reductase activity
gradually declined, the rate of sterol synthesis returned to nor-
mal along with the free cholesterol content of the microsomal
membrane fraction and the rate of cholesterol secretion into
bile. Notably, when a similar mass of cholesterol was delivered
to the hepatocyte via the receptor-mediated endocytosis of a
chylomycron remnant, no expansion of the recruitable cho-
lesterol pool occurred.

In this rat model, mevinolin, an inhibitor of cholesterol
synthesis, was used to paradoxically increase the rate of cho-
lesterol synthesis in the hepatocyte. The results of this study
should not be taken to suggest that chronic use of mevinolin in
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human subjects would necessarily result in a similar phenome-
non. Indeed, other investigators (34) have observed that a dif-

ferent HMG-CoA reductase inhibitor actually lowered the de--

gree of cholesterol saturation of human gallbladder bile. The
seeming contradiction between the current study in rats and
the observations made in humans could probably be recon-
ciled if it were known whether the reductase inhibitor admin-
istered to humans suppressed or stimulated (or both) hepatic
cholesterol synthesis. Unfortunately, data are sparse on the
overall effect of HMG-CoA reductase inhibitors on the in vivo
rate of cholesterol synthesis in humans (35) and certainly,
nothing is known about the hour to hour rate of hepatic cho-
lesterol synthesis in humans. In any event, as a model, these
results clearly support the hypothesis that one of the major
causes of excessive biliary cholesterol secretion, and presum-
ably gallstone formation, may be a metabolic abnormality (in-
duced, for example, by obesity) that leads to an inappropri-
ately high rate of cholesterol synthesis in the liver, an expanded
pool of recruitable sterol and, hence, excessive entrainment of
cholesterol into the bile by an essentially normal flux of bile
acid across the liver. Such a model further supports the idea
that the defect in cholesterol gallstone disease is within the
realm of intracellular cholesterol trafficking rather than in the
enterohepatic circulation of bile acids.
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