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Abstract: 
Dyslipidemia and oxidative modifications of lipid are frequently associated in patients with 

chronic kidney diseases (CKD) and considered the most important risk factors for 

cardiovascular events. Melatonin is a well-known potent antioxidant and has beneficial effect 

on lipid metabolism. the study was designed to evaluate if Melatonin could improve lipid 

profile and ameliorates lipid peroxidation. This single blind placebo controlled clinical study 

carried out on 41 patients with CKD who were randomized into two groups, control groups 

(n=20) those who received placebo cap and melatonin group those who received 5mg 

melatonin (n=21). Lipid profile [total cholesterol (TC), triglyceride (TG), high-density 

lipoprotein (HDL-C), low-density lipoprotein (LDL-C)] and parameters of lipid peroxidation 

[oxidized LDL (oxLDL) and malondialdehyde (MDA) were measured before and after 12 

weeks of the treatment. After 12 weeks of treatment, melatonin significantly increased HDL-

C and decreased LDL-C compared to the initial value. The elevation in HDL-C and reduction 

in LDL-C were significantly different from that in placebo group. Also, both oxLDL and 

MDA levels significantly lowered by melatonin compared to the baseline and to the placebo 

group.  Collectively, the results of our study showed that melatonin has advantageous effect 

on lipid profile and inhibit lipid peroxidation in patients with CKD. 
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 رضى الذين يعانون من العجز الكلوي المزمنالميلاتونين يحسن مستوى الدهون ويقلل الأكسدة في م
  حيدر جاسب

 
 

 :الخلاصة
 الكلى أمراض من يعانون الذين المرضى مع ترتبط ما غالبا الدهون اكسدة في الحاصلة والتغييرات الدهون اضطرابات

 قوي كمضاد جيدا وهومعروف الميلاتونين. الدموية والأوعية القلب لأمراض الخطورة عوامل أهم وتعتبرمن المزمنة

 يحسن أن يمكن الميلاتونين كان إذا ما تقييم إلى تهدف الحالية الدراسة فإن لذلك، ، الدهون ايض على مفيد تأثير وله للأكسدة

 41 على أجريت واحدة جهة من عمياء،مسيطرعليها سريرية تجربة هي الدراسة وهذه. اكسدتها ويخفف الدهون مستوى من

 تلقوا الذين أولئك( 20= ع) السيطرة مجموعة، مجموعتين في عشوائيا وزعوا، المزمنة الكلى أمراض من يعانون مريضا

 الدهون مستوى قياس تم وقد. الميلاتونين من ملغم 5 تلقوا الذين أولئك(21= ع) الميلاتونين ومجموعة وهمي علاج

 اكسدة ومقاييس[ الكثافة منخفض الدهني البروتين، الكثافة عالي الدهني البروتين الثلاثية، الدهون ، الكلي الكوليسترول]

 أسبوعا 12 بعد و. العلاج بدأ من أسبوعا 12 وبعد قبل[ مالونديالدهيد و المؤكسد الكثافة منخفض الدهني البروتين] الدهون

 الكثافة منخفض الدهني البروتين في وانخفاض الكثافة عالي الدهني البروتين في معنوية زيادة الميلاتونين سبب العلاج، من

 منخفض الدهني البروتين في والانخفاض الكثافة عالي الدهني البروتين في الارتفاع كان قد و. الأولية القيمة مع مقارنة

 الكثافة منخفض الدهني البروتين من كل مستوى أيضا و. الوهمية المجموعة في ذلك عن معنويا اختلافا يختلف الكثافة

 الدواء مجموعة ومع الاولي المستوى مع مقارنة الميلاتونين قبل من كبير بشكل انخفض قد مالونديالدهيد و المؤكسد

 الدهون اكسدة ويمنع الدهون مستوى على مفيد تأثير له الميلاتونين أن دراستنا نتائج أظهرت لقد ملخص، بشكل. الوهمي

  .المزمنة الكلى أمراض من يعانون الذين المرضى في

Introduction: 
Cardiovascular disease (CVD) is a most 

common cause of morbidity and mortality 

in patients with chronic kidney disease 

(CKD) [1, 2]. Patients with CKD more 
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likely will die of CVD, mostly 

atherosclerotic coronary heart disease, 

before developing end stage renal disease 

(ESRD) [3]. American heart association 

has classified patients with chronic renal 

impairment in the highest risk for 

developing cardiovascular events [2]. Also, 

a report from the Atherosclerosis Risk in 

Communities Study showed that a 

declining in glomerular filtration rate 

(GFR) was independently associated with 

the occurrence of atherosclerotic CVD [4]. 

Dyslipidemia, Oxidative stress and 

accumulations of uremic toxin are the main 

factors that implicated in atherogenesis and 

CVD in patients with CKD.  Dyslipidemia 

induced by CKD characterized by 

increasing triglyceride, accumulation of 

oxLDL and decreasing high density 

lipoprotein (HDL) levels [5, 6]. 

Hypertriglyceridemia in patients with CKD 

resulted from decreasing the activity of 

peripheral and hepatic lipoprotein lipase, 

thus delaying the catabolism of TG. On the 

other hand, hepatic production of 

triglyceride rich lipoprotein is increased [6, 

7].  Diminishing in HDL level attributed to 

many mechanisms including decreased 

levels of HDL main component 

(apolipoproteins AI and AII) and impaired 

activity of lecithin–cholesterol 

acyltransferase which responsible for 

esterifying free cholesterol in HDL 

particles. In contrast, cholesterol ester 

transfer protein (CETP) is activated to 

transfer cholesterol esters from HDL to 

triglyceride-rich lipoproteins. Collectively, 

all these lead to reduced HDL level in 

patients with CKD [7, 8]. Additionally, the 

antioxidant and anti-inflammatory effects 

of HDL is impaired mainly due to 

inhibited activity of paraoxonase (PON) 

which is HDL associated enzymes that 

inhibit LDL oxidation [5]. Despite, LDL is 

not usually increased in patients with 

impaired kidney function, the form of LDL 

particles become smaller, denser and easily 

oxidized, therefore, more atherogenic [6, 

8]. Increased oxidative stress and oxidative 

modifications of lipid and lipoproteins is 

well evident in chronic renal impairment. 

The pro-oxidative state detects almost at 

the beginning of CKD and excess 

generation of reactive oxygen species 

increases as GFR declines [9, 10]. 

Enhanced oxidative stress will induce lipid 

peroxidation which has a determent effect 

onset and progression of atherosclerotic 

process and putting the patients at high risk 

of CVD [10, 11].   

Melatonin, N-acetyl-5-methoxytryptamine, 

is a pineal gland hormone. It has multiple 

bioactivities such as potent antioxidant, 

anti-inflammatory, immune modulating, 

tumor suppressing and cardiovascular 

protective effects as well as anti-diabetic 

and anti-obese activities [12]. Beneficial 

effects of melatonin on lipid metabolism 

have been reported in type 2 diabetes [13] 

and metabolic syndrome [14]. In addition 

to that, melatonin decreased lipid peroxide 

[14] and LDL susceptibility to oxidation 

[15]. Reduction in nocturnal melatonin 

secretion was associated with higher 

oxidized LDL levels in patients with acute 

myocardial infarction [16]. Interestingly; a 

defect in amplitude and rhythm of 

melatonin secretion have been observed in 

CKD [17]. Accordingly, administration of 

exogenous melatonin to the patients with 

CKD could improve lipid abnormalities 

and reduce lipid peroxidation. Therefore, 

this study was aimed to investigate the 

potential beneficial effect of melatonin on 

lipid profile and lipid peroxidation in those 

patients.  

Patients and Methods 

Study design  

This study is prospective randomized, 

single blind placebo controlled clinical 

study. The study carried out at the Medical 

City of An Najaf health directorate-Iraq 

during the period of December 2016 till 

September 2017. The protocol of study 

was approved by the Scientific Committee 

of Faculty of Pharmacy Kufa University.  

Patients  

The potential participants of study were 

patients with stage 1-4 CKD who attend 
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the specialized Centre of kidney disease in 

the Medical City of An Najaf. Patients who 

were with hepatic diseases, pregnancy and 

breast feeding or CKD required dialysis, 

were excluded from the study. The eligible 

patients were 50 enrolled in the study.  

Nine patients could not complete the study 

because of noncompliance (4) and loss of 

follow up (5). The remaining 41 patients 

were divided into two groups. Group I: 

Placebo control group (N=20), the patients 

treated with placebo capsule for 12 weeks 

at bed time in addition to their standard 

medical treatments. Group II: Melatonin 

group (N=21); the patients of this group 

treated with 5mg melatonin at bed time for 

12 weeks in addition to their standard 

medical treatments.  

Biochemical measurements  

After 12 hr. fasting, about 10 ml of venous 

blood sample were collected from all 

subject at zero time and after 12 weeks of 

treatment. Blood samples were allowed 

then cool centrifuged at 3000 rpm for 10 

min to obtain serum for biochemical 

analysis. Urea level and Serum creatinine 

was measured by commercial available kit. 

Serum TC, TG and HDL-C levels were 

determined according to kit obtained from 

Bio Merieux, France. Plasma LDL-C was 

calculated using the formula: [LDL-C = 

Total cholesterol – (TG/5) – (HDL-C)] and 

the results were expressed in mg/dl. 

Oxidized LDL were determined by 

enzyme immunoassay technique according 

to ELISA kit (Cusabio biotech co. LTD) 

and the result expressed as mU/ml. MDA 

level were determined by ELISA kit (Cell 

Biolabs Inc., USA) 

Statistical analysis  

Paired Student’s t test was used to compare 

values obtained before and after treatment 

within each group while independent 

sample t tests were used to compare 

between melatonin and control group. Data 

were presented as mean ± Standard error 

mean (SEM). P<0.05 was considered 

statistically significant using a two-tailed 

test. Statistical analysis of data was 

performed using the Statistical Package for 

Social Sciences software version 21.0 

(SPSS, Chicago, IL).   

Results  

Baseline characteristics  

Out of the total enrolled patients, 41 

patients were completed the study and 

included in our statistical analysis as 20 

patients in control group and 21 patients in 

melatonin group.  The demographic and 

baseline clinical characteristics were not 

different between the two groups (p>0.05) 

(Table 1). 

Table 1: Demographic and baseline biochemical patient characteristics   

Parameters  Control (n=20) Melatonin (n-21) P value  

Age (yr) 56.1 ± 2.4 58.2 ± 3.4 0.6 

Male  13 (65%) 14 (67%) 0.91 

Female  7(35%) 7 (34%) 

Body weight (kg) 78± 6.1 76± 5.4 0.9 

S. Urea (mg، di)   93.10 ±2.42 96.60± 1.9 0.43 

S. Creatinine  2.92 ±0.11 2.81± 0.13 0.2 

TC  196.3±6.02 197.9±6.6 0.33 

TG  211.7±12.5 207.4±14.4 0.825 

HDL-C 38.3 ± 2.1 39.8±2.5 0.653 

LDL-C  115.7±4.8  116.7±5.7 0.898 
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OXLDL 69.2± 5.1  71.9± 4.2 0.683 

MDA 4.9±0.4 5.2±0.5 0.630 

Data where expressed by mean±SEM 

Effect of Melatonin on lipid profile  

After 12 weeks of therapy, Melatonin 

significantly (P <0.05) elevated HDL-C 

level and significantly (P <0.05) lowered 

LDL-C level while it did not cause 

significant changes in the level of TC and 

TG compared to initial value (Table 2). 

There was no significant (P >0.05) change 

in lipid profile parameters of placebo 

group during the study period compared to 

the baseline. In comparing with placebo 

group, the elevation in HDL-C and the 

reductions in LDL-C were significantly (P 

<0.05) different in melatonin group 

Figure1(C)&(D) respectively but the 

changes in TC level and TG level were not 

significant (P >0.05) Figure1(A)&(B) 

respectively.

Table-2: Effect of 12 weeks melatonin treatment on lipid profile parameters. 

Parameters  Melatonin group Placebo group 

Before After P value Before After P value 

TC  197.9±6.6 190.6±5.3 0.201 196.3±6.02 194.9± 4.2 0.732 

TG  207.4±14.4 198.5±13.8 .147 211.7±12.5 206.6±11.2 0.296 

HDL-C 39.8±2.5 50.6±2.8 0.001 38.3 ± 2.1 41.8±3.1 0.056 

LDL-C  116.7±5.7 100.01±4.8 0.01 115.7±4.8 111.7±4.03 0.239 

(Data expressed by mean ±SEM, analyzed by paired sample t test)

Effect of melatonin on lipid peroxidation  

Melatonin treatment for 12 weeks 

significantly (P <0.05) decrease OXLDL 

level and MDA level compared to the 

baseline level while the decrease was not 

(P >0.05) significant in placebo group 

(table 3). Importantly, the reduction in the 

level of OXLDL and MDA were 

significantly (P <0.05) differt in melatonin 

group from that with the placebo group, 

Figure1 (E)&(F) respectively. 

Table 3. Effect of 12 weeks melatonin treatment on lipid peroxidation parameters 

Parameters  Melatonin group Placebo group 

Before After P value Before After P value 

OXLDL  71.9±4.2 52.9±4.1 0.001 69.2±5.1 66.1±4.7 0.207 

MDA  5.2±0.5 2.9±0.3 0.005 4.9±0.4 4.3±0.5 0.273 

Data where expressed by M±SEM  
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 Figure 1. Changes in lipid profile with melatonin versus control group

The change value of each group obtained 

by subtracting the initial value from the 

value obtained of after 12 weeks of 

treatment. Graph illustrate changes (A) 

serum level of total cholesterol (TC), (B) 

serum triglyceride level (TG), (C) serum 

high density lipoprotein-cholesterol (HDL-

C), (D) serum low density lipoprotein-

cholesterol (LDL-C), (E) serum oxidized 

low density lipoprotein (oxLDL) and (F) 

serum malondialdehyde (MDA). The data 

is presented as mean ± SEM, statistically 

analyzed by independent sample t test. * 

P≤0.05 for melatonin versus control.  

Discussion  

Disturbance in lipid metabolism, mainly 

increase in TG and decrease in HDL-C, 

considers as the most important risk factors 

for high rate of cardiovascular morbidities 

and mortality in CKD patients [6] and 

therefore, it will be of high interest to find 

adjuvant therapeutic modalities that could 

improve these lipid abnormalities. 

Melatonin has remarkable pleiotropic 

effects. Recently, many researches have 

demonstrated beneficial and protective 

effect of melatonin on atherosclerotic CVD 

which might attributed to its antioxidant 

and anti-inflammatory activities as well as 
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regulation of lipid and glucose metabolism 
[18]. The present study demonstrated 

additional beneficial effects of melatonin 

on lipid profile as evident by significant 

improvement in HDL-C levels and 

reduction in LDL-C level after 12 weeks 

treatments in patients with CKD. To the 

best of our knowledge, this is the first 

study that was conducted to evaluate the 

effect of melatonin on lipid profile in 

patients with stage 1-4 CKD. However, 

Edalat-Nejad et al., demonstrated 

remarkable increase in HDL-C level after 6 

weeks of 3mg melatonin treatment in 

hemodialysis patients while the decrease in 

LDL-C was not significant [19]. 

Meanwhile, significant lowering of LDL-C 

and no significant changes in HDL-C have 

been reported by Koziróg et al, after 8 

weeks treatment of 5mg melatonin in 

metabolic syndrome [14]. Additionally, in 

patients with nonalcoholic fatty liver 

disease, treatment with 10mg melatonin 

per day for 14 months significantly 

lowered levels of TG and LDL-C }20{. 

The beneficial effect of melatonin on lipid 

parameters may be explained by 

decreasing intestinal absorption of 

cholesterol [21], inhibition of biosynthesis 

of cholesterol and LDL-C accumulation 
[22], or regulation of free fatty acid uptake 

via G-protein receptors [23].  

In CKD, oxidative modifications of LDL-

C to oxidized LDL is accelerated 

tremendously because of firstly, small and 

dense LDL molecule thus very susceptible 

for oxidation [24], secondly inhibited 

activity of paraoxonase (PON) which is 

HDL associated enzymes that inhibit LDL 

oxidation [8,24] and thirdly presence of 

enhanced oxidative stress state [9,10]. 

Therefore, about ten folds increase in 

oxLDL concentration have been reported 

in patients with CKD 25. The data of our 

study showed that 12 weeks of melatonin 

therapy notably attenuated lipid 

peroxidation as demonstrated by 

significant lowering of oxLDL and MDA 

level. We did not find previous study to 

evaluate the effect of melatonin on oxLDL 

level. However, there were several clinical 

studies that showed its antiperoxidative 

effects. In patients with ESRD, melatonin 

prevented oxidative stress by lowering 

plasma MDA and increasing RBC 

Glutathion level [26]. Additionally, it has 

been reported that melatonin reduced the 

level of thiobarbituric acid reactive 

substrates, a marker of byproducts of lipid 

peroxidation, in patients with metabolic 

syndrome [14]. Moreover, Melatonin 

administration caused significant decrease 

in lipid peroxidation byproducts reflected 

by lowering serum Hydroxynonenal level 

and the erythrocytic MDA level in obese 

subject [27]. Furthermore, decrease in MDA 

level and increase in the antioxidant 

enzyme by melatonin supplement have 

been reported in diabetes [28] and 

hypertension [29]. The anti-peroxidative 

effects of melatonin might be attributed to 

improve redox state via its direct free 

radical scavenging and activation of 

antioxidant enzyme and molecules [30]. 

Besides that, Melatonin inhibited LDL 

oxidation possibly by improving HDL 

level and hence restoring HDL associated 

antioxidant enzyme activity such as PON 
[31]. From the results of this study, one can 

conclude that melatonin administration 

remarkably improved lipid and inhibited 

lipid peroxidation in patients with CKD 

and hence may be clinically helpful to 

reduce atherosclerotic events in those 

patients when used as adjunct therapy.  

References  

1- Yamamoto S, Kon V. Mechanisms for 

increased cardiovascular disease in 

chronic kidney dysfunction. Curr Opin 

Nephrol Hypertens 2009; 18: 181-8. 

2- Sarnak MJ, Levey AS, Schoolwerth 

AC, et al. Kidney disease as a risk 

factor for development of 

cardiovascular disease: a statement 

from the American Heart Association 

Councils on Kidney in Cardiovascular 

Disease, High Blood Pressure 

Research, Clinical Cardiology, and 



AJPS, 2018, Vol. 18, No.1                                    Date of acceptance:11-1-2018  

44 
 

Epidemiology and Prevention. 

Circulation 2003; 108: 2154-69. 

3- Go AS, Chertow GM, Fan D, et al . 

Chronic kidney disease and the risks 

of death, cardiovascular events, and 

hospitalization. N Engl J Med 2004; 

351: 1296-1305. 

4- Muntner P, He J, Astor BC, et al . 

Traditional and nontraditional risk 

factors predict coronary heart disease 

in chronic kidney disease: results from 

the Atherosclerosis Risk in 

Communities Study. J Am Soc 

Nephrol 2005; 16:529 –38. 

5- Parmar JA, Joshi AG, Chakrabarti M. 

Dyslipidemia and chronic kidney 

disease. ISRJ. 2014; 3:396–397. 

6- Mikolasevic I, Žutelija M, Mavrinac 

V, et al. Dyslipidemia in patients with 

chronic kidney disease: etiology and 

management. Int J Nephrol Renovasc 

Dis. 2017 Feb 7; 10:35-45 

7- Tsimihodimos V, Mitrogianni Z, 

Elisaf M. Dyslipidemia associated 

with chronic kidney disease. Open 

Cardiovasc Med J. 2011; 5:41–48. 

8- Vaziri ND, Moradi H. Mechanisms of 

dyslipidemia of chronic renal failure. 

Hemodial Int 2006; 10:1–7. 

9- Putri AY, Thaha M. Role of oxidative 

stress on chronic kidney disease 

progression. Acta Med Indones. 2014; 

46(3):244-52.  

10- Dounousi E., Papavasiliou E., 

Makedou A., et al. Oxidative stress is 

progressively enhanced with 

advancing stages of CKD. Am. J. 

Kidney Dis. 2006; 48:752–760 

11- Cachofeiro V, Goicochea M, de 

Vinuesa SG, et al. Oxidative stress and 

inflammation, a link between chronic 

kidney disease and cardiovascular 

disease. Kidney Int Suppl. 2008 

;(111): S4-9.  

12- Meng X, Li Y, Li S, et al. Dietary 

Sources and Bioactivities of 

Melatonin. Nutrients. 2017 Apr 7;9(4).  

13- Kadhim HM, Ismail SH, Hussein KI, 

et al. Effects of melatonin and zinc on 

lipid profile and renal function in type 

2 diabetic patients poorly controlled 

with metformin. J Pineal Res. 

2006;41(2):189–93. [PubMed] 

14- Kozirog M, Poliwczak AR, 

Duchnowicz P. et al. Melatonin 

treatment improves blood pressure, 

lipid profile, and parameters of 

oxidative stress in patients with 

metabolic syndrome. J Pineal Res. 

2011;50(3):261–6. 

15- Wakatsuki A, Okatani Y, Ikenoue N, 

et al. Melatonin protects against 

oxidized low-density lipoprotein-

induced inhibition of nitric oxide 

production in human umbilical artery. 

J Pineal Res. 2001; 31:281–8. 

16- Dominguez-Rodriguez A, Abreu-

Gonzalez P, Garcia- Gonzalez M. et 

al. Elevated levels of oxidized low-

density lipoprotein and impaired 

nocturnal synthesis of melatonin in 

patients with myocardial infarction. 

Atherosclerosis. 2003; 180:101–5. 

17- Koch BC, van der Putten K, Van 

Someren EJ. et al. Impairment of 

endogenous melatonin rhythm is 

related to the degree of chronic kidney 

disease (CREAM study) Nephrol Dial 

Transplant. 2010; 25:513–519 

18- Sun H, Gusdon AM, Qu S. Effects of 

melatonin on cardiovascular diseases: 

progress in the past year. Curr Opin 

Lipidol. 2016 Aug; 27(4):408-13. 

19- Edalat-Nejad M, Haqhverdi F, 

Hossein-Tabar T. et al.  Melatonin 

improves sleep quality in hemodialysis 

patients. Indian J Nephrol. 2013 

Jul;23(4):264-9.  

20- Celinski K, Konturek PC, Slomka M, 

et al. Effects of treatment with 

melatonin and tryptophan on liver 

enzymes, parameters of fat 

metabolism and plasma levels of 

cytokines in patients with 

nonalcoholic fatty liver disease--14 

months follow up. J Physiol 

Pharmacol 2014; 65:75–82 

21- Hussain SA. Effect of melatonin on 

cholesterol absorption in rats. J Pineal 

Res 2007; 42:267–271. 



AJPS, 2018, Vol. 18, No.1                                    Date of acceptance:11-1-2018  

45 
 

22- Chan TY, Tang PL. Effect of 

melatonin on the maintenance of 

cholesterol homeostasis in the rat. 

Endocr Res 1995; 21:681–696. 

23- Dauchy RT, Blask DE, Sauer LA et al. 

Physiologic melatonin concentration, 

omega-3 fatty acids, and conjugated 

linoleic acid inhibit fatty acid transport 

in rodent hind limb skeletal muscle in 

vivo. Comp Med 2003; 53:186–190 

24- Florens N, Calzada C, Lyasko E, et al. 

Modified Lipids and Lipoproteins in 

Chronic Kidney Disease: A New Class 

of Uremic Toxins. Toxins (Basel). 

2016; 8(12): 376. 

25- Samouilidou EC, Karpouza AP, 

Kostopoulos V, et al. Lipid 

abnormalities and oxidized LDL in 

chronic kidney disease patients on 

hemodialysis and peritoneal dialysis. 

Ren Fail. 2012; 34(2):160-4. 

26- Herrera J, Nava M, Romero F, et al. 

Melatonin prevents oxidative stress 

resulting from iron and erythropoietin 

administration. Am J Kidney Dis. 

2001; 37(4):750-7.     

27- Szewczyk-Golec K, Rajewski P, 

Gackowski M, et al. Melatonin 

Supplementation Lowers Oxidative 

Stress and Regulates Adipokines in 

Obese Patients on a Calorie-Restricted 

Diet Oxid Med Cell Longev. 2017; 

2017: 8494107. 

28- Ke˛dziora-Kornatowska K, Szewczyk-

Golec K, et al. Melatonin improves 

oxidative stress parameters measured 

in the blood of elderly type 2 diabetic 

patients. J Pineal Res 2009; 46:333–

337 

29- Ke˛dziora-Kornatowska K, Szewczyk-

Golec K, Czuczejko J et al. 

Antioxidative effects of melatonin 

administration in elderly primary 

essential hypertension patients. J 

Pineal Res 2008; 45:312–317. 

30- Reiter RJ, Tan DX, Mayo JC, J, et al. 

Melatonin as an antioxidant: 

biochemical mechanisms and 

pathophysiological implications in 

humans. Acta Biochim Pol. 

2003;50(4):1129-46. 

31- Soran H, Schofield DJ and Durrington 

PN. Antioxidant properties of HDL. 

Front Pharmacol. 2015; 6: 222. 


