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Effects of Purified Eicosapentaenoic Acid Ethyl Ester on Plasma 
Lipoproteins in Primary Hypertholesterolemia 

Shuichi NozAKI, Yuji MATSUZAWA, Ken-ichi HIRANO, Naohiko SAKAI, Masaharu KuBo, 
Seiichiro TARUI 

The Second Department of Internal Medicine, Osaka University Medical School, Fukushima, Fuskushima-ku, 
Osaka 553, Japan 

Summary: We investigated the effects of puri
fied eicosapentaenoic acid (EPA) ethyl ester 
capsules (90% purity), which are free from 
cholesterol, saturated fatty acids and docosa
hexaenoic acid (DHA), on plasma lipoproteins 
and cholesteryl ester transfer protein (CETP) 
activity. We administered 2.7 g of EPA per day 
as capsules for 6 months to 14 primary hyper
cholesterolemic subjects. Total cholesterol, 
triglyceride and low density lipoprotein (LDL)
cholesterol levels in plasma were significantly 
reduced. The LDL cholesterol!apoB ratio and 
LDL particle size did not change. The ratio of 
high density lipoprotein (HDL)2/HDL3 chol
esterol increased from 1.04 to 1.35 (p<0.05), 
while the HDL cholesterol level did not change. 
CETP activity was significantly reduced. The 
reduction of CETP activity may explain the in
crease in the HDL2/HDL3 cholesterol ratio. 
These results suggest that purified EPA not 
only reduces LDL cholesterol levels but also 
acts on HDL metabolism in patients with 
hypercholesterolemia and therefore will be use
! ul for the treatment of hypercholesterolemia. 

Abbreviations used: Cholesteryl ester transfer protein, 
CETP; docosahexaenoic acid, DHA; eicosapentaenoic 
acid, EPA; low density lipoprotein, LDL; high density 
lipoprotein, HDL; hepatic triglyceride lipase, HTGL; very 
low density lipoprotein, VLDL. 

Introduction 

Since it has been suggested [1] that high content 
of eicosapentaenoic acid (EPA) in diet is linked 
to low incidence of coronary heart disease in 
Greenland Eskimos, many studies reported that 
EPA has a variety of beneficial effects protect
ing against atherosclerotic disease [2-8]. The 
effect of EPA on plasma lipoproteins has been 
studied [9] since lipoprotein abnormalities are 
an important factor in the development of 
atherosclerosis. 

In previous studies, fish oil has been used 
since purified EPA has not been available. 
These studies have confirmed the reduction of 
serum triglyceride and very low density 
lipoprotein (VLDL) concentrations by fish oil 
(9, 10]. There is still controversy concerning the 
effects of fish oil on low density lipoprotein 
(LDL) and high density lipoprotein (HDL) 
cholesterol levels [9]. Fish oil conventionally 
used contains at most 25% EPA in addition to 
various amount of other fatty acids including 
docosahexaenoic acid (DHA) and cholesterol 
[2]. 

The insufficient purity of fish oil may be one 
of the reasons for inconsistent data about the 
effects of fish oil on LDL and HDL cholesterol 
levels. Furthermore, it is suggested that EPA 
and DHA have different properties against 
lipoprotein metabolism [11]. In our previous 
study, we reported the effect of a capsule con
taining 80% pure EPA on platelet and plasma 
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> lipids, showing a substantial reduction in total 
plasma cholesterol level [12]. However even this 
capsule still contained much DHA and we 
could not differentiate the effects of EPA and 
DHA. 

This report describes the effect of purified 
EPA ethylester, recently developed in Japan, on 
concentrations and composition of plasma 
Jipoproteins in primary hypercholesterolemia. 

Materials and Methods 

Subjects: Fourteen patients (11 females and 3 males) with 
primary hypercholesterolemia were studied as outpatients. 
The patients were selected from the Lipid Clinic of Osaka 
University Medical School. Familial hypercholesterolemia 

, was excluded. We further excluded patients with diabetes 
mellitus, renal disease, and liver disease. Their ages ranged 
from 36 to 65 years old (mean±SD, 55 ± 8.8 years). Their 
body mass indexes averaged 22.9 ± 2.2 kg/m2

• Patients did 
not take any medicine affecting lipid metabolism for at least 
2 months before the start of this study. Eight of the patients 
had type Ila hyperlipidemia and 6 of them had type Ilb. 
Their mean total cholesterol levels and triglyceride levels 
were 277±30 and 165±25 mg/di respectively. The mean 
HDL cholesterol level was 52± 13 mg/di. 

Study protocol: The subjects were instructed to take 20% 
fat diet on the entry of this study. It was confirmed that 
their serum lipids levels were plateau at least for 2 months 
before the onset of treatment with EPA ethyl ester. They 
were also instructed to maintain this diet throughout the 
stndy. The subjects took 2.7 g of EPA ethyl ester daily for 
6 months. The encapsulated EPA ethyl ester was provided 
by Mochida Pharmaceutical Company. The EPA used in 
this study was purified from sardine oil. Each capsule con
tained over 90% EPA ethyl ester. The content of DHA 
(C22:6) was less than 1 % and no cholesterol was present. 
This EPA capsule contains 0.2% vitamin E to inhibit 

, peruxidizatiun in capsule and in vivo. Venous blood sam
ples were obtained before and during the study period. All 

' patients gave informed consent to participate in the investi
gation. 

Lipoprotein analyses: Venous blood was drawn in a glass 
tube with EDTA 3.5 mM (final concentration) from patients 
after overnight fasting. Total cholesterol and triglycerides 
were measured by an enzymatic method (Kyowa Medex Co., 

1 Tokyo, Japan). HDL cholesterol was measured by the hepa
rin manganese precipitation method [13]. Total protein was 
measured in the LD L fraction [14]; it was assumed to consist 
entirely of apoBIOO. Very low density lipoprotein (VLDL, 
d < 1.006 g/ml), intermediate density lipoprotein (IDL, 
1.006<d<1.019 g/ml), low density lipoprotein (LDL, 
1.019< d< 1.063 g/ml), high density lipoprotein 2 (HDL2, 
1.063,d < 1.125 g/ml) and high density lipoprotein 3 (HDL3, 

1.125 < d g/ml) were separated by sequential preparative 
ultracentrifugation according to the method of Havel [15] 
as we previously reported [16]. LDL size was estimated 
using 2-16% polyacrylamide gradient gel electrophoresis 
according to the method of KRAUSS [17]. Size was deter
mined by scanning each lane with a densitometer and com
paring this value to a standardized curve of compounds of 
known size as we previously reported [18]. Cholesteryl ester 
transfer protein (CETP) activity was measured by ALBERS' 
method [19] as we previously reported [20]. Briefly, the 
activity in the patient's plasma is assayed by examining the 
lransfcr of carbon-14 cholesteryl ester from HDL3 to 
VLDL and LDL. The CETP activity was expressed as the 
percentage of donor cholesteryl ester transferred to LDL. 

Fatty acids analyses: Total plasma fatty acids were extracted 
with chloroform methanol solution (2/1,v/v). The fatty 
acids were analyzed as their methyl esters by gas chromato
graphy using Yokogawa Hewlett Packard HP-5731 before 
and 6 months after EPA administration. Plasma fatty acids 
composition was calculated as percentage of total mass. 

Plasma peroxide analysis: Plasma peroxide levels were 
measured before and after 6 months of EPA treatment by 
using Determiner J ,PO kit (Kyowa Medex Co., Tokyo, 
Japan), which depends on the method of 0HISHI and YAGI 
et al [21]. 

Statistical analysis: The significance of differences between 
mean values was determined by paired t-test. 

Results 

EPA concentrations of serum fatty acids are in
creased in all subjects (data non shown) and the 
mean plasma EPA concentration of 14 subjects 
was significantly increased from 2.8% to 9.7% 
after EPA administration as shown in Table I. 

The change of plasma levels of total 
cholesterol, triglyceride and HDL cholesterol 
before and after EPA administration are shown 
in Table IL Total cholesterol levels were signifi
cantly reduced by 10%. The triglyceride levels 
were also significantly decreased by 16%. The 
HDL cholesterol levels did not significantly 
change. 

Lipoprotein fractionation was done before 
and after EPA administration (Tab. III). Mean 
VLDL triglyceride levels decreased by 18%. The 
levels of IDL cholesterol and triglyceride were 
not changed. A significant reduction in LDL 
cholesterol was noted (p < 0.05). The LDL 
apolipoprotein (apo) BlOO levels were signifi
cantly reduced (p < 0,05). The LDL cholesterol 
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Table I: Changes of serum fatty acids compositions after 
EPA administration 

c 14:0 
c 16:0 
C 16:1 n-7 
c 18:0 
C 18:1 n-9 
C 18:2 n-6 
C 18:3 n-3 
c 20:0 
C 20:1 n-9 
C 20:2 n-6 
C 20:3 n-9 
C 20:4 n-6 
c 22:0 
C 20:5 n-3 
C 22:5 n-3 
C 22:6 n-3 

Before 

1.15 ± 0.39 
24.9 ±2.42 
4.17± 1.06 
5.35 ± 0.46 

20.3 ±2.05 
30.0 ±4.09 
0.88 ± 0.36 
0.11 ±0.06 
0.16±0.06 
0.18 ±0.04 
0.79±0.26 
4.68±1.10 
0.08±0.06 
2.88 ± 1.47 
0.50±0.14 
3.86±0.90 

After EPA 

I .OJ± 0.36 
23.7 ±2.74 
3.60± 1.35* 
5 .90 ± 0.64** 

18.2 ± 2.82** 
25 .3 ± 4.30** 
0.84±0.36 
0.13 ±0.04 
0.16± 0.05 
0.13 ± 0.02** 
0.51 ±0.16** 
4.96 ± 1.01 
0.12±0.07 
9.75 ± 3.13** 
1.36 ± 0.37** 
4.26± 1.06 

Each value shows percent of total fatty acids and presented 
as mean±SD. 
*: p < 0.05, **: p < 0.01, Significantly different from before 
EPA administration 

Table II: Effects of EPA administration on plasma lipids 

Before After EPA administration 

Total cholesterol mg/di 277 ± 30 249 ± 28* (-10%) 
Triglyceride mg/di 165 ± 25 139 ± 27* (-16%) 
HDL-cholesterol mg/di 52 ± 13 50 ± 12 

Values are presented as mean±SD 
* Significantly different from before EPA administration 
at p < 0.05 (student's t-test; paired) 

Table !IL· Changes of lipid levels, ratio of high density 
lipoprotein subfractions and CETP activities before and 
after EPA administration 

Before After p value 

VLDL CH (mg/di) 29.8 ± 14.2 25.4 ± 18.1 ns 
TO (mg/di) 106.5 ±42.6 87.0 ±45.0 <0.05 

IDL CH (mg/di) 10.8 ± 7.9 11.8 ± 8.3 ns 
TO (mg/di) 9.3 ± 5.7 9.8 ± 6.3 ns 

LDL CH (mg/di) 185.4 ±49.5 156.2 ±43.2 <0.01 
TO (mg/di) 37.6 ± 10.5 34.0 ± 13.0 ns 

apoB (mg/di) 142.2 ±27.9 122.5 ±27.9 <0.05 
HDL2 CH (mg/di) 25.2 ±11.2 28.8 ± 11.5 ns 
HDL3 CH (mg/di) 26.1 ± 6.9 21.9 ± 4.4 ns 
HDL2-CH/ 

HDL3-CH 1.04± 0.6 1.35± 0.53 <0.05 

CETP activity (%) 29.0 ± 6.3 24.2 ± 5.5 <0.05 

Values are presented as mean±SD. 
Abbreviations: CH, cholesterol; TO, triglyceride; CETP, 
cholesteryl ester transfer protein activity; ns, not significant 

to apo B ratio did not change (1.2±0.11 vs. 
1.19±0.18, before and after treatment of EPA, 
respectively. There was no statistically signifi
cant relationship between the increase of EPA 
concentration and the decrease of LDL 
cholesterol level. 

There was an increase in HDL2 cholesterol 
(from 25.2±11.2 mg/dl to 28.8±11.5) and de
crease in HDL3 cholesterol (from 26.1±6.9 mg/ 
dl to 21.9±4.4), although the changes did not 
reach statistical significance. There was a sig
nificant increase in the HDL2/HDL3 
cholesterol ratio (from 1.04±0.6 to 1.35±0.53, 
p<0.05). 

LDL fractions were analyzed by 2-16% PAG 
gradient electrophoresis. EPA treatment did 
not cause any change in the electrophoretic 
mobility of LDL before (267 A± 8.1) and during 
EPA (268A±8.8), suggesting the size of LDL 
particles had not changed. 

CETP activities were significantly decreased 
from 29.0±6.3% to 24.2±5.5%, p<0.05, 
(Tab. III). 

The weight percent chemical compositions of 
LDL before and after EPA administration is 
shown in Figure 1. No statistically significant 
changes could be observed. 

There was no significant increase of plasma 
peroxide level before and after 6 months of EPA 
treatment (mean± SD: 1.2 ± 0.24 to 1.1±0.31 
nmol/ml, before and after). 
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Figure 1: Chemical compositions of LDL before and after 
EPA administration. 
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