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Abstract

Aim Aim of this study is to find out clinical relevance of

estimating PON1 arylesterase activity, total oxidative stress

(TOS), nitric oxide (NO), and vitamin C levels in maternal

serum for prediction of birth weight of newborn.

Methods We have investigated the PON1 arylesterase

activity, TOS, NO, vitamin C, total protein, and albumin

levels in 56 postnatal clinic patients having newborn

weighing\2500 gm (low birth weight) and compared with

56 postnatal clinic patients having newborn weighing

[2500 gm. Samples were collected immediately after

delivery.

Results PON1 arylesterase activity levels show sig-

nificant decrease in cases as compared to controls (93.27 ±

13.76 kU/l vs. 112.77 ± 9.42 kU/l). Nitric oxide (ni-

trate ? nitrite) levels are also found to be significantly

decreased in cases with respect to controls (22.89 ± 2.65

umol/l vs. 24.73 ± 3.80 umol/l). Total oxidative stress is

significantly increased in cases than in control subjects

(23.34 ± 2.64 lmol H2O2 equiv./l vs. ± 21.43 ±

2.47 lmol H2O2 equiv/l). Vitamin C levels are also sig-

nificantly decreased in cases as compared to controls

(1.23 ± 0.25 mg/dl vs. 1.34 ± 0.28 mg/dl). Positive cor-

relation between neonatal birth weight and maternal serum
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PON1 arylesterase activity (r = 0.682, p\ 0.05) while

negative correlation is obtained between neonatal birth

weight and maternal serum oxidative stress (r = -0.478,

p\ 0.05). Logistic regression analysis is applied for

assessing predictive utility which demonstrated a sig-

nificant association of birth weight with PON1 arylesterase

activity (AUC = 0.960, Naglekerke’s R2 = 0.793,

p\ 0.05)

Conclusion Decreased arylesterase activity and antioxidant

vitamin C levels with increased total oxidative stress in ma-

ternal serum may be considered as the additional risk factors

for the development of low birth weight newborn.

Keywords Low birth weight � Arylesterase �
Total oxidative stress

Introduction

The weight of the infant at birth is a powerful predictor of

infant growth and survival and which depends on maternal

health and nutrition throughout the pregnancy [1]. Low birth

weight has been defined by the World Health Organization

(WHO) as weight at birth of less than 2500 g (5.5 lb) [2]. In

India prevalence of low birth weight neonate is 25–30 % [3].

Maternal, fetal, placental, and external factors along with

genetic growth potential throughout pregnancy are the major

determinant of the normal growth of fetus. Impairments in

one or more of these factors affect the fetal growth [4]. There

are various studies that revealed the maternal as well as fetal

risk factors for intrauterine growth retardation; however,

intrauterine growth retardation, which sometimes occurs

without any risk factors, and etiopathogenesis could not be

fully demonstrated. This can be understood by the thought

that, in the pathophysiology of intrauterine growth retarda-

tion, placental failure, which is contributed by oxidative

stress, plays an important role [5].

The family of paraoxonase enzymes comprises three

members paraoxonase 1 (PON1), paraoxonase 2 (PON2),

and paraoxonase 3 (PON3) and genes for which are aligned

adjacent to each other on the 7q 21.3–22.1 chromosome [6,

7]. Paraoxonase 1 [PON1, (EC 3.1.8.1)] is a glycoprotein

of 354 amino acid residues with a molecular weight of

43 kDa [8].

PON1 is located in a subfraction of high-density

lipoprotein that contains apoA-I and clusterin (apo J) which

may function to protect cell membranes generally against

lipid peroxidation and other toxic effects. It is hypothesized

that PON1 is mainly responsible for the breakdown of lipid

peroxides before they could accumulate on LDL [9].

PON1 has been reported to have a number of enzymatic

activities including arylesterase, lactonase, peroxidase, and

phospholipase A2-like activities [10].

Oxidative stress occurs when the generation of reactive

oxygen species and other radical species exceeds the

scavenging capacity by antioxidants [11]. Placental ox-

idative stress can cause deterioration of the syncytiotro-

phoblast; this may give rise to variety of pregnancy

complications out of which intrauterine growth retardation

is one of the important complications. Patients with in-

trauterine growth retardation develop oxidative stress be-

cause of placental ischemia/reperfusion injury secondary to

improper spiral arteriole development [12].

The human fetoplacental circulation is not innervated

and vasoactive factors such as NO are likely to be impor-

tant in maintaining fetoplacental blood flow [13].

Nitric oxide (NO) plays an important role in the control

of systemic blood pressure. NO is synthesized from the

nonessential amino acid L-arginine by the action of enzyme

nitric oxide synthase [14]. Superoxide and oxidized low-

density lipoprotein can lead to endothelial dysfunction by

inactivation of nitric oxide (NO), which regulates arterial

tone, and inhibits local inflammation, coagulation, and cell

proliferation. Oxidative stress and oxidized low-density

lipoprotein impair endothelial functioning and vasodilata-

tion by reducing nitric oxide bioavailability in the artery

wall, events that possibly could be prevented by L-ascorbic

acid [15]. In addition to its antiscorbutic action, vitamin C

is a potent reducing agent and scavenger of free radicals in

biological systems [16].

Here we had hypothesized that low maternal PON1 ary-

lesterase activity results in the low birth weight newborn

taking in consideration the pathophysiological feature of

intrauterine growth retardation endothelial damage and

vascular dysfunctioning in which antioxidant enzyme PON1

arylesterase is considered as protective. We had also mea-

sured maternal oxidative stress and vitamin C levels to asses

the oxidant and antioxidant status of mother and relating

both to the birth weight of newborn. We had also determined

the maternal nitric oxide levels which is thought to play an

important role in uteroplacental blood flow in pregnancy and

related them to birth outcome in the form of weight of

newborn, and by assessing maternal nutritional status by

measuring total protein and albumin in maternal serum

which is also considered as important determinant of ma-

ternal and fetal health, we had determined its effect on birth

outcome in the form of birth weight of newborn.

Materials and Methods

Study Population

This is a hospital-based case control study. In this study,

112 postpartum female patients admitted to Medical Col-

lege Hospital are included; out of which 56 female patients,
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having low birth weight baby, were selected as cases and

control population that consisted of 56 postpartum female

patients having normal birth weight baby and who are

matched for age and gender. None of the women from

cases and control had a positive medical history of cardiac

and metabolic disease. No participants smoked, used caf-

feine or alcohol, and had history of thyroid disease, dia-

betes mellitus, and hypertension. Written informed consent

was obtained from all the participants, and the study was

approved by institutional Ethics Committee.

Exclusion criteria included multiple pregnancies,

preeclampsia, preterm delivery, cesarean delivery, and

maternal chronic disease (hypertension, endocrine diseases,

hyperlipidemia, acute or chronic hepatic diseases).

Sample Collection

Blood samples were obtained from antecubital veins of the

subjects in the cases and control groups. Blood samples

were collected immediately after the delivery. The blood

was allowed to clot at room temperature in plain bulb for

one hour, and serum was collected by centrifugation at

15009g for 10 min. Serum was analyzed within 24 h of

collection.

Biochemical Investigation

Serum PON1 arylesterase activity is estimated using

phenylacetate as substrate, and product phenol is measured

at 270 nm using spectrophotometer [17].

Serum total oxidative stress is measured colorimetrically

at 530 nm [18], while determination of serum nitric oxide

(nitrate ? nitrite) is based on the chemical conversion of

nitrate to nitrite by vanadium chloride. The reaction is

followed by a colorimetric detection of nitrite as an azo dye

product of the Griess reaction [19].

Vitamin C is estimated using its reducing property in

which phosphotungstic acid is reduced to phosphotungstic

blue and measured at 700 nm [20, 21].

Statistical Analysis

Results are presented as mean ± SD. The continuous

variables are tested for normality with Shapiro–Wilk test.

Student’s unpaired t test is used for statistical analysis

between cases and controls for numerical variables in

Gaussian distribution. The strength of association between

two parameters is expressed by the Pearson’s correlation

coefficient.

The logistic regression analysis is used for prediction of

risk of low birth weight contributed by various risk factors.

The three models prepared in the logistic regression for

the analysis of data are

Model 1 Albumin ? total protein ? vitamin C ? nitric

oxide,

Model 2 All parameters in model 1 ? TOS, and

Model 3 All parameters in model 2 ? PON1 arylesterase

activity.

At each step, variable in the model is assessed for its

contribution to the model reflected by the Naglekerke R2

value and p value of the model. Odds ratios (ORs) and

95 % CIs are calculated. p\ 0.05 was considered as

statistically significant.

Results

In Table 1 PON1 arylesterase activity, nitric oxide, and

vitamin C levels are significantly decreased in cases as

compared to controls while TOS is significantly increased

in cases as compared to control.

In Fig. 1 PON1 arylesterase activity has significant

strong positive (r = 0.682, p\ 0.05) correlation with birth

weight of newborn. In Fig. 2 TOS has significant strong

negative (r = -0.478, p\ 0.05) correlation with birth

weight of newborn.

Multivariate Logistic Regression Analysis

It is used for prediction of risk of low birth weight con-

tributed by various risk factors. In each of the next three

models, the adjusted values for nitric oxide, total oxidative

stress, and PON1 arylesterase are shown. These variables

are assessed for their contribution which is reflected by

Naglekerke’s R2, area under curve (AUC), and p value of

the model.

In Table 2 in the first model, the serum albumin, total

protein, vitamin C, and nitric oxide are taken. For this

model, Naglekerke’s R2 out to be 0.121 and area under

curve is 0.668. In the second model when total oxidative

stress is added, to this parameters the result shows in-

crease in Naglekerke’s R2 from 0.121 to 0.182 and area

under curve (AUC) also increased from 0.668 to 0.707. In

the last model, PON1 Arylesterase activity is added which

gives Naglekerke’s R2 as 0.793 and AUC increased to

0.960. All the models are statistically significant with

p\ 0.05.

Regressions model containing albumin, total protein,

and vitamin C is not significant (data not shown) when

nitric oxide, total oxidative stress, and PON1 arylesterase

added risk prediction is progressively increased and the

models were significant. Thus, these models underscore the
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contribution of these parameters to low birth weight either

as a cause or as effect.

This finding suggests that PON1 arylesterase activity,

total oxidative stress, and nitric oxide levels are indepen-

dent predictors of LBW. Multivariate logistic regression

analysis after adjustment of other established risk factors

for LBW demonstrates that decreased PON1 arylesterase

activity is associated with greatest risk for the development

of LBW.

Discussion

Results suggested that PON1 arylesterase activity, nitric

oxide, and vitamin C levels are significantly decreased in

case group compared to control group and TOS is sig-

nificantly increased in case group as compared to control

group. We also estimated maternal serum total protein and

albumin levels to evaluate nutritional status of mother

which is also considered as a known risk factor for the

development of low birth newborn, but our results show

that both groups did not differ with respect to serum total

protein and albumin levels so the confounding by maternal

nutritional status is nullified.

Various studies were conducted to reveal the correlation

between the parameters of oxidative stress and fetal weight

[22–24].

It was demonstrated that PON1 prevents LDL oxidation

by hydrolyzing lipid peroxides and to have protective role

against cellular oxidative damage [25]. Based on this, we

evaluated markers of oxidative stress like TOS and nitric

oxide. We simultaneously estimated the markers of an-

tioxidant defences like PON1 arylesterase activity and vi-

tamin C levels.

Previously, association of PON1 activity and birth

weight was studied taking cord blood as sample [26, 27].

To the best of our knowledge, this is the first study done for

the association of maternal PON1 arylesterase activity and

neonatal birth weight.

In our study, as the case group females were delivered at

term and having the LBW babies, they belong to the small

for gestational age or IUGR group of LBW newborn.

The placenta is the major source of prooxidant agents,

antioxidant enzyme systems, and hormones, and is able to

keep the lipid peroxidation under control in normal preg-

nancy [28]. The balance between prooxidative and an-

tioxidative metabolites affects the LDL-C oxidation.

Estradiol inhibits LDL-C oxidation, whereas progesterone

increases LDL-C oxidation in primary tissue cultures of

term human placenta [29]. PON1 is an antioxidant enzyme

Table 1 PON1 arylesterase activity, TOS, nitric oxide, and vitamin C levels in cases as compared to controls

Parameter Cases (n = 56) Control (n = 56) p value

Age of mother (years) 23.66 ± 3.22 22.66 ± 2.77 0.07

Birth weight of newborn (kg) 2.16 ± 0.17 2.95 ± 0.42 \0.001*

Serum PON1 arylesterase activity (kU/l) 93.27 ± 13.76 112.77 ± 9.42 \0.001*

Serum total oxidative stress (lmol H2O2 equiv./l) 23.34 ± 2.64 21.43 ± 2.47 \0.001*

Serum nitric oxide (nitrate ? nitrite) (umol/l) 22.89 ± 2.65 24.73 ± 3.80 \0.001*

Serum vitamin C (mg/dl) 1.23 ± 0.25 1.34 ± 0.28 0.021*

Serum total protein (gm/dl) 6.96 ± 0.80 7.12 ± 0.61 0.24

Serum albumin (gm/dl) 3.83 ± 0.46 3.92 ± 0.33 0.23

* p\ 0.05
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found in the high-density lipoprotein and prevents oxida-

tive modification of LDL-C [30].

Defective maternal spiral artery conversion is consid-

ered as an important factor predisposing the placenta to

malperfusion and results in atherosclerotic changes in

placental vasculature [31].

Oxidative stress in maternal circulation is responsible

for oxidation of LDL to oxidized LDL (OxLDL) which

plays an important role in triggering and accelerating the

development of atherosclerotic changes resulting in vas-

cular malperfusion which leads to endoplasmic reticulum

stress. ER stress inhibits placental protein synthesis,

eventually triggering apoptosis. Evidence of the unfolded

protein response (UPR) is observed in both IUGR and

preeclampsia ? IUGR placentas, but to a greater extent in

the latter [31–33].

In present study, PON1 arylesterase activity was sig-

nificantly higher in mothers having IUGR babies group,

and this result was considered as a compensatory response

rather than a reason. It was thought that the evaluation of

this response especially during the first trimester could play

a role in the prediction of IUGR.

In present study, significantly decreased levels of ma-

ternal serum NO are observed in cases compared to control

group this is supported by the results of Urban et al. They

demonstrated that serum increase in homocysteine levels in

pregnancies complicated with IUGR were accompanied by

decreased levels of serum total nitrite. Homocysteine and

NO both are the exponents of vessel endothelium function.

Further they suggested that inadequate uteroplacental

blood flow results in fetal growth restriction and the control

of fetoplacental circulation is dependent on locally pro-

duced and circulating vasoactive factors. Nitric oxide is

one of them, levels of which get decreased in intrauterine

growth retardation [34].

However, maternal neutrophil superoxide release is in-

creased in placental pathologies like preeclampsia and

IUGR. Tissues such as macrophages and epithelial,

endothelial, and interstitial cells may be induced to simul-

taneously produce both NO and superoxide to form perox-

ynitrite. In the process, any beneficial effect of NO is lost and

replaced by the deleterious effect of peroxynitrite [35].

In present study, significantly decreased levels of Vitamin

C were observed in cases as compared to controls. Vitamin C

is a hydrophilic antioxidant; it counteracts several hydroxyl

radicals and may contribute in protecting the fetus from

oxygen-free radical damage during pregnancy [36].

Our findings are in concordance with Lee et al. who

demonstrated that pregnant women utilize a defence

mechanism, which is composed of antioxidant-enzymes

and nutrients including vitamins C and E, against oxidative

stress and free radical damage and imbalance between in-

creased oxidative stress and decreased antioxidant defences

impairs fetal growth [37].

To conclude, we can say that in case of mothers having

IUGR newborn have reduced PON1 arylesterase activity,

nitric oxide, and vitamin C levels while increased TOS as

compared to control group. Such reduced activity of PON1

and reduced concentration of vitamin C is obtained prob-

ably because of its utilization for combating excess ox-

idative stress in case of persons having type 2 DM with

complication. Present study also shows the utility of PON1

arylesterase activity for prediction of low birth weight.
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