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Abstract 

 

Objectives  
This study aimed to explore the relationship between varying HIE grades in newborns and levels of reduced glutathione 

and superoxide dismutase in cerebrospinal fluid, investigating their potential as predictive markers for mortality. The 

goal was to assess the utility of CSF-based free radical scavengers and antioxidants in predicting mortality in newborns 

with HIE. 

 

Methods 
A 3-year cross-sectional study at Patna Medical Collage and Hospital in Patna, Bihar, India included 86 newborns with 

hypoxic ischemic encephalopathy. Standard treatments were administered, and CSF analysis for superoxide dismutase 

and reduced glutathione followed exclusion criteria. 

 
Results 
 In the study of 140 neonates, 54 were excluded due to consent issues, leaving 86 examined by Sarnat staging. 

Cerebrospinal fluid superoxide dismutase significantly decreased with HIE severity (81.8, 53.2, 31.6 U/ml, P < 0.001). 

Reduced glutathione exhibited a negative correlation (1354.6, 1041.9, 692.7 ng/ml, P < 0.001). Deceased neonates 

showed significantly lower SOD (61.43 U/ml, P < 0.001) and GSH (22.45 U/ml, P < 0.001) compared to survivors 

(1104.32 ng/ml, 584.68 ng/ml, respectively). 

 

Conclusion 
The current study reveals that diminished levels of reduced glutathione (GSH) and superoxide dismutase (SOD) in 

cerebrospinal fluid indicate the intensity of hypoxic ischemic encephalopathy (HIE) and correlate with newborn 

mortality, highlighting the critical role of oxidative stress. Establishing cut-off values for these antioxidants in CSF may 

serve as markers for HIE staging and prognosis, guiding the development of targeted neuroprotective therapies for 

neonates. 

 

Recommendation 
 The study recommends conducting larger, prospective investigations to address limitations like the small sample size 

and retrospective design. Furthermore, exploring interventions targeting oxidative stress is advised to enhance outcomes 

in newborns with HIE.  
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Introduction 
Fetal asphyxia is often linked with neonatal 

encephalopathy, which is specifically known as hypoxic 

ischemic encephalopathy (HIE). The occurrence rates of 

HIE are notably higher in resource-limited countries, 

contributing to 23% of neonatal deaths globally linked to 

birth asphyxia [1]. Over a million children with birth 

asphyxia encounter complications such as brain paralysis, 

intellectual disability, and cognitive challenges among 

other [1, 2]. 

The National Neonatal Perinatal Database Network 

highlights fetal asphyxia as the predominant contributor 

of perinatal mortality in intramural live births [3]. 

Fundamentally, the nerve damage in HIE is a dynamic 

process, and the ultimate impairment is based on the 

length and intensity of the initial deterioration, in 

conjunction with the impacts of ischemia-reperfusion 

injury as well as cell death [3]. Biochemically, a complex 

cascade of events unfolds post-HIE damage, presenting a 

challenge for neonatologists and neurologists in 

comprehending its pathophysiology and determining the 

appropriate nature and timing of treatments. 

The widely utilized grading system for term babies, 

developed by Sarnat and Sarnat, forms the basis for recent 
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evaluation schemes [4]. Numerous attempts have been 

made to enhance the HIE scoring system, incorporating 

techniques such as Electroencephalogram, Magnetic 

Resonance Imaging, MR Spectroscopy, Visual Evoked 

Response, Ultrasound, Doppler, and Near-Infrared 

Spectroscopy [5-7]. Enzymes like brain-specific creatine 

kinase, enolase, and lactate dehydrogenase, are proposed 

as predictors of outcomes following neurological lesions 

due to the observed intra- and inter-observer variations in 

clinical assessments in the absence of reliable markers [8-

10]. 

This study sought to examine the correlation between 

varying grades of HIE in newborns and the levels of 

reduced glutathione and superoxide dismutase in 

cerebrospinal fluid (CSF). Additionally, the study aimed 

to determine how these CSF-based free radical 

scavenging enzymes and antioxidants could function as 

predictive markers for mortality in newborns with HIE. 

 

Materials and Methods 
 

Study design 
An epidemiological 3-year cross-sectional study was 

conducted. 

 
Study setting 

The study was conducted at Patna Medical College and 

Hospital in Patna, Bihar, India, spanning from September 

2020 to August 2023. 

 
Inclusion and exclusion criteria 
The inclusion criteria comprised infants who had 

experienced birth asphyxia, subsequently developing 

hypoxic ischemic encephalopathy. Additionally, the 

included newborns had a gestational age falling within 37 

to 42 weeks, a birth weight ranging from 2-3.5 kilograms, 

and had survived beyond the initial 12 hours. 

Conversely, exclusion criteria were applied to ensure the 

uniformity of the study population. Newborns with sepsis, 

major congenital malformations, hemolytic disease, or 

those experiencing birth trauma were not considered. 

Furthermore, infants born to mothers with significant 

health conditions such as severe anaemia, diabetes 

mellitus, and prior history of medications which can 

possibly cause drowsiness in newborns, leading to 

alterations in oxidant or antioxidant levels in blood, were 

excluded from the study. 

 

Study size 
The study included 86 newborns who met specific 

inclusion criteria. 

 
Figure 1: Study flow chart 

Data analysis 
All participants in the study were administered the 

standard treatment for hypoxic ischemic encephalopathy 

(HIE). A comprehensive medical history was compiled, 

and prior health records were scrutinized. Standard 

methodologies were applied to document necessary 

measurements. Gestational age was determined using 

both menstrual period and the Ballard (II) method. The 

staging of HIE adhered to the criteria outlined by Sarnat 

and Sarnat [4]. 

Within the first 12 to 48 hours of life, cerebrospinal fluid 

(CSF) was collected for evaluating SOD through Kakkar's 

modified method and GSH using the approach proposed 
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by Beutler E et al. [11].  Furthermore, CSF analysis was 

conducted to exclude the presence of meningitis. 

 
Bias 
There was a chance that bias would arise when the study 

first started, but we avoided it by giving all participants 

the identical information and hiding the group allocation 

from the nurses who collected the data. 

 

Statistical Analysis 
Statistical analysis used SPSS Statistics 20.0 with p-value 

lesser than 0.05 considered significant. The data were 

presented as medians or means, and variances amongst 

groups were computed via Student's t-test. 

 
Ethical considerations 
The study protocol was approved by the Ethics 

Committee. Prior to the initiation of the observation, 

informed written consents were acquired, and 

collaboration was obtained from the parents of all study 

participants in alignment with the pre-established and pre-

tested schedule. 

 

 Results/Outcomes  

Table 1: Comparison of baseline data between groups 
Parameters  HIE-I HIE-II HIE-III P-value 

Sex (Male/Female) 10/5 14/5 12/4 0.776 

Birth weight (in Kg) 2.52 ± 0.32 2.48 ± 0.25 2.56 ± 0.28 0.773 

Gestation (in Weeks) 37.31 ± 0.84 37.47 ± 0.84 37.70 ± 1.02 0.502 

Time of collecting CSF (Hrs) 12.92 ± 1.01 13.41 ± 1.27 13.07 ± 1.02 0.425 

 

A total of 140 neonates met the study's inclusion criteria. However, 54 cases were excluded due to the inability to obtain 

consent. The study proceeded with the examination of 86 neonates, who were then categorized based on the Sarnat and 

Sarnat staging [4]. 

 
Table 2: Values of superoxide dismutase and reduced glutathione with respect to HIE 

N Range Mean CV SE p-value 

SOD, U/ml                                                                                                                        <0.001 

HIE-I 12 33.98 81.8 12.1 2.56 

HIE-II 16 58.12 53.2 34.2 3.98 

HIE-III 12 45.43 31.6 41.7 3.41 

N Range Mean CV SE p-value 

GSH, ng/ml                                                                                                                       <0.001 

HIE-I 12 851.2 1354.6 19.8 2.56 

HIE-II 16 931.5 1041.9 26.6 3.98 

HIE-III 12 582.1 692.7 26.9 4.98 

 

A significant and noteworthy difference in cerebrospinal 

fluid (CSF) levels of superoxide dismutase was observed 

across the three stages of HIE. The levels of superoxide 

dismutase demonstrated a substantial decrease with an 

increase in the severity of HIE, registering values of 81.8, 

53.2, and 31.6 SOD U/ml of CSF for the respective stages 

(P < 0.001). Similarly, reduced glutathione in the CSF 

exhibited a highly negative correlation with the birth 

asphyxia (p-value < 0.001), with values for the three HIE 

stages recorded as 1354.6, 1041.9, and 692.7 ng/ml of 

CSF, respectively (Table 2). 

 

Table 3: Outcomes seen in neonates with respect to physicochemical parameters 

Physicochemical Parameters Neonates survived (n = 74) Neonates expired (n = 12) p-value 

SOD 61.43 22.45 < 0.001 

GSH 1104.32 584.68 < 0.001 
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Significantly diminished levels of GSH and SOD were 

observed in newborns who did not survive, in contrast to 

those who did. The recorded values for SOD were 61.43 

U/ml (p-value < 0.001), and for GSH, 22.45 U/ml (p-value 

< 0.001). The corresponding values for GSH were 

1104.32 ng/ml od CSF for survived neonates and 584.68 

ng/ml of CSF for the latter cohort (Table 3). 

 

Discussion 
In the present study, a significant association was 

observed between cerebrospinal fluid (CSF) 

concentrations of glutathione (GSH) and superoxide 

dismutase (SOD) and neonatal outcomes in cases of birth 

asphyxia. Notably, neonates who did not survive exhibited 

prominently lower CSF GSH and SOD concentrations 

compared to those who survived. These findings suggest 

a critical link between the extent of injury caused by free 

radicals and the fate of newborns facing birth asphyxia. 

These findings underscores the pivotal role of oxidative 

stress in determining the prognosis of infants affected by 

hypoxic ischemic encephalopathy (HIE) due to birth 

asphyxia. Reduced levels of scavenging enzymes like 

SOD and antioxidants like GSH in CSF are indicative of 

heightened oxidative stress, which, in turn, appears to 

correlate with the severity of HIE and neonatal mortality. 

Comparing these findings with prior research, several 

studies have explored SOD levels in the CSF of neonates 

with fetal asphyxia and HIE [12-14]. For instance, in a 

study by Nangia et al., declining SOD levels were 

observed with increasing severity of birth asphyxia [15]. 

The recorded SOD values in that study ranged from 30.47 

± 11.8 U/ml in expired neonates to 60.9 ± 24.5 U/ml in 

normal-survived neonates, with morbid neonates 

exhibiting intermediate levels [15]. This decline in SOD 

levels may be attributed to the potential utilization of the 

protective enzyme in neutralizing or scavenging 

superoxide radicals, leading to reduced levels in affected 

newborns. 

These findings align with other studies that support the 

idea of delayed up-regulation of SOD enzyme genes in 

response to asphyxia [16, 17]. In a separate study where 

CSF was collected around 72 hours of life, higher SOD 

activity was reported in infants with HIE compared to 

controls, suggesting a delay in the up-regulation of SOD 

genes [18]. 

While most research on glutathione (GSH) levels in birth 

asphyxia focuses on blood samples, this study provides 

valuable insights into CSF GSH levels and their potential 

relationship with HIE severity. This emphasizes the need 

for further investigation into the role of oxidative stress 

and antioxidants like GSH in newborns with HIE. 

Ultimately, interventions targeting oxidative stress may 

hold promise for improving outcomes in neonates facing 

birth asphyxia and HIE. 

 

Conclusion 
Oxidative stress is pivotal in determining damage severity 

in hypoxic ischemic injury. Altered reduced glutathione 

and superoxide dismutase levels in CSF not only signal 

hypoxic ischemic encephalopathy (HIE) but also correlate 

with free radical injury extent. Reduced SOD and GSH 

levels are linked to severe HIE grades and poor outcomes, 

making them potential markers. Identifying cut-off values 

for these antioxidants in CSF holds promise for guiding 

HIE staging and prognosis, informing the development of 

targeted neuroprotective therapies for neonates. 

 
Limitations 
The current study is constrained by a small sample cohort, 

retrospective design, potential selection bias, and a focus 

on CSF without concurrent blood analysis. Larger, 

prospective studies addressing these limitations are 

warranted. 

 

Recommendations 
The study recommends prioritizing larger, prospective 

research with diverse populations and concurrent blood 

analysis to validate findings. Additionally, exploring 

potential confounding variables, including comorbidities, 

is recommended to refine understanding of antioxidant 

levels and hypoxic ischemic encephalopathy severity.  
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