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ABSTRACT

Preeclampsia (PE) is a leading cause of perinatal morbidity and mortality. Our aim of the study
was to evaluate the association of oxidative stress and antioxidant defence systems with
preeclampsia during pregnancy and after delivery. The study comprises a total of 52 subjects
including PE women (n=27) and uncomplicated pregnant women (n=25) matched by age.
Serummalondialdehyde (MDA), phospholipid hydroperoxide (PHP), superoxide dismutase
(SOD), vitamin C and total antioxidant status (TAS) were estimated by spectrophotometric
methods. Serum levels of MDA and PHP were significantly higher (p<0.001, respectively) while
SOD, vitamin C and TAS were significantly lower (p<0.001, respectively) in patients both
during and after delivery. The systolic and diastolic blood pressure significantly decreased
among patients after delivery. On the other hand, the MDA and PHP concentrations non-
significantly decreased in PE women after delivery whereas the antioxidant system non-
significantly increased. Our results suggested that the raise in oxidative stress and reduction in
antioxidant defence systems persisted after delivery for 1 to 3 days. Therefore, evaluation of
oxidative status and antioxidant defence systems may be a useful tool for diagnosis and treatment
of preeclampsia during and after pregnancy.
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INTRODUCTION

A life threatening disorder during pregnancy and postpartum period is preeclampsia (PE). It is a

triad of oedema, hypertension and proteinuria occurring primarily after the 20th gestational week
and most frequently near term.! Intrauterine growth retardation (IUGR), pre-term delivery, low
birth weight, fetal death and neo-natal death due to complications of pre-term delivery are
common perinatal outcomes associated with preeclampsia.” Preeclampsia affects between 0.4%
and 2.8% of all pregnancies in developed countries and many more in developing countries,
leading to as many as 8 370 000 cases worldwide per year.® In developing nations, the incidence
of the disease is reported to be 4-18%." Though PE is a serious problem its etiology is still
poorly understood. Oxidative stress (OS) of the placenta is considered to be a key intermediary
step in the pathogenesis of preeclampsia. It has recently been reported that oxidative stress and
inflammatory mechanisms are involved in endothelial cell activation and dysfunction in
preeclampsia.’ Oxidative stress is the result of an imbalance between the intracellular production
of reactive oxygen species (ROS) and the cellular defence mechanisms.® Sharma et al. reported
the association of oxidative stress with preeclampsia.® Elevated levels of oxidative stress status in
pregnancy were shown in many other studies observed impaired antioxidant activity in women
with preeclampsia.”®Oxidative stress can trigger a number of potentially damaging biochemical
reactions.® Oxidative stress may be responsible not only for preeclampsia but also for other
endothelial cell generated dysfunctions such as atherosclerosis and cardiovascular diseases.'**?
The fetus as well as the mother may therefore develop cardiovascular problems after pregnancies
with elevated oxidative stress, especially if oxidative stress persists post-partum.’® In a study
measuring lipid peroxidation products elevated levels have been found before and also after
delivery in maternal serum from women with PE compared to controls.'* Kressig et al. reported
elevated malondialdehyde (MDA) a biomarker of OS in PE patients during and after
pregnancy.’® Mutlu-Tu et al. also showed increased MDA levels in maternal serum before and
after delivery in women with PE compared to normal pregnancy*. Preeclampsia is also a
common problem in Bangladesh. Though we showed the association of oxidative stress with
preeclampsia in our previous study the overall effects of the oxidative stress markers during and
after pregnancy were not clear.® We hypothesized that patients with preeclampsia may also
suffer from oxidative stress after delivery. If untreated various complications may develop in
patients. The objective of this study was to measure oxidative stress markers in PE patients

before and after delivery. We measured serum MDA, phospholipid hydroperoxide (PHP) and
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superoxide dismutase (SOD) activity as markers of oxidative stress in study subjects. Vitamin C
and total antioxidant status (TAS) were also measured as the ability to protect from oxidative
stress. All the parameters were compared with healthy control group with uncomplicated
pregnancy.

MATERIALS AND METHOD

Study Subjects

The study was conducted on 52 subjects (27 preeclamptic pregnant women and 25 healthy
uncomplicated pregnant women) matched by age. Preeclamptic pregnant women were recruited
from Dhaka Medical College Hospital and uncomplicated pregnant women were recruited from
Azimpur Maternity Hospital, Dhaka, Bangladesh.

Subjects were selected based on following criteria:

» Systolic blood pressure greater than 140 mmHg or a raise of at least 30 mmHg.

» Diastolic blood pressure greater than 90 mmHg or a raise of at least 15 mmHg.

» Proteinurea of 300 mg in a 24 hours urine collection.

« Antepartum and postpartum Preeclampsia.

Subjects with uncomplicated pregnancies were normotensive throughout gestation and had no
proteinurea.

Sample Collection

Blood samples were obtained from all subjects during February 2012 through June 2012. Blood
samples were taken two times from each subject, 1st in 1 to 3 days before delivery and 2" in 1 to
3 days after delivery. About 5.0 mL of peripheral blood was drawn from each individual with the
help of an expert. Then the blood was transferred to a sterile glass tube without any disturbance.
Blood samples were kept in an ice chamber following collection and during transportation to the
laboratory. After centrifugation of the clotted blood, serum samples were collected in eppendorf
tubes and the oxidative stress markers were measured immediately.

Assay of oxidative stress markers

In this study we measured the values of malondialdehyde (MDA), phospholipid hydroperoxide
(PHP) and superoxide dismutase (SOD) as oxidative stress markers. We also measured vitamin
C and total antioxidant status (TAS) levels as the ability to protect from oxidative stress. The
MDA value was measured according to the method of Yagi.'” At first the lipoprotein portion was
precipitated by trichloroacetic acid. Then the solution was boiled with thiobarbituric acid, which

reacted with malondialdehyde to form a pink color. The absorbance of the color was measured at
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the wavelength of 535 nm. Phospholipid hydroperoxide value was determined by the method of
Miyazawa based on the oxidation of ferrous to ferric ion in the presence of xylenol orange.*® The
color formed in this reaction was measured at 520 nm. The determined values for MDA and PHP
were expressed as nmol/mL. Superoxide dismutase value was assayed by commercial reagent kit
(Sigma-Aldrich, USA).'® The kit contained xanthine oxidase enzyme that produced superoxide
anion which reacted with Dojindo’s highly water-soluble tetrazolium salt, WST-1{2-(4-
lodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt} that
produces a water-soluble formazan dye. Superoxide dismutase inhibits the formation of the dye.
Thus SOD activity is inversely proportional to the dye. The absorbance of the dye was measured
at 450 nm by ELISA reader. The SOD activity was expressed as percentage. Serum Ascorbic
acid (Vitamin C) levels were estimated calorimetrically using a DTCS reagent prepared by
mixing dinitrophenyl hydrazine, thiourea, and copper sulfate in a 1:1:20 ratio, according to the
method developed by Teitzwith few mobifications.?’ Ascorbic acid in serum is oxidized by Cu®*
to form dehydroascorbic acid, which reacts with acidic 2,4-dinitrophenylhydrazine to form a red
bis-hydrazone, which was measured at 520 nm. Ascorbic acid concentration was expressed as
mg/dL. Total Antioxidant Status was also measured by Antioxidant Assay Kit (Sigma-Aldrich,
USA).% Metmyoglobin and hydrogen peroxide produce feryl myoglobin radical which oxidizes
the ABTS (2,2’-azino-bis(3- ethylbenzthiazoline-6-sulfonic acid) to produce a radical cation,
ABTS.", a soluble chromogen that is green in color. Antioxidants suppress the production of the
radical cation and the color intensity decreases proportionally. The color intensity was read at
405 nm by ELISA reader. The determined value for TAS was expressed as mM.

Statistical Analysis

All the results were expressed as mean + SEM. The statistical analysis of the data was carried out
with Statistical Package of Social Science (SPSS), version 17 and Graph pad Prism version-5.
The comparisons between two groups were tested by unpaired t-test. A 95% confidence interval

was used. P values less than 0.05 were considered as statistically significant.
RESULTS AND DISCUSSION

Oxidative stress is a potential indicator in preeclampsia. We have studied the malondialdehyde
(MDA), phospholipid hydroperoxide (PHP), level of superoxide dismutase (SOD), vitamin C
and total antioxidant status (TAS) which indicate the severity of preeclampsia. Other related
parameters like Blood pressure (BP) and Birth weight also studied.
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Clinical and laboratory data

These are shown in Table 1 and in Figure 1. The maternal age of study subjects was not
significantly different. On the other hand the gestational age was significantly decreased in
preeclampsia as compared with normal pregnancy (p<0.001) (Table 1).

Table 1: Baseline characteristics of the study subjects

Parameters Mean £ SEM p value
Control (n=25) PE Patient (n=27)

Maternal ages (years) 26+0.1 25.04+0.1 ns

Gest. ages (weeks) 38.36+0.7 34.11+0.5 <0.001

Birth weight (kg) 2.9+0.1 2.2+0.1 <0.001

Unpaired t-test was done as the test of significant. p<0.05 was taken as level of significance. PE;
Preeclampsia.

The fetal weight was also significantly lower in preeclampsia as compared with normal
pregnancy (p<0.001) (Table 1). As shown in Figure 1 the systolic and diastolic blood pressure
levels were significantly lower in normal pregnancy as compared with preeclampsia (p<0.001,
respectively). In preeclampsia oxidative stress increase and potential free radicals damage the

vasospasm which in turn increases the peripheral resistance, hence BP increases.*?
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Figure 1: (a) Systolic and (b) diastolic blood pressure of study subjects at different period.
Unpaired t-test was done as the test of significant. p<0.05 was taken as level of significance. [*,
$ = p<0.001, # = p<0.05, *= p<0.01].
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Analysis of different parameters during pregnancy and after delivery

MDA is generally used as a marker of oxidative stress and in accordance with some studies our
study showed higher degree of serum oxidative stress in the form of MDA and PHP (p<0.001,
respectively) in PE patients compared with normal pregnant women (Table 2).% % Other studies
also reported elevated serum MDA concentration in patients with preeclampsia.?* SOD and
vitamin C are important antioxidant systems. Several investigators have reported reduction of
SOD and vitamin C level in PE patients®. In this study, we found serum SOD, vitamin C and
TAS levels in PE women were significantly lower (p<0.001, respectively) than in normal
pregnancy (Table 2). Kharb et al. and Sharma et al. also reported decreased antioxidant levels in
complicated pregnancy® °. The higher levels of oxidative stress markers and reduced levels of
antioxidants may persist after delivery. Ozan et al. investigated total plasma antioxidant status,
plasma lipid profile, and uterine artery doppler velocity waveform in non-pregnant women with a
history of preeclampsia, and observed that the mean total plasma antioxidant status was
subnormal in 72% of the formerly preeclamptic group, in contrast to 35% in the control group.?’
In our present study, after the delivery of child, the levels of MDA and PHP were significantly
(p< 0.001, respectively) low in normal mothers compared to complicated mothers (Table 2).

Table 2: Levels of different parameters in study subjects at different periods.

Parameters During pregnancy After delivery
Control Patients P Control Patients P
(n=25) (n=27) value  (n=25) (n=27) value
MDA 525+0.17 845+0.11 <0.001 4.89+0.14 8.12+0.14* <0.001
(nmol/mL)
PHP (nmol/mL) 6.38+0.17 856+0.23 <0.001 5.64+0.12 8.34+0.22* <0.001
SOD (U/mL) 518+0.12 164+0.06 <0.001 5.36+0.12 1.80+0.06* <0.001
TAS (nM) 151+0.06 084+0.04 <0001 161+0.05 0.96%0.06* <0.001
Vitamin C 145+0.06 0.67+0.08 <0.001 156+0.06 0.82+0.07* <0.001
(mg/dL)

Results are expressed as Mean + SEM. Unpaired t-test was done as the test of statistical
significant. p<0.05 was taken as level of significant. *; p>0.05 (Comparison among patients
during pregnancy and after delivery).

In this study we compared the oxidative status and antioxidant system among the PE patients
during pregnancy and after delivery. We found significant (p<0.05, p<0.01, respectively)
reduction in systolic and diastolic blood pressure after delivery (Figure 1). On the other hand, the
MDA and PHP concentrations non-significantly decreased in PE women after delivery whereas
the antioxidant system increased though statistically non-significant (Table 2). This result

suggested that the oxidative stress caused in preeclampsia persists even after delivery for 3 days.
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Kressig et al. (2008) showed that elevated MDA concentration persisted 24 hours in PE patients
after delivery”®. The imbalance between lipid peroxidation and antioxidant defences in
preeclampsia, leads to endothelial dysfunction and free radical-mediated endothelial cell
injury.™ % Oxidative-stress-induced damage to DNA and macromolecules is associated with the
onset and development of many other diseases including cardiovascular disease, neurological
degenerations (e.g., Alzheimer’s disease, ischemic stroke), and cancer, as well as the normal
ageing processes. Thus the oxidative stress in preeclampsia may cause serious problems in
mothers after delivery if untreated.

CONCLUSION

The results of our present study suggested that circulating levels of oxidative stress markers
(MDA and PHP) were statistically elevated and antioxidant defence systems (SOD, vitamin C
and TAS) were significantly reduced in women with preeclampsia and persisted for 3 days after
delivery. This study will help to take preventive care for mothers. So treatment should persist
even after delivery of child for few days. Further follow up study is needed for accurate findings.

REFERENCES

1. Higgins JR, Brennecke SP. Pre-eclampsia still a disease of theories? CurrOpinObstet
Gynecol. 1998; 10: 129-133.

2. Ware-Jauregui S, Sanchez SE, Zhang C, Laraburre G, King IB, and Williams MA. Plasma
lipid concen-trations in pre-eclamptic and normotensive Peruvian women. Int J Gynaecol
Obstet. 1999; 6793: 147-155.

3. Villar K, Say L, Gu'lmezoglu AM, Merialdi M, Lindheimer MD, Betran AP, Piaggio G.
Eclampsia and pre-eclampsia: a health problem for 2000 years. In: Critchley H, MacLean
AB, Poston L, Walker JJ, eds. Preeclampsia. RCOG Press. 2003: 189-207.

4. Villar J, Carroli G, Wojdyla D, Abalos E, Giordano D, Ba'ageel H, Farnot U, Bergsjg P,
Bakketeig L, Lumbiganon P, Campodonico L, Al-Mazrou Y, Lindheimer M. Preeclampsia,
gestational hypertension and intrauterine growth restriction, related or independent
conditions? Am J Obstet Gynecol. 2006; 94(4): 921-931.

5. Redman CW, Sacks GP, Sargent IL. Pre-eclampsia: an excessive maternal inflammatory
response to pregnancy. Am J Obstet Gynecol. 1999; 180: 499-506.

6. Sharma JB, Sharma A, Bahadur A, Vimala N, Satyam A, Mittal S. Oxidative stress markers
and antioxidant levels in normal pregnancy and preeclampsia. Int. J Gynecol Obstet. 2006;
94: 23-217.

www.ajphr.com 127



|[Howlader et al., Am. J. Pharm Health Res 2015:3(2) ISSN: 2321-3647|

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

Rodrigo R, Parra M, Bosco C, Fernandez V, Barja P, Guajardo J, et al. Pathophysiological
basis for the prophylaxis of preeclampsia through early supplementation with antioxidant
vitamins. PharmacolTher. 2005; 107: 177-197.

Sagol S, Ozkinay E, Ozsener S. Impaired antioxidant activity in women with pre-eclampsia.
Int J Gynecol Obstet. 1999; 64(2): 121-127.

Droge W. Free radicals in the physiologicalcontrol of cell function. Physiol Rev. 2002; 82(1):
47-95.

Gale CR, Ashurst HE, Hall NF, MacCallum PK, Martyn CN. Size at birth and carotid
atherosclerosis in later life. Atherosclerosis. 2002; 163: 141-147.

Palinski W, Napoli C. The fetal origins of atherosclerosis: maternal hypercholesterolemia,
and cholesterol-lowering or antioxidant treatment during pregnancy influence in utero
programming and postnatal susceptibility to atherogenesis. FASEB J. 2002; 16:1348-1360.
Szitanyi P, Janda J, Poledne R. Intrauterine undernutrition and programming as a new risk of
cardiovascular disease in later life. Physiol Res. 2003; 52: 389-395.

Ness RB, Harris T, Cobb J, Flegal KM, Kelsey JL, Balanger A, et al. Number of pregnancies
and the subsequent risk of cardiovascular disease. N Engl J Med. 1993; 328: 1528-533.
Mutlu-Tu rkoglu U, Aykac, Toker G, Ibrahimoglu L, Ademoglu E, Uysal M. Plasma nitric
oxide metabolites and lipid peroxide levels in preeclamptic pregnant women before and after
delivery. GynecolObstet Invest. 1999; 48: 247-250.

Kressig P, Beinder E, Schweer H, Zimmermann R, Mandach UV. Post-delivery oxidative
stress in women with preeclampsiab or IUGR. J Perinat Med. 2008; 36: 310-315.

Howlader MZH, Alauddin M, Khan T et al. Oxidizability of serum lipids and paraxonase
activity in preeclampsia. MJMS. 2007; 13(2): 112-117.

Yagi K. Simple procedure for specific assay of lipid hydroperoxides in serum or plasma. Free
radical and antioxidant protocols. 1998; 108: 101-106.

Miyazawa, T. Determination of phospholipid hydroperoxides in human blood plasma by a
chemiluminescence-HPLC assay. Free RadicBiol Med. 1989;165: 988-993.

Alexander V, Peskin, Christine C, Winterbourn. A microtiter plate assay for superoxide
dismutase using a water-olubletetrazolium salt (WST-1). ClinicaChimicaActa. 2000; 293:
157-166.

McCormick DB, Green HL. ‘Vitamins’. 3rd edn: 1999; p. 1024-1025.

Huang, H. The chemistry behind antioxidant capacity assays. J Agric Food Chem. 2005; 53:
1841-1856.

www.ajphr.com 128



|[Howlader et al., Am. J. Pharm Health Res 2015:3(2) ISSN: 2321-3647|

22.Pankaj desai, PG classroom/ Seminar- oxidative stress  (source internet,

www.drpankajdesai.com/PGC/SemOxS.htm).

23. Yanik FF, Amanvermez R, YanikAet al. Pre-eclampsia and eclampsia associated with
increased lipid peroxidation and decreased serum vitamin E levels. Int J GynaecolObstet
1999; 64: 27-33.

24. Morris JM, Gopaul NK, Endresen MJR et al. Circulating markers of oxidative stress are
raised in normal pregnancy and pre-eclampsia. Br J ObstetGynaecol. 1998; 105: 1195-1199.

25. Davidge ST, Hubel CA, Brayden RD et al. Sera antioxidant activity in uncomplicated and
preeclamptic pregnancies. Obstet Gynecol. 1992; 79: 897-901.

26. Kharb S. Low whole blood glutathione levels in pregnancies complicated by preeclampsia
and diabetes. ClinChimActa. 2000; 294: 179-183.

27.0zan H, llcol Y, Kimya Y et al. Plasma antioxidant status and lipid profile in non-gravida
women with a history of pre-eclampsia. J ObstetGynaecol Res. 2002; 28(5): 274-179.

AJPHR is

Peer-reviewed

monthly

Rapid publication

Submit your next manuscript at

Q}litor@aiphr.com / editor.aiphr@qmail.com/

www.ajphr.com 129


http://www.drpankajdesai.com/PGC/SemOxS.htm
mailto:editor@ajptr.com
mailto:editor@ajptr.com
mailto:editor@ajptr.com
mailto:editor@ajptr.com

