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The vascular endothelium is a dynamic 
endocrine organ that regulates vascular 
tone, local homeostasis, and the fibro-
inflammatory-proliferative process. Many 
studies have demonstrate that endothelial 
dysfunction and activation is one of the ear-
liest markers in patients with atherogenic 
risk factors (e.g. male sex, ageing, hyper-
tension, diabetes mellitus, smoking, fam-
ily history) in the absence of angiographic 
evidence of atherosclerosis [1].

Oxidative stress to the vascular endothe-
lium is a serious causative factor of vascu-
lar endothelial dysfunction, and plays an 
important role in the pathophysiology of 
several vascular diseases, including athero-
sclerosis, diabetes, neuronal disorders, and 
ischaemia-reperfusion injury [2]. It was 
noted that some of the patients attending 6th 
October national insurance clinic for annual 
routine laboratory and clinical examinations 
were diagnosed as hypercholesterolaemic 
without any clinical symptoms. A few years 
later, vascular injury was noted during the 
annual medical examination. Thus, we car-
ried out this study to confirm the relation-
ship between hypercholesterolaemia and 
vascular injury. 

Hypercholesterolaemia is frequently 
associated with enhanced lipid peroxida-
tion [3]. We therefore aimed to investigate 
the correlation between hypercholesterol-
aemia and oxidative stress on the one hand 
and P-selectin and interleukin-6 (IL-6) 
(pro-inflammatory cytokine) as markers of 
endothelial functional status on the other.



We contacted asymptomatic Egyptian adult 
employees of the National Research Centre 
(males and females) who had been exam-
ined at the health insurance outpatient clinic 

between the beginning of October 2004 and 
the end of December 2004 and who had 
been identified as having hypercholesterol-
aemia (total cholesterol > 200 mg/dL). We 
excluded any patient with cardiovascular 
disease. Of those we invited to take part in 
our study 65% refused to participate and 
35% agreed (40 patients). During the same 
period, 20 healthy age- and sex-matched 
personnel whose medical records showed 
total cholesterol and triglycerides were 
within normal levels and who had no car-
diovascular disease were selected from 
the medical staff of the National Research 
Centre to participate in the study as con-
trols. This group was retested to confirm 
their blood lipid status before participating 
in the study.

After taking verbal agreement, all par-
ticipants (patients and controls) underwent 
the following investigations.

Blood samples (10 mL) were collected 
from each participant at the health insurance 
clinic or the clinic in the National Research 
Centre, as convenient for the participant. 
Each sample was divided into 2 × 5 mL por-
tions: in the first portion, serum was sepa-
rated, divided into aliquots and preserved at 
–20 °C until used; the blood in the second 
portion was collected over EDTA and as-
sayed on the same day for the determination 
of glutathione peroxidase activity and lipid 
peroxidation, measured as thiobarbituric 
acid-reactive substance (TBARS).

Lipid peroxidation was determined as 
TBARS value according to the method of 
Mitsura and Midori. The TBARS value 
was measured as the difference in optical 
density read at 535 nm and 520 nm [4].

Glutathione-peroxidase activity in 
whole blood was determined using Ransel 
kit (Randox Laboratories, Crumlin, UK) ac-
cording to the manufacturer’s instructions.

Total serum cholesterol was determined 
using a commercial kit (catalogue number 
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07986B-07/98BioMérieux, Marcy l’Etoile, 
France) according to the manufacturer’s 
instructions].

Serum high-density lipoprotein (HDL) 
cholesterol was determined using a Bio- 
Mérieux kit (catalogue number 00232B-
04/96) according to the manufacturer’s 
instructions.

Serum low-density lipoprotein (LDL) 
cholesterol was measured directly using a 
BioMérieux kit (catalogue number 00238 
B-04/96) according to the manufacturer’s 
instructions. It was read at wavelength 
500 nm and calculated using the formula: 
Asample/Astandard × n mg/dL (dilution coef-
ficient n = 387).

Human P-selectin was measured by 
enzyme-linked immunosorbent assay kit 
for quantitative detection of soluble human 
P-selectin (Bender MedSystems, Vienna, 
Austria) according to the manufacturer’s 
instructions.

IL-6 was measured using an immu-
noenzymometric assay kit (IL-6 EASIA, 
Biosource, Nivelles, Belgium) for the quan-
titative measurement of human IL-6 in 

serum according to the manufacturer’s in-
structions.

Results were expressed as mean and 
standard deviation (SD). Data were ana-
lysed using SPSS, version 10. Data were 
compared using a paired t-test for inde-
pendent variables. Values of P < 0.05 were 
considered significant. 

Pearson correlations between different 
variables were done. Values of P < 0.01 
were considered significant (2-tailed).



Levels of lipid peroxidation (TBARS) (P
< 0.001) and glutathione peroxidase activity 
as markers for oxidative stress were statisti-
cally significantly higher in the hypercho-
lesterolaemic (patient) group (P < 0.001). 
P-selectin (marker for endothelial cell func-
tion) and IL-6 (pro-inflammatory cytokine) 
were also markedly higher in the patient 
group (P < 0.001) (Table 1).

Table 2 shows the correlation (Pearson 
coefficient, r) between total cholesterol 
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level and LDL-cholesterol level and oxida-
tive stress, expressed by lipid peroxidation 
(TBARS) and glutathione peroxidase activ-
ity. Also shown is the correlation with en-
dothelial function, expressed by P-selectin 
and the pro-inflammatory cytokine IL-6. 

Table 3 shows the correlation between 
oxidative stress, expressed by lipid per-
oxidation and glutathione peroxidase activ-
ity, and markers of endothelial function, 
expressed by P-selectin and pro-inflammatory 
cytokine IL-6 (P < 0.001). Correlation be-
tween Il-6 and P-selectin was also statisti-
cally significant. 

There was a negative, but not statisti-
cally significant, correlation between HDL 
cholesterol and the markers of oxidative 
stress and endothelial function (Table 3). 



Hypercholesterolaemia has frequently been 
associated with enhanced lipid peroxidation 
[3]. In this study we examined the rela-
tion between hypercholesterolaemia and 
increased oxidative stress. We found a very 

high positive correlation between choles-
terol level, LDL cholesterol and raised 
oxidative stress, expressed as high lipid per-
oxidation and glutathione peroxidase activ-
ity. This is consistent with the result of Davi 
et al., who stated that they had obtained 
evidence of enhanced lipid peroxidation (in
vivo) in hypercholesterolaemic patients [3].

Desideri et al. stated that hypercholes-
terolaemia was associated with endothelial 
activation and increased lipid peroxidation 
[5]. Lewis et al. showed that oxidative stress 
stimulates the production and release of 
platelet-activating factor (PAF) in endothe-
lial cells [6]. Other reports from Marathe 
et al. and Tokumura et al. indicated that 
PAF as well as PAF-like phospholipids 
are critical factors in the pathophysiology 
of vascular endothelial dysfunction under 
oxidative stress conditions [7,8].

According to Lum and Roebuck, oxi-
dative stress to the vascular endothelium 
is a serious causative factor of vascular 
endothelial dysfunction and plays an impor-
tant role in the pathophysiology of several 
vascular diseases [2]. LDL is the cholesterol 
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component that is more directly involved in 
the pathogeneses of vascular dysfunction in 
hypercholesterolaemic patients.

In our study there was increased level 
of LDL cholesterol and increased oxida-
tive stress. LDL becomes pathogenic when 
subjected to oxidation (increase in oxidative 
stress) and becomes ox-LDL [9]. Ox-LDL 
is, in fact, no longer recognized by the 
LDL receptors; instead it is taken up by 
scavenger receptors. These are not sub-
jected to regulation by the intracellular 
cholesterol level in the subendothelial mac-
rophages which transform to foam cells 
[10]. Egashira showed that LDL, especially 
oxidized LDL, inhibits endothelial function 
through inhibition of NO (nitric oxide) 
activity by down-regulation of endothelial 
NO synthase expression, decreased receptor-
mediated release of NO, and activation of 
NO via superoxide anion production [1].

Aikawa et al. concluded that lipid lower-
ing reduced production of reactive oxygen 
species, ox-LDL accumulation and plasma 
level of anti-ox-LDL IgG; VCAM-1 and 
MCP-1 expression decreased and NO syn-
thase expression increased, and endothelial 
cells exhibited more normal ultrastructure 
[11].

P-selectin level was much higher in the 
hypercholesterolaemic group, with a strong 
positive correlation with cholesterol and 
LDL-cholesterol levels. This is in agree-
ment with Johnson-Tidey et al., who stated 
that high P-selectin plasma level in symp-
tomatic hypercholesterolaemic patients 
may represent an index of the presence of 
atherosclerotic vascular lesions P-selectin 
expression is endothelial cells overlying 
atherosclerotic plaques [12].

Davi et al. observed that plasma P-
selectin concentration was directly cor-
related with LDL levels, which suggests 
that LDL might have an impact on the series 
of events that lead to P-selectin expression 
and release in vivo. They also found that 
hypercholesterolaemia was associated with 
elevated plasma P-selectin [13]. P-selec-
tin level may be proposed as a marker of 
endothelial dysfunction in hypercholestero-
laemic patients. This agreed with the results 
of our study as we found a strong positive 
correlation between P-selectin and mark-
ers of oxidative stress expressed by lipid 
peroxidation and glutathione peroxidase 
activity.

Levels of the proinflammatory cytokine 
IL-6 were significantly higher in the hyperc-
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holesterolaemic group compared to healthy 
controls. There was a positive correlation 
with cholesterol, LDL, oxidative stress and 
endothelial function. This result agreed with 
that of Nawawi et al., who observed that 
hypercholesterol-aemia caused endothelial 
dysfunction, leading to increased produc-
tion of adhesion molecules and cytokines 
(IL-6) [14]. Desai et al. concluded that the 
inflammatory cytokine IL-6 was an impor-
tant mediator of increased endothelial per-
meability via alterations in ultra-structural 
distribution of tight junctions and morpho-
logic changes in shape causing endothelial 
barrier dysfunction [15].

Blood levels of inflammatory markers 
have been associated with hypercholes-
terolaemia [16]. Cytokines (IL-6, Il-1B) 
and soluble adhesion molecules have been 
associated with both hypercholesterolaemia 
and atherosclerotic diseases. Soluble inter-

cellular adhesion molecule-1 and IL-6 have 
been found to reflect endothelial dysfunc-
tion in patients with primary hypercholes-
terolaemia [17].

IL-6 has been found to induce oxida-
tive stress and endothelial dysfunction by 
over-expression of the angiotensin II type I 
receptor [18]. Pro-inflammatory cytokines 
such as tumour necrosis factor alpha and 
IL-6 are important mediators of immune 
response, associated with endothelial dys-
function [19].



Hypercholesterolaemia causes endothe-
lial microinflammation. IL-6 and P-selectin 
were also identified as risk factors for car-
diovascular disorders. 
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