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Objective: Paraoxonase is a high density lipoprotein-associated anti-
oxidant enzyme. The aim of this study was to investigate the serum 
paraoxonase and arylesterase activities and associations between 
these enzymes and lipid hydroperoxide (LOOH) in preeclamptic pa-
tients. 

Materials and Methods: The study included 47 preeclamptic 
(25 severe and 22 mild preeclampsia cases) and 20 normotensive 
healthy pregnant women. Serum paraoxonase and arylesterase ac-
tivities and LOOH levels were measured.

Results: While serum paraoxonase and arylesterase activities were 
significantly lower in both severe and mild preeclamptic patients 
(P<0.05 for both) than those in normal pregnant subjects, LOOH le-
vels were significantly higher in severe (P<0.01) and mild preeclamp-
sia cases (P<0.05) than in normotensive pregnant subjects. When all 
subjects were evaluated, there was a negative correlation between 
paraoxonase and LOOH (r=-0.24, P<0.05) and between arylesterase 
and LOOH (r=-0.31, P<0.01). 

Conclusion: Our results show that serum paraoxonase and aryleste-
rase activities decrease in preeclampsia, and this situation may be 
associated with increased LOOH in these patients. 

Giriş: Paraoksonaz, yüksek dansiteli lipoprotein içinde bulunan anti-
oksidant bir enzimdir. Bu çalışmanın amacı; preeklamptik hastalarda 
lipid hidroperoksid (LOOH) ile serum paraoksonaz ve arilesteraz ara-
sındaki ilişkiyi araştırmaktır. 

Gereç ve Yöntem: Kırk yedi preeklamptik (25 şiddetli ve 22 hafif 
preeklampsi) ve 20 sağlıklı ve tansiyonu normal olan gebe kadın  ça-
lışma kapsamına alındı. Serum paraoksonaz ve arilesteraz aktiviteleri 
ve LOOH düzeyi ölçüldü. 

Bulgular: Şiddetli ve hafif preeklampsi olgularında serum paraok-
sonaz ve arilesteraz düzeyleri normal gebelere göre daha düşük 
bulunurken (her iki grup için P<0,05) LOOH düzeyleri daha yüksekti 
(şiddetli preeklampsi grubu için P<0,01 ve hafif preeklampsi grubu 
için P<0,05). Tüm olgular birlikte değerlendirildiğinde paraoksonaz 
ile LOOH arasında (r=-0,24, P<0,05) ve arilesteraz ile LOOH arasında 
(r=-0,31, P<0,01) negatif ilişki olduğu bulundu.

Sonuç: Çalışmanın sonucuna göre, serum paraoksonaz ve ariles-
teraz aktiviteleri preeklampside azalır ve bu durum LOOH artışı ile 
ilişkili olabilir. 
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Introduction

reeclampsia is a common disease of human pregnancy 
and a leading cause of both maternal morbidity and 
neonatal mortality. Proteinuria and hypertension with 

or without edema are associated with preeclampsia. Numerous 
theories on the pathophysiological mechanisms have been inves-
tigated; nevertheless, the etiology and pathogenesis of preec-
lampsia is not yet fully understood [1]. 

Endothelial dysfunction and inflammation play a role in 
preeclampsia pathogenesis. Additionally, a reduced invasion of 
the trophoblast into the uterus and placental hypoxia lead to 
placental oxidative stress. If the reactive oxygen species (ROS) 
levels exceed the antioxidant capacity or if the antioxidant levels 
fall in preeclampsia, then generalized oxidative stress will occur.  
ROS cause oxidation of unsaturated fatty acids and thus increase 
the levels of lipid peroxidation products. Lipid peroxidation may 
cause peroxidative damage to the vascular endothelium, and this 
situation may be associated with clinical symptoms in preeclamp-
sia [2]. 

Paraoxonase is associated in human serum with high density 
lipoprotein (HDL), and its arylesterase/paraoxonase activities are 
present. Paraoxonase protects low density lipoprotein and HDL 
from oxidation. This protection is probably related to the ability of 
paraoxonase to hydrolyze some oxidized phospholipids [3] and/
or cholesteryl linoleate hydroperoxides [4]. Serum paraoxonase 
activity was found to be reduced in a number of pathological 
conditions, including myocardial infarction, diabetes and hyper-
cholesterolemia. 

 Previous studies showed decreased serum paraoxonase ac-
tivity in cases of preeclampsia [5-7]. In this study, we aimed to 
investigate serum paraoxonase, arylesterase activities in severe 
and mild preeclamptic patients and to compare these with the 
activities in healthy pregnant patients. Additionally, we evaluated 
the associations between these enzymes and lipid hydroperoxide 
(LOOH).

Materials and Methods

A total of 47 preeclamptic patients (25 severe preeclampsia 
and 22 mild preeclampsia cases) and 20 healthy pregnant sub-
jects were studied.  Following the American College of Obstet-ri-
cians and Gynecologists recommendations, preeclampsia was de-
fined as a persistent elevated diastolic blood pressure (≥ 90mm 
Hg), proteinuria greater than 300 mg in a 24-h urine sample and 
the presence of edema [8]. Mild preeclampsia was diagnosed if 
a blood pressure of 140/90 mmHg was observed on at least two 
occasions 6 h apart with proteinuria (>2+) and edema. Severe 
preeclampsia was diagnosed when the following criteria were 
present: (1) a systolic blood pressure of 160 mmHg or greater or 
a diastolic blood pressure of 110 mmHg or greater on two occa-
sions at least 6 h apart, with the patients resting in bed and (2) 
a proteinuria of 5 g or greater in a 24-h urine collection or of 3+ 
or greater on a dipstick in at least 2 random clean-catch samp-

les at least 4 h apart. Healthy pregnant subjects were selected 
randomly and matched to the preeclamptic patients on the basis 
of maternal age and gestational age. None of the women were 
current smokers or had multiple pregnancies, pre-gestational hy-
pertension or diabetes mellitus.

Written informed consent was obtained from all enrollees, 
according to the criteria of the Ethical Committee of Medical 
Faculty, Ataturk University. Blood samples were withdrawn from 
the preeclamptic group after the diagnosis and from normal 
pregnant women at their routine prenatal visits. The blood was 
collected into dry tubes, and the serum was separated. A serum 
aliquot was stored at −70oC. 

Paraoxonase activity was measured using diethyl-p-nitrophe-
nylphosphate as a substrate as previously described [9]. Briefly, 
40 μL of serum (diluted 1:2 with water) was incubated with reac-
tion mixture at 37°C for 5 min, and then the enzymatic reaction 
was started by the addition of a substrate solution. The basal 
assay mixture contained 1.2 mM paraoxon, 1 mM CaCl

2
 and 50 

mM Tris-HCl (pH 6.8). The increase in A
405

 was recorded. The 
amount of p-nitrophenol formed per minute was calculated from 
the molar absorption coefficient at pH 6.8 (7480 M-1.cm-1). A 
quantity of 1 U/mL of paraoxonase was defined as 1 nmol of 
p-nitrophenol formed per minute. Arylesterase activity was deter-
mined as the rate of phenyl acetate hydrolysis catalyzed by serum 
in a cuvette with 4.4 mM phenyl acetate in 50 mM Tris/acetate 
(pH 7.8) containing 20 mM CaCl

2
 at 37oC. The hydrolysis of phe-

nyl acetate was monitored at 270 nm with a molar absorption 
coefficient at 270 nm of 1310 M-1.cm-1. 

Serum LOOH levels were measured by the method as previ-
ously described [10]. The method is based on the principle of the 
oxidation of Fe2+ to Fe3+ by lipids. 

Statistical Analysis
Results were given as mean±SD.  According to the Kol-

mogorov Smirnov test, because the distribution of all analytes 
was normal, one-way ANOVA followed by the LSD test was used 
to assess the differences between groups. Correlation analyses 
were performed using Pearson’s correlation test. A p value <0.05 
was accepted as significant.

Results

Clinical and demographic data from the preeclamptic and 
control groups are summarized in Table 1. The mean maternal 
age was not different among the groups. As expected from the 
definition criteria, systolic and diastolic blood pressures were sig-
nificantly higher in the severe and mild preeclampsia groups than 
in the normotensive group.

In the present work, the serum paraoxonase and aryleste-
rase activities were significantly lower in both preeclampsia 
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groups (P<0.05 for all, Table 2). LOOH levels were significantly 
higher in severe (P<0.01) and mild preeclampsia cases (P<0.05) 
than in normotensive pregnant subjects. There were no differ-
ences with regard to these enzyme activities between the severe 
and mild preeclampsia groups. When evaluating all patients and 
controls, a negative association between serum paraoxonase and 
LOOH was found (r =-0.24, P<0.05). There was also a significant 
inverse correlation between serum arylesterase and LOOH (r=-
0.31, P<0.01). 

Discussion

Although the pathogenesis of preeclampsia is not under-
stood completely, in recent studies oxidative stress was consid-
ered in the pathogenesis of preeclampsia [11, 12]. Oxidative 
stress results from the imbalance between increased reactive 
oxygen species and defects in antioxidant activities.  Wiktor et 
al. [13] investigated oxidative DNA damage in the placentas of 
preeclamptic pregnancies. They found that 8-hydroxy-2-deoxy-
guanosine levels were higher in preeclamptic pregnancies than 
in the healthy control groups. Also, we have previously found that 
levels of the placental lipid peroxidation product, malondialde-
hyde (MDA), were significantly higher in women with severe and 
mild preeclampsia than in healthy pregnant women [14].

Llurba et al. [15] measured indicative markers of lipoperoxi-
dation and protein oxidation as well as changes in antioxidant 
defense systems in women with preeclampsia. In their study, 
erythrocyte glutathione peroxidase (GPx) activity, superoxide dis-
mutase (SOD) and total plasma lipid hydroperoxide levels were 
significantly enhanced in preeclamptic pregnancies than in nor-
mal pregnancies. In our study, we found there to be higher lipid 
hydroperoxide levels in preeclamptic patients consistent with the 
study by Llurba et al. [15].  Wu [16] reported increased MDA 
levels in preeclamptic pregnancies.

Paraoxonase is an antioxidant enzyme located on HDL that 
protects lipoproteins from being oxidized and is responsible for 
the antioxidant activity of HDL. Sarandol et al. [7] studied the lev-
els of serum MDA and the activities of paraoxonase and aryleste-
rase in the serum of preeclamptic pregnancies. They found that 
serum MDA was significantly higher in the preeclampsia group 
than in the normal pregnant group, and serum paraoxonase 
and arylesterase activities were not different between the two 
groups. Our findings support those of Kumru et al. [6]. They 
performed a study on the changes of serum paraoxonase and 
arylesterase activities in severe preeclamptic women. In their 

study, HDL-cholesterol levels and the paraoxonase and aryleste-
rase activities were found to be lower in the severe preeclamptic 
women than in the controls. They detected a moderately posi-
tive correlation between the serum levels HDL-cholesterol and 
paraoxonase and between HDL-cholesterol and arylesterase. 
They concluded that an abnormal lipid profile and decreases in 
paraoxonase and arylesterase activities might play a role in the 
pathogenesis of preeclampsia.

Since paraoxonase is entirely complexed to HDL in serum, 
the reduction in paraoxonase activity may be due to a reduction 
in the HDL-Cholesterol concentration in preeclampsia. Although 
we did not measure HDL-Cholesterol levels, in some studies it 
was reported that serum HDL-Cholesterol levels were decreased 
in preeclampsia cases [6,17]. The other explanation is that in-
creased oxidative stress may lead to a low activity of paraoxonase 
in preeclampsia. Indeed, it has been shown by Aviram et al. [18] 
that paraoxonase is inactivated in the presence of lipid peroxides. 
Also there was a negative correlation between paraoxonase and 
LOOH in our study. Therefore, decreased paraoxonase activity in 
preeclampsia can be partly explained by the lower increased oxi-
dative stress. In our study, there were no significant differences 
in serum paraxonase and arylesterase activities or LOOH levels 
between mild and severe preeclampsia cases.

Contrast to the reports of Sarandol et al. [7], in the present 
study it was found that serum paraoxonase and arylesterase ac-
tivities were significantly lower in preeclamptic patients than in 
normal pregnant patients. Bayhan et al. [17] found that the se-
rum levels of lipid peroxide were significantly increased in women 
with severe and mild preeclampsia. The study of Ilhan et al. [19] 
revealed that the MDA level was significantly increased and the 
SOD activity was significantly decreased in preeclamptic patients.       

In conclusion, serum paraoxonase and arylesterase activities 
decrease in preeclampsia, and this situation may be one result 
of increased LOOH in such patients. Antioxidant support might 
be helpful to eliminate oxidative stress in preeclampsia. Further 
investigations are necessary to define the association between 
antioxidant activities and preeclampsia.

Paraoxonase and Preeclampsia

Conflict interest statement The authors declare that they have no conflict of interest to the publication of this article.

1.	 Sibai BM. Preeclampsia as a cause of preterm 
and late preterm (near-term) births. Semin 
Perinatol 2006; 30: 16-9.

2.	 Sagol S, Ozkınay E, Ozsener S. Impaired anti-

oxidant activity in women with pre-eclampsia. 
Int J Gynecol Obstet 1999; 64: 121-7.

3.	 Watson AD, Berliner JA, Hama SY, et al. Pro-
tective effect of high density lipoprotein asso-

ciated paraoxonase. Inhibition of the biologi-
cal activity of minimally oxidized low-density 
lipoprotein. J Clin. Invest 1995; 96: 2882-91.

4.	 Aviram M, Rosenblat M, Bisgaier CL, Newton 

References



13EAJM: 40, April 2008

	 RS, Primo-Parmo SL, La Du BNJ. Paraoxonase 
inhibits high density lipoprotein (HDL) oxida-
tion and preserves its functions: A possible 
peroxidative role for paraoxonase. J Clin In-
vest 1998; 101: 1581-90.

5.	 Uzun H, Benian A, Madazli R, Topçuoğlu MA, 
Aydin S, Albayrak M. Circulating oxidized low-
density lipoprotein and paraoxonase activity 
in preeclampsia. Gynecol Obstet Invest 2005; 
60: 195-200.

6.	 Kumru S, Aydin S, Gursu MF, Ozcan Z. Chang-
es of serum paraoxonase (an HDL-cholesterol-
associated lipophilic antioxidant) and aryleste-
rase activities in severe preeclamptic women. 
Eur J Obstet Gynecol Reprod Biol 2004; 114: 
177-81.

7.	 Sarandol E, Safak O, Dirican M, Uncu G. Oxi-
dizability of apolipoprotein B-containing lipo-
proteins and serum paraoxonase/arylesterase 
activities in preeclampsia. Clin Biochem 2004; 
37: 990-6.

8.	 National High Blood Pressure Education Pro-
gram Working Group on high blood pressure 
in pregnancy. Report of the National High 
Blood Pressure Education Program Working 

Group on high blood pressure in pregnancy. 
Am J Obstet Gynecol 2000; 183(suppl): S1-
22.

9.	 Sampson MJ, Braschi S, Willis G, Astley SB. 
Paraoxonase-1 (PON-1) genotype and activity 
and in vivo oxidized plasma low-density lipo-
protein in Type II diabetes. Clin Sci 2005; 109: 
189-97.

10.	 Arab K, Steghens JP. Plasma lipd hydroperox-
ides measurement by an automated xylenol 
orange method. Anal Biochem 2004; 325: 
158-63.

11.	 Roberts JM, Lain KY. Recent insights into the 
pathogenesisof pre-eclampsia. Placenta 2002; 
23: 359-72.

12.	 Hubel C. A. Oxidative stress in the pathogen-
esis of preeclampsia. Proc Soc Exp Biol Med 
1999; 222: 222-35.

13.	 Wiktor H, Kankofer M, Schmerold I, Dadak A, 
Lopucki  M, Niedermüller H. Oxidative DNA 
damage in placentas from normal and pre-
eclamptic pregnancies. Virchows Arch 2004; 
445: 74-8.

14.	 Börekçi B, Aksoy H, Toker A, Ozkan A. Placen-
tal tissue cyclo-oxygenase 1 and 2 in pre-ec-

lamptic and normal pregnancy. Int J Gynecol 
Obstet 2006; 95: 127-31.

15.	 Llurba E, Gratacós E, Martín-Gallán P, Cabero 
L, Dominguez C. A comprehensive study of 
oxidative stress and antioxidant status in 
preeclampsia and normal pregnancy. Free 
Radic Biol Med 2004; 37: 557-70.

16.	  Wu JJ. Lipid peroxidation in preeclamptic and 
eclamptic pregnancies. Eur J Obstet Gynecol 
Reprod Biol 1996; 64: 51-4.

17.	 Bayhan G, Koçyigit Y, Atamer A, Atamer Y, 
Akkus Z. Potential atherogenic roles of lipids, 
lipoprotein(a) and lipid peroxidation in preec-
lampsia. Gynecol Endocrinol 2005; 21: 1-6.

18.	 Aviram M, Rosenblat M, Billecke S, et al. 
Human serum paraoxonase (PON 1) is inac-
tivated by oxidized low density lipoprotein 
and preserved by antioxidants. Free Radic Biol 
Med 1999; 26: 892-904.

19.	 Ilhan N, Ilhan N, Simsek M. The changes of 
trace elements, malondialdehyde levels and 
superoxide dismutase activities in pregnancy 
with or without preeclampsia. Clin Biochem 
2002; 35: 393-7.

Aksoy et al.


