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In a recent paper, we reported that pravastatin sodium (pravastatin), an inhibitor of 3-
hydroxy-3-methylglutaryl coenzyme. A reductase, decreases the concentrations of
low density lipoprotein (LDL) cholesterol through an LDL receptor pathway in Japa-
nese White (JW) rabbits, whereas this agent lowers high density lipoprotein (HDL)
cholesterol in a manner correlated with a reduction of very low density lipoprotein
(VLDL) cholesterol secretion from the liver. In the present study, we administered
pravastatin to JW rabbits at 30 mg/kg for 14 days and examined further the mecha-
nisms for the reduction of HDL cholesterol. A striking finding was that the 4-day ad-
ministration of pravastatin at 30 mg/kg selectively decreased the concentration of
HDL cholesterol. Since 4-day administration of pravastatin to JW rabbits did not change
the concentrations of hepatic LDL receptor proteins, these receptors were not likely
to be involved in the reduction of HDL cholesterol. Another important finding was that
pravastatin suppressed VLDL cholesteryl ester (CE) secretion from the liver, but not
that of other VLDL lipids and VLDL proteins, indicating that the CE-poor VLDL par-
ticles were secreted by the consecutive administration of pravastatin. There were,
however, no differences in the levels of VLDL cholesterol between the control and
pravastatin-treated groups over the experimental period of 14 days. These observa-
tions raised the possibility that the reduction of HDL cholesterol in the pravastatin-
treated group was due to the transfer of CE molecules from HDL particles to these
CE-poor VLDL particles. Molecular species analysis supported this notion that the
VLDL-CE in the pravastatin-treated group was rich in cholesteryl linoleate, indicating
that the CE in this group mainly originated from HDL, whereas the VLDL-CE in the
control group was rich in cholesteryl oleate, indicating that the CE in this group origi-
nated from the liver. The present study suggests that pravastatin lowers HDL choles-
terol by transferring CE from these lipoproteins to VLDL in JW rabbits. J Atheroscler
Thromb, 2004; 11: 22–28.
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Introduction

Pravastatin sodium (pravastatin) is a potent and spe-
cific inhibitor of 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase (1-7), a rate-limiting enzyme in
cholesterol biosynthesis (8). This drug has been shown
to decrease the concentrations of low density lipopro-
tein (LDL) cholesterol and increase those of high density
lipoprotein (HDL) cholesterol in humans (9-12), whereas
in some experimental animals, the concentrations of both
LDL- and HDL cholesterol were decreased (6, 13, 14).

In a recent paper (15), we demonstrated that in Japa-
nese White (JW) rabbits, pravastatin decreased the con-
centration of LDL cholesterol through a well-understood
LDL receptor pathway (15). Although this agent lowered
HDL cholesterol of JW rabbits in a time- and dose de-
pendent manner (15), the mechanisms for the reduction
of HDL cholesterol by pravastain were unknown (15).

We have also shown (15) that pravastatin lowered VLDL
cholesterol secretion from the liver in these animals, but
there were no differences in the concentrations of VLDL
cholesterol between the control and pravastatin-treated
groups. We have further demonstrated (15) that
pravastatin similarly decreased the concentration of HDL
cholesterol and the secretion rates of VLDL cholesterol
from the liver. From these observations, we speculated
that the transfer of CE molecules from HDL to VLDL
caused the reduction of HDL cholesterol.

In the present study, to address the mechanisms by
which pravastatin decreased HDL cholesterol in experi-
mental animals, we examined the relationship between
the concentration of HDL cholesterol and the reduction
of VLDL secretion from the liver in JW rabbits. Molecular
species analysis of the CE in VLDL particles was con-
ducted to determine the origin of CE molecules in VLDL
particles. The data obtained suggest that the consecu-
tive administration of pravastatin caused the secretion
of CE-poor VLDL particles from the liver and the HDL
cholesterol-lowering action of pravastatin occurred by
the transfer of CE molecules from HDL particles to these
CE-poor VLDL particles.

Materials and Methods

Materials
Pravastatin was prepared as described previously (1, 2).

Triton WR-1339 was purchased from Nakarai Tesque
(Tokyo, Japan). All other chemicals were from Sigma
Chemical Co. (St. Louis, MO, U.S.A) or Wako Pure Chemi-
cal Industries, Ltd. (Osaka, Japan).

Animals and experimental design
Animal experiments were carried out according to the

guidelines provided by the Institutional Animal Care and
Use Committee of Sankyo Co. (Tokyo, Japan). Male JW

rabbits (SPF grade, 5 months old) were purchased form
Kitayama Labes (Shiga, Japan) and were kept as de-
scribed in the previous paper (15). After matching for the
baseline serum total cholesterol (TC) concentrations, the
rabbits were assigned to either the control (0.5% car-
boxymethyl cellulose: CMC) or pravastatin (30 mg/kg,
0.5% CMC solution) groups as described previously (15).

The present study consisted of two experiments. In the
first experiment, we primarily determined changes in the
concentrations of TC, triglycerides (TG), lipoprotein cho-
lesterol and hepatic LDL receptor proteins after oral ad-
ministration of 30 mg/kg pravastatin to rabbits for 4, 7 or
14 days. In the second experiment, we determined the
VLDL secretion rates from the liver as well as changes in
the levels of serum lipids after oral administration of 30
mg/kg pravastatin to rabbits for 4, 7 or 14 days.

The drug administration, blood sampling and serum
preparation were performed as described in the previ-
ous paper (15).

Determination of serum lipid levels
The determination of serum lipid was performed as de-

scribed in the previous paper (15).

Determination of lipoprotein lipid concentrations
Lipoproteins were isolated by ultracentrifugation ac-

cording to the method of Hatch and Lees (16) at the den-
sities of d < 1.006 g/ml (VLDL), d = 1.006–1.063 g/ml
(LDL) and d > 1.063 g/ml (HDL) as described in the pre-
vious paper (15). The concentration of TC in each lipo-
protein was determined using the Cholesterol C-II Test
Wako (Wako Pure Chemical Industries, Ltd., Osaka, Ja-
pan).

Determination of VLDL secretion rate
VLDL secretion rate was determined as described in

the previous paper (15).

Preparation of liver microsomes
The preparation of liver microsomes was described in

the previous paper (15).

LDL receptor activity
The concentrations of LDL receptor proteins were de-

termined by immunoblot analysis as described in the pre-
vious paper (15).

High performance liquid chromatograph (HPLC)
analysis

Lipids were extracted from VLDL fractions according
to the method of Folch et al. (17) and the levels of
cholesteryl oleate and cholesteryl linoleate were deter-
mined using the HITACHI Type 655 HPLC system (Hitachi
Co., Tokyo, Japan). Reverse-phase HPLC columns
(MILLIPORE) wer used (µBondasphere C8; 3.9 mm × 15
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cm, 5 µm, 300 Å). The mobile phase for HPLC was 100%
acetonitrile. The column was eluted at a flow rate of 1.0
ml/min at room temperature (20–24°C) and monitored at
210 nm. Data were recorded and calculated on a
HEWLETT PACKARD 3390A INTEGRATOR. Authentic
cholesteryl esters (cholesteryl oleate and cholesteryl li-
noleate) were dissolved in 2-propanol as external stan-
dards. Cholesteryl heptadecanoate was mixed with each
sample and used as an internal standard. Lipid extracts
of VLDL fractions were redissolved in 2-propanol and a
portion was used for HPLC analysis. Each value was
determined by two injections of the same sample.

Statistical analysis
Values were expressed as mean ± SE. Statistical analy-

sis was performed by Student’s t-test and Duncan’s test.

Results

Relationship between concentrations of hepatic
LDL receptor proteins and changes in the con-
centrations of serum and lipoprotein lipids

Pravastatin, when orally administered to JW rabbits at
a dose of 30 mg/kg for 14 days, decreased the concen-
trations of TC in a time-dependent manner (Fig. 1). On
day 4, a decrease in cholesterol     by up to 20% was
achieved (p < 0.05). The reduction in the concentration
of TC was unexpectedly due to the significant decrease
in the concentration of HDL cholesterol (p < 0.05), not to
decreases in either VLDL- or LDL cholesterol (Fig. 1). The
decrease in the concentration of TC reached a plateau
after the 7-day administration of pravastatin at 30 mg/kg
(Fig. 1). Unlike the 4-day administration of pravastatin,
the reductions in TC on days 7 and 14 were due to those
in both LDL- and HDL cholesterol. Over the experimen-
tal period of 14 days, the decreased concentration of
HDL cholesterol was almost constant, whereas LDL cho-
lesterol was reduced in a time-dependent manner. In the
present study, the concentrations of TG and VLDL cho-
lesterol did not change (Table 1, Fig. 1).

At the end of the experiment, the rabbits were sacri-
ficed, the livers were excised and the concentrations of
LDL receptor proteins in the liver were determined (Fig. 2).
The 4-day administration of pravastatin at 30 mg/kg did
not change the concentrations of hepatic LDL receptor
proteins (Fig. 2), although a selective decrease in HDL
cholesterol was seen on day 4 of this experiment (Fig. 1).
On the other hand, on days 7 and 14, the concentrations
of LDL receptor proteins were elevated by 13% and 17%,
respectively, although these increases were not statisti-
cally significant (Fig. 2). On these days, corresponding
reductions in the concentrations of LDL cholesterol were
observed (Fig. 1).

Fig. 1. Effects of pravastatin on serum lipids and lipoprotein
cholesterol in Japanese White rabbits. Pravastatin at 30 mg/kg
was orally administered to Japanese White rabbits for (A) 4, (B)
7 and (C) 14 days. Blood was withdrawn on day 0 and the indi-
cated days after overnight fasting. Each lipoprotein was iso-
lated by ultracentrifugation at the densities of d < 1.006 (very
low density lipoprotein; VLDL) g/ml, d = 1.006–1.063 (low den-
sity lipoprotein; LDL) g/ml, and d > 1.063 (high density lipopro-
tein; HDL) g/ml. The concentrations of serum total cholesterol
(TC) and cholesterol in each lipoprotein were determined as
described in the text. Each column with bar represents mean ±
SE (n = 5). Statistical analysis was performed with the Student’s
t-test (*: p < 0.05, **: p < 0.01 vs day 0).
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Changes in VLDL secretion rates from the liver
Pravastatin, when orally administered to JW rabbits at

30 mg/kg for 4 days, decreased the VLDL-TC secretion
rate from the liver by about 16%, which was primarily
due to the reduction of the VLDL-CE secretion rate (about
39%, p < 0.05) (Table 2). The decreases in VLDL-CE se-
cretion rates by pravastatin at 30 mg/kg were almost
constant over the experimental period. No changes in
the VLDL-TG, -PL and -protein secretion rates from the
liver were observed (Table 2).

Determination of cholesteryl ester molecular
species in VLDL

VLDL was isolated from rabbits which received
pravastatin at 30 mg/kg for 4 days. VLDL lipids were ex-
tracted and molecular species of VLDL-CE particles were
determined (Table 3). In the control group, VLDL-CE was
rich in cholesteryl oleate: the ratio of cholesteryl oleate

Table 1.  Effect of pravastatin on serum triglycerides in JW rabbits.

Day 4 Day 7 Day 14

Control initial 36.5 ± 1.7 35.8 ± 2.3 35.6 ± 3.0
(n = 5) treatment 42.6 ± 2.5 46.3 ± 5.2 37.6 ± 2.8

(% of initial) (116.7) (116.7) (80.9)

Pravastatin (30 mg/kg) initial 34.3 ± 3.2 46.0 ± 1.3 35.1 ± 3.7
(n = 5) treatment 35.6 ± 2.4 46.6 ± 2.8 36.0 ± 3.1

(% of initial) (103.8) (101.3) (102.6)

Pravastatin at 30 mg/kg was orally administered to JW rabbits for the indicated days. Blood was withdrawn on day 0 and the
indicated days after overnight fasting. The concentrations of serum TG were determined as described in the text.
Values are mean ± SE (n = 5)  Each value in the parentheses expresses a mean of the percent changes from the initial values.

Fig. 2. Effects of pravastatin on LDL receptor proteins in the
liver of Japanese White rabbits. Liver samples were obtained
from rabbits used in the first experiments (Fig. 1). The concen-
trations of LDL receptor proteins were determined by
immunoblot analysis as described in the text. Each column bar
represents mean ± SE (n = 5).

Table 2.  Effects of pravastatin on VLDL lipid and -protein secretion rates from the liver.

Secretion rates (mg/dl/hr)

Total Free Cholesteryl Triglycerides Phospholipids Protein
cholesterol cholesterol ester

day 4 Control  (n = 5) 10.1 ± 0.7 7.8 ± 0.1 2.6 ± 0.2 111 ± 4 11.7 ± 1.2 0.13 ± 0.03
Pravastatin (30 mg/kg)  (n = 5) 8.5 ± 0.6 7.1 ± 0.3 1.6 ± 0.3* 109 ± 10 11.2 ± 2.6 0.12 ± 0.01
(% of Control) (84.2) (91.0) (61.5) (98.2) (92.3)

day 7 Control  (n = 5) 10.2 ± 0.2 7.3 ± 0.2 2.9 ± 0.3 142 ± 9 16.1 ± 1.2 0.13 ± 0.02
Pravastatin 30 mg/kg  (n = 5) 8.4 ± 0.5* 6.6 ± 0.6 1.8 ± 0.2* 142 ± 7 14.5 ± 2.6 0.13 ± 0.02
(% of Control) (82.4) (90.4) (62.1) (100.0) (90.1) (100.0)

day 14 Control  (n = 5) 10.1 ± 0.4 7.4 ± 0.6 2.6 ± 0.2 156 ± 13 14.7 ± 1.2 0.13 ± 0.02
Pravastatin 30 mg/kg  (n = 5) 8.3 ± 0.5* 6.7 ± 0.5 1.7 ± 0.2* 153 ± 0.7 14.1 ± 2.6 0.13 ± 0.01
(% of Control) (82.2) (90.5) (65.4) (98.1) (95.9) (100.0)

“Pravastatin at 30 mg/kg was administered to Japanese White rabbits for the indicated days. On day 0 and the indicated days,
blood sampling was performed to confirm changes in the concentrations of serum total cholesterol, triglycerides, and VLDL-, LDL-
and HDL cholesterol (data not shown). After the blood sampling for the baseline on the indicated days, Triton WR-1339 (400 mg/kg)
was intravenously injected.  Blood was withdrawn again 6 hours after Triton WR-1339 i.v. VLDL was fractionated by ultracentrifu-
gation and VLDL lipids and -protein secretion rates were determined as described in the text.  Values are mean ± SE. (n = 5).
Significant difference: *p < 0.05 vs. control by Student’s t-test.
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to cholesteryl linoleate was 3.17, whereas in the
pravastatin-treated group, VLDL-CE was rich in
cholesteryl linoleate: the ratio of cholesteryl oleate to
cholesteryl linoleate was 0.31. These data indicate that
the VLDL-CE molecules in the control and pravastatin-
treated groups were from different origins.

Discussion

The principal conclusion in the present study was that
in JW rabbits, pravastatin decreases the concentration
of HDL cholesterol by the transfer of CE molecules from
HDL particles to VLDL particles. The striking finding in
the present study was that the 4-day administration of
pravastatin to JW rabbits at 30 mg/kg selectively low-
ered the concentration of HDL cholesterol (Fig. 1). Al-
though many investigators have described the lipid-low-
ering action of HMG-CoA reductase inhibitors in experi-
mental animals (6, 13–15, 18–21), there have been no
documents which have demonstrated selective reduc-
tion in the concentration of HDL cholesterol by HMG-
CoA reductase inhibitors. We speculated that since in
those studies HMG-CoA reductase inhibitors were ad-
ministered to experimental animals for more than 7 days
or the doses used were higher compared with those in
the present study, or both, they could not find selective
reduction in the concentration of HDL cholesterol.

In the present study, we demonstrated that the 4-day
administration of pravastatin decreased HDL cholesterol
(Fig. 1) without an increase in hepatic LDL receptor pro-
teins (Fig. 2). In the recent paper, we also reported (15)
that the 21-day administration of pravastatin at 3 mg/kg
induced hepatic LDL receptor proteins and decreased
LDL cholesterol, but not HDL cholesterol. These data
suggest that pravastatin lowers HDL cholesterol inde-
pendent of an LDL receptor pathway in JW rabbits.

Another important finding was that the concentrations
of HDL cholesterol and the VLDL-CE secretion were re-
duced similarly in a time- (Fig. 1 and Table 2) and dose-
dependent (15) manner: HDL cholesterol (Fig. 1) and the
VLDL-CE secretion rate (Table 2) decreased on day 4,
and these reductions were maintained similarly over the
experimental period. We have also demonstrated (15) that
the doses required for the reduction of VLDL-CE secre-

tion were similar to those of HDL cholesterol. These ob-
servations suggest that the reduction of VLDL-CE se-
cretion causes the HDL cholesterol-lowering action of
pravastatin in JW rabbits.

In the present study and the previous article (15), we
have demonstrated that pravastatin significantly de-
creased the VLDL-CE secretion rate from the liver, but not
the rates of other VLDL-lipids or VLDL-proteins (Table 2),
indicating that CE-poor VLDL particles were secreted
from the liver in the pravastatin-treated group. There were,
however, no differences in the concentrations of VLDL
cholesterol between the control and pravastatin-treated
group over the duration of     the experiment (Fig. 1). Tak-
ing all these observations together, we have developed
the hypothesis that CE molecules transferred from HDL
particles made up for the CE-poor VLDL particles to
maintain the concentration of VLDL cholesterol.

Analysis of CE molecular species in VLDL fractions sup-
ported this hypothesis (Table 3). VLDL-CE in the control
group was rich in cholesteryl oleate (Table 3), which is
originally synthesized by acyl-CoA: cholesterol
acyltransferase in the liver, indicating that VLDL-CE in
the control group was mainly derived from the liver. In
contrast, VLDL-CE in the pravastatin-treated group was
rich in cholesteryl linoleate (Table 3), which is synthe-
sized primarily by lecithin cholesterol acyltransferase
(LCAT) on HDL particles in plasma, indicating that VLDL-
CE in this group was transferred from HDL particles.
These data suggest that in the pravastatin-treated group,
CE transfer occurred from HDL particles to VLDL par-
ticles. There are other factors which may have decreased
the level of HDL cholesterol in the pravastatin-treated
JW rabbits: the increased expression of scavenger re-
ceptor class B type I in the liver and ATP-binding cas-
sette transporter A1 in the macrophages, the decrease
of LCAT activity, and HDL synthesis in the liver and in-
testine. We can not, however, rule out the possibility that
these factors were involved in the decrease of HDL cho-
lesterol in the pravastatin-treated JW rabbits in the
present study.

In humans, HDL cholesterol and apo A-I levels are in-
creased (11, 22) when statins decrease VLDL secretion
or lower TG levels: Schaefer et al. (11) demonstrated that
in humans, the suppression of apoB production by

Table 3.  Molecular species in VLDL cholesteryl ester in the control and pravastatin-treated rabbits.

Cholesteryl oleate Cholesteryl linoleate CO /CL ratio
(mg / dl)  (mg / dl)

Control (n = 5) 0.45 ± 0.01 0.15 ± 0.02 3.17 ± 0.36
Pravastatin (30 mg/kg) (n = 5) 0.13 ± 0.06* 0.41 ± 0.03* 0.31 ± 0.06*

VLDL was isolated from rabbits which received pravastatin at 30 mg/kg for 4 days as shown in Table 1. Cholesteryl ester was
extracted and the concentrations of cholesteryl oleate (CO) and cholesteryl linolete (CL) were determined by HPLC analysis as
described in the text. Values are mean ± SE. Significant difference: *p < 0.05 vs. control by Student’s t-test.
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pravastatin is linked with an increase in apoA-I produc-
tion. These studies suggest that apoA-I production might
be inversely correlated with the apoB production rate. In
the present study, since pravastatin did not reduce VLDL
production, judging from the VLDL protein secretion rate
(Table 2) and serum TG levels (Table 1), we speculated
that this agent also did not change the apoA-I produc-
tion. It is considered therefore that pravastatin did not
change the number of HDL particles, and since the CE in
HDL decreased, HDL particle size became smaller in the
JW rabbits.

In some experimental animals, HMG-CoA reductase
inhibitors decreased the concentration of HDL choles-
terol (6, 13–15). These different responses to pravastatin
in the levels of HDL cholesterol in humans and experi-
mental animals could be attributed to changes in apoB
and apoA-I production, their lipoprotein profiles (13) and
CETP activities (23).

We depicted the proposed mechanisms by which
pravastatin decreased the concentration of HDL choles-
terol in JW rabbits in Fig. 3. The consecutive administra-
tion of pravastatin to JW rabbits caused the secretion of
CE-poor VLDL particles from the liver. After CE-poor
VLDL particles were secreted from the liver, CE molecules
were transferred from HDL particles to these CE-poor
VLDL particles by CE transfer protein. Because of this

replenishment of CE molecules, the concentration of HDL
cholesterol was lowered at the expense of a declining
pool of CE in HDL particles, whereas the concentrations
of VLDL cholesterol remained unchanged. The present
study addressed the mechanisms by which pravastatin
decreases HDL cholesterol in JW rabbits.

Acknowledgement: We are grateful to Dr. Yoshio Tsujita
and Dr. Tomoyuki Fujioka for their critical readings of the
manuscript.

References

( 1 ) Serizawa N, Nakagawa K, Hamano K, Tsujita Y,
Terahara A, and Kuwano H: Microbial hydroxyla-
tion of ML-236B (compactin) and monacolin K (MB-
530B). J Antibiot (Tokyo), 36: 604–607, 1983

( 2 ) Serizawa N, Serizawa S, Nakagawa K, Furuya K,
Okazaki T, and Terahara A: Microbial hydroxylation
of ML-236B (compactin). Studies on microorgan-
isms capable of 3-beta-hydroxylation of ML-236B.
J Antibiot (Tokyo), 36: 887–891, 1983

( 3 ) Koga T, Shimada Y, Kuroda M, Tsujita Y, Hasegawa
K, and Yamazaki M: Tissue-selective inhibition of
cholesterol synthesis in vivo by pravastatin sodium,
a 3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase inhibitor. Biochim Biophys Acta, 1045: 115–
120, 1990

( 4 ) Koga T, Fukuda K, Shimada Y, Fukami M, Koike H,
and Tsujita Y: Tissue selectivity of pravastatin so-
dium, lovastatin and simvastatin. The relationship
between inhibition of de novo sterol synthesis and
active drug concentrations in the liver, spleen and
testis in rat. Eur J Biochem, 209: 315–319, 1992

( 5 ) Koga T, Kikuchi T, Miyazaki A, and Koike H: Tis-
sue-selective inhibition of sterol synthesis in mice
by pravastatin sodium after a single or repeated oral
administrations. Lipids, 30: 775–779, 1995

( 6 ) Tsujita Y, Kuroda M, Shimada Y, Tanzawa K, Arai
M, Kaneko T, Tanaka M, Masuda H, Tarumi C,
Watanabe Y, and Fujii S: CS-514, a competitive in-
hibitor of 3-hydroxy-3-methylglutaryl coenzyme A
reductase: tissue-selective inhibition of sterol syn-
thesis and hypolipidemic effect on various animal
species. Biochim Biophys Acta, 877: 50–60, 1986

( 7 ) Mosley ST, Kalinowski SS, Schafer BL, and Tanaka
RD: Tissue-selective acute effects of inhibitors of
3-hydroxy-3-methylglutaryl coenzyme A reductase
on cholesterol biosynthesis in lens. J Lipid Res, 30:
1411–1420, 1989

( 8 ) Rodwell VW, Norstrom JL, and Mitshelen JJ: Regu-
lation of HMG-CoA reductase. Adv Lipid Res, 14:
1–74, 1976

( 9 ) Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer
AR, MacFarlane PW, McKillop JH, and Packard CJ:

Fig. 3. The proposed mechanism by which HDL cholesterol
was decreased in a CETP-mediated manner. Pravastatin caused
the secretion of CE-poor VLDL by the liver. CETP catalyzes the
transfer of CE from HDL particles to CE-poor VLDL particles.
By this replenishment, the levels of VLDL cholesterol were kept
constant and instead HDL cholesterol was decreased. CETP,
cholesteryl ester transfer protein; ACAT, acyl-coenzyme A: cho-
lesterol acyltransferase; LCAT, Lecithin cholesterol
acyltransferase; VLDL, very low density lipoprotein; LDL, low
density lipoprotein; HDL, high density lipoprotein; CO,
cholesteryl oleate; CL, cholesteryl linoleate; FC, free choles-
terol.



28 Miyazaki et al.

Prevention of coronary heart disease with
pravastatin in men with hypercholesterolemia. West
of Scotland Coronary Prevention Study Group. N
Engl J Med, 333: 1301–1307, 1995

(10) Jones P, Kafonek S, Laurora I, and Hunninghake
D: Comparative dose efficacy study of atorvastatin
versus simvastatin, pravastatin, lovastatin, and
fluvastatin in patients with hypercholesterolemia (the
CURVES study). Am J Cardiol, 81: 582–587, 1998

(11) Schaefer JR, Schweer H, Ikewaki K, Stracke H,
Seyberth HJ, Kaffarnik H, Maisch B, and Steinmetz
A: Metabolic basis of high density lipoproteins and
apolipoprotein A-I increase by HMG-CoA reductase
inhibition in healthy subjects and a patient with coro-
nary artery disease. Atherosclerosis, 144: 177–184,
1999

(12) Reihner E, Rudling M, Stahlberg D, Berglund L,
Ewerth S, Bjorkhem I, Einarsson K, and Angelin B:
Influence of pravastatin, a specific inhibitor of HMG-
CoA reductase, on hepatic metabolism of choles-
terol. N Engl J Med, 323: 224–228, 1990

(13) Miyazaki A, and Koga T: Lipid lowering effects of
pravastatin in common marmosets. Arzneim Forsch/
Drug Res, 48: 154–160, 1998

(14) Kume N, Kita T, Mikami A, Yokode M, Ishii K,
Nagano Y, and Kawai C: Induction of mRNA for low-
density lipoprotein receptors in heterozygous
Watanabe heritable hyperlipidemic rabbits treated
with CS-514 (Pravastatin) and cholestyramine. Cir-
culation, 79: 1084–1090, 1989

(15) Miyazaki A, and Koga T: Pravastatin sodium, an in-
hibitor of 3-hydroxy-3-methylglutaryl coenzyme A
reductase, decreases serum total cholesterol in
Japanese White rabbits by two different mecha-
nisms. Aterosclerosis, 162: 299–306, 2002

(16) Hatch FT, and Lees RS: Practical methods for

plasma lipoprotein analysis. Adv Lipid Res 6: 1–68,
1968

(17) Folch J, Lees M, and SloaneStanley GH: A simple
method for the isolation and population of total lip-
ids from annimal tissues. J Biol Chem, 226: 497–
509, 1957

(18) Ma PT, Gil G, Sudhof TC, Bilheimer DW, Goldstein
JL, and Brown MS: Mevinolin, an inhibitor of cho-
lesterol synthesis, induces mRNA for low density
lipoprotein receptor in livers of hamsters and rab-
bits. Proc Natl Acad Sci USA, 83: 8370–8374, 1986

(19) Shiomi M, and Ito T: Pravastatin sodium, a com-
pet i t ive inhibitor of  hepat ic 3-hydroxy-3-
methylglutaryl coenzyme A reductase, decreases
the cholesterol content of newly secreted very-low-
density lipoprotein in Watanabe heritable hyperlipi-
demic rabbits. Metabolism, 43: 559–564, 1994

(20) Kovanen PT, Bilheimer DW, Goldstein JL, Jaramillo
JJ, and Brown MS: Regulatory role for hepatic low
density lipoprotein receptors in vivo in the dog. Proc
Natl Acad Sci USA, 78: 1194–1198, 1981

(21) Burnett JR, Wilcox LJ, Telford DE, Kleinstiver SJ,
Barrett PHR, Newton RS, and Huff MW: Inhibition
of HMG-CoA reductase by atorvastatin decreases
both VLDL and LDL apolipoprotein B production in
miniature pigs. Arterioscler Thromb Vasc Biol, 17:
2589–2600, 1997

(22) Ginsberg HN, Ngai C, and Ramakrishnan R:
Lovastatin increases apoprotein A-I levels in sub-
jects with isolated reductions in high density lipo-
proteins. Circulation, 84: II-140 (Abst), 1991

(23) Ha YC, and Barter PJ: Differences in plasma
cholesteryl ester transfer activity in sixteen verte-
brate species. Comp Biochem Physiol B, 71: 265–
269, 1982


