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Abstract Preeclampsia is a multisystem disorder involves

altered homeostasis of oxidants–antioxidants, inflamma-

tory process and endothelial dysfunction. The present study

aim was to determine the levels of oxidative stress

parameters (malondialdehyde, protein carbonyl, ischemia

modified albumin and xanthine oxidase), nutrient antioxi-

dants (vitamin C and vitamin E), enzyme antioxidants

(catalase, superoxide dismutase, glutathione peroxidase

glutathione reductase), total antioxidant status (TAS) and

its association with nitric oxide. The study population

consists of three groups, non pregnants (Group 1, n = 57),

normotensive pregnants (Group 2, n = 57) and

Preeclampsia (Group 3, n = 57). Group 2 and 3 were

followed after delivery within 48 h. In preeclampsia xan-

thine oxidase, malondialdehyde and uric acid levels were

significantly increased (p\ 0.001), while TAS decreased

(p\ 0.05) when compared to normotensive pregnant and

non pregnant. Catalase, glutathione reductase levels were

increased (p\ 0.005) and vitamin E, super oxide dismu-

tase levels were decreased (p\ 0.001) in preeclampsia

when compared to normal pregnants. Receiver operating

characteristics curve analysis showed area under curve for

xanthine oxidase (0.8), malondialdehyde (0.804), Uric acid

(0.84), ischemia modified albumin (0.92) and catalase

(0.88) which indicated as good markers in preeclampsia.

Amongst, ischemia modified albumin is a better marker of

intrauterine hypoxic reperfusion risk with sensitivity

87.7 % and specificity 91.2 %. The increased hydrogen

peroxide from xanthine oxidase adds to oxidative stress

and increased catalase activity in preeclampsia represents

combating action. Increased oxidative stress, decreased

TAS and its apparent reversible changes evinced within

48 h after delivery in preeclampsia illustrated that placental

abnormality is the contributing factor in the pathogenesis.

Keywords Ischemia modified albumin � Xanthine
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Introduction

Preeclampsia is an obstetric problem associated with

hypertension, proteinuria and edema after 20 weeks of

pregnancy. The symptoms include persistent headache,

blurred vision, Vomiting and abdominal pain. The com-

plications of preeclampsia may result in fetal uterine

growth restriction, preterm delivery, maternal and fetal

morbidity and mortality [1]. In the developing and devel-

oped countries, approximately eight hundred women die

from pregnancy and child birth related complications every

day. However, from this data nearly 10–25 % of

preeclampsia cases results in maternal death [2].

The complications of Preeclampsia decreases after

delivery. Although, its exact mechanism is unknown, it has

been suggested that free radicals generated during oxida-

tive stress implicated in promotion of maternal vascular

malfunction by affecting endothelial cells. Oxidative stress

is prominent when the balance between the reactive oxygen

species (ROS) overrides the antioxidant capacity of the

target cell. Thus, altered equilibrium leads to tissue injury
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and damages cellular biomolecules. Therefore, a home-

ostasis between oxidants and antioxidants is crucial in

health and disease [3].

Membrane lipid peroxidation markers, protein markers

and markers denoting nucleic acid damage are increased in

plasma of preeclamptic women. Defensive role of nutrient

antioxidants such as carotenoids, vitamin E, L-ascorbic acid

and enzyme antioxidants status minimize oxidative damage

by virtue of their capacity to scavenge free radicals gener-

ated during cellular metabolic process [4]. Karacy et al. [5]

reported the oxidative stress in terms of malondialdehyde

(MDA) and antioxidants in preeclampsia. In our previous

study we reported that xanthine oxidase (XO) can be con-

sidered as a good marker for preeclampsia but it was not

statistically assessed and compared with other oxidative

stress parameters. And also activity was not evaluated in the

non pregnant basal group. As an extension of this previous

research work we measured xanthine oxidase activity

compared with other oxidative stress parameters and

antioxidants in large sample size. The possibility of con-

sidering xanthine oxidase as an enzyme marker of oxidative

stress along with other oxidative stress markers in

preeclampsia in pre and post-delivery has become the req-

uisite [6]. Therefore, the present study was conducted to

evaluate xanthine oxidase (XO) as a proxidant enzyme and

also, ischemia modified albumin (IMA) as a hypoxic risk

factor in preeclampsia with its clinical importance by

comparing with other known oxidative stress markers.

Similarly, serum catalase as an antioxidant enzyme with

other antioxidants in preeclampsia during pre and post-de-

livery conditions within 48 h needs to be elucidated. This

research gap necessitates a reason for this study.

Materials and Methods

The study was conducted by the Department of Biochem-

istry in collaboration with the Department of Obstetrics and

Gynecology R.L. Jalappa Hospital and Research Center,

Kolar, India after obtaining Institutional Ethical Committee

approval. The enrollment of the study population was

commenced after obtaining individual Informed Consent.

The study was conducted between August 2013 to

December 2015.

The study population was divided into 3 groups. Group

1 (n = 57) comprising of non-pregnants as control popu-

lation; group 2 (n = 57) as normotensive pregnants and

group 3 (n = 57) as preeclampsia cases. G2 and G3 were

in 30–39 weeks of gestation before delivery and same

subjects followed after delivery within 48 h. G2 and G3

subjects were clinically diagnosed from Obstetrics and

Gynecology. The age matched control populations (G1)

were randomly recruited from the healthy volunteers of Sri

Devaraj Urs Medical College and were in 20–30 years.

Pre-eclampsia was diagnosed based on the criteria of

National High Blood Pressure Education Programme

working group involving blood pressure C140/90 mm Hg

and proteinuria (C300 mg/24 h) after 20 weeks of

gestation.

Inclusion criteria were singleton pregnancy, no fetal

anatomical anomaly; nonsmokers were included in the

study. Exclusion criteria were patient with any history of

renal disease, thyroid disorder, chronic hypertension, ges-

tational diabetes, epilepsy, and hypertensive encephalopa-

thy and cardio vascular disease.

Four mL of fasting blood sample were collected from

subjects under the study groups using appropriate vacu-

tainer under aseptic condition. Samples for vitamin E assay

were centrifuged, clear plasma obtained was transferred to

screw capped vials wrapped with aluminum foil in order to

minimize the exposure to light and prevent vitamin E loss.

The samples were stored frozen at -80 �C until analysis.

Fine chemicals like xanthine, xanthine oxidase, glu-

tathione peroxidase, glutathione reductase, Nitro blue

tetrazolium, Phenazenemethosulphate, Sulphanilamide,

NADH, Glutathione (reduced and oxidized), NADPH,

Vitamin E, Ascorbic acid, metaphosphoric acid were

obtained from Sigma Aldrich. All other reagents used were

of analytical grade.

Methods

Malondialdehyde reacts with thiobarbituric acid to form a

pink colored complex; absorbance was measured at

535 nm spectrophotometrically [7].

Protein carbonyl reacts with 2, 4, di-nitro phenyl

hydrazine (DNPH) forming a Schiff base to produce yellow

hydrazine. The absorbance was measured spectrophoto-

metrically at 370 nm [8].

Xanthine oxidase catalyzes the conversion of xanthine

to uric acid and hydrogen peroxide. The increase in

absorbance (DA) was measured at 290 nm against control

[9].

The concentration of ischemia modified albumin was

determined by addition of a known amount of cobalt (II) to

a serum specimen and measured unbound cobalt (II) by

colorimetric assay using dithiothreitol. The absorbance of

the intensity of the color produced measured against con-

trol at 470 nm [10].

Uric acid is converted by uricase to allantoin and

hydrogen peroxide, which under the catalytic influence of

peroxidases, oxidizes 3, 5-dichloro-2 hydroxy benzene

sulphonic acid and 4 amino phenazone to form red violet

172 Ind J Clin Biochem (Apr-June 2017) 32(2):171–178

123



quinine imine absorbance measured at 505 nm spec-

trophotometric ally [11].

Nitric oxide (NO) in plasma measured by the reduction

of nitrate into nitrite by copper coated cadmium granules as

a reducing agent using sodium nitrite as standard (NaNO2).

The nitrite produced is estimated by diazotization of Sul-

fanilamide in acidic medium and then coupling with

Napthyl ethylene Diamine to produce pink colored com-

pound. The absorbance was measured spectrophotometri-

cally at 540 nm [12]. Ferric Reducing Ability of Plasma

(FRAP) reduces ferric ions to ferrous ion at low pH. The

absorbance of violet colored ferrous tripyridyltriazine

complex measured at 593 nm [13].

Superoxide dismutase (SOD) is measured based on the

inhibition of the formation of Phenazenemethosulphate-

Nitro blue tetrazoliumformazon complex. The color

formed at the end of the reaction can be extracted into

butanol and measured at 560 nm [14].

Glutathione peroxidase (GPx) catalyzes the oxidation of

reduced glutathione by hydrogen peroxide. In the presence

of glutathione reductase and NADPH, the oxidized glu-

tathione is converted to the reduced form with simultane-

ous oxidation of NADPH measured as decrease in

absorbance at 340 nm [15].

Catalase rapidly breaks down hydrogen peroxide lead-

ing to decrease in absorbance. A difference in the absor-

bance at 240 nm per minute is measure of catalase activity

[16].

Plasma ascorbic acid oxidized by Cu2? to form dehy-

droascorbic acid which reacts with 2, 4, DNPH to form a

red color bis-hydrazone. The absorbance is measured at

520 nm [17].

Vitamin E measurement based on Emmerie-Engel

reaction, which is based on reduction of ferric iron to

ferrous iron by tocopherols which then forms red colored

complex with a, a1-dipyridyl. Tocopherols and carotenes

were first extracted into petroleum ether and absorbance

was read at 460 nm to measure the carotenes. A correction

was made for this after adding ferric chloride and read at

520 nm [18].

Statistical Analysis

The results were expressed as mean ± standard deviation

and analysed using one way ANOVA test with post hoc

Bonferroni analysis to compare the values between the

three groups. Pearson correlation analysis was used to find

the correlation between the various parameters. Receiver

operating characteristics (ROC) curve analysis was done to

assess diagnostic utility of a parameter in the study. A

probability p value of\0.05 was considered as statistically

significant. Statistical analysis was performed with the

licensed version of SPSS 20.

Results

The demographic data and results of the study were tabu-

lated in Table 1. The subgroups of the study were age

matched. The biochemical parameters under evaluation

belong to oxidative stress group (MDA, IMA, protein

carbonyl and XO) were significantly higher in preeclamptic

cases in pre delivery, whereas the same parameters sig-

nificantly decreased in post-delivery within 48 h. Similarly,

antioxidant status representing parameters were Vitamin C,

vitamin E, FRAP, and enzyme antioxidants were SOD, GR,

GPx, Catalase. Results indicated inverse relation between

oxidative stress and antioxidant status in preeclampsia

patients. Declined antioxidant power (FRAP) with

preeclampsia in pre delivery gradually increased after

Table 1 Comparison of the

biochemical parameters

between groups in the study

population

Parameters G1 (mean ± SD) G2 (mean ± SD) G3 (mean ± SD)

Malondialdehyde (lmoles/L) 4.53 ± 2.2 6.8 ± 5.4 15.4 ± 9.7

Protein carbonyl (nmol/L) 98.95 ± 39.9 137.21 ± 55.3 153.9 ± 111.6

Ischemia modified albumin (ABU) 0.55 ± 0.33 0.77 ± 0.24 1.24 ± 0.30

Xanthine oxidase (U/L) 3.04 ± 1.0 37.07 ± 51.2 193.6 ± 191

Uric acid (mg/dL) 3.8 ± 1.2 4.04 ± 1.5 6.5 ± 2.2

Nitric oxide (lmoles/L) 8.46 ± 3.9 7.3 ± 3.2 6.3 ± 4

Ferric reducing ability of plasma (lmoles/mL) 1953 ± 634.8 1203 ± 1248 685.6 ± 646.1

Glutathione peroxidase (U/L) 546.7 ± 385.4 606.32 ± 423 493.8 ± 428

Glutathione reductase (U/L) 30.5 ± 24.3 12.1 ± 7.6 22.5 ± 23.3

Superoxide dismutase (U/mL) 7.7 ± 4.7 11.6 ± 2.8 8.5 ± 4.6

Catalase (U/mL) 114.2 ± 64.5 46.5 ± 57.1 84.7 ± 56.7

Vitamin C (mg/dL) 1.31 ± 0.4 0.6 ± 0.3 0.5 ± 0.2

Vitamin E (mg/L) 10.1 ± 2.1 13.5 ± 9 9.3 ± 4.7

G1 non pregnant, G2 normotensive pregnant, G3 preeclampsia
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delivery that represents the possible reversible changes. In

the post-delivery condition antioxidant data represents

improvement in pregnancy induced hypertension on

removal of placenta towards normal.

Statistical significance and correlation analysis between

the parameters of the groups studied were depicted in

Tables 2, 3, and 4. Data analysis evinced significantly

positive correlation between NO versus GPx, FRAP versus

MDA, FRAP versus XO and significantly negative corre-

lation observed between IMA versus GPx, GR versus SOD.

ROC curve analysis for significant parameters was

presented in Table 5. The data shows the sensitivity

specificity and also the superiority of the IMA as a marker

when compared to XO, uric acid, MDA and catalse in

preeclampsia.

Discussion

Preeclampsia is associated with various etiological factors

which implicated in the pathogenesis. Hypoxic risk is a

major cause for the development of oxidative stress that

affects integrity of trophoblastic tissues which lead to

elevated xanthine and hypoxanthine and also uric acid. The

Table 2 Comparisons of

biochemical parameters

showing significance between

groups in study population

Parameters G1 versus G2 G1 versus G3 G2 versus G3

Malondialdehyde (lmoles/L) 0.180 0.000 0.000

Protein carbonyl (nmol/L) 0.023 0.000 0.723

Ischemia modified albumin (ABU) 0.000 0.000 0.000

Xanthine oxidase (units/L enzyme) 0.266 0.000 0.000

Uric acid (mg/dL) 1.000 0.000 0.000

Nitric oxide (lmoles/L) 0.337 0.007 0.426

Ferric reducing ability of plasma (lmoles/mL) 0.000 0.000 0.007

Glutathione peroxidase (U/L) 1.000 1.000 0.602

Glutathione reductase (U/L) 0.000 0.098 0.018

Superoxide dismutase (Unit/mL enzyme) 0.000 0.894 0.000

Catalase (unit/mL enzyme) 0.000 0.023 0.003

Vitamin C (mg/dL) 0.000 0.000 0.156

Vitamin E (mg/L) 0.008 1.000 0.001

G1 non pregnant, G2 normotensive pregnant, G3 preeclampsia

p\ 0.05 considered as statistically significant

Table 3 Circulating oxidative stress and antioxidant parameters during before and after delivery in normal pregnant and preeclamptic women

Parameters Normal pregnant (G2) Significance Preeclampsia (G3) Significance

Pre-delivery Post-delivery Pre-delivery Post-delivery

Malondialdehyde (lmoles/L) 6.85 ± 5.42 5.4 ± 4.99** 0.000 15.42 ± 9.7 10.5 ± 9.4** 0.000

Protein carbonyl (nmol/L) 137.21 ± 55.3 127.1 ± 48.7 0.125 153.9 ± 111.6 98.6 ± 43.8** 0.000

IMA (ABU) 0.77 ± 0.24 0.75 ± 0.27 0.914 1.24 ± 0.30 1.03 ± 0.143 0.000

Xanthine oxidase (U/L) 37.07 ± 51.2 17.1 ± 13.7* 0.002 193.6 ± 190.8 99.99 ± 139.1** 0.000

Uric acid (mg/dL) 4.0 ± 1.5 4.16 ± 2.3 0.692 6.4 ± 2.2 4.7 ± 1.9** 0.000

Nitric oxide (lmoles/L) 7.3 ± 3.2 6.1 ± 2.9* 0.002 6.31 ± 4.01 6.93 ± 9.4 0.617

FRAP (lmoles/mL) 1203 ± 1247.6 1123.5 ± 1026.7 0.474 685.5 ± 646.1 748.9 ± 418.6 0.391

Glutathione peroxidase (U/L) 606.3 ± 423 493 ± 428 0.000 493.8 ± 428.1 803.7 ± 486.4** 0.093

Glutathione reductase (U/L) 12.1 ± 7.6 7.8 ± 3.7** 0.000 22.51 ± 23.32 10.1 ± 3.1 0.169

Superoxide dismutase (U/L) 11.6 ± 2.8 9.9 ± 3.62* 0.003 8.5 ± 4.6 7.5 ± 4.4* 0.003

Catalase (U/L) 46.46 ± 57.1 42.11 ± 37.7 0.623 84.7 ± 56.7 88.8 ± 56.7 0.642

Vitamin C (mg/dL) 0.58 ± 0.32 0.67 ± 0.62 0.319 0.47 ± 0.24 0.59 ± 0.60 0.109

Vitamin E (mg/L) 13.5 ± 8.95 13.96 ± 9.3 0.655 9.3 ± 4.7 9.99 ± 4.6 0.276

* Probability value of p\ 0.05

** Probability value of p\ 0.005
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association between preeclampsia and high serum uric acid

concentration was reported during the beginning of this

century. Reduced uric acid clearance observed in

preeclamptic women associated with increased rate of

reabsorption amounts to hyperuricemia [19].

The present study showed elevated uric acid level before

delivery and decreased after delivery in preeclampsia. But

in normal pregnants before and after delivery Uric acid

level was unaltered. This indicates possible involvement of

oxidative stress on placenta by means of contributing

xanthine/hypoxanthine and xanthine oxidase activity.

Increased conversion of XDH into xanthine oxidase by

oxidative stress further adds to increased production of

hydrogen peroxide which in turn affects the trophoblast

cell function [6, 20]. Thereby oxidative stress has become

one of the causative factor for preeclampsia complications.

The present study reported increased xanthine oxidase

activity as unique observation with concomitant rise of uric

acid in preeclampsia.

Malondialdehyde is a lipid peroxidation marker pro-

duced from the peroxidation of polyunsaturated fatty acid

was significantly elevated in preeclampsia compared to

normotensive pregnant and non-pregnant which is consis-

tent with the previous work [5]. Increased lipid peroxida-

tion products cause peroxidation damage to endothelial

membrane which may result in endothelial dysfunction

which is associated with reduced nitric oxide [21]. Our

study results justifies this observation. The Significant

decrease of MDA levels after delivery in normotensive

pregnant and preeclampsia indicated down trend of MDA

values after placental removal within 48 h.

Protein carbonyl is a stable indicator of protein damage in

biological system. Reactive oxygen species oxidizes amino

acid residues like glutamate, histidine and tryptophan in

proteins to form product with carbonyl group. Protein car-

bonyl content was significantly increased in preeclampsia

(p\ 0.001) when compared to non pregnants. However the

increase of protein carbonyls was found non-significant

between normotensive pregnant and preeclampsia

(p[ 0.05). The data from normotensive pregnants and

preeclampsia in comparison with control group suggests

increase of oxidative stress. Even though, protein carbonyl

content in after delivery of normotensive pregnants was non-

significant, 64 % of protein carbonyls decreased in

preeclampsia groups. Results evinced that decreased protein

damage maker indicates revocable changes in after delivery

with preeclampsia. The present study showed same pattern

as reported by Zusterzeel et al. [22].

Superoxide Dismutase converts superoxide to water and

it acts as first line of defense against free radical scav-

enging. SOD activity was significantly decreased in nor-

motensive pregnant when compared to non pregnant.

Decreased activity was also noticed in preeclampsia com-

pared to normotensive pregnant. In after delivery, SOD

activity was significantly decreased in preeclampsia and

normotensive pregnant groups. Studies conducted by

Bakacak et al. [23] showed decreased SOD activity may be

due to increased Cu/Zn ratio. This altered ratio inactivates

Cu/Zn containing antioxidant enzyme superoxide dismu-

tase which may lead to decreased superoxide dismutase.

Catalase is a heme protein catalyzes cleaving of

hydrogen peroxide into water and oxygen, thus it protects

the cell from oxidative damage. In preeclampsia there was

decreased enzyme activity when compared to non-preg-

nant. Its activity did not show significant difference

between before and after delivery in normotensive preg-

nant and preeclampsia. Elevated xanthine oxidase and

declined catalase activity indicated the severity of the

oxidative stress in terms of hydrogen peroxide and

hydroxyl radical in preeclampsia is evident in our study.

Decrease in catalase activity may be due to inhibition of

enzyme by hypochlorite and peroxy nitrite free radicals

which were more perhaps in preeclampsia [21].

Table 4 Correlation between the significant parameters in

preeclampsia

Parameters Correlation coefficient p value

MDA versus FRAP 0.277 0.039

IMA versus GPx -0.433 0.001

GR versus SOD -0.455 0.000

NO versus GPx 0.426 0.001

FRAP versus XO 0.275 0.040

MDA malondialdehyde, FRAP ferric reducing ability of Plasma, IMA

ischemia modified albumin, GPx glutathione peroxidase, GR glu-

tathione reductase, SOD superoxide dismutase, NO nitric oxide, XO

xanthine oxidase

* Probability value of p\ 0.05

Table 5 ROC curve analysis of

the parameters under

preeclampsia

Parameters Sensitivity Specificity Area under curve 95 % CI

IMA 87.7 91.2 0.920 0.854–0.962

Catalase 96.5 84.2 0.88 0.801–0.930

MDA 84.2 68.4 0.81 0.720–0.873

XO 61.4 89.5 0.753 0.663–0.829

UA 71.9 89.5 0.84 0.761–0.903
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GPx is a selenium dependent enzyme eliminates

hydrogen peroxide and organic hydro peroxides. There was

non-significantly decreased GPx activity seen in

preeclampsia before delivery when compared to healthy

control and normotensive pregnant. In after delivery Gpx

activity was non significantly decreased in normotensive

pregnant and significantly increased in preeclampsia when

compared to before delivery. Decreased glutathione per-

oxidase may lead to increased generation of reactive oxy-

gen species. Decreased selenium level was associated with

decreased glutathione peroxidase activity which may be

involved in pathophysiology of preeclampsia [24].

Glutathione reductase replenishes cellular reduced glu-

tathione. Decreased activity in normal Pregnants and

increased activity in preeclampsia equivalent to healthy

control (p\ 0.001) observed in our study. In preeclampsia,

activity reduced by two fold in post-delivery indicates the

role of placenta. Suhail et al. [25] found that non-signifi-

cant decrease of GR activity in preeclampsia compared to

non pregnants. Unlike these reports, significant two fold

increase of glutathione reductase is seen in our study dur-

ing preeclampsia under the study condition compared to

normal pregnancy (p\ 0.05) group. Attaining GR activity

equivalent level to non-pregnant could be an in vivo

defensive response to restore the reduced glutathione level

during altered oxidative and antioxidant system may be a

compensatory mechanism in response to increased oxida-

tive stress.

FRAP was significantly decreased in normal pregnant

and preeclampsia before delivery (p\ 0.001) when com-

pared to healthy control. FRAP levels were significantly

decreased in preeclampsia when compared to normotensive

pregnant (p\ 0.05) similar with the observations of Zus-

terzeel et al. [22]. FRAP levels did not show significant

difference between before and after delivery in

preeclampsia as well as normal pregnant Karacy et al. [5]

also observed decreased FRAP level in preeclampsia.

Vitamin C levels were significantly decreased in normal

pregnant and preeclampsia when compared to healthy

control (p\ 0.001). But there was no significant difference

between before and after delivery in normal pregnant and

preeclampsia.

Vitamin E Levels were significantly increased in normal

pregnant when compared to healthy control (\0.05) but

there was non-significant decrease in preeclampsia when

compared to healthy control. Significantly decreased vita-

min E level was seen in preeclampsia when compared to

normotensive pregnant (\0.001). In normotensive pregnant

and preeclampsia there was no significant difference

between before and after delivery. Reduction in vitamin C

and E were consistent as shown by other studies [26].

Ischemia modified albumin known as hypoxic risk

indicator in various diseases and also in preeclampsia

during first trimester [27]. In support of this finding, our

study results indicated high IMA in preeclampsia. An

observation of decreased maternal serum levels of IMA in

post-delivery evidenced clinical improvement. Elevation of

MDA and XO activity represents oxidative stress and

showed weak relationship with ferric reducing ability of

plasma. FRAP is contributed by super oxide dismutase,

glutathione peroxidase, catalase, bilirubin, uric acid,

reduced glutathione, vitamin E, vitamin C, free cu2?, zn2?,

Mn2?, Fe2?, and selenium [28]. Uric acid concentration is

known as contributing factor to reducing ability in vitro,

but biological significance of uric acid contribution to the

antioxidant potential is unclear in vivo [29] and generates

research gap. The possible reason for FRAP decline may be

due to altered antioxidants in single or in combination.

Positive correlation is also observed between GPx and

NO which indicates endothelial dysfunction and prolifer-

ates increased formation of super oxide radicals which can

inhibit Glutathione peroxidase enzyme [30]. Reduced SOD

and glutathione peroxidase activity will cause increase in

superoxide anion which reacts with nitric oxide to form

peroxy nitrite. This in turn decreases the availability of NO

[13].

The negative correlation between IMA and GPx noticed

in the study. The study rise the probable illustration that

normal pregnancy demands high oxygen requirement and

evidence increased oxidative stress. Inadequate supply of

oxygen to trophoblastic cells results in preeclampsia. The

hypoxia and established oxidative stress alters serum

albumin with N-terminal modification into ischemia mod-

ified albumin. Therefore in the study context IMA evolved

as good predictive marker of preeclampsia related risk. The

impact of superoxide radicals has inhibitory effect on

enzymes. Hence GPx activity decreased. Vanderlelie et al.

[31] found that decreased glutathione reductase gene

expression in preeclampsia without significant change in

glutathione peroxidase. This indicated possible importance

of plasma glutathione and preeclampsia toxemic condition

on glutathione reductase. In contrast to other studies we

found increase of glutathione reductase in preeclampsia

compared to normotensive pregnants. A weak linear cor-

relation was seen between protein carbonyl and MDA in

preeclampsia which was not significant.

In ROC curve analysis, area under curve for ischemia

modified albumin (0.92), Catalase (0.88), xanthine oxidase

(0.8), malondialdehyde (0.804), Uric acid (0.84) with

sensitivity of 87.7, 96.5, 61.4, 84.21, 71.93 and specificity

of 91.2, 84.2, 89.5, 68.4, 89.5 respectively. Results indi-

cated ischemia modified albumin as a good marker of

intrauterine hypoxic reperfusion risk and abnormal pla-

cental development by dysfunction of trophoblastic cells

under oxidative stress. ROC analysis showed that there is

increased production of hydrogen peroxide due to elevated
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xanthine oxidase activity in preeclampsia and catalase is

combating it. Limitations of the study were measurement

of IMA and XO level from time of pregnancy to all level of

trimesters to understand whether or not gradual increase of

IMA levels and XO activity as a marker to denote the

number of chances of pregnancy translated into pre-

eclampsia. Culturing trophoblastic cells and exposing to

free radical stress environment to measure XO activity.

Conclusion

Our research findings generated knowledge about IMA as

an intrauterine risk factor and XO as an enzyme oxidant

marker. Increased xanthine oxidase activity and uric acid

seen in preeclampsia with decreased total antioxidant sta-

tus. Distinctive observation of elevated catalase activity in

pre and post-delivery of preeclampsia within 48 h noticed

despite of gradual reduction of oxidative stress. Endothelial

dysfunction evidenced by reduction of nitric oxide level in

preeclampsia during pre and post-delivery. The inverse

relation between XO and NO in our study represents an

indication of trophoblastic cell destruction and endothelial

dysfunction. Therefore, the over-all study concludes an

inverse relation between oxidative stress and antioxidant

status in preeclampsia in comparison with normal pregnant

and non pregnant suggests restoration of plasma antioxi-

dants level.
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