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Abstract Little is known about the effects of cholesterol-
lowering agents in hypercholesterolemic patients with pri-
mary biliary cirrhosis (PBC). The aim of this study was to
compare the changes induced by simvastatin and ursodeoxy-
cholic acid (UDCA) on cholesterol metabolism in patients
with PBC and preserved liver function. Six patients with
PBC were administered simvastatin (40 mg/day) for 30
days and, after a washout period of 30 days, ursodeoxy-
cholic acid (600 mg/day) for 30 days. Serum levels of
lathosterol, campesterol, 7

 

a

 

-hydroxycholesterol, and
27-hydroxycholesterol were measured by gas chromatography-
mass spectrometry. During simvastatin administration,
reduction of cholesterol levels (34% in 30 days) was paral-
leled by the decrease of lathosterol (55%), whereas concen-
trations of campesterol and of the two hydroxysterols were
not substantially modified. During ursodeoxycholic acid ad-
ministration, a trend toward a decrease of serum choles-
terol concentrations was observed after only one year of
treatment, and these changes were paralleled by the de-
crease of campesterol serum levels. Both simvastatin and
UDCA were well tolerated, and a reduction of serum liver
enzyme levels occurred with the latter.  Simvastatin proved
to be safe and effective in reducing serum cholesterol levels
in patients with PBC by an inhibitory effect on cholesterol
synthesis occurring within 24 h.
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Primary biliary cirrhosis (PBC) is a chronic cholestatic
liver disease commonly associated with marked alterations
of the enterohepatic circulation of various compounds
and, especially, lipid moieties (1, 2). Several studies have
demonstrated that cholesterol metabolism is markedly de-
ranged in PBC patients (3–5), leading to hypercholester-
olemia that is severe in some cases (2, 6). Both synthesis
and biliary elimination of cholesterol are impaired (4, 5),
with concomitant reduction of serum levels of lathosterol
and increased serum concentrations of dietary sterols,

 

such as campesterol (4, 5). In addition, reduced choles-
terol absorption may occur in patients with the latest stage
of the disease (5), and data from a recent study suggest
that both the feedback regulation of retained bile acids
on cholesterol 7

 

a

 

-hydroxylase and the cholesterol 27-
hydroxylase scavenger effect on excess serum cholesterol
are deficient in these patients (7).

The question of the long-term clinical consequences of
hypercholesterolemia in PBC patients is still open, be-
cause the available data do not come from prospective co-
hort studies (2, 6, 8). It is probable that at least a subset of
PBC patients, selected on the basis of the degree of eleva-
tion of serum cholesterol and with relatively low high den-
sity lipoprotein (HDL) cholesterol serum levels, will benefit
from administration of inhibitors of HMGCoA reductase,
especially if additional risk factors for cardiovascular dis-
ease coexist. However, caution in the use of cholesterol-
lowering drugs for PBC patients is suggested by the obser-
vation in the past of detrimental effects during clofibrate
administrations with paradoxical elevation of cholesterol
(9, 10). In contrast, several occasional observations have
indicated that cholestasis may improve during simvastatin
(11) and pravastatin (12) administration. In view of the
profound alteration of cholesterol metabolism occurring in
PBC, pilot studies aimed at evaluating whether the meta-
bolic effects of inhibitors of HMGCoA reductase in patients
with PBC are similar to those observed in hypercholester-
olemic patients with normal liver function are needed.

On the other hand, ursodeoxycholic acid (UDCA), a
well-established therapy for PBC (13, 14), may exert signif-
icant changes on cholesterol metabolism in these patients
and, ultimately, significantly reduce the risk associated
with hypercholesterolemia (15, 16). Therefore, a compar-
ison of the extent and type of changes in cholesterol me-
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tabolism induced by UDCA with those observed during
the administration of inhibitors of HMGCoA reductase
may provide information on the best way to treat hyper-
cholesterolemia in PBC patients.

For this purpose, we have designed a pilot study in
which six patients with hypercholesterolemia and well-
compensated PBC have been enrolled. The effects on pa-
rameters related to cholesterol synthesis, absorption, elim-
ination, and catabolism have been evaluated in details,
and the kinetics of these changes are reported.

MATERIALS AND METHODS

 

Patients

 

Six patients with PBC and hypercholesterolemia (serum choles-
terol 

 

.

 

240 mg/dl) were enrolled in the study. In addition, to
study the short-term effects of simvastatin administration on cho-
lesterol metabolism, a control group of six PBC patients receiving
no treatment was included. Characteristics of all patients are re-
ported in 

 

Table 1

 

. Diagnosis of PBC was made according to the
usual biochemical, serological, clinical, and histological criteria
(1). Only patients with elevated serum concentrations of liver en-
zymes related to cholestasis, e.g., alkaline phosphatase (ALP), and
gamma-glutamyl transpeptidase (GGT), with well-compensated
liver disease and normal bilirubin concentrations, were enrolled.
Ultrasound examination of the upper abdomen had been carried
out within the previous 3 months, to exclude the presence of liver
tumors or extrahepatic biliary obstruction. None of the patients
had been treated with UDCA in the previous 3 months.

The protocol of the study was approved by the bioethics com-
mittee of San Paolo Hospital, and patients gave their consent
after being carefully informed about the aims and the proce-
dures of the study.

 

Study design

 

At the beginning of the study, all patients were put on a stan-
dardized 1,800-kcal hypolipidemic diet regimen for at least 4
weeks before blood collection. Blood samples used for the evalu-
ation of sterol serum levels were always collected after an over-
night fast. Automated routine methods were used to measure
serum liver enzyme and plasma lipid concentrations.

After baseline evaluation, the six PBC patients were adminis-
tered 40 mg of simvastatin orally, once daily, in the morning, for
a period of 30 days. To monitor the early changes induced by the
drug on cholesterol metabolism, simvastatin was administered to
each patient at 8:00 

 

am

 

. Venous blood was collected 2, 4, 6, 8,
and 24 h after the first dose. Treatment continued for 30 days;
blood was collected after 10 days and at the end of the treat-
ment. Venous blood was also collected from the six control pa-
tients at 8:00 

 

am

 

 and after 2, 4, 6, 8, and 24 h. After centrifuga-
tion, butylated hydroxytoluene (BHT) was added to avoid
oxidation at a final concentration of 50 

 

m

 

g/ml serum. Serum
samples were then frozen immediately at 

 

2

 

20

 

8

 

C.

After a washout period of 30 days, the six patients were put on
UDCA treatment, 600 mg daily, administered in two divided
doses. Blood collection for the study of cholesterol metabolism
was scheduled after 1 month of treatment. In view of the signifi -
cant improvement in survival induced by UDCA in patients with
PBC (13), bile acid treatment was scheduled to be continued in-
definitely. Therefore, for three patients, data are also available
after 12 months of UDCA administration.

 

Chemicals

 

All solvents were obtained from Merck (Darmstadt, Germany)
and were of analytical grade. Deuterated lathosterol, used as
internal standard, was synthesized as described previously (17);
5

 

a

 

-cholestane and 19-hydroxycholesterol, also used as internal
standards, and BHT were purchased from Sigma Chemical Co.
(St. Louis, MO). All internal standards were dissolved in ethyl
acetate containing BHT (50 

 

m

 

g/ml). Silica cartridge columns
(Supelco LC-Si) and trimethylsilylimidazole were obtained from
Supelco, Inc. (Bellefonte, PA).

 

Lathosterol and plant sterol serum concentrations

 

Deuterated lathosterol (1 

 

m

 

g) and 5

 

a

 

-cholestane (1 

 

m

 

g) were
added to 0.1 ml serum samples as internal standards for the mea-
surement of lathosterol and dietary sterols, respectively. After al-
kaline hydrolysis with 1 ml 1N NaOH in 90% ethanol at 60

 

8

 

C for
90 min under nitrogen, samples were extracted, transformed
into trimethylsilylimidazole (TMS) derivatives, and analyzed as
described previously (7).

 

Hydroxysterol serum concentrations

 

After addition of 250 ng of 19-hydroxycholesterol as internal
standard to 0.2 ml serum, samples were hydrolyzed and extracted
as described (7). The organic phase was evaporated to dryness un-
der a stream of nitrogen and purified by solid phase extraction.
The fraction containing the hydroxysterols was dried and treated
with trimethylsilylimidazole:piperidine (1:1). (TMSIM-PIP).

 

Gas chromatography-mass spectrometry analysis

 

Analysis was carried out under previously described condi-
tions, monitoring ions at m/z 372 for detection of cholestane,
m/z 382 for campesterol, m/z 255 and 259 for lathosterol and
deuterated lathosterol, respectively, m/z 353 for 19-hydroxycho-
lesterol, and m/z 456 for 7

 

a

 

-hydroxycholesterol and 27-hydroxy-
cholesterol. Calibration curves were prepared, spiking serum
with fixed amounts of each internal standard and increasing
amounts of the above-mentioned sterols, and were treated and
analyzed as the samples. Concentrations were calculated on the
basis of the slope of the standard curve and on the peak area ratio
(sterol- internal standard) found in the sample.

 

Statistical analysis

 

Data are expressed as mean 

 

6

 

 standard error of mean (SEM).
The significance of the differences was evaluated by Duncan’s
new multiple range test and by paired 

 

t

 

-test for comparisons
within groups.

TABLE 1. Clinical characteristics of patients with primary biliary cirrhosis (PBC) enrolled in the study

 

Gender Age Bilirubin Albumin Total cholesterol
HDL

cholesterol

 

F/M yrs mg/dl g/dl mg/dl mg/dl

 

Treated patients (n 

 

5

 

 6) 5/1 63 (56–72) 0.6 (0.5–0.8) 4.7 (4.3–4.9) 312 (247–454) 82 (52–149)
Controls (n 

 

5

 

 6) 5/1 60 (50–73) 0.7 (0.4–1.0) 4.5 (4.2–4.9) 300 (246–371) 55 (33–79)

Values are expressed as means (range). HDL, high density lipoprotein.
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RESULTS

 

Safety and compliance

 

Both simvastatin and UDCA were well tolerated, and no
patient complained of adverse effects during treatment.
Compliance was assessed by counting unused capsules
and was judged to be good, as all patients took more than
95% of the dispensed dose. Serum concentrations of liver
enzymes related to cytolysis and cholestasis before and
during treatment are reported in 

 

Table 2

 

. No substantial
changes were observed at any time during simvastatin ad-
ministration, whereas a reduction occurred as expected
during UDCA administration.

 

Changes induced by simvastatin
on cholesterol metabolism

Figure 1

 

 shows the acute changes in serum levels of cho-
lesterol and lathosterol induced by the first administra-
tion of simvastatin; in the control group receiving no

treatment, blood was taken according to the same sched-
ule. In both groups, lathosterol decreased during the day
(from 8:00 

 

am

 

 to 4:00 

 

pm

 

). In treated patients, a further re-
duction was observed after 24 h; these values returned to
baseline in the control group. Therefore, a significant dif-
ference between the two groups was observed after only
24 hours. During the first day of treatment, campesterol,
7

 

a

 

-hydroxycholesterol, and 27-hydroxycholesterol serum
levels did not change significantly in either group.

In the days following treatment, serum cholesterol con-
centrations progressively decreased to about 66% of basal
values at 30 days, whereas lathosterol showed a parallel but
more marked decrease to 45% of initial levels (

 

Table 3

 

). A
substantial but not significant decrease in serum levels of
7

 

a

 

-hydroxycholesterol was found, but no relevant changes
occurred in 27-hydroxycholesterol levels. (Table 3).

 

Changes induced by UDCA on cholesterol metabolism

 

One month after UDCA treatment, only 7

 

a

 

-hydroxy-
cholesterol serum levels showed a marked decrease (Table 3).

In three patients, after long-term UDCA administration
(12 months), we found a slight reduction of serum choles-
terol (316 

 

6

 

 16 vs. 355 

 

6

 

 31 mg/dl, or 11%), whereas
serum concentrations of campesterol decreased in all pa-
tients (from 333 

 

6

 

 147 to 186 

 

6

 

 50 

 

m

 

g /100 mg choles-
terol). In the same patients, serum levels of 27-hydroxy-
cholesterol paralleled cholesterol concentrations (from
27 

 

6

 

 5 to 23 

 

6

 

 1 

 

m

 

g/dl)

DISCUSSION

The results of our pilot study indicate that simvastatin
has a marked effect on cholesterol metabolism in patients
with PBC and hypercholesterolemia. In the present study,
parameters of cholesterol synthesis, elimination, and ca-
tabolism (3–5, 18) have been studied before and during
the administration of inhibitors of HMGCoA reductase in
patients with PBC. These effects were compared with
those seen during administration of UDCA. No data on
lipoprotein composition are available, as these measure-
ments were not part of the study design.

The reduction of serum cholesterol levels occurred
within 24 h after simvastatin administration. Because a
correlation between serum lathosterol concentrations and

 

TABLE 2. Changes in serum liver enzyme concentrations induced by simvastatin and ursodeoxycholic acid (UDCA)
administration to six patients with primary biliary cirrhosis

 

Simvastatin UDCA

Baseline 10 days 30 days Washout 30 days 12 months

 

a

 

ALT 87 (22–214) 83 (31–211) 91 (23–225) 83 (23–186) 52 (22–110) 70 (48–103)
AST 70 (24–164) 70 (24–135) 69 (21–153) 65 (20–150) 46 (19–77) 55 (33–68)
GGT 602 (83–1,439) 581 (66–1,410) 581 (59–1,300) 596 (79–1,302) 325 (69–695) 537 (89–863)
ALP 806 (307–1,790) 807 (279–1,781) 890 (255–1,800) 769 (274–1,726) 527 (349–937) 612 (366–915)

 Values are means (range) for the six tested patients. Concentrations of both serum liver enzymes are expressed as IU/l. Normal values: ALT 

 

,

 

50; AST 

 

, 

 

45; GGT 

 

, 

 

32; ALP 

 

, 

 

279. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; ALP,
alkaline phosphatase.

 

a

 

 Values for 12-month treatment with UDCA are available only for three patients.

Fig. 1 Changes during day of serum concentrations of cholesterol
and lathosterol after the first administration of 40 mg of simvastatin
to primary biliary cirrhosis (PBC) patients. In a control group of
PBC patients administered no treatment, blood was sampled on the
same schedule. Data are expressed as percentages of basal values.
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HMGCoA reductase activity in the liver of non-PBC pa-
tients has been described (19), the concomitant decrease
of lathosterol in our patients is in keeping with a direct in-
hibitory effect of simvastatin on this enzyme similar to that
observed in patients with hypercholesterolemia and nor-
mal liver function (20). The paradoxical effect reported
with clofibrate in PBC patients (9, 10) was obviously re-
lated to the different mechanisms of action.

In gallstone patients with normal liver function, plant
sterols were shown to increase significantly during long-
term simvastatin administration, and this effect was attrib-
uted to decreased biliary sterol elimination (21). In con-
trast, campesterol serum levels did not change in our PBC
patients, suggesting that neither sterol absorption nor bil-
iary elimination was affected by short-term administration
of the drug. Both 7

 

a

 

-hydroxycholesterol and 27-hydroxy-
cholesterol are parameters of cholesterol catabolism (18,
22, 23), which takes place in the liver by the activity of the
cholesterol 7

 

a

 

-hydroxylase (18, 22) or in extrahepatic tis-
sues by the activity of the sterol 27-hydroxylase (23–26).
In our patients, serum levels of 27-hydroxycholesterol in
basal conditions were lower than expected; this confirms
previous observations of our group (7). During short-term
simvastatin administration, no significant changes in pa-
rameters of cholesterol catabolism were observed, and the
nonsignificant reduction of 7

 

a

 

-hydroxycholesterol may be
due to a reduced availability of cholesterol.

Simvastatin was well tolerated, and no impairment of
the biochemical expression of liver disease was observed
in any of the patients. The previously described improve-
ment of the cholestatic profile (11, 12) was not seen in our
study, but that may have been due to the limited number
of patients and the short duration of treatment.

Serum concentrations of cholesterol slightly decreased
during UDCA administration, as previously reported (15),
but the decrease was less than that induced by simvastatin
administration. In contrast to findings in patients with
normal liver function (27), no effects on cholesterol syn-
thesis were observed during both short- and long-term
administration of UDCA, as indicated by the unmodified
lathosterol concentrations. In gallstone patients with normal
liver function, plant sterols were shown to increase during
UDCA administration, which was attributed to decreased
cholesterol biliary elimination (27). The substantial de-
crease of campesterol serum levels after long-term UDCA

administration is consistent with sterol malabsorption in-
duced by UDCA, as observed in gallstone patients (21),
but in cholestatic patients, the improvement of biliary se-
cretion (27) may also play a role. Also, the trend toward a
reduction of 7

 

a

 

-hydroxycholesterol that has been ob-
served during UDCA administration may be explained by a
reduced availability of cholesterol owing to reduced intesti-
nal absorption (21) or increased biliary elimination (28).

In summary, in patients with PBC, simvastatin reduces
cholesterol serum levels to an extent similar to that ob-
served in hypercholesterolemic patients with normal liver
function (20). In contrast, UDCA has only limited effects
on cholesterol serum levels and only after long-term ad-
ministration. To evaluate the effects induced on choles-
terol metabolism by inhibitors of HMGCoA reductase and
whether they may be additive to those induced by UDCA,
as already reported in patients with normal liver function
(29), future studies should include larger numbers of pa-
tients and go on for longer periods of time.
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