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ABSTRACT

cardiovascular disease.

The effect of cerivastatin (CER) on the permeability of lipid-raft-mimetic membrane was
investigated. CER is a drug candidate to treat dyslipidemia and cardiovascular diseases.
Sphingomyelin (SM) was used to form the outer layer of liposomes of which inner layer was
prepared with dioleoylphosphatidic-acid. The permeability of the SM layer was estimated by
measuring the release of the pyranine encapsulated in the liposome. The change of the
permeability was analyzed with the presence of CER dispersion in PBS buffer, especially its
hydrophobic group. The results of this study seem to be useful in deriving the drug candidate for
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1. INTRODUCTION

“The model of biological membranes, such as
liposomes, provides a convenient method to
investigate the effects of drugs, toxins, and other
substances ingested into the body” [1]. In the
middle of the biological membrane composed of
lipids, proteins, and sugar residues, the ordered

microdomains called lipid rafts are unique and
critical for its function [2]. It is known that the
main component of the lipid raft is sphingomyelin
(SM) [3]. Introduction.

“The lipid raft has been related to the function of
the transmembrane protein called 3-hydroxy-3-
methyloglutaryl-coenzyme A reductase of which
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regulation is necessary for the prevention and
treatment of dyslipidemia and cardiovascular
diseases and can be performed by means of
statins that include hydrophobic group capable of
binding and penetrating the lipid membranes” [4-
7]. “Among statins, cerivastatin (CER) is a half-
hydrophilic and half-hydrophobic drug with the
octanol-water partition coefficient log P equal to
3.40-4.15" [8]. “CER is characterized by two pKa
values: the lower one corresponding to the
carboxylic acid form (pKa = 4.38) and the higher
value to the pyridine residue (pKa = 5.29)” [9].
CER has been withdrawn from the
pharmaceutical market in 2001 because the
deaths were reported due to the side effect of
rhabdomyolysis [10]. “This may be caused by the
ability of this drug to deeply penetrate the
membranes, where it ends up in the CHs-
terminal ends of the hydrophobic chains” [11].

Membrane permeability is the passive diffusion
rate across the membrane. The common method
to measure the permeability is to use liposomes,
spherical lipid-bilayers, that encapsulate an
indicator inside their aqueous region [12]. The
permeability is able to suggest the characteristics
of the membranes and the effect of their
neighboring-agents [13]. Therefore, in this study,
it is aimed to investigate the effect of CER on the
permeability of the SM membranes.

2. MATERIALS AND METHODS

2.1 Liposome Preparation
Dioleoylphosphatidic acid (DOPA),
dioleoylphosphatidylcholine (DOPC),
sphingomyelin (SM), cerivastatin (CER), and
pyranine were purchased from Sigma Aldrich (St.
Louis, MO). These reagents were used without
further purification. The DOPA was dissolved in
10 mL of tert-butyl methyl ether at 10 mg/mL,
followed by adding 100 pL deionized-water of 25
mM pyranine, 10 mM Tris-HCI at pH 7.0.
Therefore, the micelles with DOPA were
prepared by extrusion through the 50 nm pores
of 78 mm diameter PTFE membranes above the
transition temperature of DOPA. Several drops
(less than 10 pL) of the micelle solution and tert-
butyl methyl ether solution of 10 mg/mL DOPC or
SM were continuously added through a 22-gauge
needle inserted into the 10 mL aqueous solutions
of 10 uM CER and 10 mM Tris-HCI at pH 8.0,
respectively. The final lipid concentration of the
agueous solution was 1 mg/mL. During the
addition, the solution was magnetically stirred
under the nitrogen stream. The liposome solution
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was acquired from the supernatant of the
solution that underwent  through the
centrifugation (3700 x g). These procedures are
well known as a way to prepare vesicles [14].

2.2 Permeability Measurements

The fluorescence intensity was measured in real
time with a Wallac Victor3 multiwell fluorimeter
(Perkin-Elmer, Waltham, MA), because the
intensity of the pyranine increased with the
higher value of its environmental pH. ANTS has
different fluorescence intensities. Three kind of
liposome were considered for the measurements
according to the components and the
environment — DOPA/DOPC, DOPA/SM, and
DOPA/SM exposed to CER. As described in
previous section, DOPA was used to form the
inner layer of the liposome.

3. RESULTS AND DISCUSSION
3.1 Liposome Characterization

To confirm the liposome formation, the diameters
of the micelles and the Iliposomes were
measured with a light scattering (ELS-8000;
Otsuka Electronics, Osaka, Japan). For the
measurement of the micelle, the viscosity and
the refractive index of the tert-butyl methyl ether
are 0.23 cP and 1.3686, respectively. The
diameter of the micelles was 75 + 10 nm, and the
diameter of the liposomes became 80 + 10 nm
as expected from the lipid layer formed on the
micelle surface. The encapsulation of the
pyranine was confirmed with a fluorometer
(Fig. 1). The fluorescence intensity was changed
with Tween 20 treatment. Without this treatment,
the intensity did not vary after the addition of
distilled water drops at pH 3. Thus, encapsulation
was successfully achieved.

3.2 Permeability Measurements

More pyranine release was observed from the
liposomes prepared with the DOPA and DOPC
than those with the DOPA and SM due to the
presence of the unsaturation. Since the inner
layer was DOPA only for both liposomes, the
difference in the release was caused by the
characteristics of the outer layer only. DOPC has
double bond in its structure as DOPA, while SM
does not. The more release indicated that the
layers of the liposomes were more permeable.
Therefore, the less permeability of the DOPA:SM
liposomes was from SM only. After the liposomes
with the DOPA and SM were exposed to the



solution containing CER, the intensity decreased
compared to before the exposure (Fig. 2).
However, the intensity little changed for the
liposomes with the DOPA and DOPC. From this
observation, it was found that the CER appeared
to increase the permeability of the SM layer
only.

The increase in the permeability seems from the
interaction between the layer and CER. Since the
hydrophobicity of CER was the motif to penetrate
the SM layer, it is believed that the permeability
of SM layer increased. The unsaturated lipids
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such as DOPA and DOPC have the high
permeability inherently, and CER has little effect
their permeability although it may also interact
with them. The penetration has been believed to
disturb the arrange the lipid layer. Since the
unsaturated-lipid layer was less dense, the
disturbance of each lipid was relatively less for
the unsaturated-lipid layer. This interpretation
has been identical with the analysis of the
research performed previously [6]. Furthermore,
the interpretation seems consistent with CER’s
mediation to translocate membrane proteins

[7].
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Fig. 1. Fluorescence intensity change after the addition of pH 3 distilled water drops. Red: with
detergent and Blue: without detergent
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Fig.2. Fluorescence intensity change caused by permeability of liposomes



4. CONCLUSION

In this study, the effect of cerivastatin (CER) on
the permeability of lipid-raft-mimetic membrane
was investigated. Sphingomyelin (SM) was used
to form the outer layer of liposomes of
which  inner layer was prepared with
dioleoylphosphatidic-acid. The permeability of
the SM layer was estimated by measuring the
release of the pyranine encapsulated in the
liposome. The change of the permeability was
analyzed with the presence of CER dispersion in
PBS buffer. The results of this study seem to be
useful in deriving the drug candidate for
cardiovascular disease.
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