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ABSTRACT 

Objective:  

The Aim of the study is to ascertain that whether oxidative stress may be present in normal 

pregnancy and if so then whether any particular anti-oxidant status is associated with such 

stress as a direct predictor.  

Study design: Lipid peroxidation and antioxidant status of pregnant women were compared 

against age matched non pregnant control group. Effort was made to rule out any possible 

confounding factor associated with contribution towards oxidative stress.  

Participants: From rural India 100 normal pregnant women (36, 30 and 34 women in 1
st

, 2
nd 

and 3
rd

 trimesters respectively) and similar number of non pregnant women were 

registered.  

Methodology: Malondialdehyde (MDA) and reduced glutathione (GSH), vitamin C, β-

carotene and vitamin E in plasma along with superoxide dismutase (SOD) and catalase in 

hemolysate were assessed by spectrophotometric methods. 

Results: MDA showed significant higher level (6.57 ± 1.74 nM/ml) as opposed to the control 

group (4.34 ± 1.37nM/ml). Except GSH which showed a marginal increase, all other 

parameters were found to be significantly low in pregnant women. Anti-oxidant parameters 

except GSH showed significant negative association with MDA. In regression analysis, 

Vitamin E and β-carotene emerged as important predictors of MDA level.  
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INTRODUCTION 

Although pregnancy is considered a physiological condition but it demands adaptive 

changes in metabolic profile. As per WHO report, “A substantial proportion of maternal 

deaths – perhaps as many as one in four – occur during pregnancy”.
(1)

 

In pregnancy, relative abundance of various contributory factors like high oxygen 

consumption by the placenta, mitochondrial overload and transition metals in the placenta 

might lead to pro-oxidative state through generation of reactive oxygen species (ROS); thus 

there is considerable concern with iron supplementation associated oxidative damage to the 

conceptus during pregnancy.
(2)

 The defense system against reactive oxygen species (ROS) 

comprises of enzymatic antioxidants like superoxide dismutase (SOD), catalase (CAT), 

glutathione peroxidase (GPx) and reduced glutathione (GSH). The antioxidant defense also 

include antioxidant vitamins like vitamin C, vitamin E and carotenoids. ROS affect multiple 

physiological processes from oocyte maturation to fertilization, embryo development and 

also pregnancy; moreover, ROS have been implicated in, pre-eclampsia, hydatidiform mole, 

birth defects, abortions, gestational diabetes and others.
(3)

 Hence, it may be surmised that 

role of oxidative impact may not be limited to this unique physiological condition rather may 

be extrapolated to various pathological condition related to gestational process. 

With this perspective, we took interest to design a field-based study in the rural setup 

adjacent to our institute for determining the level of oxidative stress and antioxidant status 

in pregnancy.  

 

MATERIAL AND METHODS 

Study subjects were selected from villages around Sevagram. Following the guidelines of 

Institutional Human Ethics Committee, 100 singleton pregnant women (age = 23.24 ± 3.55 

years) with mean height of 150 ± 2.5 cm and body weight 48 ± 2.1 kg along with equal 

number of matched controls (non-pregnant women of reproductive age group; age =25.84 ± 

5.38 years) with mean height of 151 ± 2.2 cm and body weight 49 ± 3.5 kg from similar 

socioeconomic condition were registered after obtaining written informed consent. 

Diabetes mellitus, hypertension and pregnancy related complications or any other chronic 

debilitating diseases which may be associated to malnutrition and /or oxidative stress were 

excluded. Cases were further sub-grouped according to their gestational age at the time of 

registration. There were 36, 30 and 34 women in 1
st

 2
nd

 and 3
rd

 trimester respectively. 

Blood Collection: About 5ml blood was collected from each subject in EDTA vial. Plasma was 

separated and stored at -20°C to estimate the levels of MDA, reduced glutathione (GSH), β-

carotene, Vitamin C and Vitamin E. Removing buffy coat, remaining erythrocytes were 

washed with isotonic saline followed by addition of distilled water to obtain hemolysate for 

estimation of SOD and Catalase. 

Estimation of Malondialdehyde: MDA was assayed in plasma by modified TCA-TBA 

method.
(4)

 To 0.5 ml of plasma or MDA standards, 2.5 ml of 20% TCA and 1 ml 0.67% of TBA 

were added. Mixture was boiled for 30 min followed by cooling; the resultant chromogen 

was extracted with 4 ml of n-butyl alcohol. Absorbance was measured at 530nm against n-

butyl alcohol as blank. The standard curve was plotted and concentration of MDA in samples 

was calculated and expressed in nM/ml. 
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Estimation of superoxide dismutase (SOD: EC1.15.1.1.): This method depends on inhibition 

of auto-oxidation of pyrogallol by SOD enzyme.
(5)

 To 3 ml assay mixture, consisted of 100 μl 

each of 1 mM EDTA and 1 mM DTPA in Tris HCl Buffer (50 mM; pH 8.2), 100 μl of standards 

or test sera were added. In controls neither test sample nor standard was added. Finally, 

100 μl of 0.2 mM pyrogallol was added. After initial incubation for 10 seconds, changes in 

absorbance at 420 nm were recorded at 10 seconds interval for 4 min.  Change in the 

absorbance per minute was calculated and percentage of inhibition was calculated using the 

formula. 

Percent Inhibition = 100 - (∆ A standard or test per min. × 100)/ ∆ A control per min.  

Amount of enzyme required to inhibit auto-oxidation of pyrogallol by 50% is defined as unit 

of activity. Activity of enzyme in sample was calculated by using standard graph and 

expressed as U/ml. 

Estimation of catalase (EC1.11.1.6): This method utilizes H2O2 splitting capacity of 

catalase.
(6)

 Briefly, 0.1 ml hemolysate was added to a mixture of 2 ml dichromate reagent 

(5% solution of K2Cr2O7 with glacial acetic acid in the ratio 1:3) with 0.01 M Phosphate buffer 

(pH 7) and 0.1 ml of 0.2 M H2O2. After boiling the reaction mixtures for 10 min followed by 

cooling, the resultant product was measured at 570 nm against reagent blank. Difference in 

readings between initial and one hour after post-incubation was recorded. Unit of activity is 

represented as the amount of enzyme that degrades 1 μM H2O2 / min. Activity of enzyme in 

each test sample was calculated by using standard graph and expressed as U/mg protein.   

Estimation of Reduced Glutathione (GSH): GSH was assayed based on redox reaction 

between GSH and Ellman’s reagent (5, 5’ di-thio bis 2 nitro-benzoic acid; DTNB).
(7)

 To 0.5 ml 

plasma, 1.5 ml distilled water, 1 ml DTNB and 8 ml buffer was mixed well. Reading of 

resultant colour was recorded at 412 nm against reagent blank. Concentration of the test 

samples was calculated by using standard curve and was expressed as mg/dl. 

Estimation of plasma ascorbic acid: For estimation of plasma ascorbic acid,
(8)

 phospho-

tungstic acid (PTA) acts as plasma protein precipitant and then gets reduced by ascorbic acid 

to develop color which was measured at 700 nm. To 1 ml of plasma, 1 ml reagent was mixed 

thoroughly and kept for 30 min at room temperature. From the centrifuged mixture 

supernatant was measured for absorbance at 700 nm against reagent blank. Resultant value 

of the samples was calculated against standard and expressed in mg/dl. 

Estimation of β-Carotene: For Beta-carotene assay,
(9)

 proteins of 1 ml plasma were 

precipitated with 1 ml of 95% ethanol followed by addition of 3 ml of petroleum ether to 

extract beta-carotene. Optical density of petroleum ether extract was measured at 450 nm 

against petroleum ether as blank. The concentration of plasma beta-carotene was obtained 

using a standard curve and was expressed as µg/dl. 

Estimation of alpha tocopherol (Vitamin E): Plasma vitamin E level was estimated using 

method of Bieri et al
(10) 

with some modification in which tocopherol reduced ferrous ions 

form a complex with dipyridyl reagent. Briefly, 1.5 ml of petroleum ether extract of plasma 

was added to 1 ml 0.2 % 2, 2'-dipyridyl and 100 μl 0.1 % ferric chloride hexahydrate. Optical 

density was measured after 2 min at 520 nm. Concentration of vitamin E in plasma was 

obtained from standard curve and was expressed as mg/dl. 

Statistical analysis: One way analysis of variance (ANOVA) was used for finding difference in 

mean values of the parameters studied among the different trimesters of pregnancy and 
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student’s t test was carried out for the difference between pregnant and control group. 

Pearson correlation analysis was carried out to study the association between various 

antioxidant parameters and malondialdehyde and also for any association among 

themselves. Stepwise regression analysis was done to identify the significant predictor of 

lipid peroxidation. The rejection criterion for the null hypothesis was fixed at probability 

level of 0.05. The analysis was done on SPSS 13.0.  

 

RESULTS 

Result of the study reveals that the level of MDA was significantly increased in cases. Activity 

of the antioxidant enzymes SOD and catalase in erythrocyte and levels of vitamin C, β-

carotene and vitamin E in plasma declined significantly in cases against controls (Table I). 

Level of GSH in cases was non-significantly increased. There was no statistical difference in 

various study parameters among three trimesters of pregnancy (Table II). 

 

Table I: Levels of lipid peroxidation product and antioxidants in different components of 

blood in case (pregnant) and control (non-pregnant) women of reproductive age group 

Parameters 

 

Cases 

(N=100) 

Mean ± SD 

Control group 

(N=100) 

Mean ± SD 

MDA (nM/ml) 6.57 ± 1.74* 4.34 ± 1.37 

SOD (U/ml) 15.54 ± 1.13* 16.37 ± 1.16 

Catalase (U/mg protein) 7.04± 2.63* 9. 19 ± 3.21 

GSH (mg/dl) 0.15 ± 0.06 0.13 ± 0.04 

Vitamin C(mg/dl) 0.52 ± 0.40* 0.81 ± 0.44 

β-carotene(µµµµg /dl) 104.84 ± 3.75* 118.31 ± 3.83 

Vitamin E(mg/dl) 3.14 ± 0.52* 4.44 ± 0.69 

MDA = Malondialdehyde; SOD = Superoxide dismutase; GSH = Reduced glutathione 

*p <0.05; Significant as compared to control group 
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Table II: Levels of MDA and anti-oxidants in the three trimesters of pregnancy 

Parameters 1
st

 trimester 

(N=36) 

Mean ± SD 

2
nd

 trimester 

(N=30) 

Mean ± SD 

3
rd

 trimester 

(N=34) 

Mean ± SD 

MDA (nM/ml) 6.16 ± 1.63 6.59 ± 1.67 6.98 ± 1.86 

SOD (U/ml) 15.78 ± 1.38 15.63 ± 1.47 15.22 ± 0.53 

Catalase (U/mg protein) 7.51 ± 2.58 7.10 ± 2.62 6.47 ± 2.65 

GSH (mg/dl) 0.16 ± 0.03 0.17 ± 0.04
 

0.15 ± 0.03
 

Vitamin C (mg/dl) 0.55 ± 0.41 0.61 ± 0.49 0.42 ± 0.29 

β -carotene (µµµµg /dl) 104.31 ± 3.96 105.17± 3.78 105.12 ± 3.55 

Vitamin E (mg/dl) 3.22 ± 0.53 3.15± 0.391 3.05 ± 0.59 

 

In pregnant women, Malondialdehyde showed significant negative association with all the 

antioxidant parameters; whereas with GSH it showed a significant positive association. SOD 

showed significant positive association with all antioxidant vitamins while catalase showed 

significant positive association with lipid soluble vitamins. All antioxidant vitamins showed a 

significant positive association with each other. However, control group did not reveal any 

significant association among the various parameters.  

Table III depicts stepwise regression model for prediction of MDA levels as indicator of 

oxidative stress keeping antioxidant parameters (SOD, catalase, GSH, vitamin C, vitamin E, β 

carotene) as independent variables. Vitamin E and β-carotene emerged to be the significant 

predictors after the exclusion of other variables. 

 

Table III:  Model Summary showing the significant predictors of MDA (after stepwise 

regression analysis leading to exclusion of the rest of the variables) 

Model R R square Β 

1 0.548(a) 0.301 -0.548 

2 0.577(b) 0.333 -0.485 

a. Predictors: (constant), carotene. 

b. Predictors:  (constant), carotene, vitamin E.           p<0.01.    
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DISCUSSION 

Present study on pregnant women has shown significant increase in the lipid peroxidation 

with concomitant significant decrease in SOD and catalase activity in erythrocytes probably 

indicating the exhaustion of these early sentinels in combating oxidant assault. Similar 

observation was recorded by another group from India recently.
(11)

 As discussed before, 

higher metabolic rate and mitochondrial hyperactivity of placenta
(2)

 might contribute to 

generation of lipid peroxide products. Moreover, physiologic hyperlipidemia in normal 

pregnancy may add to lipid peroxides by spontaneous auto-oxidation of lipids.
(12)

 Earlier 

workers reported decrease in levels of catalase in pregnant women and further decrease in 

mean catalase activity in the gestational diabetes group.
(13)

 This probably reinforces that 

there is a parallel association between extent of oxidative impact and the fall in this anti-

oxidant enzyme.  

In the present study we recorded a rather discrepant fall in the level of GSH (though not 

statistically significant) in pregnant women. Reduced glutathione is a crucial anti-oxidant 

reserve involved in donating reducing thiol group.
(14)

 Hence apparently, in face of growing 

oxidative stress there may be chance of its depletion. However, GSH and thioredoxin system 

constitute a reduced thiol pool which contribute to the conversion of ribonucleotides to 

deoxyribonucleotides for DNA synthesis and maintenance of the reduced state required for 

proper cytokine activity in cell growth.
(15)

 Hence, it may be surmised that owing to 

predictable higher demand to sustain fetal development in pregnancy, there is a 

proportionate compensatory elevation of GSH. Our results reveal that GSH is marginally 

higher in pregnant women and moreover such trend was also found to be maintained in 

first and second trimesters and finally succumbed in third trimester, probably indicating 

higher demand of this antioxidant
 
during early growth phase. Vitamin E supported by 

vitamin C is of paramount importance in terminating peroxidation chain reactions of 

unsaturated lipids of membranes which are major targets of oxidative damage.
(16)

 Along 

with β-carotene these vitamins maintain an effective antioxidant nexus.
(17)

 Hence, 

significantly lower level of these vitamins indicates pro-oxidative milieu. These antioxidants 

vitamins mostly belong to micronutrient class and the antioxidant enzymes are also 

dependent on micronutrients (Catalase and SOD are dependent on copper and zinc for their 

activity) and GSH another nutritional antioxidant shares a functional association with 

selenium. Hence, we made effort to obviate the impact of nutritional confounder by strict 

exclusion criteria and apparent matching between cases and controls; however it requires 

further investigation on this intricate issue because pregnancy itself is a condition of higher 

nutritional demand. 

A significant negative association among lipid peroxidative change and anti-oxidant defense 

suggest that anti-oxidant status may be considered as a major determinant of the resultant 

oxidative damage. Moreover, SOD showed significant association with all vitamins, while 

catalase showed such relation with lipid soluble vitamins. This may be considered as a 

consequence of oxidative membrane damage, because the array of SOD and catalase along 

with anti-oxidant vitamins play vital role in membrane defense.
(18)

 These relationships 

prompted us to find out the most important anti-oxidant defense parameter in predicting 

the MDA level. Interestingly, vitamin E and β carotene emerged to be the most important 

predictors. This result strengthens the view that depletion of lipid soluble vitamins involved 

in protecting oxidative membrane attack might be the underlying reason of lipid 

peroxidation. 
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CONCLUSION 

Gestational changes are generally physiological; however this exaggerated physiology 

adapts various metabolic adaptations particularly generation of ROS which may have 

physiological significance in pregnancy.
(19)

 Unfortunately, in surplus quantity ROS is 

implicated in different pregnancy related pathology.
(20)

 Thus definitive proof of oxidative 

stress in normal pregnancy might be considered ominous towards development of putative 

pregnancy associated pathology. Despite many randomized controlled trials with 

antioxidant supplementation in pregnancy;
(21,22)

 consensus is yet to be achieved. This study 

highlights biochemical relevance of such supplementation. 
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