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ABSTRACT

Objective: Oxidative stress occurs when cellular levels of reactive oxygen species exceed antioxidant capabilities and has been implicated in the 
pathogenesis of pre-eclampsia. In this study, we examined the tissue levels of endogenous antioxidant enzymes or proteins (superoxide dismutase 
[SOD], glutathione peroxidise, reduced glutathione, catalase, and thioredoxin) and the levels of lipid peroxides, protein carbonyls, hydrogen peroxide, 
and nitrosative biomarkers in the placental samples from normal and pre-eclamptic pregnancies.

Results: Pre-eclamptic tissue homogenates demonstrated significantly increased levels of lipid peroxidation (21.61±0.18  vs. 5.695±0.46) and 
a trended increase in protein carbonyls (245.95±4.05 vs. 203.48±3.65) concentration when compared to controls. The levels and activities of the 
antioxidant proteins; SOD (365.2±2.915  vs. 205.6±3.76), thioredoxin (100.64±3.38  vs. 80.89±3.37), glutathione peroxidase (340.88±6.16  vs. 
164.46±3.03), catalase (5.26±0.02 vs. 4.62±0.11), and reduced glutathione (46.99±0.508 vs. 28.19±0.178) were all found to be significantly reduced 
when comparing pre-eclamptic placental tissue homogenates to gestational age matched control placentae from non pre-eclamptic pregnancies.

Conclusion: The results of this study demonstrate a decreased enzymatic antioxidant capacity and increased oxidation in placental tissue from pre-
eclamptic women, which may contribute to the pathogenesis of this complex disorder.

Keywords: Oxidative stress, Reactive oxygen species, Superoxide dismutase, Glutathione peroxidise, Reduced glutathione, Catalase, Thioredoxin, 
Lipid peroxides and protein carbonyls.

INTRODUCTION

Pre-eclampsia is an abnormal condition of pregnancy, clinically 
diagnosed according to the Australian Society for the study of 
hypertension in pregnancy defines as the onset of acute hypertension 
and maternal organ dysfunction after 20  weeks gestation in women 
with no known history of hypertension or renal disease, and whole 
blood pressure was normal in the first half of pregnancy. Diagnosis can 
be made when hypertension arises after 20 weeks gestation - confirmed 
on 2 or more occasions. Accompanied by random urine protein/
creatinine ratio ≥30 mg/mmol, serum or plasma creatinine ≥90 mmol/L 
or Oliguria, raised transaminases, severe epi-gastric or right upper 
quadrant pain, severe headache persistent visual disturbances, 
hyperreflexia with sustained clonus convulsions, stroke pulmonary 
edema, intrauterine fetal growth restriction, placental abruption.[1,2]. 
A longer-term burden also exist, as women who develop pre-eclampsia, 
are 2½ times more likely to display ischemic heart disease later in 
life [3], and infants born to pre-eclampsia mothers are at a higher 
risk of developing respiratory diseases and experiencing long-term 
neurological morbidity [4-6].

The economic significance of pre-eclampsia is substantial when 
considering the requirement of regular antenatal monitoring for 
symptoms, the preservation of maternal health and care of premature 
or small for gestational age infants whose incidence of acute neonatal 
morbidity is increased. A longer-term burden also exist, as women who 
develop pre-eclampsia, are two and a half times more likely to display 
ischemic heart disease later in life [7], and infants born to pre-eclampsia 
mothers are at a higher risk of developing respiratory diseases and 
experiencing long-term neurological morbidity [8].

Pre-eclampsia complicates 8-10% of all pregnancies and affects more 
than one million women each year. 12% of total maternal deaths can 
be attributed to hypertensive disorders of pregnancy, in particular, the 

progression of pre-eclampsia to eclampsia. Pre-eclampsia is not only 
a leading cause of maternal morbidity and mortality in the southern 
world, it claims the lives more than 2000 Indian babies annually, 
making it single highest trigger for neonatal intensive care and peri-
natal mortality [6,7].

The economic significance of pre-eclampsia is substantial when 
considering the requirement of regular antenatal monitoring for 
symptoms, the preservation of maternal health and care of premature 
or small for gestational age infants whose incidence of acute neonatal 
morbidity is increased. A longer-term burden also exist, as women who 
develop pre-eclampsia, are two and a half times more likely to display 
ischemic heart disease later in life [8], and infants born to pre-eclampsia 
mothers are at a higher risk of developing respiratory diseases and 
experiencing long-term neurological morbidity [9].

Oxidative stress defined as a imbalance between the cellular generation 
of reactive oxygen species (ROS) and the capacity of antioxidants to 
prevent oxidative damage, oxidative stress has been implicated in 
a wide variety of disease and degenerative states including: Cancer, 
rheumatoid arthritis, cardiovascular disease, aging [10] and most 
importantly for this investigation pre-eclampsia [11].

Apoptosis is the programed death of cells and occurs during normal 
tissue turnover to preserve homeostasis. During pregnancy, apoptosis 
may be a normal part of a tissue to embryonic development and placental 
functioning, or the response of tissue to exogenous stimuli such as 
cytotoxic agents, oxidative stress, or hypoxia [12]. The mechanism that 
controls apoptosis is complex and to some degree remains obscure. 
The role of oxidative stress in this progress is suggested by finding 
that ROS appear in many forms of apoptosis, and the exogenous slow 
dose administration of oxidants can initiate the apoptotic process [13]. 
Oxidative stress plays a vital role in the pathogenesis of pre-eclampsia, 
despite the fact that the precise mechanism is yet to be elucidated [13]. 
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Placental hypoxia resulting from deficient trophoblast invasion has 
been suggested as a primary cause of placental oxidative stress in pre-
eclampsia.

Aim and objectives
Assessment of placental oxidative stress parameters in normal and 
pre-eclamptic pregnancies and to examine lipid peroxides and protein 
carbonyls as measures of placental oxidative state in tissue homogenates 
from age-matched pre-eclamptic and normal pregnancies. To quantitate 
and compare the endogenous antioxidant capacity of reduced 
glutathione, Vitamin A, Vitamin C, Vitamin E, superoxide dismutase 
(SOD), glutathione peroxidise, and catalase in tissue homogenates of 
aged-matched pre-eclamptic and normal placentae.

Plan of work
The present study was conducted in in-patient wards of Chanda 
Kanthaiah Memorial (CKM) Government Maternity Hospital, which 
is having 100 beds, 15 nurses, 17 doctors, 21 paramedical staff along 
with 2 ultrasound machines, which is located in Warangal, AP, India. 
The study is a prospective interventional study. This study has been 
carried out for a period of 9-month from February to November 2014. 
Patients were: (1) Aged between 18 and 41-year-old pregnant women, 
(2) pregnant women willing to give informed consent, (3) pregnant 
women with pre-eclampsia visiting the inpatient Department of CKM 
and Warangal Hospital, Warangal. Pregnant women, if they were 
younger than 18 years, if co-morbidities are present, pregnant women 
not willing to give informed consent form were excluded from the study.

Source of data
All the relevant and necessary data were be collected by taking: 
(1) Patient’s case notes, (2) treatment charts, (3) medication 
administration records, (4) interviewing patients or patients caretakers, 
(5) interviewing healthcare professionals (especially nursing staff), 
and (6) pregnant women cord blood and placenta sample.

Human Ethical Committee approval for the collection and study of 
human placental tissues was obtained from the superintendent of CKM 
hospital and Warangal Hospital, Warangal with fully informed consent 
obtained from all patients prior to obstetric delivery.

Sample collection
The obstetric and midwifery members of each respective hospital were 
responsible for the collection of placental tissues and the assignment of 
correct pregnancy and labor status on delivery, placental samples were 
snap frozen in liquid nitrogen, and stored at −80°C until analysis.

Biochemical analysis
Tissue protein extracts were performed on all placental and blood 
samples, with subsequent protein estimations performed on extracts. 
The activity of endogenous antioxidant proteins (SOD, glutathione 
peroxidise, glutathione reduced, catalase, and thioredoxin) and the 

levels of lipid peroxides, protein carbonyls, hydrogen peroxide, and 
nitrosative biomarkers in the placental samples from normal and pre-
eclamptic pregnancies.

Data analysis
All data were processed using the Graph Pad Prism version  5.0 
statistical package with p<0.05 considered significant unpaired t-tests 
and one-way ANOVA were used for the analysis of data. All data are 
presented as mean±standard deviation.

METHODS

Materials
Unless otherwise stated, all reagents were obtained and were of 
analytical reagent grade.

Tissue processing
Prior to dissection, tissue was perfused with a phosphate buffered 
saline solution, pH 7.4. Containing 0.16 mg/ml heparin to remove any 
red blood cells and clots and homogenized in 5-10 ml cold buffer (i.e., 
50 mM potassium phosphate, pH  7.5. 1 mM EDTA) per gram tissue, 
finally centrifuge at 100,000 ×g for 15 minutes at 4°C. The supernatant 
was removed for assay and stored in ice. If not assayed on the same 
day, freeze the sample at −80°C. The sample will be stable for at least 
1 month.

Protein estimations were done with bicinchoninic acid (BCA) protein 
assay reagent kit (Pierce, Rockford, USA) BCA is used for colorimetric 
detection and quantitation of total protein concentration, as the 
resultant chromophore demonstrates a linear increase in absorbance 
at 540 nm for increasing protein concentration.

Antioxidant biomarkers estimated include: Glutathione reduced, 
ascorbic acid, Vitamin A, catalase assay, SOD, and glutathione peroxidase.

Table 1: Characteristics of the normal pregnant women and 
patients with pre‑eclampsia

S. No. Characteristics Normal 
pregnancy 
(n=200)

Pre‑eclamptic 
pregnancy 
(n=120)

1. Maternal age (years) 23.42±0.082 23.4±0.108
2. Gestational age (weeks) 39.26±0.076 33.35±0.08
3. Blood pressure (mmHg)

Systolic 115.12±0.47 159.64±0.53
Diastolic 79.51±0.56 94.5±0.7

4. Maternal weight (kg) 51.55±0.69 54.19±0.81
5. Proteinurea (mg/24 hrs) ‑ 2255.02±32.74
6. Gestational age at 

delivery (weeks)
37.31±0.095 35.13±0.13

7. Birth weight (kg) 3.53±0.01 2.41±0.055

Table 2: Laboratory investigations with pre‑eclampsia and normal pregnant women

S. No. Characteristics Normal range Normal pregnancy (n=200) Pre‑eclamptic pregnancy (n=120)
1. Serum creatinine (µmol/L) 70‑150 106.3±1.40 210.75±2.423
2. Trigylcerides (nmol/L) 0.5‑1.7 1.27±0.013 2.19±0.1305
3. Total cholesterol (g/L) 4‑10 7.1±0.087 8.09±0.184
4. Uric acid (mmol/L) 2.5‑6.7 4.58±0.07 12.7±0.219
5. Platelets (109/L) 150‑450 323.37±4.54 125.75±1.573
6. RBC (1012/L) 3.8‑5.8 4.85±0.027 3.195±0.017
7. WBC (109/L) 4‑11 6.930.093 2.89±0.07
8. Hemoglobin (g/dL) 11.5‑16.5 11.19±0.093 9.7±0.1028
9. Hematocrit (%) 0.37‑0.47 0.42±0.0013 0.205±0.007
10. AST (u/L) 3‑35 20.85±0.39 112.83±2.51
11. ALT (u/L) 3‑35 18.4±0.41 113.2±2.43
12. LDH (u/L) 30‑150 80.4±1.70 200.16±2.09
13. Total bilirubin (g/L) 3‑17 8.12±0.2003 7.008±0.138
RBC: Red blood cell, WBC: White blood cell, LDH: Lactate dehydrogenase, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase
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Oxidative biomarkers estimated include: Lipid peroxide, protein 
carbonyls, and nitric oxide assay.

RESULTS

Placental tissue and placental blood samples from 200 normal and 120 
pre-eclamptic patients matched for gestational age were analyzed to 
assess placental oxidative state and compare the levels of glutathione 
reduced catalase, Vitamin A, Vitamin C, Vitamin E, SOD, glutathione 
peroxidase, thioredoxin, and glutathione peroxidase. The oxidative 
state of pre-eclamptic and normal placental tissues were measured 

via malonaldehyde, protein carbonyls, lipid peroxides, and nitric oxide 
concentrations.

DISSCUSSION
Despite its prevalence and severity, the pathophysiology of pre-
eclampsia is still not completely understood. It would appear that 
maternal endothelium dysfunction and a hypersensitivity reaction 
to placental debris are central to the changes occurring within the 
mother, and linked to placental apoptosis [14]. Several reports have 
indicated increased apoptosis and shedding of placental fragments 
into the maternal circulation during pre-eclamptic pregnancy [15]. 
However, the underlying cause of increased apoptosis is not defined. 
Increased oxidative stress and antioxidant disequilibria have been 
shown to promote syncytiotrophoblast apoptosis with maternal 
exposure to shed membrane fragments responsible for the initiation of 
the systemic inflammation that plays a defining role in the development 
of pre-eclampsia. In this study, we observed an increased state of 
biological oxidation in pre-eclamptic placentae when compared to 
normal controls, which is accordance with previous reports [16]. 
There was an increase in the concentrations of lipid peroxides 
and H2O2 pre-eclamptic toxaemia placentae. Lipid peroxides play a 
significant role in the oxidative stress characteristic of pre-eclampsia 

Table 4: MDA

S. No. Group Mean±SEM (µM/mg)
1. Control 2.878±0.066
2. Test 6.91±0.19
MDA: Malondialdehyde, SEM: Standard error of mean

Table 5: Protein carbonyls

S. No. Group Mean±SEM (µM/mg)
1. Control 203.48±3.658
2. Test 247.15±4.05
SEM: Standard error of mean

Table 6: LPO

S. No. Group Mean±SEM (µM/mg)
1. Control 5.695±0.03322
2. Test 21.61±0.19
SEM: Standard error of mean, LPO: Lipid peroxidation

Table 7: GSH

S. No. Group Mean±SEM (mg/dl)
1. Control 46.99±0.508
2. Test 28.19±0.178
SEM: Standard error of mean, GSH: Glutathione

Table 8: Catalase

S. No. Group Mean±SEM (mmol/min/mg)
1. Control 5.26±0.028
2. Test 4.62±0.11
SEM: Standard error of mean

Table 9: Vitamin C

S. No. Group Mean±SEM (mg/ml)
1. Control 1.182±0.015
2. Test 0.894±0.009
SEM: Standard error of mean

Table 10: Vitamin A

S. No. Group Mean±SEM (mg/ml)
1. Control 1.06±0.012
2. Test 0.607±0.01
SEM: Standard error of mean

Table 11: Vitamin E

S. No. Group Mean±SEM (mg/ml)
1. Control 3.098±0.025
2. Test 3.25±0.05
SEM: Standard error of mean

Table 12: SOD

S. No. Group Mean±SEM (U/L)
1. Control 340.88±6.162
2. Test 164.46±3.03
SEM: Standard error of mean, SOD: Superoxide dismutase

Table 13: GPx

S. No. Group Mean±SEM (U/L)
1. Control 340.88±6.162
2. Test 164.46±3.03
GPx: Glutathione peroxidase, SEM: Standard error of mean

Table 3: List of parameters and their mean, SEM and p values

S. No. Parameters Groups Mean±SEM p value
1. GSH Control 46.99±0.508 <0.001***

Test 28.19±0.178
2. Catalase Control 5.26±0.028 <0.001***

Test 4.62±0.11
3. SOD Control 365.2±2.915 <0.001***

Test 205.6±3.76
4. Vitamin A Control 1.06±0.01294 <0.001***

Test 0.607±0.01
5. Vitamin C Control 1.182±0.01552 <0.001***

Test 0.894±0.009
6. Vitamin E Control 3.098+0.02509 <0.001***

Test 3.25±0.05
7. Protein carbonyls Control 203.48+3.658 >0.05**

Test 247.15±4.05
8. Thioredoxin Control 100.64±3.386 <0.001***

Test 80.89±3.37
9. GPx Control 340.88±6.162 <0.001***

Test 164.46±3.03
10. MDA Control 2.878±0.06673 <0.001***

Test 6.91±0.19
11. LPO Control 5.695±0.03322 <0.001***
MDA: Malondialdehyde, GSH: Glutathione, GPx: Glutathione peroxidase, 
LP: Lipid peroxidation, SOD: Superoxide dismutase, SEM: Standard error of 
mean, **: Moderate, ***: Highly significant
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by stimulating the cyclooxygenase, increasing endothelial monolayer 
permeability, thrombin formation, the IXA2/prostaglandin A2 ratio, 
and the production of vasoconstrictors while reducing the levels of 
antithrombin III and the production of vasodilatory prostacyclin and 
nitric oxide (NO) [17]. These changes contribute to the clinical feature 
of pre-eclampsia including increased platelet aggregation, maternal 
hypertension, proteinuria, edema, thrombus formation, and reduced 
uteroplacental blood flow in normal pregnancy, increasing gestational 
age promoted low levels of placental peroxidation and increased 
antioxidant status. Conversely, increased vasoconstriction and hypoxia 
cause significantly higher lipid peroxidation products [18] and reduced 
levels of antioxidants such as Vitamin C, Vitamin A, SOD, glutathione 
peroxidase, etc., to be associated with pre-eclampsia. The increasing 
protein and lipid oxidation demonstrated in this investigation indicate 
that the pre-eclamptic placenta is experiencing oxidative stress 
that may be due to either excessive generation of ROS or a deficient 
antioxidant capacity [19].

CONCLUSION

By early medical intervention, we can prevent progression of pre-
eclampsia from HELLP syndrome to eclampsia, where neurological 
problems such as hyperreflexia with an abnormal pattern of 
neuromuscular activity, severe headache, scotomas, clonic-tonic 
seizures, coma, renal and hepatic failure, cerebral hemorrhage, lung 
edema, and liver hemorrhage. By administrating the antioxidants such 
as vitamins along with antihypertensive drugs at the early stage of pre-
eclampsia, we can prevent the progression of the disease to HELLP 
syndrome and eclampsia and also from the detrimental effects of ROS 
(oxidative stress).The state of hypoxia-reoxygenation established in the 
placenta as a consequence of the increase in oxygen tension exposes the 
placenta to the oxidative stress. The delicate balance of oxidative control 
by antioxidant proteins is crucial to the healthy progression of pregnancy 
and disequilibria in compensatory antioxidant control are proposed as 
a causative mechanism in the pathophysiology of pre-eclampsia. The 
results of investigations included in this study confirm the involvement 
of increased oxidative stress and decreased antioxidant enzyme 
capacity in the progression of pre-eclampsia. The decrease in placental 
antioxidants observed in this study may be due to decreased production 
as a result of reduced mRNA expression. Conversely, the increased 
placental oxidation observed may be responsible for the reduction in 
antioxidant enzyme activity through the inhibition of sulfhydryl repair 
mechanisms and so may be a consequence of the disease. Either way, 
the decreased endogenous activity of key antioxidant enzymes leads 
to augmentation of the oxidative stress produced as a consequence of 
hypoxia reoxygenation within the placenta and may contribute to the 
increased apoptosis, which is characteristic of the pre-eclampsia.
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