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ABSTRACT  
 
 Background: Patients under hemodialysis are at high risk for atherosclerotic events. Enhanced oxidant 
stress, dyslipidemia and inflammation may play a major role in this risk. Paraoxonase-1 (PON-1) is shown to 
reside over high density lipoprotein (HDL) and has both antioxidant and anti-atherogenic functions. Methods: 
Serum PON-1 was measured in 30 end stage renal disease (ESRD) children on hemodialysis and compared the 
results with those of 30 age and sex matched controls. We also studied the lipid profile of both patients and 
controls. Results: The paraoxonase-1 level was significantly reduced in ESRD patients compared to controls 
(63.3 Vs. 103.9). Total cholesterol, triglycerides (TG) and low density lipoprotein cholesterol (LDL-C) levels 
were significantly higher in cases compared to controls, while high density lipoprotein cholesterol (HDL-C) 
levels were significantly lower in cases than controls. Conclusion: Patients on long term hemodialysis have 
decreased paraoxonase-1 activity, which might indicate a greater risk of premature atherogenesis. 
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Introduction 
 
 The major cause of mortality in patients with end-stage renal disease (ESRD) receiving renal replacement 
therapy is cardiovascular disease. More than one million of these patients throughout the world are surviving 
with the assistance of renal replacement therapy and more than 800,000 patients receive hemodialysis (HD) 
which is the most frequent modality (Gugliucci et al., 2012). Patients with chronic renal failure (CRF) are at 
increased risk for atherosclerosis (Prakash et al., 2008). Impaired lipoprotein metabolism such as decreased 
high-density lipoprotein-cholesterol concentrations, increased remnant particles and hypertriglyceridemia was 
found in these patients (Lewis et al., 2010; Vaziri et al., 2010; Attman and Samuelsson 2009 and Saran and Du 
Bose, 2008). High-density lipoprotein (HDL), the key player in reverse cholesterol transport, has the ability to 
protect low-density lipoprotein (LDL) against oxidation. It is an anti-inflammatory mediator, protects the 
endothelium, and modulates coagulation (Gordon et al., 2011; Lee and Choudhury, 2010; Francis, 2010; 
Kontush and Chapman, 2010 and Krauss, 2010).There is mounting evidence that paraoxonase-1 (PON-1) could 
be implicated in several of these processes (Gugliucci et al., 2012). 
 Paraoxonase (PON) is an aryldialkylphosphatase, which reversibly binds and hydrolyzes organophosphates. 
The PON family has three members (PON-1, PON-2 and PON-3). They share structural properties and 
enzymatic activities. PON-1 is synthesized in the liver and transported in plasma by binding to high density 
lipoprotein (HDL). It has both anti-oxidant and anti -atherogenic functions (Prakash et al., 2010). Human PON1 
is an esterase associated with apolipoprotein AI (apoAI) and clusterin (apolipoprotein J) in HDL. It displays 
paraoxonase and arylesterase activities since it hydrolyzes organophosphate compounds such as paraoxon, and 
aromatic carboxylic acid esters such as phenylacetate. PON-1 possesses peroxidase-like activity that can 
contribute to its protective effect against lipoprotein oxidation (Aviram et al., 1998). It also displays 
homocysteine-thiolactonase activity that may be linked with its antiatherogenic properties (Jakubowski, 2010 
and Bełtowski et al., 2010). It protects lipids in lipoproteins, macrophages and erythrocytes from oxidation. 
Together with its antioxidative properties, PON-1 has added antiatherogenic activities against macrophage foam 
cell formation (Gugliucci et al., 2012). There is accumulating evidence that the lactonizing/lactonase activity of 
PON1 may be physiologically the most significant. Lactonase activity is exerted on oxidized phospholipids and 
on homocysteine-thiolactone (Perła-Kaján and Jakubowski, 2010; Kerkeni et al., 2009; Vos, 2008; Domagała et 
al., 2006 and Lacinski et al., 2004). Homocysteine thiolactonase activity may prevent proteins from 
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homocysteinylation and is thought to be a protective factor against the progression of atherosclerosis (Sztanek et 
al., 2012). Hyperhomocysteinemia is common in both ESRD and in patients on dialysis and may be an added 
risk factor for enhanced atherogenesis (Gugliucci et al., 2012). 
 Paraoxonase- 2 (PON-2) is absent in plasma but is expressed in many tissues. Paraoxonase-3 (PON3) like 
PON-1 is found to be associated with HDL particles (Reddy et al., 2001 and Draganov et al., 2000). Both PON-
2 and PON-3 possess antioxidant properties and lactonase activity, but unlike PON-1 they lack paraoxon or 
phenyl acetate hydrolyzing activity (Betowski et al., 2002). Draganov et al. (2000) have observed PONs 
exhibiting overlapping and distinct substrate specificities (Draganov et al., 2005). In the past decade many 
studies have been made on PON-1 status in patients with renal failure and the effect of different therapeutic 
modalities on its activity. In this work we studied PON1 status in ESRD patients, who were under hemodialysis 
for more than 3 months. 
 The aim of the present study is to determine whether paraoxonase activity and lipid status are altered in 
patients with chronic renal failure who were on long term hemodialysis treatment as compared to healthy 
population. 
 
Patients and Methods: 
 
Study Design: 
 
Patients: 
 
 Thirty children aged 3-16 years of whom 13 were girls and 17 were boys, who had been on hemodialysis 

 months due to end stage renal disease (ESRD) were recruited in the study. They have undergone 
hemodialysis in Abou El-Rish Hospital, Cairo University. All patients included in this study were receiving 
hemodialysis for 3 to 84 months. The primary causes of renal failure were pyelonephritis in 8 patients, 
glomerulonephritis in 4 patients, interstitial nephritis in 8 patients, urolithiasis in 3 patients, bilateral atrophic 
kidney in 4 patients, hemolytic uremic syndrome in 1 patient, congenital renal hypoplasia in 1 patient and 
polycystic renal disease in the last patient. 
 Patients were compared with 30 healthy controls with matched age and sex and who were confirmed not to 
have any medical illness, negative family history of heart disease or atherogenic insults. All patients underwent 
clinical examination including mean ±S.D. of weight (22.68±7.2kg), height (113.17±15.03 cm), systolic blood 
pressure (112.67±12.85 mmHg) and diastolic blood pressure (74±8.94 mmHg). 
 
Methods: 
 
 Five ml of venous blood were withdrawn from each patient participating in this study after fasting for 12 
hours and divided into two aliquots. The first aliquot (1 ml of venous blood) was added into a tube containing 
EDTA for hemoglobin determination on Coulter counter T890 (Coulter counter, Harpeden, UK). The remaining 
4 ml of venous blood was left to clot in a plain tube and the serum was separated by centrifugation 3000 x g for 
5 minutes. The serum was used for determination of urea nitrogen, creatinine, total cholesterol, triglycerides, 
high density lipoprotein-cholesterol, low density lipoprotein-cholesterol and Paroxonase-1.  
 Determination of serum urea nitrogen, creatinine, total cholesterol, HDL-cholesterol, LDL-cholesterol and 
triglycerides were carried out on Erba - XL-300 autoanalyzer. Determination of PON-1 activity was measured 
by adding serum to tris buffer (100 mmol/L, pH 8) containing 2mmol/L CaCl2 and 5.5mmol/L paraoxon (O,O-
diethyl-O-p-nitrophenyl phosphate) (Sigma St Louis, Mo, USA). The rate of generation of p-nitro phenol was 
determined at 405 nm, 25 ᴼC with the use of continuously recording spectrophotometer (Koncsos et al., 2010). 
 
Statistical Analysis: 
 
 SPSS for windows version 7.0 computer program was used for statistically analysis. The P-value less than< 
0.05 is considered significant and < 0.001 was considered highly significant. The T-test used to compare 
between two independent means. 
 
Results: 
 
 The results of this study were illustrated in Tables (1) and (2).  
 Table (1) showed the demographic, clinical, anthropometric and biochemical characteristics of ESRD 
children undergoing dialysis and normal controls. It revealed a highly significant decrease in serum levels of 
paraoxonase in ESRD children undergoing dialysis when compared to normal controls (63.4 ± 13.6) vs. (103.9 
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±11.6). Table (1) also showed a highly significant increase in serum levels of total cholesterol, LDL-C and TG 
in cases compared to controls, while HDL-C is significantly decreased in cases than controls  
 Table (2) showed the correlation coefficient between blood levels of paraoxonase-1 and all lipid profile 
parameters. It revealed a positive significant correlation between serum level of paraoxonase-1 and HDL-C, a 
negative significant correlation between serum level of paraoxonase-1 and total cholesterol and LDL-C and a 
negative insignificant correlation between serum level of paraoxonase-1 and TG. 
 
Table 1: Demographic, clinical, anthropometric and biochemical characteristics of patients (N=30) and controls (N=30). 

 Mean ± SD Significance (P-value) 
Serum Paraoxonase (mg/dl) 
Cases 
Controls 

 
 63.3 ± 13.6 
103.9 ± 11.6  

 
< 0.005 HS  
 

Age (years) 
Cases 
Controls 

 
10.6 ± 3.3 
8.4 ± 4 

 
< 0.05 S 

Weight (kg) 
Cases 
Controls 

 
27.7 ± 7.2 
17.7 ± 8.3 

 
< 0.001 HS 

Height (cm) 
Cases 
Controls 

 
113.2 ± 15 
 98.6 ± 16.4 

 
< 0.0001 HS 

Total Cholesterol (mg/dl) 
Cases 
Controls 

 
219.3 ± 54.2 
162.4 ± 17 

 
< 0.0005 HS 

HDL-C (mg/dl) 
Cases 
Controls 

 
32.2 ± 8.7 
44.8 ± 4 

 
< 0.0005 HS 

LDL-C (mg/dl) 
Cases 
Controls 

 
141.7 ± 51.7 
97.9 ± 19.8 

 
< 0.005 HS 

Triglycerides (mg/dl) 
Cases 
Controls 

 
251.8 ± 41.5 
102.8 ± 23.4 

 
< 0.0005 HS 

Creatinine before dialysis (mg/dl) 
Cases 
Controls 

 
8.5 ± 2.6 
0.5 ± 0.14 

 
< 0.005 HS 

Creatinine after dialysis (mg/dl) 
Cases 
Controls 

 
3.2 ± 2.5 
0.5 ± 0.14 

 
< 0.005 HS 

Urea nitrogen before dialysis (mg/dl) 
Cases 
Controls 

 
66.9 ± 14.7 
12.7 ± 1.9 

 
< 0.0005 HS 

Urea nitrogen after dialysis (mg/dl) 
Cases 
Controls 

 
14.7 ± 8.6 
12.6 ± 1.9 

 
 NS 

Systolic blood pressure (mm Hg) 
Cases 
Controls 

 
112.7 ± 12.8 
93.9 ± 3.5 

 
 NS 

Diastolic blood pressure (mm Hg) 
Cases 
Controls 

 
74 ± 8.9 
76.9 ± 4.8 

 
 NS 

Hematocrite (%) 
Cases 
Controls 

 
29.8 ± 5.8 
38.9 ± 1.6 

 
< 0.0005 HS 

Hemoglobin (gm/dl) 
Cases 
Controls 

 
9.9 ± 1.7 
13.1 ± 0.7 

 
< 0.0005 HS 

HS: Highly significant NS: Non significant S: Significant 
 
Table 2: Correlation coefficient between blood level of paroxonase-1 and total cholesterol, HDL-C, LDL-C and triglycerides. 

Paraoxonase 1 (mg/dl) Total cholesterol HDL-C LDL-C TG 
R 
P 
 

-0.46 
< 0.05 
Significant 

+0.51 
< 0.05 
Significant 

-0.4 
<0.05 
Significant 

-0.075 
> 0.05 
Not Significant 

 
Discussion: 
 
 The risk of atherosclerotic cardiovascular disease is high in CRF patients on long term hemodialysis as 
compared to normal population. Several mechanisms such as hypertension, dyslipidemia and hypo-albuminemia 
associated with CRF are the contributory factors to the increased risk. Although atherosclerosis is a multi-
factorial process, oxidatively modified LDL resulting from increased oxidative stress, may play an important 
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role in its initiation and progression (Sawant et al., 2010). This modified LDL is known to accelerate the process 
of atherosclerosis more than the native LDL. In CRF patients, the susceptibility of LDL to oxidative 
modification is very high, suggesting impaired lipoprotein protection against oxidation (Shimazu et al., 2001). 
Gbandjaba et al. (2012) stated that paraoxonase-1 (PON1) is mainly complexed to HDL and is responsible, at 
least in part, for their antioxidant properties. They also reported that oxidative stress conditions were 
significantly higher in ESRD patients undergoing hemodialysis, which may increase the risk of atherosclerosis 
in this population. 
 This study showed that the mean serum level of paraoxonase-1 (PON-1) was significantly reduced in ESRD 
patients undergoing hemodialysis. These results were in agreement with those performed by Prakash et al. 
(2010) and Juretice et al. (2001) who observed significantly decreased paraoxonase activity in CRF patients, 
particularly those on chronic maintenance hemodialysis. Moreover, Shetty et al., found that PON-1 activity is 
decreased with increase in severity of renal failure (Shetty et al., 2007). A study done by Juretic et al stated that 
paraoxonase activity was decreased more in patients on long term dialysis (Juretice et al. (2001)). However, in 
this study the correlation between paraoxonase activity and duration of dialysis was not statistically significant. 
This study also showed that serum paraoxonase activity varied considerably with age. This is supported by the 
results of Lahrach et al. (2008) who stated that paraoxonase activity was decreased in hemodialysis patients, 
especially in elderly patients.  
 It was also found that the total cholesterol, triglycerides and LDL-C were significantly higher in cases 
compared to controls, while the HDL-C was significantly lower in cases when compared to controls. The same 
results were observed by Prakash et al. (2008 & 2010). Moreover, Lahrach et al. (2008) found an inverse 
correlation between paraoxonase activity and LDL- Cholesterol. To assess whether or not the observed 
reduction in paraoxonase activity was due to HDL decrease, we standardized the enzyme activity for HDL 
concentration, (PON/ HDL) which was significantly lower in our uremic patients as compared to controls (63.3 
/32.2=1.97) vs. (103.9/44.4= 2.34). This is similar to what was reported by Paragh et al. (1998) who estimated 
that the standardized enzyme activity (PON/HDL ratio) was lower in uremic patients when compared to 
controls. Schiavon et al. (1996) also found that the paraoxonase activity was significantly reduced in 
hemodialysed patients compared with healthy controls and concluded that paraoxonase activity may be an 
adjunctive index of altered lipoprotein metabolism with important repercussion on atherosclerosis. On the other 
hand, Juretice et al. (2001) found that basal paraoxonase activity standardized for HDL cholesterol 
concentration was not statistically reduced in hemodialyzed uremic patients as compared to controls.  
 Previous studies discovered that dyslipidemia (DL) is associated with decreased PON-1 activity in chronic 
renal failure (CRF) patients (Varga et al., 2012). Prakash et al. (2008) reported that the decrease in paraoxonase 
activity is associated with altered lipoprotein metabolism that favors atherogenesis with significant decrease in 
HDL cholesterol and increase in LDL cholesterol levels. They concluded that serum paraoxonase activity 
correlated positively with HDL cholesterol, indicating its association with HDL (Prakash et al. 2008). Human 
paraoxonase 1 (PON-1) is responsible for the antioxidant effect of high-density lipoprotein (HDL) by inhibiting 
low-density lipoprotein oxidation (Varga et al., 2012).  
 On the other hand, Varga et al. (2012) reported that decreased arylesterase activity, correlating with PON1 
enzyme protein quantity, is not explicable by decreased HDL-C in CRF, and that low HDL-C CRF patients’ 
increased cardiovascular morbidity is not attributable to changes in PON1 activity. Schiavon et al. (1996) found 
that the serum PON-1 activity was significantly reduced in uremic patients. They also reported that altered HDL 
subfraction is likely to be the main cause of the decreased PON1 activity. Other authors reported that one 
possible cause of decreased PON -1 activity could be the lower HDL- C and apo-AI levels in CRF patients 
(Mackness et al., 1985). Shetty el al. (2007) reported that reduced PON1 activity in patients with CRF may 
increase oxidation of LDL by lipid peroxidation, thereby contributing to the accelerated development of 
atherosclerosis in CRF.  
 Dantoine et al. (1998) have also shown decreased activity of PON-1 in CRF patients, particularly those on 
maintenance hemodialysis. The decrease in PON-1 activity could be the result of lower HDL concentrations in 
CRF patients, given that HDL is the main serum carrier of PON-1 (Paragh et al., 1998). Other possible 
explanations for the decrease in PON1 activity in CRF patients may be unfavorable uremic environment due to 
the retention of uremic toxins and/or “middle molecules” including advanced glycation endproducts (AGE), free 
adducts and peptides which could play a mechanistic role in decreasing PON1 activity (Gugliucci et al., 2007). 
 Studies done by Saeed et al. (2008), they reported a significantly lowered arylesterase activity in both 
ESRD patients undergoing hemodialysis and those under conservative treatment and they found no significant 
difference between both groups. It is noteworthy to mention that the decreased paraoxonase activity in this study 
was found to be associated with increased serum levels of creatinine in patients with ESRD as compared with 
the controls. This correlation between decreased paraoxonase activity and increased creatinine level in ESRD 
patients was also estimated by Prakash et al. (2008) and Saeed et al. (2008). Moreover, a positive correlation 
between serum creatinine and lipid hydroperoxides was observed by Shetty et al. (2007). The results of this 
study was supported by Gugliucci et al. (2007), who studied pre- and post-dialysis samples and showed that 
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post-dialysis samples in all patients displayed a significant, consistent increase in the activity of the antioxidant 
enzyme PON-1. The effect correlates with the effectiveness of dialysis in clearing creatinine and urea. This 
strongly suggests that elimination of some inhibiting low molecular factor may be responsible in part for the 
recovery of PON1 activity. Uremic toxins, therefore, may be putative mediators of PON1-deficient activity 
(Gugliucci et al., 2012).  
 Kidney failure patients have very high levels of advanced glycation end products, even more than diabetic 
patients (Weiss et al., 2000). Gugliucci et al. (2007) studied AGEs in the hemodialysed patients, and reported 
that the clearance of low-molecular-weight AGEs after hemodialysis, explained 79% of the changes in PON-1 
activity and hence concluded that they were a much better predictor than creatinine changes. They performed an 
in vitro incubation of paraoxonase with serum ultrafiltrates which showed a time and concentration dependent 
inhibition of PON-1 by the ultrafiltrates, an inhibition that was up to 3 times higher (from 8 to 24%) when CRF 
patients were the source of the ultrafiltrate. They concluded that if the hypothesis that AGEs are the main 
culprits is proved in further research, this opens a putative therapeutic avenue for AGE blockers in ESRD. 
 Sztanek et al., recommended the measurement of lactonase activity in future studies on hemodialysed and 
renal transplanted patients, as human paraoxonase-1 (PON1) has also been described as a lactonase and was 
found to be a predictor of cardiovascular disease (Sztanek et al., 2012). Moreover, homocysteine thiolactonase 
activity may prevent proteins from homocysteinylation and is thought to be a protective factor against the 
progression of atherosclerosis (Saeed et al., 2008). Gugliucci et al. (2012) reported that lactonase activity of 
PON1 is lower in ESRD patients and is partially restored by hemodialysis, when they compared pre- and post-
dialysis samples, lactonase changed favorably as a result of dialysis, as did the other activities. This is worthy of 
note, given the likelihood that lactonase activity may be the most important physiological atheroprotective 
function of PON1. ESRD patients may be more susceptible to the harmful effects of lipid peroxidation and to 
protein homocysteinylation than healthy subjects due to the decreased activity of lactonase. They concluded that 
a lower serum lactonase activity coupled with, delayed catabolism of oxidized phospholipids in LDL and 
oxidized macrophages, and with greater protein homocysteinylation, accelerates atherogenesis. They also 
concluded that lower lactonase activity in ESRD patients may be due to its inhibition by uremic toxins and 
oxidative stress (Gugliucci et al., 2011).  
 
Conclusion: 
 
 According to our data, estimation of PON-1 activity and standardized enzyme activity (PON/HDL) is 
important as a determinant for possible development of vascular diseases in ESRD patients on hemodialysis 
who have reduced PON-1 or PON-1/HDL ratio. Enhancement or maintenance of the PON1 activity may prevent 
development of CVDs and its consequences in patients on hemodialysis. Because of the pathogenic relationship 
between oxidized LDL and homocysteine as nontraditional risk factors of atherosclerosis. Therapeutic strategies 
adopted to reduce them may be useful in decreasing high prevalence of cardiovascular mortality in dialysis 
patients. In addition, measurement of PON-1 activity for HDL concentration ratio (PON-1/HDL) is possibly a 
more valuable biomarker than arylesterase activity alone in non-diabetic ESRD. 
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