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The effects of cerivastatin on antiatherogenic properties of high-density lipoproteins were 
studied in patients with coronary heart disease and hyperlipidemia. Apart from hypolipide- 
mic effects, cerivastatin changed the phospholipid composition of high-density lipoproteins 
and improved their cholesterol-acceptor properties. This effect was most pronounced in the 
serum from patients with low content of high-density lipoprotein cholesterol. These data in- 
dicate that cerivastatin modulates antiatherogenic properties of high-density lipoproteins. 
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Dyslipoproteinemia increases the risk of atherosclero- 
sis and cardiovascular diseases. High content of total 
cholesterol (CH) and low-density lipoprotein CH 
(LDL CH) and low concentration of high-density lipo- 
protein CH (HDL CL) play a role in the pathogenesis 
of atherosclerosis. It was shown that I% decrease in 
the concentration of blood CH and 1% increase in the 
content of HDL CH reduce the risk of coronary heart 
disease (CHD) by 2.5 and 3-4%, respectively [9]. If 
diet is ineffective, hypolipidemic drugs should be used 
to normalize lipid content. Statins are the most potent 
hypolipidemic agents decreasing CHD mortality by 
30-40% [12,15]. 

Unlike other statins, new synthetic preparation 
cerivastatin (Lipobay, Bayer) is used in very low doses 
(micrograms). Cerivastatin produces hypolipidemic 
effects by decreasing blood concentrations of total 
CH, LDL CH, and triglycerides (TG) [12]. This pre- 
paration slightly increases the content of  HDL CH 
[12], which is inversely related to the incidence of 
CHD [2,9]. 
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Antiatherogenic properties of  HDL are associated 
with their ability to perform reverse CH transport. 
HDL accept free CH from cell membranes in peri- 
pheral tissues and transport it in esterified form to the 
liver for further excretion [2]. CH-acceptor properties 
of HDL depend on their concentration in the blood and 
their major components (e.g., phospholipids) [2,8]. 
Fluidity of  membranes and surface layer of lipopro- 
tein particles depends on the ratio between individual 
phospholipids and determines mobility and functional 
properties of its components. All individual phospholi- 
pids, phosphatidylcholine (PC), sphingomyelin, phos- 
phatidylethanolamine, and cardiolipin form complexes 
with CH [6] and, therefore, are involved in CH uptake 
from cell membranes. However, only CH bound to PC 
is esterified by plasma lecithin-cholesterol acyltrans- 
ferase (LCAT). The concentrations of HDL CH and 
phospholipids in the blood and the relative content of 
PC are low in CHD patients [4,10]. 

New approaches to the therapy of hyperlipidemia 
determine the necessity of  studying the influence of 
various drugs on functional properties of HDL. Here 
we evaluated the effects of cerivastatin on antiathero- 
genic properties and chemical composition of HDL in 
CHD patients with hyperlipidemia. 
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MATERIALS AND METHODS 

We performed a randomized, double-blind, placebo- 
controlled trial in 34 men (30-70 years) with CHD and 
hyperlipidemia. After hypolipidemic diet, the level of 
HDL CH in all patients was above 130 mg/dl. The 
patients were randomly divided into 2 groups. Group 
1 patients (n=l 7) were daily (in the evening) treated 
with 0.2 mg cerivastatin for 4 weeks; during the next 
4 weeks, they received 0.4 mg/day cerivastatin. Group 
2 patients (n = 17) were given placebo for 8 weeks. 

The blood from the cubital vein was taken from 
fasting men in the morning (12-14-h starvation). Se- 
rum content of  total CH and TG was measured on an 
Airone 200 automatic analyzer using Human enzyme 
kits. HDL CH concentration in the supernatant was 
estimated after precipitation of LDL and very-low- 
density lipoproteins with sodium tungstate and mag- 
nesium chloride (similarly to the measurements of  to- 
tal CH) [1 ]. The content of LDL CH (mg/dl) was cal- 
culated by the formula: LDL CH=CH-TG:5-HDL CH. 

Serum apolipoprotein AI content was measured 
by immunonephelometry on a Behring Nephelometer 
automatic analyzer. 

The concentration and composition of HDL phos- 
pholipids were estimated after LDL precipitation. 
Phospholipids were extracted with chloroform-metha- 
nol (2:1) mixture [7]. The content of total HDL phos- 
pholipids was measured after mineralization followed 
by the reaction with ammonium molybdate and ascorbic 
acid [13]. Individual phospholipids were separated by 
thin-layer chromatography on glass plates coated with 
silica gel in a system containing chloroform, methanol, 
ammonia, and water (17:7:1:0.5 v/v), the plates were 

developed in iodine vapors, the spots corresponding to 
individual phosphotipids were scraped and after mine- 
ralization, and phosphorus was assayed in the reaction 
with hydrazine dihydrochloride [14]. 

CH-binding capacities of serum HDL were esti- 
mated by the effiux of 1,2-3H-CH from rat hepatoma 
Fu5AH cells (5% serum, 4 h incubation) [5]. The ef- 
ficiency of reverse CH transport was evaluated by the 
ratio of the content of radioactive CH released in the 
incubation medium to the total amount of introduced 
radiolabel. 

RESULTS 

Before the start of therapy, the mean serum contents 
of total CH, LDL CH, TG, and HDL CH were similar 
in the placebo and cerivastatin groups. After 8-week 
treatment with cerivastatin, the content of total CH, 
LDL CH, and TG decreased by 27 (from 259.9• to 
188.6+6.7 mg/dl, p<0.001), 34 (from 185.2+8.8 to 
121.4+6.0 mg/dl, p<0.001), and 24% (from 154.7+ 
17.2 to 115.1+11.6 mg/dl, p<0.01), respectively, which 
agrees with published data [ 12,15]. No changes were 
found in the placebo group. 

Cerivastatin had no effect on the contents of HDL 
CH, HDL phospholipids, apolipoprotein AI, and the 
ratios of HDL CH/apolipoprotein AI and HDL CH/ 
HDL phospholipids (Table 1), which indicated that 
serum HDL concentration remained unchanged. In 
HDL, the relative content of PC and phosphatidyle- 
thanolamine increased, while the content of sphingo- 
myelin, lysophosphatidylcholine (LPC), and cardio- 
lipin decreased. These changes were accompanied by 
a rise of PC/sphingomyelin and PC/LPC ratios. After 

TABLE 1. Effects of Cerivastatin on HDL Components and CH-Acceptor Capacity in CHD Patients (M+_m) 

Parameter 

HDL CH, mg/dl 

Apolipoprotein AI, mg/dl 

Phospholipids, mg/dl 

Cerivastatin 

initial 

43.7---2.4 

145.0_+5.1 

112.3+-4.0 

8 weeks 

44.3_+2.0 

141.7-+5.0 

114.4-+3.5 

initial 

47.4-+2.2 

145.2-+4.4 

110.6-+3.7 

Placebo 

8 weeks 

46.1 -+2.6 

146.0-+4.5 

108.8-+2.7 

In % 

LPC 

sphingomyelin 

PC 

phosphatidylethanolamine 

cardiolipin 

PC/LPC 

PC/sphingomyelin 

CH-acceptor capacity 

14.7_+0.5 

12.7-+0.8 

66.3-+1.4 

2.5-+0.4 

3.7_+0.3 

4.6_+0.2 

5.5-+0.4 

25.7_+2.1 

10.5-+0.6* 

9.1+0,8" 

73.5-+1.3* 

3.9-+0.5* 

2.9-+0.2* 

7.4-+0.6* 

9.3-+1.1 * 

29.7-+2.5** 

14,4-+0.8 

9.1 -+0.6 

72.2-+1.0 

1.9-+0.2 

2.9-+0.2 

5.3-+0.3 

8.7-+0.8 

28.5-+2.6 

12.7-+0.'7 *** 

8.8-+0.7 

73.3-+1.2 

2.3-+0.2** 

2.7-+0.2 

6.2-+0.5*** 

10.1-+1.5 

30.1-+2.8 

Note. *p<0.001, **p<0.01, and ***p<0.05 compared to the initial level (Student's pairwise t test). 
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cerivastatin therapy, the changes in individual phospho- 
lipids were more pronounced in patients with low blood 
content of HDL CH (equal to or below 40 mg/dl). The 
relative content of PC increased from 64.2+1.4 to 
72.5+1.3% (by 8.3%, p<0.001) in patients with low 
HDL CH content; in patients with normal HDL CH 
content, this parameter increased from 70.1+0.5 to 
75.3+1.0% (by 5.2%, p<0.001). In patients with low 
and normal levels of HDL CH, the relative content of 
sphingomyelin decreased from 13.5+0.9 to 9.5+0.8% 
(by 4%, p<0.001) and from 11.2+0.3 to 8.2+0.6% (by 
3%, p<0.001), respectively. In the placebo group, the 
relative contents of PC and sphingomyelin remained 
unchanged, the amount of LPC slightly decreased, and 
the level of phosphatidylethanolamine increased (to a 
lesser degree than in cerivastatin-treated patients). 
Cerivastatin-induced changes in phospholipid compo- 
sition probably affect HDL functions. High PC/sphin- 
gomyelin and PC/LPC ratios determine higher fluidi- 
ty and less pronounced destruction of the surface layer 
of HDL particles, which improved the functions of 
these lipoproteins. The efficiency of the first stage of 
reverse CH transport (in vitro efflux of 3H-CH from 
hepatoma Fu5AH cells) after cerivastatin therapy in- 
creased by 16% (Table 1). In patients with low serum 
HDL CH concentration, the increase in CH-acceptor 
capacity (from 22.4+1.2 to 32.7+4.4%, by 25%, 
p<0.01) was more pronounced than in patients with 
normal HDL CH levels (from 31.7-4-5.2 to 32.7+6.4%, 
differences are insignificant). In the placebo group, 
there were no changes in CH-acceptor properties. In 
cerivastatin-treated patients with low HDL CH con- 
centration, increased CH-acceptor capacity of  HDL 
was associated with a pronounced increase in the rel- 
ative content of PC. Thus, the relative content of PC 
(substrate for LCAT [2]) increased, while the content 
of sphingomyelin inhibiting LCAT activity [3] de- 
creased. These changes promote CH esterification in 
the blood, the next stage of  the HDL-mediated reverse 
CH transport. The increase in the relative contents of 

PC and phosphatidylethanolamine (substrates for he- 
patic lipase [11]) indicates that cerivastatin inhibits 
this enzyme. Relatively low content of LPC also indi- 
cates low activity of hepatic lipase catalyzing the hydro- 
lysis of PC to LPC. In addition, low relative content of 
LPC improves structural stability of the surface layer of 
HDL particles and modulates their functional properties. 

Hence, cerivastatin not only produces hypolipi- 
demic effects, but also improves CH-acceptor and CH- 
transporting properties of  HDL even at a constant level 
of  CH. Our findings indicate that cerivastatin is a very 
potent hypolipidemic statin modulating antiatherogen- 
ic properties of HDL, which can be used in the thera- 
py of patients with CHD and hyperlipidemia. 
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