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ABSTRACT 
 

Aim: To assess the ferrous level in Hypoxic Ischemic Encephalopathy. 
Methodology: Eighty four neonates from tertiary care hospital had been included. Neonates were classified as hypoxic on the 
basis of Sarnat and Sarnat scoring. 34 healthy neonates served as control. Among 50 patients two groups were made each 
containing 25 neonates. Group 1 comprising of 25 neonates of hypoxic ischemic encephalopathy of mild degree. Group 2 
comprising of 25 neonates suffering from moderate to severe encephalopathy. 
Results: Serum ferrous was significantly elevated in neonates suffering from Hypoxic Ischemic Encephalopathy. 
Conclusion: The significant elevation of serum ferrous in hypoxic neonates reiterates the key role of serum ferrous in neonates 
with hypoxic ischemic encephalopathy.  
Keywords: Ferrous, oxidative stress. 

 

INTRODUCTION 
 

The requirement of brain for oxygen is high concentration as it has 
immature cells, free radicals and low concentration of antioxidant 
enzymes. Perinatal asphyxia is a leading cause of neonatal 
mortality and disability. They are visual impairment, learning 
impairment, epilepsy, mental retardation and cerebral palsy.1It is 
one of the causes in accumulation of iron in the brain of neonates 
of the mammals. This result in neurobehavioural disturbances 
which are impaired learning and abnormal alertness during life.2 

after hypoxia, oxidative stress generates the release of oxygen and 
nitrogen derived free radicals leading to excitotoxicity and 
acidotoxicity. There is calcium over loading, ionic imbalance, 
inflammation and necrosis. Superoxide and hydrogen peroxide 
reacts with iron via Haber-Weiss reaction to produce hydroxyl 
radicals3. A delicate imbalance between pro-oxidant and anti-
oxidant tips towards oxidative stress4. 

World Health Organization (WHO) states that approximately 
4 million babies die each year in neonatal period. Ninety eight 
percent of these deaths occur in the developing countries. Twenty 
nine percent of these are due to perinatal asphyxia and birth 
injuries5. But neonatal hypoxic ischemic encephalopathy has 
become an infrequent condition in developed countries.6Studies 
assessing asphyxiated insult in neonates are not available in 
developing countries but it is probable that intrapartum is the major 
cause7. 

The most important drawback for post-asphxial hypothermia 
is the small therapeutic window. Its timing is within 6 hours of birth 
in which treatment should be initiated.8Current treatments are 
restricted to management of complications and supportive care to 
the patients but there is limited data available regarding cellular 
and molecular events leading to hypoxic ischemic 
encephalopathy9. 

Iron is a metal required for basic biochemical functions in the 
body. Elemental iron becomes part of the porphyrin ring of 
hemoglobin, myoglobin and cytochromes. It is required for the 
functions of neurotransmitter10. It is also essential for myelin 
formation, development of dendritic connections. It is involved in 
functioning of enzyme systems for the regulation of cellular energy. 
11Neonatal nervous system has high concentration of free iron12. 

Ferrous is released in presence of superoxide, acidic pH, 
ascorbate and cataecholamines during hypoxia13. It leads to the 
formation of free radicals through Fenton reaction14. NPBI is a pro-
oxidant which can convert hydrogen peroxide into hydroxyl 
radicals. These free radicals can cause injury to the brain15. 
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Ferrous ions also catalyze the alkoxyl radicals production  in the 
presence of hydroperoxide (ROOH), which leads to chain 
reaction16. It enhances the formation of others ROS and lipid 
peroxidation17,18. These ROS can further initiate lipid and protein 
oxidation and Deoxyribonucleic acid (DNA) modification19. 

The objective of the study was to assess the ferrous level in 
Hypoxic Ischemic Encephalopathy. 
 

METHODOLOGY 
 

This study was approved by of UHS Lahore. It was conducted in 
collaboration with Services Hospital Lahore. This Descriptive 
analytic study was carried out on eighty four neonates admitted in 
neonatal unit of tertiary care hospital had been included. Out of 
these 84 neonates, the 34 healthy neonates served as control. The 
50 neonates were divided into two groups each containing 25 
neonates. Group 1 comprised of 25 neonates suffering from 
hypoxic ischemic encephalopathy of mild degree where as Group 
2 comprised and base deficit >12mmol/l) Multiorgan involvement. 
Abnormal neurology or clinical seizures. Demographic data was 
collected on a proforma along with history of neonate. They were 
diagnosed on the basis of APGAR sore of less than 3 at 1minute 
and at 5min less than 7. Metabolic acidosis is evident  in umbilical 
arterial blood, or neonatal blood gas samples (pH <7 Any condition 
that alters the level of glutamic acid and ferrous e-g, Intra uterine 
growth retardation (IUGR), gross structural abnormalities, Septic 
shock and birth trauma were excluded. 

Neonatal blood samples were obtained from arteries of 
neonate. Arterial blood gas analysis of blood was done from 
laboratory of Services hospital Lahore. Serum ferrous was 
measured by colorimetric method for iron determination without 
deproteinization using a commercially available kit (Wiener Lab). 
 

RESULTS 
 

The collected data was entered into SPSS version 16. The 
quantitative measures include ferrous and presented as mean and 
standard deviation. The levels of iron were compared within three 
groups of neonates by applying ANOVA for significance. A p value 
of less than 0.05 was taken as significant. Comparison between 
groups and within the groups was done by applying Post Hoc Test. 
 

ANOVA 
Table 1: Serum Iron comparison with normal 

Groups Sum of squares Mean square 

Between groups 1026452.8 513226.401 

Within groups 2305139.5 28458.512 

Total 3331592.3  

Significance  0.000 
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The correlation between serum ferrous levels in hypoxic and 
control was found to be significant (p= 0.000) 
 
Figure: Serum Iron in healthy neonates versus neonates suffering from 
Hypoxic Ischemic Encephalopathy 

 
 
Post Hoc Tests for Iron: When we compare the results after 
applying post Hoc, a significance of  0.003 was found between 
normal neonates and those with HIE-1, and a significance of  
0.000 when normal were compared with those of grade2 &3. But 
when HIE1 and HIE2&3 were compared with each other than a 
significance of 0.05 was found which is not significant. Table 
shows groups with their mean difference, Std. Error and 
significance. 
 

Table 2: Comparison of serum Iron within the groups 
(I) Groups (J) 

Groups 
Mean 
Difference 
(I-J) 

Std .Error Significance 

Normal 
neonates 

HIE-1 
HIE 2 &3 

-152.50914* 
-263.04794* 

44.44497 
44.44497 

0.003 
0.000 

HIE-1 Normal 
HIE 2& 3 

152.50914* 
-110.53880 

44.44497 
47.71458 

0.003 
0.059 

HIE2&3 Normal 
HIE-1 

263.04794* 
110.53880 

44.44497 
47.71458 

0.000 
0.059 

 

DISCUSSION 
 

Ferrous has an important role to play in hypoxic ischemic 
encephalopathy and we have found significant higher levels of free 
iron. Mean value of Iron in control was1.9826E2±11.90244 while 
that of the HIE grade1 was3.5077E2±42.29501*** and grade 2-3 
was 461.310±42.2861*** (Fig. 1). Our values of Ferrous were 
higher even in 3 to 4 control .These may be related to some of the 
preterm neonates in study as preterms have higher non protein 
bound iron levels. Excess of free iron showing deficient iron 
metabolizing and binding capacity favors oxidant stress in 
premature infants17. 

Scattered graph of results shows neonates suffering from 
severe hypoxia have higher levels of serum ferrous than those 
suffering from mild to moderate asphyxia. Graph indicates a 
positive correlation between degree of hypoxia and concentration 
of ferrous. X-axis represents number of patients where as y axis 
concentration of ferrous. After applying ANOVA a significant p 
value of 0.000 has been found. 

In relation to the oxidative stress Shouman et al have 
demonstrated that concentration of non protein bound iron (NPBI) 
in serum and CSF were elevated but total iron binding capacity 
was decreased in neonates suffering from hypoxic ischemic 
encephalopathy18. This study has shown almost similar results like 
ours with a p value of .001.Shahid reported that reperfusion after 
hypoxic-ischemic (HI) induced increased production of free iron 
which had produced highly reactive hydroxyl radical19. 

According to latest estimates by World Health Organization 
(WHO), approximately 4 million babies die each year before they 
reach the age of one month. Ninety eight percent of these neonatal 
deaths take place in the developing countries. Perinatal asphyxia 
and birth injuries together contribute to almost 29% of these 
deaths6. But the neonatal hypoxic ischemic encephalopathy has 
become an infrequent condition in developed countries7. Studies 

assessing the timing of asphyxiated insult in neonates are not 
available in developing countries but it is likely that intrapartum 
causes account for a larger proportion of cases18. 

The most important drawback for post-asphxial hypothermia 
is the small therapeutic window. The timing for this window is 
within 6 hours of birth in which treatment should be initiated. 
Current treatments are restricted to management of complications 
and supportive care to the patients but there is limited data 
available regarding cellular and molecular events leading to 
hypoxic ischemic encephalopathy. 
 

CONCLUSIONS 
 

Our study leads us to suggest that increased levels of ferrous are 
associated with oxidative stress in neonates suffering from hypoxic 
ischemic encephalopathy. It provides a data suggesting a 
relationship between rising levels of serum ferrous and severity of 
hypoxic ischemic encephalopathy. It provides information that 
serum ferrous leads to production of free radicals. Clearly on larger 
scale further studies should be designed to establish a correlation 
between ferrous and oxidative stress. 
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