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Summary: Newer, more effective statins are powerful agents
for reducing elevated levels of low-density lipoprotein (LDL)
cholesterol and thereby lowering the risk of coronary heart 
disease (CHD) and related adverse events. Although LDL re-
mains the primary target of therapy for reducing CHD risk,
increased interest is focusing on apolipoprotein B (apoB)-
containing lipoprotein subfractions—particularly very-low-
density lipoprotein (VLDL), VLDL remnants, and interme-
diate-density lipoproteins (IDL)—as secondary targets of
therapy. Elevated apoB is known to be an important risk fac-
tor for CHD, and dysregulation of the metabolism of apoB-
containing lipoproteins is involved in the progression of
atherosclerosis. Statins reduce circulating concentrations of
atherogenic apoB-containing lipoproteins by decreasing the
production of VLDL in the liver and, thus, the production of
VLDL remnants and LDL. Statins also increase the clearance
of these particles through upregulation of LDL receptors in
the liver. Efforts to develop statins with enhanced lipid-mod-
ifying properties are ongoing. The optimal statin would offer
a high degree of inhibition of 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase, a prolonged duration of
action, hepatic selectivity for maximal upregulation of LDL
receptors, and a low potential for drug–drug interactions.
Recent studies have shown that rosuvastatin, a new agent in
this class, demonstrates these qualities. Rosuvastatin is a high-
ly effective inhibitor of HMG-CoA reductase, is relatively
nonlipophilic, has a half-life of approximately 20 h, exhibits

hepatic selectivity, has little systemic availability, and has a
low potential for drug–drug interactions because of its limited
degree of metabolism by the cytochrome P-450 system. A re-
cent double-blind, crossover study revealed that treatment
with rosuvastatin resulted in marked reductions in apoB-con-
taining lipoproteins in patients with type IIa or IIb dyslipid-
emia. By reducing the number of atherogenic lipoprotein par-
ticles, rosuvastatin decreases the atherosclerotic burden in
hyperlipidemic patients at high risk for CHD and related ad-
verse outcomes.
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Introduction

Since its inception in the 1980s, the National Cholesterol
Education Program (NCEP) has focused on low-density
lipoprotein (LDL) cholesterol as the principal target of therapy
aimed at reducing the risk of coronary heart disease (CHD)
and related adverse events in patients with dyslipidemia.1–3

Statins have emerged as the most effective pharmacologic
agents for reducing LDL levels, and numerous large-scale tri-
als have confirmed that these effects translate into significant
decreases in the risk of CHD events.3–7 However, the most re-
cent NCEP guidelines (NCEP ATP III), issued in May 2001,
also recognize the importance of non–high-density lipoprotein
(non-HDL) cholesterol as a secondary target of therapy in in-
dividuals with high triglyceride (TG) levels.3 The term “non-
HDL cholesterol” refers to the combined cholesterol content
of LDL and other atherogenic apolipoprotein B (apoB)-con-
taining lipoprotein subfractions—namely, very-low-density
lipoprotein (VLDL), VLDL remnants, intermediate-density
lipoproteins (IDL), and also lipoprotein(a) when present in
significant quantities. High levels of serum apoB are important
risk factors for ischemic heart disease, and dysregulation of
apoB-containing lipoproteins is involved in atherosclerotic
progression.8, 9

Concentrations of apoB-containing, non-HDL particles are
elevated in atherogenic lipoprotein phenotypes, of which type
IIa and type IIb dyslipidemia are the most common. The type
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IIa phenotype is characterized by elevated LDL and normal
TG concentrations, whereas the type IIb phenotype (also
known as mixed or combined dyslipidemia) is associated with
hypercholesterolemia and elevated levels of TG-rich lipopro-
teins. Both phenotypes frequently give rise to premature car-
diovascular morbidity and mortality. 

Because of the growing attention to the role of non-HDL
cholesterol in atherogenesis, it is of interest to consider 
whether the potent effects of statins on LDL cholesterol levels
extend to other apoB-containing lipoproteins as well.

In Vivo Metabolism of Atherogenic Lipoproteins

An understanding of lipoprotein metabolism in normolipi-
demic and hyperlipidemic patients is essential in gaining a 
perspective on the actions of statins. The liver secretes VLDL
particles that are precursors of VLDL remnants, which subse-
quently may be transformed into IDL and LDL.10 This cas-
cade occurs as the result of the actions of lipoprotein lipase and
hepatic lipase. However, all apoB-containing particles are sig-
nificantly enriched while circulating in the plasma by the ac-
tion of the cholesteryl ester transfer protein, which transfers
cholesterol, in the form of its ester, from HDL to these parti-
cles. Under normolipidemic conditions, this pathway can ac-
count for up to approximately 50% of the cholesterol taken up
by the liver.11 Hepatic uptake of these particles is primarily
mediated by the LDL receptor, as identified in the work for
which Brown and Goldstein were awarded the Nobel Prize.12

The circulating concentrations of these particles are dependent
on the rate of their production as well as their rates of intravas-
cular remodeling and removal from the plasma compartment. 

Certain alterations in lipoprotein metabolism result in ele-
vated plasma concentrations of atherogenic lipoprotein parti-
cles in types IIa and IIb dyslipidemia (Fig. 1). These two forms
of atherogenic dyslipidemia are often characterized by an
overproduction of VLDL in the liver, or by delayed catabolism
of VLDL, or both, leading to elevated concentrations of
VLDL remnants and, ultimately, of LDL. The plasma pool of

VLDL remnants is thereby increased, and their half-lives in
plasma are extended. When these particles accumulate, their
presence at high concentrations favors the accumulation and
deposition of cholesterol in peripheral tissues and particularly
in the arterial wall. Elevated levels of such particles set the
stage for the development and progression of lipid-rich athero-
sclerotic plaque.

Effects of Statins on ApoB-Containing Lipoproteins

Statins act in two ways to reduce circulating concentrations
of apoB-containing lipoproteins (Fig. 2). First, these agents
reduce the production of VLDL particles in the liver by ap-
proximately 10 to 15%, resulting in decreased production of
VLDL remnants and of LDL.13 Of greater importance, how-
ever, is increased clearance via LDL receptors, which is re-
sponsible for the major reductions in levels of these particles
in individuals receiving statin therapy.14 Numbers of LDL re-
ceptors, especially in the liver, are increased, because statins
inhibit the key enzyme in endogenous cholesterol synthesis:
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) re-
ductase. A reduction in the cholesterol pool results in upregu-
lation of LDL receptor expression, mediated by activation of
the nuclear transcription factor, SREBP. This upregulation
leads to enhanced clearance of atherogenic lipoproteins and,
therefore, to reductions in the plasma pool of these particles.
The atherosclerotic burden in individuals with type IIa or IIb
dyslipidemia is consequently reduced on statin treatment.

The nature of the atherogenic particles that predominate in
type IIa and type IIb dyslipidemia determines how statins nor-
malize atherogenic lipoprotein phenotypes. The major athero-
genic particles in type IIa dyslipidemia are large, buoyant
LDLs (LDL-I and LDL-II subtypes), which are enriched in
cholesteryl esters. In contrast, type IIb dyslipidemia is typified
by increases in TG-rich VLDL, VLDL remnants, and small,
dense LDL (LDL-III).15, 16
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FIG. 1 In vivo metabolism of apoB-containing lipoproteins in types
IIa and IIb dyslipidemia. ApoB = apolipoprotein B, LDL-R = low-
density lipoprotein receptor, VLDL = very-low-density lipoprotein.

FIG. 2 Effects of statins on atherogenic apoB-containing lipopro-
teins in types IIa and IIb dyslipidemia. HMG-CoA-R = 3-hydroxy-
3-methylglutaryl coenzyme A receptor, LDL = low-density lipopro-
tein. Other abbreviations as in Figure 1.
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Characteristics of an Ideal Hypothetical Statin

The optimal statin would be one that produces a high degree
of inhibition of HMG-CoA reductase, has a prolonged dura-
tion of action, is targeted to the liver for maximal upregulation
of LDL receptors, and has a low potential for drug–drug inter-
actions.17 In addition, such an agent would offer pharmacolog-
ic properties designed to diminish the possibility of adverse ef-
fects in peripheral tissues. A favorable effect on the entire lipid
profile is very important, as is lack of metabolism by the cy-
tochrome P-450 system. 

The ideal statin would produce significant reductions in
coronary events and be cost-effective for both primary and
secondary prevention.18 Other desirable characteristics would
include:

• Daily administration not affected by meals or time of day
• Tolerability and efficacy regardless of patient characteris-

tics such as age or weight
• An accompanying educational program for physicians

and patients to enhance understanding of treatment
Recent observations from studies of a new statin, rosuva-

statin, provide insights into the prospects for achieving these
objectives. 

Pharmacologic Characteristics of Rosuvastatin

Like other agents in its class, the rosuvastatin molecule has
a characteristic pharmacophore group that interacts with the
binding site of HMG-CoA reductase (Fig. 3).17 However, the
other components of this molecule are distinct from those of
other statins. In particular, rosuvastatin has a polar methane
sulfonamide group that renders the molecule relatively hy-
drophilic.17, 19 The log D value of rosuvastatin (�0.33 at pH
7.4) is considerably lower than the values for cerivastatin,
simvastatin, fluvastatin, and atorvastatin (log D > 1.0 and
< 2.0) and is closer to that of pravastatin (log D = �0.84).20

This characteristic of relative hydrophilicity means that the
molecule is relatively hepatoselective, with limited nonhepat-
ic tissue uptake. 

In a recently published study, Istvan and Deisenhofer
cocrystallized the catalytic domain of human HMG-CoA re-
ductase with each of the statins currently available or in late
clinical development.21 These researchers showed that all the
statins interact with the binding site of HMG-CoA reductase,
but rosuvastatin was distinguished by two factors. First, the to-
tal number of bonding interactions between the molecule and
the active site of HMG-CoA reductase—that is, the catalytic
portion—was higher than with any other statin. Second, a
unique polar interaction was evident between the electronega-
tive sulfone group of rosuvastatin and the Arg568 side chain of
HMG-CoA, contributing to the potency with which the in-
hibitor binds to the enzyme. This degree of polarity confirms
that rosuvastatin is relatively nonlipophilic and is also an ex-
cellent enzyme inhibitor. 

Other work has helped elucidate the ways in which these
structural features of rosuvastatin translate into pharmacolog-
ic properties, such as hepatic selectivity. A group studying the
inhibition of cholesterol synthesis in primary rat hepatocytes
found that the log mean IC50 was significantly lower with 
rosuvastatin than with the other available statins (p<0.001).19

This statistically significant difference reflects the enhanced
potency of rosuvastatin with respect to HMG-CoA reductase
inhibition and its ability to be actively taken up and concentrat-
ed by hepatic cells, with perhaps a low rate of efflux from hep-
atic cells, as well. The same researchers analyzed cell selectiv-
ity and found that simvastatin and cerivastatin were relatively
nonspecific for hepatic uptake.19 They also showed that the
IC50 values for these agents were similar in primary rat hepato-
cytes and in cultured rat fibroblasts, and that cerivastatin prob-
ably has even greater selectivity for peripheral tissue than for
the liver. 

Given that rosuvastatin is relatively nonlipophilic, its me-
tabolism by the cytochrome P-450 (CYP) system in the liver is
relatively low.17, 22 Studies have found minimal or no metab-
olism of the compound by CYP 3A4 and only minor metab-
olism by CYP 2C9 or 2C19.22 Rosuvastatin has only limited
systemic availability. Its absolute bioavailability is 20%.17

Rosuvastatin is predominantly eliminated as the parent com-
pound in bile.17 The elimination half-life is approximately 20
h, which is among the longest for a statin and provides pro-
longed action on the target enzyme of cholesterol synthesis.

Effects of Rosuvastatin on ApoB-Containing
Lipoproteins

Rosuvastatin produces dose-related reductions in LDL
cholesterol that meet or exceed the decreases achieved by any
other statin monotherapy in patients with primary hyper-
cholesterolemia.23–27 The effects of rosuvastatin on levels of
apoB-containing lipoproteins were examined in a double-
blind, crossover study involving 14 patients with type IIa dys-
lipidemia (LDL 3.40–5.70 mmol/l, TG < 2.0 mmol/l) and 18
patients with type IIb dyslipidemia (LDL 2.75–5.55 mmol/l,
TG > 2.0 mmol/l).28 All patients received rosuvastatin 40
mg/day for 6 weeks. In patients with type IIa dyslipidemia, ro-
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FIG. 3 Structure and relative lipophilicity of rosuvastatin.
Reproduced from Ref. No. 16 with permission.
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suvastatin reduced LDL by a mean of 43%, VLDL by 40% or
more, IDL by 65%, and apoB by 51%. In patients with type IIb
dyslipidemia, rosuvastatin reduced LDL by a mean of 62%,
VLDL by 42 to 50%, IDL by 50%, and apoB by 51%. In the
overall study population, the reduction in LDL was inversely
related to baseline TG levels (r = 0.33, p = 0.034), whereas the
reduction in TG was positively related to baseline TG levels 
(r = 0.58, p<0.001). Clearly then, triglyceride lowering by ro-
suvastatin is intimately related to lipid phenotype. 

Conclusion

The growing recognition of the importance of atherogenic
apoB-containing lipoproteins in CHD is leading to a greater
appreciation of the spectrum of potential therapeutic benefit
associated with statin therapy. Along with the continuing fo-
cus on LDL reductions as the primary means of lowering
CHD risk, there is a growing appreciation that other apoB-
containing lipoproteins, not just LDL, possess atherogenic ac-
tivity. Rosuvastatin is associated with marked reductions in all
apoB-containing lipoproteins, including VLDL, IDL, and
small, dense LDL, in the major atherogenic dyslipidemias—
types IIa and IIb. By reducing the number of atherogenic
lipoprotein particles, rosuvastatin decreases the atherosclerot-
ic burden in these patients, who are at high risk of adverse car-
diovascular outcomes. Clinical evaluations in type IIb dyslip-
idemia have shown that rosuvastatin reduces the number of
atherogenic particles by more than half. These findings hold
promise for more effective management of patients with
atherogenic dyslipidemias.
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