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Abstract: Preeclampsia is a known ischemic condition. It increases the maternal oxidative stress. Babies born to the 

preeclamptic mothers may have appropriate birth weight and gestational age. Studies about the oxidative stress in those 

apparently healthy babies are scarce. 45 preeclamptic and 40 age matched control mothers were selected for the study. 

Ischemia modified albumin [albumin cobalt binding assay] and protein carbonyl [DNPH method] were estimated in 

them. Significant rise of Ischemia modified albumin was found in cord blood of babies born to preeclamptic 

mothers.(p<0.0001  ). No significant alteration was found in cord blood protein carbonyl levels between case and control 

groups. Babies born to preeclamptic mothers were suffering from oxidative stress. Those babies should be kept under 

observation and should be supplemented by antioxidants. 
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INTRODUCTION:  

Normal foetal development depends on 

placental growth. Problem like obesity and delayed 

pregnancy may cause placenta related disorders. 

Oxidative stress in placental tissues plays a significant 

role in the progress of foetal abnormalities and major 

causes of maternal as well as peri-natal mortalities [1] 

.Preeclampsia is associated with uterine hypoxia and 

inadequate uterine blood supply [2] . 

 

Ischemia modified albumin (IMA) is a recently 

identified biomarker, extensively studied in acute 

coronary syndrome [3]. Metals like cobalt, copper can 

bind with the amino terminal end of serum albumin that 

is specifically susceptible to damage by ischemia [4]. 

Ischemia reperfusion injury generates Reactive Oxygen 

Species (ROS) that modifies N terminal region of 

human serum albumin. This modified albumin has 

reduced binding capacity to transitional metals, and 

called IMA [5, 6, 7]. 

 

As placental hypoxia is the hallmark of 

etiopathogenesis of preeclampsia, cord blood IMA can 

be a potential biomarker of foetal hypoxia or foetal 

oxidative stress among preeclamptic mothers. However, 

the ROS generation when exceeds antioxidant capacity, 

they stimulate lipid peroxidation and protein 

inactivation, the resulting damage leads to oxidative 

stress. Protein oxidation can be assessed by protein 

carbonyl [8]. 

 

The increment of those plasma biomarkers 

may also cause perinatal asphyxia and hypoxic ischemic 

encephalopathy in term infants [9]. 

 

Increased level of IMA and protein carbonyl 

have been observed in blood of PE mothers [10, 11, 12] 

but a very few studies were found regarding them in 

cord blood of preeclamptic mothers. In our study, the 

potential of ACB and protein carbonyl assay in cord 

blood remains to be explored, to assess the oxidative 

stress in foetus of preeclamptic mothers. 

 

MATERIALS AND METHODS: 

The present study was undertaken in the 

neonatal care unit (Department of Pediatric Medicine), 

labour room (Department of Obstetrics), and 

Department of Biochemistry, Calcutta National Medical 

College, and Kolkata. It was an observational analytical 

study of case-control design and the study period 

extended from 01.06.2013 to 31.05.2014. 

 

Selection of cases and controls: 

45 term newborn babies born to preeclamptic 

mothers were recruited into the study. These babies 

were delivered through spontaneous vertex delivery. 

They were appropriate birth weight and gestational 
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age.40 newborn babies born to normal mothers of same 

criteria were also selected as controls. The cases and 

control group were age and gestational age matched. 

  

Exclusion criteria:  

Each mother was certified of not being a 

known hypertensive, diabetic, and active smokers. 

Babies of women with prolong labour were also 

excluded. None of the babies was among a set of 

multiple gestations and those with obvious congenital 

malformation were excluded. Low-birth weight, 

premature and babies born of caesarean section were 

also excluded from the study. 

 

Sample collection and processing:   

A volume of 5 ml of cord blood was collected 

before cord is clamped and kept in ice-filled containers 

and brought to the Biochemistry Laboratory of Medical 

College within ½ h then serum is separated and stored 

at −20°C for IMA estimation. Baby was weighed in 

kilogram. 

 

ACB Assay for IMA 

Principle 

ACB assay for determination of the level of 

IMA in serum is done by addition of a known amount 

of cobalt (II) to a serum specimen and measurement of 

the unbound cobalt (II) from the absorbance of the 

coloured complex between dithiotreitol (DTT) and free 

cobalt by spectrophotometer which is indicative of the 

level of IMA [13]. Intensity of the coloured complex 

varies inversely with the ACB. 

 

Assay protocol  

A volume of 200 μL of serum was mixed with 

50 μL of 1 g/l cobalt chloride (CoCl2) solution. 

Vigorous mixing was done followed by incubation for 

10 min. Then 50 μL of 1.5g/l solution of DTT was 

added and mixed following which an incubation for 2 

min. Finally, 1 ml of 9 g/l of Nacl was added, and 

absorbance was read at 470 nm in a spectrophotometer 

[13] .The blank was prepared similarly with the 

exclusion of DTT. Standard curve was prepared using 

different concentrations of CoCl2. There is a 

considerable degree of variation among the units of 

expression. 

 

Measurement of protein oxidation was 

determined by assay for protein carbonyl content using 

the 2,4-dinitrophenyl hydrazine reaction. Serum 

samples were divided into two equal aliquots containing 

approximately 1.0 mg of protein each. Both aliquots 

were precipitated with 10% trichloroacetic acid (w/v, 

final concentration). One sample was treated with 2N 

HCl, and the other sample was treated with an equal 

volume of 0.2% (w/v) dinitrophenylhydrazine (DNPH) 

in 2 N HCI. Both samples were incubated at 25℃ in 15-

mL conical glass centrifuge tubes and stirred at 5-

minutes intervals. The samples were then re-

precipitated with 10% trichloroacetic acid (final 

concentration) and subsequently extracted with 

ethanol/ethyl acetate (l: l, v/v) and then re-precipitated 

at 10% trichloroacetic acid. The pellets were carefully 

drained and dissolved in 6M guanidine HCI in 20 mM 

sodium phosphate buffer, pH 6.5. Insoluble debris was 

removed by centrifugation at 6000 ×g at 4℃. The 

difference between the spectra of the DNPH-treated 

sample versus the HCl control was determined and the 

results are expressed as nmol of DNPH incorporated/mg 

of protein based on an average absorptivity of 21.0 

mM-1 cm-1 for most aliphatic hydrazones [14]. 

 

Ethical clearance:  

The study was approved by the Institutional 

Ethical Committee of the said institutions. All mothers 

included in the study provided signed, informed consent 

before participation. 

 

Statistical analysis  

Statistical analysis has been done by unpaired t 

test (Graph pad software). 

 

RESULTS:  

Table 1 and 2 shows the profile and parameters 

of cases and controls; table 3 compares the means of 

cases and controls, as well as significance. Mean 

maternal age was found to be 23.83± 0.47 years in 

controls and 24.55± 0.58 years in cases. No significant 

difference was observed. Mean gestational age was 

38.5±0.19 weeks in controls and 38.2±0.16 weeks in 

cases. No significant difference was found. Mean birth 

weight of the babies was 2.72± 0.17 kgs in controls and 

2.87± 0.14 in cases. No significant alteration was found. 

Mean protein carbonyl level was 5.48±0.10 in controls, 

5.53±0.14 in case group, so significant difference was 

found. Mean IMA in controls was 31.55± 1.15 U/ML in 

controls whereas the same in cases are 45.66±1.6 

UNIT/ML. We observed the significant difference of 

mean IMA between cases and controls (p<0.0001). 
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Table 2: showing demographic profile and Biochemical parameters of cases (n= 45) 

 

Table 3:- Showing comparison of means of different variables between cases and controls 

Variable Mean of cases Mean of 
controls 

95 % Cl of 
Difference 

t value Significance 
p  value 

Maternal age 
in years 

24.55 23.83 38.11- 38.84 2.17 0.66* 

Gestational 
age  in weeks 

38.2 38.5 21.87 -  24.92 0.52 0.85* 

Birth weight in 
kgs 

2.87 2.72 2.70 – 2.84 1.47 0.92* 
 

Ima  in 
units/ml 

45.66 31.55 -14.71 -  13.50 46.16 < 0.0001** 

Protein 
carbonyl in 
nmol/mg 

5.53 5.48 -0.1031 – 
0.0031 

1.8731 0.0646* 

 * NS (not significant)                                                         ** S (significant) 

 

Parameter MEAN SD SEM 

Maternal age(years) 23.83 0.47 0.67 

Gestational age (weeks) 38.5 0.19 0.16 

Birth weight (kg) 2.72 0.17 0.036 

Ima (units/ml) 31.55 1.15 0.18 

Protein 
carbonyl(nmol/mg) 

5.48 0.10 0.0158 

Parameter MEAN SD SEM 

Maternal age(years) 24.55 0.58 0.47 

Gestational age (weeks) 38.2 0.16 0.14 

Birth weight (kg) 2.87 0.14 0.031 

Ima (units/ml) 45.66 1.6 0.23 

Protein 
carbonyl(nmol/mg) 

5.53 0.14 0.0209 

Table 1: showing demographic profile and Biochemical parameters of controls(n= 40) 

DISCUSSION:  

Of all pregnancies the prevalance of 

preeclampsia and eclampsia are 2%-8% and overall 

10%-15% of maternal deaths are associated with them 

[15]. 

 

Preeclampsia is marked by to ischemic 

reperfusion injury leading to oxidative stress and 

generation of Reactive Oxygen Specis (ROS), failure to 

control the condition complicates to eclampsia. 

 

Different biochemical markers have been tried 

in maternal and cord blood in oxidative stress related 

conditions [16]. But in preeclampsia, results are 

inconsistent, particularly in those, where the outcome is 

apparently normal. (Spontaneous vertex delivery with 

appropriate birth weight and gestational age). 

 

Obviously, preeclampsia is marked by 

placental hypoxia; furthermore it causes ischemic 
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reperfusion injury and generation of free radicals which 

alters the amino terminal of serum albumin resulting in 

reduced binding of albumin to metal compared to 

normal pregnant mothers. Roy et al found that the ROS 

can modify the N terminus of albumin, resulting 

reduced affinity to cobalt. This test has shown increased 

sensitivity and specificity as compared to more 

conventional cardiac enzymes in diagnosis of acute 

coronary syndrome.[3] and myocardial ischemia [17]. 

The scope of IMA assay was extended to find out 

intrauterine hypoxia. IMA levels were found to be 

significantly higher in cord blood of normal term 

delivery newborns compared to complicated deliveries 

[18]. Elevated levels of IMA were found in blood in 

mothers with recurrent first-trimester abortions [19] and 

preeclampsia [11, 20]. The above mentioned studies, 

has established the position of IMA in ischemic or 

hypoxic conditions. 

 

Results of our study shows significant increase 

of IMA in cord blood of preeclamptic 

mothers(p<0.0001), but no significant difference are  

found in maternal age, gestational weeks, birth weights 

and mean protein carbonyl levels between cases and 

controls. Mean maternal age, gestational age, and birth 

weights were kept as close as possible, all the newborns 

were delivered under spontaneous vaginal delivery so 

that the effect of following factors cannot alter the 

oxidative stress parameters like IMA and protein 

carbonyl levels. From the above findings it is obvious 

that, the newborns of preeclamptic mothers are having 

some amount of oxidative stress than the newborns of 

control mothers. Our study is similar with the study of 

Mehmetoglu I, et al.; who observed that significant rise 

of cord blood oxidized LDL and IMA levels 7 days 

after birth in neonates born to preeclamptic mothers, 

which might be a reflection of increased oxidative stress 

of preeclampsia [21].  

 

We didn´t found the significant increase of 

protein carbonyl in cord blood of preeclamptic mothers 

when compared to controls. This corroborates the study 

of Noh EJ [22] et al.; who observed the similar 

findings. As the deliveries are apparently healthy in 

respect of maternal and gestational age, as well as birth 

weights, we can hypothesize that the oxidative stress is 

not sufficient to alter protein carbonyl levels in case 

group.  

 

Ischemia poses a risk in infants by altering 

cerebral blood flow [23]. The chances of brain damage 

being amplified many times in reperfusion injury. 

Furthermore it leads the generation of free radicals that 

damages cell membrane by lipid peroxidation, 

inactivation of enzymes, DNA damage and degradation 

of structural lipids.IMA and protein carbonyl reflect the 

protein damage [24]. 

 

Oxidative stress in newborns develops in a 

same way like adults. When the ROS exceeds the 

counteraction of available antioxidants, the oxidative 

stress takes place. All the oxidants and antioxidants are 

associated with placenta and birth weight. Oparinde DP 

[16] suggested that the remnant oxidative stress of 

pregnant women has been observed in newborns. This 

observations were further strengthed [25, 26, 27]. 

Furthermore, antioxidant capacity may not have been 

fully developed in newborns [16]. 

 

From the results of our study we can assume 

that some amount of oxidative stress is still persisting in 

the cord blood of preeclamptic mothers.IMA is a simple 

and cost effective biochemical parameter which can be 

assayed in cord blood of preeclamptic mothers. 

 

CONCLUSION:  

Oxidative stress is still persisting in babies of 

preeclamptic mothers with spontaneous vaginal delivery 

and vertex presentations, with appropriate placental and 

birth weight. The babies should be in observation and 

antioxidant supplementation. 

 

REFERENCES: 
1. Akolekar R, Syngelaki A, Sarq R; Prediction 

of early intermediate and late pre-eclampsia 

from maternal factors biophysical and 

biochemical markers at 11-13 weeks .Prenat 

Diagn, 2011; 31: 66-74. 

2. Papageorghiou AT, Prefumo F, Leslie K, Gaze 

DC; Collinson PO Thilaganathan B. Defective 

endovascular  trophoblast invasion in the first 

trimester is associated  with increased maternal 

serum ischemia- modified albumin. Hum 

Reprod, 2008; 23: 803-806. 

3. Chawla R, Goyal N, Calton R, Goyal S; 

Ischemia modified albumin: A novel marker 

for acute coronary syndrome. Indian J Clin 

Biochem, 2006; 21:77-82. 

4. Bar-Or D, Curtis G, Rao N, Bampos N, Lau E; 

Characterization of the Co (2+) and Ni (2+) 

binding amino-acid residues of the N-terminus 

of human albumin. An insight into the 

mechanism of a new assay for myocardial 

ischemia. Eur J Biochem, 2001; 268:42-7. 

5. Anwaruddin S, Januzzi JL, Baggish AL, 

Lewandrowski EL, Lewandrowski KB; 

Ischemia modified albumin improves the 

usefulness of standard cardiac biomarkers for 

the diagnosis of myocardial ischemia in the 

emergency department setting. Am J Clin 

Pathol, 2005; 123:140-145. 

6.  Worster A, Devereaux PJ, Ansdell D, Guyatt 

GH, Opie J, Mookadam F et al.; Capability of 

ischemia modified albumin to predict serious 

cardiac outcomes in the short term among 

patients with potential acute coronary 



 

 

Kar Kaushik et al., Sch. J. App. Med. Sci., January 2016; 4(1A):52-56 

    56 

 

 

syndrome. Can Med Assoc J, 2005; 172: 1685-

1690. 

7.  Wu AH, Morris DL, Fletcher DR, Apple FS, 

Christenson RH, Painter PC; Analysis of the 

Albumin Cobalt Binding (ACB) test as an 

adjunct to cardiac troponin I for the early 

detection of acute myocardial infarction. 

Cardiovasc Toxicol, 2001; 1: 147-151. 

8. Yaacobi N, Ohel G, Hochman A; Reactive 

oxygen species in the process of labor. Arch 

Gynecol Obstet, 1999; 263:23–24. 

9. Aydemir O, Akar M, Uras N, Eras Z, Erdeve 

O, Oguz SS, et al.; Total antioxidant capacity 

and total oxidant status in perinatal asphyxia in 

relation to neurological outcome. 

Neuropediatrics, 2011; 42:222–226. 

10. Bahinipati J, Mohapatro PC, Pradhan T; Role 

of maternal serum ischemia modified albumin 

as a biochemical marker in preeclampsia. 

Biomedical Research, 2014; 25 (2): 153-156. 

11. Mehmetoglu I, Kurban S, Toker A, Annagür 

A, Altunhan H, Erbay E et al.; Serum IMA 

and oxidized LDL levels in cord blood and 

serum of neonates born to preeclamptic 

mothers. Pediatr Int, 2015;57(3):422-426. 

12. Rani NA, Naidu JN; Protein carbonylation, 

lipid peroxidation and serum alpha tocopherol 

activity in preeclampsia. Int J of Recent Trends 

in Sciences and Technol, 2013 ;( 3):163-166. 

13. Bhagavan NV, Lai EM, Rios PA, Yang J, 

Ortega-Lopez AM, Shinoda H et al.; 

Evaluation of human serum albumin cobalt 

binding assay for the assessment of myocardial 

ischemia and myocardial infarction. Clin 

Chem, 2003; 49:581-5. 

14. Oliver CN, Ahn BW, Moerman EJ, Goldstein 

S, Stadtman ER; Age-related changes in 

oxidized proteins. J Biol Chem, 1987; 

262:5488–5491. 

15. Duley L; The global impact of pre-eclampsia 

and eclampsia. Seminars in Perinatology, 

2009; 33:130-137. 

16. Operinde DP, Adekanle DA, Atiba AS,Iyanda 

AA,Adegun PT; Cord blood oxidative stress 

markers correlate with birth and placental 

weight.  Journal of Asian Scientific Research, 

2013; 3(4):365-372. 

17. Abadie JM, Blassingame CL, Bankson DD; 

Albumin cobalt binding assay to rule out acute 

coronary syndrome. Ann Clin Lab Sci, 2005; 

35:66-72. 

18. Gugliucci A, Hermo R, Monroy C, Numaguchi 

M, Kimura S; Ischemia-modified albumin 

levels in cord blood: A case-control study in 

uncomplicated and complicated deliveries. 

Clin Chim Acta, 2005; 362:155-60. 

19.  Özdemir S, Kiyici A, Balci O, Göktepe H, 

Çiçekler H, Çelik Ç; Assessment of ischemia-

modified albumin level in patients with 

recurrent pregnancy loss during the first 

trimester. Eur J Obstet Gynecol Reprod Biol, 

2011; 155:209-12. 

20.  Ustün Y, Engin-Ustün Y, Oztürk O, Alanbay 

I, Yaman H; Ischemiamodified albumin as an 

oxidative stress marker in preeclampsia. J 

Matern Fetal Neonatal Med, 2011; 24:418-21. 

21.  Gafsou B, Lefèvre G, Hennache B, Houfflin 

Debarge V, Ducloy- Bouthors AS; Maternal 

serum ischemia-modified albumin: A 

biomarker to distinguish between normal 

pregnancy and preeclampsia? Hypertens 

Pregnancy, 2010; 29:101-11. 

22. Noh EJ,Kim YH, Cho MK,Kim JW, Byun YJ, 

Song TB; Comparision of oxidative stress 

markers in umbilical cord blood after vaginal 

and cesarian delivery. Obstet Gynecol Sci, 

2014; 57(2):109-114. 

23. Gazzolo D, Abella R, Marinoni E, Di Iorio R, 

Li Volti G, Galvano F et al.; Circulating 
biochemical markers of brain damage in 

infants complicated by ischemia reperfusion 

injury. Cardiovasc Hematol Agents Med 

Chem, 2009; 7:108-26..  

24.  Biswas S, Sarkar P, Chakrabarty I, Ghosh S, 

Halder RC; Study of cord blood Ischemia 

mopdified albumin levels in the evaluation of 

birth asphyxia. Jour of investigational 

biochem, 2014   

DOI: 10.5455/jib.20130930110304  

25. Arikan SD, Konukoğlu Ç, Arıkan T, Akçay I; 

Lipid Peroxidation and antioxidant status in 

maternal and cord blood. Gynecol Obstet 

Invest, 2001; 51: 145-149. 

26. Erdem M, Harma I. Arikan A; Comparative 

study of oxidative stress in maternal blood 

with that of cord blood and maternal milk. 

Arch Gynecol Obste, 2012; 285(2): 371-375. 

27. Şahinli A, Marakoğlu K, A. Kiyici; Evaluation 

of the levels of oxidative stress factors and 

ischemia modified albumin in the cord blood 

of smoker and non-smoker pregnant women. J 

Matern Fetal Neonatal Med 2012; 25(7): 1064-

1068.  


