
Molecular and
pharmacokinetic
differences among
the statins may
have important
implications in
their clinical use,
said James M. Mc-
Kenney, PharmD.

All statins inhib-
it the conversion of hydroxymethyl-
glutaryl coenzyme A (HMG-CoA) to
mevalonate in the biosynthesis of
cholesterol in hepatic and other cells
throughout the body, but they differ
in the degree to which they inhibit
this conversion and in the specificity
of this inhibition in hepatic tissues.
“The inhibition may be influenced by
the number of the bonds that form
between the statin and the enzyme
catalyzing this conversion,” said Dr.
McKenney. The number of bonding
interactions may be correlated to the
degree of low-density lipoprotein
(LDL) cholesterol-lowering efficacy
of the drug.

Two types of statins are currently
available. Type 1 statins are fungally
derived; type 2 statins are synthetic
molecules. Both types contain an
HMG-CoA-like moiety, which is rec-
ognized by the binding domain in
the HMG-CoA reductase molecule.
All type 1 statins are structurally sim-
ilar and are different from the homol-
ogous group of type 2 statins (Figure
1). Subtle differences in structure
influence their ability to interact with
the HMG-CoA reductase molecule
and inhibit the enzyme.

“One of the features of an ideal
statin is potency, and part of that
potency may come from the binding
characteristics of these compounds,”
he said. Each of the statins has
approximately 8 to 12 bonding inter-
actions with the HMG-CoA reduc-
tase molecule. Type 2 statins form an
additional polar interaction through
their fluorophenyl group, a feature
that distinguishes them from their
type 1 counterparts. Relative to other
type 2 statins, both atorvastatin and
rosuvastatin have additional hydro-
gen bonding interactions with the
reductase enzyme. In particular,
rosuvastatin has the most bonding
interactions with HMG-CoA reduc-
tase, as an additional polar bonding
interaction is formed with the
enzyme and the statin’s unique
methane sulfonamide group. Rosu-
vastatin has the largest number of
bonding interactions. Also unique to
rosuvastatin is its polar interaction

with the methane sulfonamide
group that is part of its structure.

The additional binding site of rosu-
vastatin may help to explain its
greater efficacy in reducing LDL cho-
lesterol levels, Dr. McKenney said.
The concentration of rosuvastatin
required to inhibit HMG-CoA reduc-
tase activity by 50% is the lowest of
all the statins, about eightfold less
than pravastatin, the statin requiring
the highest concentration.

Substantial reductions in levels of
LDL cholesterol and non-high-densi-
ty lipoprotein (non-HDL) cholesterol
(ie, total cholesterol–HDL cholesterol)
are another important feature of an
ideal statin. Through inhibition of
HMG-CoA reductase, hepatic choles-
terol synthesis is reduced, which has
two important effects. One is the
increase in LDL receptors (also called
B-E receptors) along the surface of
the cell membrane of the hepatocyte,
promoting removal of LDL choles-

terol out of the circulation. Very-low-
density lipoprotein (VLDL) choles-
terol and VLDL remnant particles can
also be removed by the same mecha-
nism, noted Dr. McKenney.

A second important pharmacologic
effect that occurs through the statin’s
inhibition of HMG-CoAreductase is a
reduction in the packaging and secre-
tion of VLDL from the hepatocyte.
Because fewer VLDL particles are
secreted, less substrate is available for
conversion of VLDL to remnant parti-
cles, intermediate-density lipoprotein
(IDL) particles, and LDL particles. All
these particles carry cholesterol from
the liver to the periphery. “The more
potent the statin and the higher the
dose, the more VLDL secretion is
reduced,” he explained.

Reductions of 26% to 38% in non-
HDL cholesterol have been observed
with the available statins. The
decrease seen in non-HDL choles-
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FIGURE 2

Effect of rosuvastatin and atorvastatin on Apo A-1 levels
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Note: No statistical comparisons were made with open-label atorvastatin.
Apo = apolipoprotein; P = placebo; SE = standard error.
Source: Olsson AG, et al. Am J Cardiol 2001;88:504.
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FIGURE 1

Two-dimensional chemical structures of statins

Adapted, with permission, from Istvan E and Deisenhofer J. Science 2001;292:1160-1164.

James M. McKenney,
PharmD
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terol is just a small percentage less
than that seen in LDL cholesterol with
any given dose of a statin, said Dr.
McKenney. This may mean that rosu-
vastatin will provide the greatest
reduction in non-HDL cholesterol.
“The more potent the reduction in
LDL cholesterol, the more significant
the reduction in non-HDL choles-
terol,” he noted.

In patients who have mixed hyper-
lipidemia and an atherogenic dyslipi-
demia pattern (ie, high triglycerides,
low HDL cholesterol, and high rem-
nant particles), statins are effective in
reducing the total number of LDL par-
ticles and the cholesterol concentra-
tion in these atherogenic particles.

Effects on HDL cholesterol
Increases in HDL cholesterol have

been modest with use of the approved
statins. One way statins may increase
HDL cholesterol is via HMG-CoA
reductase inhibition and subsequent
induction of peroxisome proliferator-
activated receptor (PPAR)-alpha activ-
ity. This causes an increase in apolipo-
protein (Apo) A-1 gene expression. A
second mechanism by which statins
may increase HDL is through reduc-
tion in the activity of cholesterol ester
transfer protein. This discussion is
somewhat speculative, and this area is
under active investigation.

Rosuvastatin is associated with an

increase in Apo A-1 concentrations
(Figure 2) and HDL cholesterol of up to
14.4%, depending on the dose (Figure
3). In contrast, atorvastatin produces
no change, or even a slight decrease, in
Apo A-1 levels, and the increase in
HDL cholesterol usually falls as doses
are increased, said Dr. McKenney.

Tissue selectivity also differs
among statins, although the clinical
significance of these differences is
unknown. Most of the statins are
highly lipophilic and can easily pene-
trate through most cell membranes
by passive diffusion. Pravastatin and
rosuvastatin are water-soluble mole-
cules (ie, hydrophilic) and selective
in their ability to penetrate tissue.
Both molecules are dependent on an
active transport process to enter the
hepatocyte, the primary site of action
for statins. 

Optimal pharmacokinetics is
another desirable feature of an ideal
statin. Systemic bioavailability and
elimination half-life are two of the
more important pharmacokinetic
properties to consider in differentiat-
ing one statin from another, accord-
ing to Dr. McKenney. “Ideally, most
of the statin or the active metabolite
should be concentrated in the liver,
where it produces its HMG-CoA
reductase inhibition and LDL-choles-
terol–lowering effects,” he said. “We
don’t know how much of the drug

needs to be systemically available to
produce other potentially beneficial
effects. Some would argue that the
pleiotropic effects (ie, nonlipid
effects) associated with statins
require that the drug be available sys-
temically. Conversely, if too much of
the drug is bioavailable, undesirable
side effects, including muscle toxici-
ty, may occur. It seems that the less
bioavailable statins are, the better.”
(Cerivastatin, he noted, was the most
bioavailable of the statins until its
withdrawal.)

A long elimination half-life may
contribute to LDL-cholesterol–lower-
ing potency. Rosuvastatin and ator-
vastatin have the longest half-lives of
the statins.

Potential for drug interactions
A low potential for drug interac-

tions is always desirable. If the process
through which an agent is metabo-
lized, deactivated, or removed from
the body is compromised, blood levels
of the drug can increase. High sys-
temic concentration of a statin can
increase the risk of muscle toxicity.

The most common isoenzyme path-
way used by most available drugs for
metabolism is the cytochrome P-450
3A4 system. “About 50% of drugs that
are metabolized use this system,” he
said. “As you add drugs to the patient’s
regimen, the potential exists to interfere
with this system, thereby increasing the
blood levels of the statin.”

Atorvastatin, lovastatin, and simva-
statin are metabolized by the 3A4

isoenzyme system. Fluvastatin is me-
tabolized through the 2C9 system,
and rosuvastatin has only a minor
metabolic process through 2C9.
Pravastatin undergoes no metabolism
through the P-450 system.

When coadministered with a statin
that is metabolized through 3A4,
inhibitors of the 3A4 system can sig-
nificantly increase the blood concen-
tration of that statin. Some of the more
potent inhibitors of the 3A4 system
are the antifungal agents ketoconazole
and itraconazole (a partial list of 3A4
inducers, inhibitors, and substrates
appears in the Table). For example,
itraconazole can increase the statin
area under the curve (systemic expo-
sure) by as much as 20 times with
lovastatin and simvastatin, but by as
little as 1.3 times with fluvastatin or
with rosuvastatin. Macrolide antibi-
otics (eg, erythromycin) are less
potent but are also important
inhibitors of the 3A4 system.

Conclusion 
Clinicians now have a variety of

statins that are safe and effective for
treating patients with lipid disorders.
The differences among these agents in
the degree of their HMG-CoA reduc-
tase inhibition, tissue selectivity, and
drug-drug interaction are subtle, but
these subtle differences may be sub-
stantial in the individual patient. It is,
therefore, necessary to keep in mind
these pharmacokinetic differences
when selecting the specific statin for
the individual patient. n

FIGURE 3

Effect of rosuvastatin and atorvastatin on HDL cholesterol levels
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• Inducers
Glucocorticoids
Rifampin
Phenytoin
Carbamazepine

• Inhibitors
Nefazodone
Fluvoxamine
Ketoconazole
Itraconazole
Erythromycin
Clarithromycin
Sertraline
Grapefruit juice

• Substrates
Quinidine
Carbamazepine
Nefazodone
Benzodiazepines (alprazolam,triazolam,
midazolam)

Calcium channel blockers (diltiazem,verapamil)
Cyclosporine
Nonsedating antihistamines 
(astemizole)

Sertraline
Clozapine
Lovastatin, simvastatin,atorvastatin

TABLE

A partial listing of agents metabolized through the CYP-450 3A4 system

CYP = cytochrome P.
Adapted with permission from Bottorff M, Hansten P. Arch Intern Med 2000;160:2273.




