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Role of cholesterol synthesis in regulation of bile
acid synthesis and biliary cholesterol secretion

in humans'

John C. Mitchell, Bradford G. Stone, George M. Logan, and William C. Duane?®
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Abstract We used lovastatin, a specific inhibitor of HMG-
CoA reductase, to study the role of cholesterol synthesis in
regulation of both bile acid synthesis, measured by release of
4CO; from [26-'*C]cholesterol, and biliary cholesterol secre-
tion, measured by standard marked perfusion techniques, in hu-
mans. Six volunteers were studied in each of four periods: a)
control; 4) 6-10 hours after a single 40 mg oral dose of lovastatin
to study acute effects; ¢) after 5-6 weeks of lovastatin 40 mg oral-
ly twice a day to study steady-state effects; and d) 24 h after
cessation of chronic lovastatin. Mean bile acid synthesis fell to
69% of control (P < 0.01) after single-dose lovastatin and re-
mained at 83% of control after 5-6 weeks on lovastatin
(P < 0.05). After withdrawal of lovastatin, mean bile acid syn-
thesis was 88% of control (NS). Mean biliary cholesterol secre-
tion did not change after 'single-dose lovastatin (103% of
control), but fell to 81% of control during chronic lovastatin
treatment (P < 0.05). After withdrawal of lovastatin, mean
cholesterol  secretion remained at 80% of control
(P < 0.05). B These data suggest that in humans cholesterol
synthesis is an immediate regulator of bile acid synthesis.
Cholesterol synthesis also regulates biliary cholesterol secretion,
but the effect is not immediate and therefore may be in-
direct. — Mitchell, J. C., B. G. Stone, G. M. Logan, and
W. C. Duane. Role of cholesterol synthesis in regulation of bile
acid synthesis and biliary cholesterol secretion in humans. /.
Lipid Res. 1991. 32: 1143-1149.
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Cholesterol homeostasis is the net result of all inputs
and outputs. Input of cholesterol occurs either from endo-
genous synthesis or absorption of dietary cholesterol.
Elimination of cholesterol is largely a result of two pro-
cesses: direct secretion of cholesterol into bile followed by
fecal excretion or conversion of cholesterol to bile acids.
It has been hypothesized that the rate of cholesterol syn-
thesis may regulate either cholesterol secretion into bile
and/or bile acid synthesis (1, 2). There is evidence for and
against both components of this hypothesis.

Studies of biliary cholesterol secretion in the rat have
shown that sudden reduction of cholesterol synthesis
lowers secretion (3). However, prolonged alteration of
cholesterol synthesis induced by maneuvers such as fast-

ing, cholesterol feeding, and cholestyramine administra-
tion have failed to alter biliary cholesterol secretion (4)
except in  rats  simultaneously treated with
pregnenolone-16a-carbonitrile (5). In humans, both obe-
sity and administration of chenodeoxycholic acid result in
parallel changes in cholesterol synthesis and biliary
cholesterol secretion (1, 6, 7). However, the cause and
effect relationship of these changes has not been estab-
lished.

Recent studies of bile acid synthesis in bile fistula rats
have shown that reduction in cholesterol synthesis lowers
bile acid synthesis and activity of the rate-limiting en-
zyme, 7a-hydroxylase (8-11). Two recent studies in hu-
mans have reported lower mean bile acid synthesis and
activity of 7a-hydroxylase after reduction of cholesterol
synthesis, but in both the changes did not reach statistical
significance (12, 13). Moreover, in both studies changes
were assessed after prolonged reduction in cholesterol
synthesis precluding any conclusion about direct, short-
term regulation.

In the present study we have attempted to better define
the role of cholesterol synthesis in regulation of both
biliary cholesterol secretion and bile acid synthesis. To do
this we have measured changes after administration of
lovastatin, a competitive inhibitor of hydroxymethylglu-
taryl-coenzyme A (HMG-CoA) reductase, the rate-
limiting enzyme in the synthesis of cholesterol. This
approach has the advantage of reducing cholesterol syn-
thesis directly. Moreover, because cholesterol synthesis is
quickly lowered by lovastatin, it is possible to assess effects
of both a sudden change in cholesterol synthesis and a
prolonged alteration of cholesterol synthesis.

Abbreviations: HMG, 3-hydroxy-3-methylglutaryl; HDL, high densi-
ty lipoproteins; LDL, low density lipoproteins; C.I., confidence interval.

'Presented in part at the 1990 meetings of the American Gas-
troenterological Association.

*To whom reprint requests should be addressed at: VA Medical
Center (111D), 1 Veterans Drive, Minneapolis, MN 55417.
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METHODS

Six male volunteers were studied in four separate time
periods: a) control; #) 6-10 h after a single 40 mg oral dose
of lovastatin to study acute effects; ¢) after 5-6 weeks of
lovastatin 40 mg orally twice a day to study steady-state
effects, and d) 24 h after cessation of chronic lovastatin
treatment to assess possible withdrawal effects. All volun-
teers had participated in a larger study of effects of steady-
state lovastatin on biliary lipid metabolism (12). Thus,
some data reported here for the steady-state period have
also been reported elsewhere (12). They are included here
for comparison to the other periods and are specifically
designated in the figures.

The volunteers ranged in age from 51 to 68 years, in
percent ideal body weight from 98 to 132%, and in serum
cholesterol from 140 to 210 mg/dl. Two of the volunteers
had hypertriglyceridemia (412 and 478 mg/dl) without
hypercholesterolemia. They were included because of the
difficulty in recruiting volunteers for these rigorous stu-
dies, but their results did not appear to differ from those
of the other four subjects. Each subject provided a detail-
ed dietary history and was then instructed to continue his
customary diet throughout the study.

Informed consent was obtained from all volunteers
prior to study. All study protocols were approved by the
Subcommittee on the Use of Human Subjects in Research
of the Minneapolis VA Medical Center.

Serum total cholesterol, high density lipoprotein
(HDL) cholesterol, and triglycerides were measured by
the clinical laboratory of the Minneapolis VA Medical
Center. Low density lipoprotein (LDL) cholesterol was
calculated from the above measurements by a standard
formula (14).

Cholesterol synthesis was assessed by measuring incor-
poration of [*H)acetate into sterols in each subject’s
mononuclear leukocytes as previously described by us and
others (15, 16).

Bile acid synthesis was measured as release of **CO,
from administered [26-'*C]cholesterol (New England
Nuclear, Boston, MA) as described previously (17). Syn-
thesis was calculated by dividing output of *CO; by the
specific activity of cholesterol in stimulated bile. This
specific activity was initially chosen for calculation
because the precursor pools of cholesterol for bile acid
synthesis and cholesterol secretion appear to be in near
equilibrium (18). This precaution later proved un-
necessary, however, because cholesterol specific activities
in serum and bile eventually proved nearly identical (see
below).

Specific activities of both biliary and serum free
cholesterol were measured by gas-liquid chromatography
and liquid scintillation counting (12, 19). For analysis of
serum samples, free cholesterol was first isolated from a
petroleum ether extract by thin-layer chromatography
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using a solvent system of ethyl ether-heptane 55:45.
Biliary cholesterol for measurement of specific activity
was obtained during measurement of stimulated secretion
rates.

Biliary secretion rates of cholesterol, lecithin, and bile
acid were measured by the method of Grundy and Metz-
ger (20) as described previously (12). Values reported are
the means of eight 1-h determinations. Of particular in-
terest with respect to the studies of single-dose lovastatin,
there was no consistent difference between lipid secretion
values for the first versus the eighth hour of sampling.

For ease of comparison between periods and indivi-
duals, values for all measurements are expressed as per-
cent of each individual’s control period value. Statistical
analysis was performed by analysis of variance and con-
fidence interval (C.I.) testing.

RESULTS

Total serum cholesterol (Fig. 1), which averaged 170
mg/dl in the control period, averaged 95% of control after
a single acute dose of lovastatin, a change that was not
statistically significant (95% C.I. 88-102). After 5-6
weeks of lovastatin treatment in these six subjects, total
cholesterol was significantly lowered to an average of 64%
of control (P < 0.01, 99% C.I. 54-74). Finally 24 h after
withdrawal of chronic lovastatin, total serum cholesterol
averaged 66% of control, which continued to be sig-
nificantly different from control (P < 0.01, 99% C.I.
56-76).

Average LDL cholesterol in the control period was 84
mg/dl and changes paralleled those of total cholesterol:
after acute lovastatin, 102% of control (N.S., 95% C.I.
87-117); after 5-6 weeks on lovastatin, 59% of control
(P < 0.01, 99% C.I. 39-80); and after withdrawal of
chronic lovastatin, 51% of control (P < 0.01, 9% C.I
30-72).

HDL cholesterol levels averaged 30 mg/dl in the control
period and averaged 105% of control after a single dose
of lovastatin (N.S., 95% C.1. 97-113). After 5-6 weeks of
lovastatin, average HDL cholesterol had increased slight-
ly but significantly to 115% of control (P < 0.01, 99%
C.I. 104-126). Similarly, after withdrawal of chronic
lovastatin, HDL cholesterol averaged 114% of control
which was significantly greater than control (P < 0.01,
99% C.I. 103-125).

Sterol production by mononuclear leukocytes (Fig. 2)
averaged 1.20 pmol/10° cells/h in the control period. After
acute lovastatin administration, this production rate fell
to an average of 69% of control (P = 0.05, 95% C.L
37-100). After chronic lovastatin treatment in these six
subjects, sterol production averaged 62% of control
(P < 0.05, 95% C.I. 30-93). Finally, after withdrawal of
chronic lovastatin, leukocyte sterol production was not
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g - Fig. 1. Total serum cholesterol levels. In this and
_8, i subsequent figures the data for acute, steady-state,
i 100 e and withdrawal periods are expressed as percent of
3 % each individual’s control period value, and each in-
e dividual is distinguished by a unique symbol. Data
2 80 I enclosed in broken lines have been published
e o P "' + previously (12) and are included here for comparison.
ﬁ i : ; ' 4 A single dose of lovastatin (acute period) did not ap-
2 60 ‘e | preciably alter serum cholesterol. In the steady-state
g ) ! o period after 5-6 weeks of lovastatin, serum cholesterol
2 I I was significantly reduced (P < 0.01). Twenty-four
ﬁ hours after withdrawal of lovastatin, serum cholesterol
4 r had not changed appreciably from the steady state

L level and remained significantly different from the

control period (P < 0.01).
20 CONTROL. ACUTE STEADY.STATE WITHDRAWAL
P <.01 P < .01
vs control vs control

significantly different from control averaging 88% of con-
trol (95% C.I. 56-120).

Biliary cholesterol secretion (Fig. 3), which averaged
152 umol/h in the control period, was unchanged after a
single dose of lovastatin (mean 103% of control, 95% C.I
85-120). Cholesterol secretion fell significantly to an
average of 81% of control after 5-6 weeks of lovastatin
treatment in these six subjects (P < 0.05, 95% C.IL
64-98). After withdrawal of chronic lovastatin, cholesterol
secretion remained significantly different from control
with values very similar to those in the chronic lovastatin
period (mean 80% of control, P < 0.05, 95% C.L
63-97).

Bile acid secretion into bile averaged 1154 umol/h in the
control period. Mean bile acid secretion was 99% of con-

Fig. 2. Sterol production from acetate by
mononuclear leukocytes. A single acute dose of
lovastatin significantly lowered sterol production by
these leukocytes (P = 0.05). Production remained
significantly different from control after 5-6 weeks of
lovastatin (P < 0.05). After withdrawal of chronic
lovastatin, steral production was indistinguishable
from that in the control period. Data enclosed in
broken lines have been published previously (12).

WBC STEROL SYNTHESIS (percent control)

Miichell et al.

trol after a single dose of lovastatin, 96% of control after
5-6 weeks of lovastatin (individual data points previously
published (12)), and 99% of control 24 h after cessation
of chronic lovastatin. None of these changes were statis-
tically significant.

Biliary lecithin secretion averaged 441 umol/h in the
control period. Mean lecithin secretion was 106% of con-
trol after a single dose of lovastatin, 96% of control after
5-6 weeks of lovastatin (individual data points previously
published (12)), and 98% of control 24 h after cessation
of chronic lovastatin. Again, none of these changes were
statistically significant.

Bile acid synthesis rate (Fig. 4) averaged 1.01 gmol/min
in the control period. After a single dose of lovastatin,
synthesis fell to an average of 69% of control (P < 0.01,
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20
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8 i ' ! A Fig. 3. Biliary cholesterol secretion. A single dose of
5 ! ' lovastatin did not significantly alter secretion. After
I 8 I : ! Q 5-6 weeks of lovastatin, secretion was significantly
g : ! + lower than in the control period (P < 0.05). After
& [ R ° withdrawal of lovastatin, cholesterol secretion -was
3 e F ) ' similar to that prior to withdrawal (steady-state) and
ﬁ ' . A remained significantly lower than in the control
@ L ‘ ' period (P < 0.05). Data enclosed in broken lines have
° A : ‘ been published previously (12).
3 40 DA
20
CONTROL ACUTE STEADY-STATE WITHDRAWAL
P<.05 P<.05
vs control vs control
99% C.I. 50-87%). After long-term treatment with lovastatin, acute lovastatin, and withdrawal, the bile
lovastatin, synthesis averaged 83% of control (P < 0.05, cholesterol specific activity as percent of the serum free
95% C.I. 70-96). After withdrawal of chronic lovastatin cholesterol specific activity averaged 93 (95% C.I. 86-99),
synthesis averaged 88% of control N.8. 95% C.I. 75-102). 90 (95% C.I. 71-109), 98 (95% C.I. 82-113), and 103
Specific activity of biliary cholesterol averaged 96% (95% C.I. 72-134), respectively.
(95% C.1. 88-104) of specific activity of serum unesterifi-
ed cholesterol. Each individual measurement of these two _
specific activities is plotted in Fig. 5. While there may DISCUSSION
have been a slight tendency for the serum free cholesterol
specific activity to be higher than the bile cholesterol The present study provides new evidence in human
specific activity, the points clustered very close to the line subjects for regulatory effects of cholesterol synthesis on
of identity. Moreover, there did not appear to be a tenden- both cholesterol secretion into bile and the rate of bile
cy for these two specific activities to differ more in any acid synthesis. We used the inhibitor, lovastatin, to direct-
particular period. For the four periods: control, chronic ly and primarily alter cholesterol synthesis, both acutely
120
O
+
2
£ L .
§ 100 +
§
Fig. 4. Bile acid synthesis rate. A single dose of = i
lovastatin induced a reduction in bile acid synthesis in =] ® A
all six subjects (P < 0.01). In the steady-state period H 80 e)
bile acid synthesis had returned somewhat toward the E
baseline value, but remained significantly lower than g + b 4
in the control period (P < 0.03). After withdrawal of « [ A
. .o o A
lovastatin, mean synthesis increased somewhat, but S !
was not significantly different from either control or ; 60 |
steady-state values. H +
40
CONTROL ACUTE STEADY-STATE WITHDRAWAL
P<.01 P<.05
vs control vs control
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Fig. 5. Relationship of specific activity (SA) of cholesterol in bile compared to that of unesterified serum
cholesterol. Closed circles correspond to control values; open circles to steady-state lovastatin values; closed triangles
to values after a single dose of lovastatin; and open triangles to values after withdrawal of lovastatin. In general,
serum values tended to be slightly higher than bile values, but the difference was small in all four periods, suggesting
little preferential secretion of newly synthesized cholesterol.

and in the long-term. Changes in cholesterol synthesis
were monitored by measuring sterol production in mono-
nuclear leukocytes, a parameter that has been shown to
correlate with other measures of cholesterol synthesis in
rats and humans (16, 21-23). We also have recently sum-
marized the evidence that lovastatin lowers cholesterol
synthesis (12). Since that writing two other papers have
been published, one showing lower cholesterol synthesis
estimated by serum lathosterol levels in subjects on
pravastatin (13) and the other showing no change in
cholesterol synthesis on lovastatin measured by isotope
dilution (24). The latter study used a lower dose of
lovastatin than used in the present study. The bulk of the
evidence, therefore, continues to suggest that at least
relatively high dose lovastatin causes a persistent reduc-
tion in cholesterol synthesis in humans. ,

In response to acute lowering of cholesterol synthesis by
a single dose of lovastatin, biliary cholesterol secretion re-
mained at virtually identical levels to those in the control
period. In contrast, as we have shown previously in ten
subjects including the six studied here (12), 5-6 weeks of
lovastatin administration significantly lowered biliary
cholesterol secretion. These results are the opposite of
those reported in the rat where lovastatin acutely lowered
cholesterol secretion in two studies (3, 11) and multiple
long-term alterations in cholesterol synthesis failed to
alter cholesterol secretion in another study (4). These dis-
crepancies may represent either species differences or
differences in study design.

We also performed measurements in a withdrawal
period after cessation of lovastatin. In the rat such a
withdrawal causes a striking rebound in cholesterol syn-
thesis (25, 26). In these human subjects, however, no such
rebound occurred, perhaps again because of the more
limited ability of humans to synthesize compensatory
reductase protein (13, 15). Instead, mean sterol produc-
tion by mononuclear leukocytes in the withdrawal period
was intermediate between the chronic lovastatin and con-
trol periods, being significantly different from neither.
Consistent with the lack of change in cholesterol secretion
after short-term reduction in cholesterol synthesis,
cholesterol secretion during the withdrawal period was
nearly identical to that in the chronic lovastatin period.

One way cholestero] synthesis might affect cholesterol
secretion is by altering the preferential secretion of newly
synthesized cholesterol. However, in our subjects the
specific activity of biliary cholesterol was, if anything, on-
ly slightly less than that of serum free cholesterol and this
relationship was not significantly altered by either acute
or long-term lovastatin (Fig. 5). Thus, unlike human sub-
Jjects with an interrupted enterohepatic circulation (18), in
these normal subjects there appeared to be little if any
preferential secretion of newly synthesized cholesterol.

Perhaps the most striking result of the present study
was the consistent reduction in bile acid synthesis after a
single dose of lovastatin (Fig. 4). Synthesis was reduced in
all six subjects and the magnitude of reduction was
reasonably consistent. Could this change in synthesis
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measured by the *CO; method reflect a sudden altera-
tion of the specific activity of the cholesterol substrate pool
used for production of bile acid rather than a true change
in synthesis? This seems an extremely unlikely possibility
for two reasons. First, the specific activity of biliary
cholesterol, which is usually in near equilibrium with the
cholesterol pool used for bile acid synthesis (18), did not
suddenly deviate from the serum free cholesterol specific
activity following acute lovastatin (Fig. 5). Second, if any-
thing one would expect acute lovastatin to suddenly in-
crease cholesterol specific activity in this substrate pool.
In that case we would have used a falsely low specific ac-
tivity (the serum or bile value) to calculate a falsely high
value for bile acid synthesis. We conclude that the rapid
change in bile acid synthesis with a single dose of
lovastatin was real and provides evidence that cholesterol
synthesis 1s a significant regulator of bile acid synthesis in
normal human subjects.

After 5-6 weeks of lovastatin, mean bile acid synthesis
measured by release of *CO, from [26-!*C]cholesterol re-
mained significantly lower than control. These results are
consistent with work done in rats where treatment with
lovastatin has been shown to lower activity of 7a-
hydroxylase (9-11). In human subjects Grundy and
Bilheimer (27) found significantly lower levels of acidic
sterol output in two of five patients treated with lovastatin.
Also, a recent study of patients undergoing cholecystec-
tomy reported a lower mean level of 7a-hydroxylase ac-
tivity in those treated with pravastatin, but the results
were not statistically significant (13). Finally, in ten hu-
man subjects, six of whom make up the cohort of the pre-
sent study, we have previously reported a lower mean bile
acid synthesis measured by isotope dilution during treat-
ment with lovastatin, although the changes were not quite
statistically significant (12). That we were able to show a
significant reduction in synthesis in the present study for
six of these ten subjects may reflect the simplicity of the
#CQO, method compared to the isotope dilution method.
There is no possiblity of selection bias, because the two
studies were conducted simultaneously including as many
subjects as would consent in the present study. Judging
from the results in Fig. 4 it appears that long-term
lovastatin does lower bile acid synthesis, although there
may be so much individual variation in this response that
it is difficult to demonstrate statistically.

The rapid response of bile acid synthesis to a single
dose of lovastatin (Fig. 4) suggests that regulation of bile
acid synthesis by cholesterol synthesis is relatively direct,
but the mechanism of this regulation remains uncertain.
Addition of mevinolinic acid to rat liver microsomes has
been shown not to lower activity of 7a-hydroxylase (9)
suggesting that this enzyme is not inhibited by inhibitors
of HMG-CoA reductase. The reduction in bile acid syn-
thesis and activity of 7a-hydroxylase in rats treated with
both lovastatin and AY9944, which blocks conversion of 7-
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dehydrocholesterol to cholesterol, suggests that cholesterol
synthesis may in some way directly regulate activity of
this enzyme (9~11). Whether this is true in humans re-
mains to be determined since the one existing study of
this enzyme in subjects taking a reductase inhibitor was
inconclusive (13). Alternatively, reduction in cholesterol
synthesis could act by reducing cholesterol substrate
available for conversion to bile acid. However, in both rat
and human it appears that activity of 7a-hydroxylase is
usually not substrate-limited (28, 29).

In summary, our data provide evidence that cholesterol
synthesis is an immediate regulator of bile acid synthesis
in humans, presumably serving to partially offset acute
alterations in cholesterol input. Cholesterol synthesis also
appears to regulate biliary cholesterol secretion, but the
effect is not immediate and therefore may be indirect.
Changes ih both cholesterol secretion and bile acid syn-
thesis tend to offset long-term changes in cholesterol syn-

thesis. 08

This work was supported by a grant from the Veterans Adminis-
tration. Ann McHale and Margaret Jordan provided excellent
technical assistance.

Manuscript received 26 November 1990 and in revised form 27 March 1991.

REFERENCES

1. Key, P. H., G. G. Bonorris, J. W. Marks, A. Chung, and
L. J. Schoenfield. 1980. Biliary lipid synthesis and secretion
in gallstone patients before and during treatment with
chenodeoxycholic acid. J. Lab. Clin. Med. 95: 816-826.

2. Davis, R. A, P. M. Hyde, J. W. Kuan, M. Malone-
McNeal, and J. Archambault-Schexnayder. 1983. Bile acid
secretion by cultured rat hepatocytes: regulation by
cholesterol availability. J. Biol. Chem. 258: 3661-3667.

3. Stone, B. G., S. K. Erickson, W. Y. Craig, and A. D.
Cooper. 1985. Regulation of rat biliary cholesterol secretion
by agents that alter intrahepatic cholesterol metabolism. J.
Clin. Invest. 76: 1773-1781.

4. Tarley, S. D, and J. M. Dietschy. 1979. Regulation of
biliary cholesterol output in the rat: dissociation from the
rate of hepatic cholesterol synthesis, the size of the hepatic
cholesteryl ester pool, and the hepatic uptake of chylomi-
cron cholesterol. J. Lipid Res. 20: 923-934.

5. Turley, S. D, and J. M. Dietschy. 1984. Modulation of the
stimulatory effect of pregnenolone-16a-carbonitrile on
biliary cholesterol output in the rat by manipulation of the

. rate of hepatic cholesterol synthesis. Gastroenterology. 87:
284-292.

6. Bennion, L. J,, and S. M. Grundy. 1975. Effects of obesity
and caloric intake on biliary lipid metabolism in man. J
Clin. Invest. 56: 996-1011.

7. Miettinen, T. A. 1971. Cholesterol production in obesity.
Circulation. 44: 842-850.

8. Kempen, H. J. M., J. DeLange, M. P. M. Vos-Van Hols-
tein, P. Van Wachem, R. Havinga, and R. J. Vonk. 1984.
Effect of M1.-236B (Compactin) on biliary excretion of bile
salts and lipids, and on bile flow, in the rat. Biochim. Biophys.
Acta. 794: 435-443.

9. Pandak, W. M., D. M. Heuman, P. B. Hylemon, and Z. R.

Z2T0Z ‘8T aunr uo ‘1sanb Ag B1o Jj-mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Vlahcevic. 1990. Regulation of bile acid synthesis. IV. In-
terrelationship between cholesterol and bile acid biosynthe-
sis pathways. J. Lipid Res. 31: 79-90.

Pandak, W. M., Z. R. Vlahcevic, D. M. Heuman, and
P. B. Hylemon. 1990. Regulation of bile acid synthesis. V.
Inhibition of conversion of 7-dehydrocholesterol to
cholesterol is associated with down-regulation of cholesterol
7a-hydroxylase activity and inhibition of bile acid synthe-
sis. J. Lipid Res. 31: 2149-2158.

Davis, R. A., C. A. Musso, M. Malone-McNeal, G. R.
Lattier, P. M. Hyde, J. Archambault-Schexnayder, and M.
Straka. 1988. Examination of bile acid negative feedback
regulation in rats. J. Lipid Res. 29: 202-211.

Mitchell, J. C.,, G. M. Logan, B. G. Stone, and W. C.
Duane. 1991. Effects of lovastatin on biliary lipid secretion
and bile acid metabolism in humans. J Lipid Res. 32:
71-78.

Reihnér, E., M. Rudling, D. Stahlberg, L. Berglund, S.
Ewerth, I. Bjérkhem, K. Einarsson, and B. Angelin. 1990.
Influence of pravastatin, a specific inhibitor of HMG-CoA
reductase, on hepatic metabolism of cholesterol. N. Engl. J.
Med. 323: 224-228.

Schaeffer, E. J., and R. I. Levy. 1985. Pathogenesis and
management of lipoprotein disorders. N. Engl. . Med. 312:
1300-1309.

Stone, B. G., C. D. Evans, W. F. Prigge, W. C. Duane, and
R. L. Gebhard. 1989. Lovastatin treatment inhibits sterol
synthesis and induces HMG-CoA reductase activity in
mononuclear leukocytes of normal subjects. J Lipid Res.
30: 1943-1952.

McNamara, D. J,, N. O. Davidson, and S. Fernandez.
1980. In vitro cholestero! synthesis in freshly isolated
mononuclear cells of human blood: effect of in vivo ad-
ministration of clofibrate and/or cholestyramine. J. Lipid
Res. 21: 65-71.

Duane, W. C., D. G. Levitt, and S. M. Mueller. 1983.
Regulation of bile acid synthesis in man: presence of a diur-
nal rhythm. J Clin. Invest. 72: 1930-1936.

Schwartz, C. C., M. Berman, Z. R. Vlahcevic, L. G. Hal-
loran, D. H. Gregory, and L. Swell. 1978. Multicompart-
mental analysis of cholesterol metabolism in man. J. Clin.
Invest. 61: 408-423.

Duane, W. C. 1978. Simulation of the defect of bile acid
metabolism associated with cholesterol cholelithiasis by sor-

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Mitchell et al.

bitol ingestion in man. J. Lab. Clin. Med. 91: 969-978.
Grundy, S. M., and A. L. Metzger. 1972. A physiological
method for estimation of hepatic secretion of biliary lipids
in man. Gastroenterology. 62: 1200-1217.

Young, N. L., and V. W. Rodwell. 1977. Regulation of
hydroxymethylglutaryl-CoA reductase in rat leukocytes. J.
Lipid Res. 18: 572-581.

Stacpoole, P. W., H. J. Harwood, Jr., C. E. Vernado, and
M. Schneider. 1983. Regulation of rat liver hydrox-
ymethylglutaryl coenzyme A reductase by a new class of
noncompetitive inhibitors: effects of dichloroacetate and
related carboxylic acids on enzyme activity. J. Clin. Invest.
72: 1575-1585.

Mistry, P, N. E. Miller, M. Laker, W. R. Hazzard, and B.
Lewis. 1981. Individual variation in the effects of dietary
cholesterol on plasma lipoproteins and cellular cholesterol
homeostasis in man: studies of low density lipoprotein
receptor activity and 3-hydroxy-3-methylglytaryl coenzyme
A reductase activity in blood mononuclear cells. J. Clin. In-
vest. 67: 493-502.

Goldberg, L. J., S. Holleran, R. Ramakrishnan, M. Adams,
R. H. Palmer, R. B. Dell, and D. S. Goodman. 1990. Lack
of effect of lovastatin therapy on the parameters of whole-
body cholesterol metabolism. J. Clin. Invest. 86: 801-808.
Fears, R., D. H. Richards, and H. Ferres. 1980. The effect
of compactin, a potent inhibitor of 3-hydroxy-3-
methylglutaryl coenzyme-A  reductase activity, on
cholesterogenesis and serum cholesterol levels in rats and
chicks. Atherosclerosis. 35: 439-449.

Endo, A., Y. Tsyjita, M. Kuroda, and K. Tanzawa. 1979.
Effects of ML-236B on cholesterol metabolism in mice and
rats: lack of hypocholesterolemic activity in normal ani-
mals. Biochim. Biophys. Acta. 575: 266-276.

Grundy, S. M., and D. W. Bilheimer. 1984. Inhibition of
3-hydroxy-3-methylglutaryl-CoA reductase by mevinolin in
familial hypercholesterolemia heterozygotes: effects on
cholesterol balance. Proc. Natl Acad. Sci. USA. 81:
2538-2542.

Bjorkhem, I., and J. E. Akerlund. 1988. Studies on the link
between = HMG-CoA  reductase and cholesterol
7a-hydroxylase in rat liver. J. Lipid Res. 29: 136-143.
Einarsson, K., E. Reihnér, and I. Bjérkhem. 1989. On the
saturation of the cholesterol 7a-hydroxylase in human liver
microsomes. J. Lipid Res. 30: 1477-1481.

Regulatory role of cholesterol synthesis 1149

Z2T0Z ‘8T aunr uo ‘1sanb Ag B1o Jj-mmm woly papeojumoq


http://www.jlr.org/

