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ÖZET 
 

Amaç: Sigara içimi, kardiyovasküler hastalıkların en önemli ve önlenebilir risk faktörlerinden biridir. 
Okside LDL, kardiyovasküler hastalıklarda artış gösterir. Normal yüksek dansiteli lipoprotein (HDL), 
LDL’yi oksidasyondan koruyabilirken proinflamatuar HDL bunu yapamamaktadır. Bu çalısmanın amacı, 
hem akut hem de kronik olarak sigara içen genç bireylerin, sigara içmeyenlere göre kardiyovasküler 
hastalıklara yatkın olan proinflamatuar HDL’ye sahip olup olmadıklarını belirlemekti.  

Gereç ve Yöntem: Bu çalısmaya yaklasık 8-10 yıldır sigara kullanan 40 saglıklı birey ve sigara 
kullanmayan 40saglıklı birey dahil edildi. Kan örnekleri bir gecelik açlık ve sigara yoklugu durumunda 
ve sigara içiminden 1 saat sonra toplandı. LDL’nin oksidasyondan korunmasında HDL’nin antioksidan 
yetenegi ölçüldü. Aynı zamanda total kolesterol, trigliserid, HDL kolesterol, LDL kolesterol, Apo A-1, Apo 
B, hsCRP ve Lp(a) rutin standart metodlar kullanılarak klinik laboratuarımızda belirlendi.  

Bulgular: Total-C, LDL-C, Lp(a) ve CRP düzeyleri sigara içen ve kontrol grupları arasında farklı değildi. 
Kontrol grubuna göre sigara içen grupta plazma HDL-C seviyesi düşük bulunurken, TG ve Apo B 
seviyeleri anlamlı derecede yüksekti. Sigara içenler yüksek oranda proinflamatuar HDL’ye sahiplerdi. 
Sigara içenlerin proinflamatuar HDL oranı %80, sigra içmeyenlerin %10 iken; sigara içimi öncesi bu 
oran %48, sigara içimi sonrası ise %68 idi.  

Sonuç: Sigara içimi, HDL’nin antiinflamatuar fonksiyonlarını zayıflatmıstır. Bu sonuç, sigara içiminin 
proinflamatuar HDL düzeylerini artırarak ateroskleroz prosesinde rolü oldugunu göstermektedir.  

Anahtar Kelimeler: Ateroskleroz; oksitlenmiş düşük dansiteli lipoprotein; yüksek yoğunluklu lipopro-
tein-1; DCF-H 
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ABSTRACT 

Objective: Smoking is one of the most important cause of cardiovascular disease and known as a 
preventable risk factor. Lipoproteins especially LDL has an important role in cardiovascular disease. 
Normally high density lipoproteins protect LDL from oxidation; proinflammatory HDLs do not. The aim 
of this study was to determine whether the young smokers who smoke acute or chronically, have more 
proinflammatory HDL which may predispose them to cardiovascular disease compared to nonsmokers.  

Materials and Methods: Forty young smokers, who have been smoking for 8-10 years and forty 
healthy nonsmokers were included in this study. Blood samples were collected after overnight fast with 
on absence of smoking and one hour after smoking a cigarette. The ability of the subjects HDLs to 
prevent oxidation of LDL-C was measured. Total-C, TG, HDL-C, LDL-C, Apo A, Apo B, hsCRP and Lp(a) 
levels were also determined using routine standard methods.  

Results: Total-C, LDL-C, Lp(a) and hsCRP levels were not different between the smokers and control 
groups.  The plasma level of HDL-C was significantly lower and those of TG, and Apo B levels were 
significantly higher in the smoking group than in the control group. The smokers had higher 
proinflammatory HDL compared to those of nonsmokers (80% vs 10%). Antiinflammatory HDL levels of 
smokers were decreased after smoking (48% and 68% respectively).  

Conclusion: Chronic smoking impairs HDLs anti inflammatory functions and balance between 
lipoproteins and apolipoproteins. This result may indicate that proinflammatory HDL induced by 
smoking may have a role in atherosclerosis process.  

Keywords: Atherosclerosis; oxidized low density lipoprotein; high density lipoprotein-1; DCF-H  

 
 
 
 
 

INTRODUCTION 

Cigarette smoking is generally accepted as 
the most important cause of death in the 
Turkey as well as all over the world (1). Also 
atherosclerosis which results from different 
risk factors including smoking, is the most 
important cause for coronary artery disease 
(CAD) and accepted as an inflammatory 
disease. The lipogenic hypothesis states that 
both lesion initiation and progression in 
atherosclerosis appear to be associated with 
increased levels of plasma oxidized LDL (2).  
Oxidized LDL; stimulates the expression of 
VCAM-1 (vascular cell adhesion molecule-1) 
on endothelial cells, which is directly 
chemotactic for monocytes, increases the 
expression of MCP-1 (monocyte chemotactic 
protein-1) by vascular cells, and stimulates 
macrophage proliferation (3). These properties 
could promote the early inflammatory 
infiltration of monocytes into the vascular 
wall which contributes the process of 
atherosclerosis (4). 

The mechanism of smoking-induced 
endothelial dysfunction is unclear and 
complex mechanism. Smoking manifests its 
direct toxic effect on human endothelial cells 
by reducing endothelial prostacyclin 
production and increasing leukocyte 
adhesion to endothelial cells (5). 

Numerous epidemiological studies have 
associated HDL with an inverse risk for 
coronary artery disease (6). High density 
lipoprotein cholesterol levels in human 
plasma correlate generally with protection 
against coronary heart disease, an effect 
believed to be due to multiple protective 
actions of HDL including stimulating the 
removal of excess cholesterol from cells and 
reducing inflammation in the artery wall (7). 
The initial formation of HDL particles 
requires the membrane lipid transporter 
ATP-binding cassette transporter A1 (ABCA1) 
to mediate delivery of cellular lipids to HDL 
apolipoproteins.  

This reduces excess cholesterol stores in 
cells including arterial wall macrophages (7). 
This ‘protective’ effect of HDL may be due in 
part to inhibition of the oxidative 
modification of LDL or by promoting 
cholesterol efflux from peripheral cell (8). In 
recent studies, it was shown that HDL’s 
antioxidant functions became as important 
as other known functions like esterification of 
free cholesterol, activation of lecithin 
cholesterol acyltranspherase (LCAT) and 
lipoprotein lipase enzymes, reverse 
cholesterol transport and removing 
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lipoprotein remnants from circulation (9-10). 
Paraoxanase (PON) which is in HDL and 
binding to Ca+2 has important roles on 
inhibiting LDL oxidation and decreasing 
activity of toxic metabolites occuring in LDL 
oxidation. In vitro studies showed that PON, 
hydrolized oxide-LDL and decreased lipid 
hydroperoxide and prevented fatty streaks 
(11). Also PON is bound with Apo A1 in 
hydrophobic region in amino end and 
decreases risk of vascular disease by 
rupturing proinflammatuar molecules which 
results from LDL oxidation (12).  On the 
other hand, ıt was shown that significant 
amount lysophosphatidyl choline was found 
in HDL oxidation and PON-1 degradated 
phosphatidylcholine as an phosphalipase A2 
enzyme (13). Therefore, in the recent studies 
it was emphasized that HDL’s antioxidant 
capacity is more important than it’s 
concentration in preventing atherosclerosis 
(14). 

In this regard we aimed to study the pro-
inflammatory/anti-inflammatory properties of 
HDL in young smokers and non-smokers for 
assesment of cardiac risk and atherosclerosis 
progress among smokers. The second aim 
of this study was to determine the acute 
effect of smoking on proinflamatuar/ 
antiinflammatuar properties of HDL in young 
smokers. 

MATERIALS AND METHODS 

This study was carried out in accordance with 
the Helsinki Declaration and approved by the 
ESOGU Medical faculty local ethics 
committee. Volunteers eligible for this study 

were men and women aged from 23 to 33 
which were healthy and young.  Control 
group was consist of healthy nonsmokers 
(n=40). Nonsmokers were classified as either 
never smokers or ex-smokers (more than 5 
years). Forty smokers (9 pack year)  have a 
smoking duration 8-10 years. The number of 
pack-years of smoking was derived by using 
smoking intensity and duration, i.e. number 
of packs of cigarettes per day multiplied by 
the number of years of smoking (1 pack=20 
cigarettes). Smokers gruop was consist of 16 
female and 24 males (Table 1). After 10-12 
hours fasting with on absence of smoking 
and one hour after smoking a cigarette for 
acute smoking blood samples were collected 
and serum levels of total cholesterol (TC), 
triglycerids (TG), HDL, LDL, Apo A, Apo B and 
hsCRP were measured.  

TC, HDL-C, LDL-C, TG, concentrations were 
measured by enzymatic colorimetric method 
but Lp(a) and hsCRP concentrations were 
measured by immunoturbidimetric method 
by Roche Diagnostics kits according to 
manufacturer suggestions in Modular Roche 
analyzer.  

To determine the functional properties of 
HDL, the change in fluorescence intensity 
resulting from oxidation of DCFH by LDL in 
the presence of test HDL was measured (12). 

LDL Isolation 

LDL, isolated from routine serum samples of 
our clinical laboratory were used for the 
determination of abilitiy of HDL to protect 
against LDL oxidation (15-16).  

 
 
 
 

Table 1. Characteristics of young subject 

 Control (n=40) Smokers (n=40) p value 

Age 26.62±2.94  27.17±3.07 p=0,416  

Gender    p=0,344 

      Male 40.7 % 59.3 %  

      Female 54.7 % 45.3 %  

*χ 2 
(YATES)  
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Serums and precipitation reagents were 
allowed to equilibrate to room temperature. 
500 μl of the serum was added to 5 ml of the 
heparin-citrate buffer. After mixing with a 
vortex mixer, 5 ml of the suspension was 
removed for cholesterol determination and 
the remainder was allowed to stand for 10 
min at room temperature. The insoluble 
lipoproteins were then sedimented by 
centrifugation in a centrifuge at 3400 rpm for 
10 min at 25 C. The final pH was 5.11. LDL-C 
concentration was determined with Modular 
Roche.  

HDL Isolation 

Isolation of HDL from volunteers samples 
were carried out by Dextran Sulphate 
precipitation method (17).  

Dichlorofluorescein (DCF) Assay 

DCFH-DA was dissolved in fresh methanol at 
2,0 mg/ml and was incubated at room 
temperature and protected from light for 30 
min. This results in the release of DCFH. On 
interaction with lipid oxidation products 
DCFH forms DCF, which produces intense 
fluorescence (18). 200 μl of the isolated LDL 
solution (final concentration 50 μg/ml) and 
900 μl of test HDL (at a final concentration of 
10 μg/ml cholesterol) were incubated in a 
tube at 20-25 oC and in a dark room for 1 
hour. 100 μl of DCFH solution (0.2 mg/ml) 
was then added to each well and incubated 
for 2 hours more. Fluorescence intensity was 
determined with spectrofluorometer (Jasco 
FP-750) set at an excitation wavelength of 
485 nm and an emission wavelength of 530 
nm. Values of fluoresence units (FU) (HDL 
Score) were normalized to 1.0 as the positive 
control. Values >1.0 FU after the addition of 
test HDL indicated as proinflammatory HDL; 
values <1.0 indicated as antiinflammatory 
HDL (18). 

Statistical analyses 

We used Statistical Package for the Social 
Science (SPSS) for Windows 13.0 for 
statistical analysis. Continuous variables 
summarized with n (sample size), mean and 

standard deviation, categorical variables 
summarized with n (sample size), median 
and 25th 75th percentiles. Normally distributed 
continuous variables were compared 
between groups with student t test. Normally 
distributed continuous dependent variables 
were analyzed paired t test. Nonnormally 
distributed variables were compared with 
Mann Whitney U test for independent groups, 
Wilcoxon test for dependent two groups. Chi-
square(Yates) analyses were used for 
categorical variables. p value less than 0.05 
(p<0.05) was accepted significant.  

RESULTS 

The concentration of smokers HDLs in 
serum, was significantly (p<0,001) lower 
compared to controls. Triglyceride and Apo B 
levels of smokers were significantly higher  
(respectively p<0,01 and p<0,05) compared 
to controls but levels of Apo A in the smokers 
were significantly lower (p<0,05) compared 
to controls (Table 2).   

There was no significant difference in the 
levels of total cholesterol, LDL-C, Lp(a) and 
hsCRP between the two groups. 

The second aim of our study is to measure 
acute effects of smoking on HDL’s 
antiinflammatory capacity on 25 subjects 
who gave venous blood sample after 1 times 
smoking in the morning.  

For the second aim of the study blood 
samples were collected after smoking from 
twenty five smoking individuals in order to 
determine the acute effect of smoking.   

Before smoking, smokers’ total cholesterol, 
HDL-C, LDL-C, Lp (a), Apo A and hsCRP levels, 
Apo B levels, did not show a statistically 
different significance after smoking (p>0,05) 
but before smoking, smokers’ TG levels were 
statistically significant from after smoking (p 
<0.001) (Table 3). 

Antiinflammatory properties of HDL-C 
against LDL-C oxidation was measured by 
dichlorofluorescein (DCF) assay. Our results 
indicate that controls and smokers 
proinflammatory HDL percentage were 10% 
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Table 2.  Serum lipid parameters in control and smoker groups  (mg/dl) 

Parameters Control (n=40) Median (25%;75%) Smokers (n=40) Median (25%;75%) p value 

Total-C 153.00 (137.25;182.25) 156.00 (132.50;191.50) p=0,675 

Apo A  159.40 (141.77;174.05) 142.35 (126.35;162.90)  p=0.020 
Triglyceride 73.00 (56.25;98.50) 102.00 (65.25;135.00) p=0,018 

HDL-C  57.00 (50.00;64.75) 46.50 (41.00;56.50) p= 0,001 
LDL-C  84.00 (66.75;116.25) 94.50 (74.25;119.75)  p=0,133 

Apo B  65.10 (55.52;80.87) 78.10 (61.22;92.27)  p= 0,036 

Lp(a)  17.35 (10.65;25.10) 17.65(12.45;24.55) p=0,791 

hsCRP  0.65 (0.40;1.37) 0.70 (0.40;1.55) p=0,946 
 

*Mann-Whitney U  

Table 3. Serum lipid parameters in before smoking and after smoking groups  (mg/dl) 

Parameters Before smoking (n=25) Median 
(25%;75%) 

After smoking (n=25) Median 
(25%;75%) 

p value 

Total-C 156.00 (133.00;191.00) 154.00 (138.00;191.50) p=0,951 

HDL-C 47.00 (42.00;58.00) 49.00 (40.50;59.50) p=0,393 

LDL-C 94.00 (81.50;118.50) 90.00 (82.00;115.50) p=0,343 

Triglyceride 88.00 (69.50;130.00) 107.00 (76.50;167.00) p=0,002 

Apo A  138.40 (123.00;152.65) 137.20 (124.80;151.95) p=0,898 

Apo B  75.10 (61.85;92.95) 76.00 (62.60;93.70) p=0,637 

Lp(a)  17.60 (11.15;24.30) 17.90 (10.90;26.90) p=0,248 

hsCRP 0.70 (0.35;1.45) 0.70 (0.30;1.45)  p=1,000 

*Mann-Whitney U  

 

and 80% respectively indicating smoking 
increases proinflammatory HDL levels. Also 
there were significant differences in the 
smokers HDL score 1,03(1.00;1.08) compared 
to controls 0.95(0.90;0.98) (Fig 1 and Table 
4A) (p<0.001). 

Before smoking and after smoking groups’ 
proinflammatory HDL percentages were 48%  
and 68% respectively, indicating no 
significant differences between before 
smoking group HDL score 1.01(0.98;1.03) 
and after smoking group HDL score 0.99 
(0.96;1.02) (Fig 2 and Table 4B)  (p>0.05). 

 
Table 4.  HDL Score (FU) levels of groups  

A. Effects of smoking on HDL score 

Groups 25% Median %75 p value 

Control (n=40) 0.90 0.95 0.98  

Smokers (n=40) 1.00 1.03a 1.08 p<0,001 

 
B. Acute effects of smoking on HDL score 

Groups 25% Median %75 p value  

Before smoking (n=25) 0.98 1.01 1.03  

After smoking (n=25) 0.96 0.99a  1.02 p=0.078 
 

Table 4A a: significant difference from control (P<0.001) HDL score (FU)>1 proinflammatory HDL; HDL score 
(FU)<1 antiinflammatory HDL 

Table 4B a: no significant difference from before smoking group (P>0.05) HDL score (FU)>1 proinflammatory HDL; 
HDL score (FU)<1 antiinflammatory HDL 
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          Figure 1. HDL Score (FU) levels of control and               Figure 2. HDL Score (FU) levels of smoking groups  
smoking groups 

 
DISCUSSION 

In this study, we have aimed to study and 
evaluate of lipoprotein levels and HDL–C 
antiinflammatory characteristics between 
young smokers and healthy nonsmokers. 
Also, we aimed to study acute effects of 
smoking in these smokers. In recent studies 
it’s showed that HDLs functions is more 
important than its quantities (14). It has 
recently been demonstrated that HDL can 
decrease oxidative damage to LDL during 
lipid peroxidation of LDL exposed to 
endothelial cells. HDL is a modulator of 
systemic inflammation by promoting it’s 
reverse cholesterol transport.  (19).   

But, in the presence of systemic inflammation, 
antioxidant enzymes can be inactivated and 
HDL can accumulate oxidized lipids and 
proteins that make it proinflammatory (20). 
Different factors effect HDLs preventive 
function against oxidized LDL (14-21). 
Smoking is known as one of these factors.  

In different studies it was shown that 
different illness which are directly associated 
with inflammation or cause an inflammatory 
state increased unfunctional HDL levels (22).  
In our study proinflammatory HDL was 
increased among smokers compared to 
controls (p<0,001) (Fig 1) although their 
HDLs were in normal range (Table 2) 
Because smoking produces free oxygen 

radicals in our body. An excess of free 
oxygen radicals production due to lack of 
antioxidants, may increase the risk of 
coronary artery disease (2). On the other 
hand there were no significant differences 
between before smoking and after smoking 
groups proinflammatory HDL scores (Fig 2) 
although one puff of a 30 mL cigarette 
contains 70 billion particles rich in free 
radicals that cause lipid peroxidation (23). 
This result may be explained by different 
styles of smoking. So uncompletely 
aspiration of cigarette smoke into lungs may 
not cause lipid peroxidation or not influence 
proinflamatuar state of HDLs. 

Also in our study group, both chronic and 
acute smoking increased TG levels 
compared to control. Increased TG levels 
observed in our study possibly results from 
nicotine effects. Because nicotine stimulates 
the secretion of catecholamines as well as 
other hormones such as cortisol and growth 
hormone, leading to an increased serum 
concentration of free fatty acids which 
stimulates hepatic secretion of very low 
density lipoproptein and TG (24). Triglyceride 
metabolism is regulated by the action of 
lipoprotein lipase (LPL), an enzyme also 
affected by smoking (23). 

Furthermore, apolipoprotein B, the major 
protein constituent of LDL, may provide 
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more information on coronary heart risk than 
LDL-cholesterol alone (2-25). In our study 
smokers had significantly higher level of Apo 
B.  

Higher level of Apo B is believed to be 
releated to the risk of premature CAD (26). In 
these young smokers high Apo B levels may 
sign long before the onset of symptom of 
CAD without they have no symptomatic 
evidence of CAD.  

On the other hand in our study HDL levels 
were in normal range in both smokers and 
non-smokers but Apo A levels were 
decreased in smokers (Table 2) These results 
may be explained by duration of smoking in 
smokers. Meenakshisundaram et all. showed 
that in moderate smokers only Apo A was 
significantly decreased without significant 
reduction in HDL level as seen in our study 
(12). Apo A association was stronger than 
HDL in only heavy smokers. Also smokers 
low Apo A levels have been associated with 
significant atherosclerotic changes in 
patients undergoing coronary angiograph 
(12). Beside these low Apo A levels, the 
thyrosine residius in Apo A may be changed 
by myeloperoxidase which is a determinant 
of inflammatuar state. 

So, Apo A levels and functions may decrease 
as a result of proinflammatory HDL against 
LDL oxidation and unability of HDL to 
promote cholesterol efflux by the ATP-
binding cassette transporter A-1 pathway. 
Also Harmer and et al. showed that smokers 
have enhanced myeloperoxidase-dependent 
plasma oxidation (27). Decreasing of 
smokers Apo A levels in our study may 
contribute changing normal HDLs to 
proinflammatuar HDLs.  

As a result, smokers’ triglyceride, Apo B 
levels were higher, HDL-C and Apo A levels 
were lower compared to nonsmokers. Also 
HDL’s proinflammatory charecteristics which 
indicate an inflammatory state, were higher 
in smokers.  

Lots of smokers had lost their antioxidant 
capacity of HDL against LDL-oxidation. In 

this regard chronic smoking is a cause of 
proinflamatuar HDL levels and 
proinflamatuar HDL levels may be marker in 
assesment of cardiac risk and atherosclerosis 
progress among smokers. Also quality of 
HDL-C is as important as it’s quantity in 
evaluation of cardiac risk. 

 
 

KAYNAKLAR 

1. Yazıcı AB, Yuvacı HU, Yazıcı E, Calıskan EH, 
Cevrioglu AS, Erol A. Smoking, alcohol, and 
substance use and rates of quitting during 
pregnancy: is it hard to quit? International Journal 
of Women’s Health. 2016:8:549-56 

2. Sharma SB, Dwivedi S, Prabhu KM, Singh G, Kumar 
N, Lal MK. Coronary risk variables in young 
asymptomatic smokers. Indian J Med Res. 2005; 
122 (3): 205-210. 

3. Jessup W, Kritharides L, Stocker R. Lipid Oxidation 
in Atherogenesis: an overview. Biochem Soc Trans. 
2004; 32 ( Pt 1): 134-138. 

4. Mallika V, Goswami B. Rajappa M. Atherosclerosis 
Pathophysiology and the Role of Novel Risk Factors. 
A Clinicobiochemical Perspective Angiology. 2007; 
58 (5); 513-522. 

5. Hadi HAR, Carr CS, Suwaidi JA. Endothelial 
dysfunction: cardiovascular risk factors, therapy, and 
outcome. Vascular Health and Risk Management 
2005:1(3) 183–198 

6. Van Lenten BJ, Wagner AC, Nayak DP, Hama S, 
Navab M, Fogelman AM. High-Density Lipoprotein 
Loses Its Anti-Inflammatory Properties During Acute 
Influenza A. Infection Circulation. 2001; 103; 2283-
2288. 

7. Hossain MA, Ngeth S, Chan T, Oda MN, Francis GA. 
Lipid-bound apolipoproteins in tyrosyl 
radicaloxidized HDL stabilize ABCA1 like lipid-free 
apolipoprotein A-I. BMC Biochemistry. 2012; 13 (1); 
1-11. 

8. Van Lenten BJ, Hama SY, FC. de Beer, Stafforini DM, 
McIntyre TM, Prescott SM, et al. Anti-inflammatory 
HDL Becomes Pro-inflammatory during the Acute 
Phase Response. Ansell BJ, Watson KE, Fogelman 
AM, Navab M, Fonarow GC. High-density lipoprotein 
function recent advances. J Am Coll Cardiol. 2005; 
46 (10):1792-1798. 

10. Barter P, Gotto AM, LaRosa JC, Maroni J, Szarek M, 
Grundy SM et al. HDL cholesterol, very low levels of 
LDL cholesterol, and cardiovascular events; Treating 
to New Targets Investigators. Engl J Med. 2007; 
357(13):1301-1310.  

11. Tomas M, Latorre G, Sentí M, Marrugat J. The 
Antioxidant Function of High Density Lipoproteins: A 
New Paradigm in Atherosclerosis. Rev Esp Cardiol 
2004; 57(6):557-569. 

12. Meenakshisundaram R, Rajendiran C, 
Thirumalaikolundusubramanian P. Lipid and 
lipoprotein profiles among middle aged male 



Sigara İçen Gençlerde Proinflammatuar HDL 

Türk Klinik Biyokimya Derg 2017; 15(1) 15 

smokers: a study from southern India.  Tobacco 
Induced Diseases. 2010; 8 (11):1-5. 

13. Jarvik GP, Hatsukami TS, Carlson C, Richter RJ, 
Jampsa R, Brophy VH et al. Paraoxonase activity, but 
not haplotype utilizing the linkage disequilibrium 
structure, predicts vascular disease. Arterioscler 
Thromb Vas Biol. 2003; 23 (8):1465–1471. 

14. Ansell BJ. The two faces of the 'good' cholesterol. 
Cleve Clin. J. Med 2007; 74 (10): 697- 705.  

15. Hirano T,  Ito Y,  Saegusa H, Yoshino G. A novel and 
simple method for quantification of small dense 
LDL. J Lipid Res 2003; 44 (11);  2193-201. 

16. Scoccia AE, Molinuevo MS, McCarthy AD, Cortizo AM. 
A simple method to assess the oxidative 
susceptibility of low density lipoproteins. BMC Clin 
Pathol 1. 2001; 1(1): 1.  

17. Burtis CA, Ashwood ER. Tietz Fundamentals of 
Clinical Chemistry. Saunders Company. 2005. P. 
487. 

18. Navab M, Hama SY, Hough GP,  Subbanagounder G, 
T.Reddy S. A cell-free assay for detecting HDL that is 
dysfunctional in preventing the formation of or 
inactivating oxidized phospholipids. J Lipids Res. 
2001; 42 (8): 1308-1317. 

19. Frei B, Forte TM, Ames BN, Cross CE. Gas phase 
oxidants of cigarette smoke induce lipid 
peroxidation and changes in lipoprotein properties 
in human blood plasma, protective effects of 
ascorbic acid. Biochem J. 1991; 1: 277 (Pt 1) :133-
138.  

20. Navab M, Anantharamaiah GM, Reddy ST, Van 
Lenten BJ, Ansell BJ, Fogelman AM. Mechanisms of 
Disease: proatherogenic HDL an evolving field. 
Nature Clinical Practice Endocrinology & 
Metabolism. 2006; 2 (9): 504-511. 

21. Navab M, Hama SY, Cooke JC, Anantharamaiah GM, 
Chaddha M, Jin Lu. et al. Normal high density 
lipoprotein inhibits three steps in the formation of 
mildly oxidized low density lipoprotein: step 1. J 
Lipid Res. 2000; 41 (9): 1481-1494. 

22. McMahon M, Grossman J,  FitzGerald J, Dahlin Lee 
E, Wallace DJ, Thong BY.  et al. Proinflammatory 
high-density lipoprotein as a biomarker for 
atherosclerosis in patients with systemic lupus 
erythematosus and rheumatoid arthritis. Arthritis 
Rheum. 2006; 54 (8): 2541-2549.  

23. Campbell SC, Moffatt RJ, Stamford BA. Smoking and 
Smoking Cessation-The Relationship Between 
Cardiovascular Disease and Lipoprotein Metabolism: 
A review. J. Atherosclerosis. 2008; 201 (2): 225-235. 

24. Imamura H, Miyamoto N, Uchida K, Teshima K, 
Masuda Y, Kobata D. Cigarette Smoking, Blood 
Pressure and Serum Lipids and Lipoproteins in 
Middle-Aged Women. J Physiol Anthropol Appl 
Human Sci. 2001; 20 (1):1-6. 

25. Schaefer EJ, Lamon-Fava S, Cohn SD, Schaefer MM, 
Ordovas JM, Castelli WP. et al. Effects of age, 
gender, and menopausal status on plasma low 
density lipoprotein cholesterol and apolipoprotein B 
levels in the Framingham Offspring Study. J Lipid 
Res. 1994; 35 (5):779-792. 

26. Brunzell JD. Increased ApoB in Small Dense LDL 
Particles Predicts Premature Coronary Artery 
Disease. Arterioscler Thromb Vasc Biol. 2005; 25 
(3): 474-475. 

27. Harmer J, Morgan P, Celermajer D, Davies M. 
Cigarette Smokers have Elevated Thiocyanate Levels 
and Enhanced Myeloperoxidase-Dependent Plasma 
Oxidation: Implications for Smoking-Associated 
Atherosclerosis. Heart, Lung and Circulation. 2010; 
19 (2) : 23. 

 
 

Yazışma adresi: 

Dr. İpek Ertorun 
Eskişehir Osmangazi Üniversitesi Tıp Fakültesi 
Tıbbi Biyokimya Anabilim Dalı 
Eskişehir, Türkiye  
e-mail: erdoganipek@gmail.com 
 

 
 
 
   
 
 
 
 
 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


