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1. Introduction

Free radicals are unstable and highly reactive. They become

stable by acquiring electrons from nucleic acids, lipids,

proteins, carbohydrates, or any nearby molecule causing a

cascade of chain reactions resulting in cellular damage and

disease. In normal cells, ROS (reactive oxygen species) and

antioxidants are in homeostatic balance. When the redox

balance is disrupted towards an overabundance of ROS,

oxidative stress (OS) occurs. OS plays a role in conditions such

as abortion, pre-eclampsia, hydatidiform mole, fetal embryo-

pathy, preterm labor and pre-eclampsia, and gestational
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Aims: To clarify the levels of protein oxidation markers such as protein carbonyl (PCO),

protein hydroperoxides (P-OOH), advanced oxidation protein products (AOPP) and nitrotyr-

osine (NT), as well as antioxidative enzymes such as paraoxonase (PON-1) in women with

and without gestational diabetes mellitus (GDM).

Methods: The study was conducted on 23 women with GDM and 22 women without GDM.

The levels of the P-OOH, AOPP, and PON-1 were determined by colorimetric methods;

whereas NT and PCO levels were measured by ELISA.

Results: The concentrations of protein oxidation markers were significantly increased and

PON1 activity was significantly decreased in GDM group compared to those of normal

pregnant women. The control group showed a significant negative correlation between

PON-1 and PCO (r = �0.451, p = 0.027); whereas in GDM group, there was a significant positive

correlation between P-OOH and HbA1c (r = 0.89, p = 0.001). There was no significant corre-

lation between AOPP, PON-1, P-OOH, PCO, and HbA1c in either group.

Conclusions: There is evidence of a possible association between protein oxidation and

decreased PON1 activity in GDM. The increase in protein oxidation parameters in the

GDM group leading to decreased PON1 activity might, we think, create a predisposition

for clinical complications in GDM group.
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diabetes mellitus (GDM), which lead to an immense burden of

maternal and fetal morbidity and mortality [1].

Paraoxonase1 (PON1) is a 355 aminoacid glycoprotein,

which is synthesized in the liver and secreted into the blood,

where it associates with HDL (high-density lipoprotein).

PON1’s free thiol at cysteine-284 is required to combat LDL

oxidation and is thought to be the active site for its antioxidant

activity [2]. On the other hand, PON1 was shown to possess

peroxidase-like activity that can contribute to its protective

effect against lipoprotein oxidation, as well as a homocyste-

ine-thiolactonase activity that may be linked with its anti-

atherogenic properties [3,4].

In former studies, lipid oxidation had been the center of

scientific attraction instead of protein oxidation. However, due

to their relatively high abundance, it has been recently

recognized that proteins could be the main targets for

oxidants. Moreover, the maintenance of protein redox status

is considered to be of fundamental importance for cell

function [5–7]; and metal-catalyzed protein oxidation charac-

terized by carbonyl (PCO) formation [8–10], loss of protein thiol

(–SH) groups [10–12], nitrotyrosine (NT) [8–10,13–16], and

advanced oxidation protein products (AOPP) formation [17–

19] may lead to structural changes.

Hyperglycemia in diabetes is associated with increased

glycation, oxidative stress, and nitrosative stress. GDM is

defined as a glucose intolerance of varying severity with onset

or first recognition during pregnancy [20].

Limited publications are available in the current literature

regarding the presence of protein oxidation stress in women

with GDM [21]. Serum PON1 is associated with high-density

lipoprotein (HDL). Studies have shown that serum PON1

activity is reduced in diabetic subjects [21–23]. Furthermore,

protein carbonylation rates in the plasma of pregnant rats

with streptozotocin-induced diabetes were shown to be

elevated [23,24].

The aim of this study was to investigate the plasma levels

of the protein oxidation markers such as PCO, protein

hydroperoxides (P-OOH), AOPP, and NT in GDM and normal

pregnant women. This study also aims to evaluate whether or

not PON1 inactivation results from an interaction of oxidized

proteins with PON1’s active thiol group. Additionally, we

assessed the capability of PON1 to maintain redox status of

proteins and to investigate the effect of protein oxidation on

its antioxidant activity in GDM. If the complex oxidative

interactions in plasma of GDM could be better understood, the

complications of GDM would be prevented.

2. Materials and methods

2.1. Subjects

Overall, 45 women with a singleton pregnancy who were

prospectively followed-up in our clinic were enrolled in the

study. The first 23 consecutive women with GDM and the first

22 consecutive women without GDM were recruited.

Gestational age was confirmed in all pregnant women by a

routine ultrasonographic examination performed during the

first trimester of gestation. All women were nonsmokers and

none used any antenatal medications except anti-anemic

drugs. Inclusion criteria included a signed informed consent,

absence of a clinically relevant illness, normal findings in the

medical history and physical examination except for GDM,

and normal laboratory values. Subjects were excluded if any

clinically relevant abnormality was found during routine

follow-up or in any of the laboratory tests including circulating

anti-insulin antibodies and anti-islet cell antibodies. None of

the subjects was on a special diet or reported intake of any

medication, including ‘‘over-the-counter’’ drugs, at the time of

blood sampling. Exclusion criteria for all subjects were taking

medication, smoking, and high blood pressure for the control

group. The study was approved by the Ethics Committee of

Cerrahpasa Medical Faculty, and every patient gave informed

consent.

All women were screened for GDM with 50 g glucose

challenge test at 24th GW. The 50-g glucose screening test was

carried out independent of the time of day or any previous

meals at about 24 weeks gestation. An oral glucose tolerance

test was recommended to all patients whose 1-h test result

was equal to or exceeded 140 mg/dl (7.8 mmol/l).

A diagnosis of GDM was made by 100-g oral glucose

tolerance test (OGTT) and results were evaluated according to

the Carpenter-Coustan Criteria [25]. GDM was diagnosed if at

least 2 abnormal values were met: fasting, �95 mg/dl

(5.3 mmol/l); 1 h, �180 mg/dl (10.0 mmol/l); 2 h, �155 mg/dl

(8.6 mmol/l); 3 h, �140 mg/dl (7.8 mmol/l). Women diagnosed

with gestational diabetes were seen weekly and treatment

consisted of dietary treatment (energy goals of 35 kcal/kg of

ideal body weight), adapted to allow 0.2–0.5 kg weight gain per

week. Antidiabetic diet was combined with insulin based on

the patient’s ability to achieve glycemic control within 0–2

weeks. Insulin therapy was initiated if blood glucose readings

remained above target levels [5.8 mmol/l (105 mg/dl) before

meals and 7.1 mmol/l (130 mg/dl) 2 h after meals] and was

adjusted by the patient on a daily basis using a protocol of self-

monitored blood glucose levels 3–4 times per day. Of the

women with GDM, 19 were clinically managed by diet alone

and 3 were prescribed insulin in addition to dietary manage-

ment. The women were advised to keep daily records of food

intake and document their blood glucose results, which were

reviewed every 1–2 weeks. Treatment targets [5.8 mmol/l

(105 mg/dl) before meals and 7.1 mmol/l (130 mg/dl) 2 h after

meals] were achieved in all women. Timing of delivery was

based primarily on obstetric indications.

2.2. Study protocol

2.2.1. Blood samples
After the completion of recruitment procedure, blood samples

were taken between 24 and 28 gestational weeks in the

morning, after a mild breakfast, to avoid the confounding

effect of diurnal variation of oxidative stress parameters as

reported previously [26]. Venous blood samples were drawn in

the fasting state and processed within 1 h of collection. Blood

samples were collected in tubes containing lithium heparin,

EDTA, or no additive depending on the analysis. For protein

oxidation parameters, all paraoxanase plasma samples con-

taining lithium heparin were stored at �70 8C until analysis,

and all other parameters were determined on the same day of

collection.
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