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Abstract 

   
Anoxo-ischemic encephalopathy syndrome is frequent in neonates. This syndrome would induced anaerobic metabolism and 

the synthesis of neuroglobin, protein designated to protect neurons. Our aim was to investigate the relationship among 

parameters of diagnosis and prognosis of anoxo-ischemic encephalopathy and neuroglobin concentration in neonatal cord 

blood. This observational, prospective and case-control study took place from April 1, 2017 to April 30, 2018. It involved 51 

newborns with anoxo-ischemic encephalopathy and 51 controls. After a clinical examination, we obtained 2 ml of umbilical 

venous blood sample for the determination of neuroglobin and lactates. Relationships between quantitative and qualitative 

variables were studied by the ANOVA test. Correlations were derived between lactate and neuroglobin. The threshold of 

significance was 5%. The amniotic fluid aspect was different between controls and patients (p=0.000). In the control group, 

the neuroglobin concentration was 3.6±1.2 ng/ml, compared to 4.1±0.8 ng/ml for anoxo-ischemic encephalopathy group 

(p=0.076). In addition, the lactate concentration was 1157.4±34.0 mg/dl in the control group compared to 1552.7 mg/dl for the 

anoxo-ischemic encephalopathy group (p=0.005). If the concentration of neuroglobin was related to the appearance of the 

amniotic fluid (p=0.0107), it was not, however, correlated with the lactate concentration (r=0.037, p=0.737). This study shows 

that the concentration of neuroglobin in cord blood does not differ between children with anoxo-ischemic encephalopathy and 

control ones. Therefore, this is not a valuable for the diagnosis of anoxo-ischemic encephalopathy syndrome. 
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Introduction 

Neuroglobin (Ngb) is a member of the globin’s family 

(Xie and Yan, 2016;Baezet al., 2016). His functions 

and its biochemical mechanisms are not fully 

understand to date (Yuet al., 2012). However, due to 

its overexpression in case of hypoxia-ischemia 

(Ragyet al., 2016; Van Leuvenet al., 2013; Liet al., 

2013; Jinet al., 2010), most authors attribute to it 

neuroprotective functions, especially in cerebral 

affections. The association with cytochrome c, leading 

to the inhibition of caspase 9 stimulated by 

cytochrome c ferric, during ischemia and thus 

preventing cellular apoptosis (Tiwari et al., 2018), 

would achieve this protection. This combination 

would lead to detoxification of oxygenated free 

radicals, reduction of apoptosis, anti-inflammatory 

activity and even tissue regeneration (Van Acker et 

al., 2018). The phenomenon of hypoxia-ischemia is 

find in several other pathologies such as anoxo-

ischemic encephalopathy that is due to a severe 

alteration of uteroplacental gas exchange occurring 

during the labor of delivery and reflecting a poor 

adaptation of the fetus to extra-uterine environment 

(Zupan Simunek, 2008; Boog, 2001). The anoxo-

ischemic encephalopathy syndrome affects 2 to 4% of 

live births in the developed countries, while in Africa, 

the overall rate of anoxo-ischemic encephalopathy 

syndrome is 42% in hospitals (Okoko et al., 2016). It 

is a public health problem in sub-Saharan Africa and 

a usualcase for hospitalization in neonatology 

services.  

 

In Gabon, a study showed that anoxo-ischemic 

encephalopathy syndrome accounted for nearly 

61.95% of neonatal admissions (Minko et al., 2004). 

In low-income countries, such as ours, 90% of these 

newborns who survive will be at high risk of 

developing neurodevelopmental problems such as 

cerebral palsy, mental retardation, cognitive 

impairment and epilepsy (Boog, 2001). Hence the 

importance of diagnosis and its proper management. 

The diagnosis of acute fetal distress is based on 

evaluation of Apgar Virginia's clinical score, amniotic 

fluid appearance, pH measurement, and blood lactate 

assay (Xieet Yan, 2016). In addition to these 

parameters, we asked ourselves whether neuroglobin 

could be an element of this diagnosis. So we did this 

work to look for a variation of neuroglobin in case of 

acute fetal distress. 

 

Materials and methods 

Kind of the study 

This is an observational, prospective and case-control 

study, that ran from April 1, 2017 to April 30, 2018 

inclusive. Patient recruitment took place in the birth 

hall of the University Hospital Center of Libreville. 

The local ethics committee validated this study.  

 

We realized it out according to Helsinki's ethical 

recommendations on the use of living beings 

(Association Médicale Mondiale, 2013). We informed 

parents about the work were informed of the work 

done and they signed an informed consent. We 

reassured them about data privacy. 

 

Population used 

The study involved two groups of newborns, the first 

consisted of 51 newborns with anoxo-ischemic 

encephalopathy syndrome, and the second included 

51 controls. All newborns delivered on even days of 

the week from 9 am to 9 pm, were included. 

Newborns with chronic fetal distress, ultrasound 

abnormalities during pregnancy, or visible birth 

defects were not included. In the birth room, in 

addition to the usual care, each child had a clinical 

examination that began with the evaluation of the 

Apgar score at the fifth minute after an initial 

management carried out according to the case. At the 

end of the conditioning, we obtained 2 mL of venous 

umbilical blood to determine neuroglobin and lactate.  

 

The main variables studied were the term of 

pregnancy, sex, weight, head circumference, brachial 

perimeter, thoracic perimeter, amniotic fluid aspect, 

Apgar score and plasma concentrations of 

neuroglobin and lactate. The term of the pregnancy 

was defined as weeks of amenorrhea (WA) stating 

that 7 SA +3 days corresponded to 7 SA and 7 SA + 4 

days were equivalent to 8 SA. The amniotic fluid was 

clear, tinted, meconial or pea puree. The Apgar score 
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was assessed at the fifth minute of life (Table 1). The 

result was normal for a score greater than or equal to 

7at the five minutes after the birth (Apgar, 1953). 

 

Biologicals analysis 

The neuroglobin was assayed by an ELISA technique, 

using an Elabscience® kit, according to the 

manufacturer's recommendations. Similarly, the 

blood lactate concentration was obtained using 

Randox® Lactate kits, following the manufacturer's 

procedures. 

 

Statistical analysis 

The data collected on a survey sheet were then 

entered into a Microsoft 2013® Excel file and 

analyzed using the Center for Diseases Control's EPI 

INFO 7® software. We obtained averages, 

proportions and standard deviations for the 

descriptive study. Relationships between quantitative 

and qualitative variables were studied by the Anova 

test. We used the simple correlation to look for 

relation between lactate and neuroglobin. The 

threshold of statistical significance was 5%. 

 

Results 

During the study period, 102 newborns with eligibility 

criteria were identified, including 51 newborns with 

anoxo-ischemic encephalopathy syndrome and 51 

controls.

 

Table 1. Apgar score evaluation. 

Criteria 0 1 2 

Cardiac frequency Absent < 100 bpm > 100 bpm 

Respiration Absent Lowcry Vigorous scream 

Muscular tonus Hypotonic Bending of extremities Flexion of the limbs 

Cutaneous coloration  Whites/ blue Cyanosis Rose coloured 

Reactivity Nothing Wince Scream or active withdrawal 

 

Female infants accounted for 45.1% (n=46/102). The 

amniotic fluid was clear in 42% of cases and tinted in 

40.9% of cases. Its aspect was different between 

controls and patients (p=0.000). However, neither 

height nor weight showed a significant difference 

between these two groups (Table 2). The mean birth 

term was 39±2 WA and vaginal delivery was 

performed in 80.4% of cases. The average size of the 

children in the study was 49.3±2.6 cm, with an 

average weight of 3034±476.4 grams.  

 

Table 2. Socio-epidemiological and anthropometric data of the working population. 

Parameters studied Control group Patients group p 

Gender N (%) 
- Female 
- Male 

 
22 (43,1) 
29 (56,9) 

 
27 (52,9) 
24 (47,1) 

0,326 

Term of pregnancy (WA) (m± SD) 39,0±1,9 39,0±1,5 0,676 

Presentation N (%) 
- Cephalic 
- Seat 

 
76 (77,6) 
4 (100) 

 
22 (22,4) 
0 

0,477 

Delivery modality N (%) 
- Lowway 
- Caesarean section 

 
62 (76,1) 
18 (88,2) 

 
20 (23,9) 
2 (11,8) 

0,2271 

Amniotic fluid aspect N (%) 
- Clear 
- Meconium 
- Peapuree 
- Tinted 

 
24 (47,1) 
4 (7,8) 
2 (3,9) 
21 (41,2) 

 
13 (25,5) 
8 (15,7) 
8 (15,7) 
22 (43,1) 

0,0000 

Height (cm)  (m± SD)  49,3±2,7 49,6±1,9 0,9794 

Weight (g) (m± SD) 3014,5±488,8 3104,7±436,0 0,5943 

Cranial perimeter (cm) (m± SD) 32,7±1,7 33,0±1,5 0,6939 

Thoracic perimeter (cm) (m± SD) 31,8±2,0 32,4±1,5 0,2299 

Brachial perimeter (cm) (m± SD) 10,9±1,3 10,7±1,5 0,9245 

N: Number; m±SD: medium ± standard deviation 
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The mean plasma concentration of Ngb (CmNgb) in 

the working population was 3.7±1.2 ng/ml [0.043 and 

6] while that of lactate was 70±36.1 mg/ml. dl [13.6 - 

228]. In the control group, the mean concentration of 

neuroglobin was 3.6±1.2 ng/ml, compared to 4.1±0.8 

ng/ml for children with anoxo-ischemic 

encephalopathy syndrome (p=0.076). In addition, the 

average lactate concentration was 1157.4±34.0 mg/dl 

in the control group compared to 1552.7 mg/dl for the 

anoxo-ischemic encephalopathy group (p=0.005). 

 

Table 3. Relation between the mean plasma concentration of Ngb and lactate with the parameters of the 

newborn in the birth room. 

Parameters Ngb (ng/ml)                           p Lactate   (mg/dl)  p 

Gender 

- Female 

- Male 

 

3,9 ± 1,9 

3,6 ± 1,3 

0,3534  

79,0±43,1 

62,7±27,6 

0,0513 

Presentation 

- Cephalic 

- Seat 

 

3,7 ± 1,1 

3,3 ± 1,5 

0,5726  

70,1±36,4 

66,2±32,7 

0,9525 

Delivery modality 

- Lowway 

- Caesarean section 

 

3,9 ± 0,9 

2,8 ± 1,6 

0,0003  

72,2±37,6 

60,4±27,7 

0,1720 

Amnioticfluid 

- Clear 

- Meconium 

- Peapuree 

- Tinted 

 

3,2 ± 1,3 

4,4 ± 0,6 

3,6 ± 1,4 

3,9 ± 0,7 

0, 0107 

 

 

60,1±36,8 

91,2±26,4 

68,7±35,3 

75,1±35,6 

0,006 

 

The children born vaginally had a mean Ngb 

concentration of 3.9±0.9 ng/ml whereas it was 

2.8±1.6 ng/ml for children born by caesarean section 

(p=0.0003). The mean concentration of neuroglobin 

was related to the aspect of the amniotic fluid: 3.6±1.4 

ng/ml if pea puree, 3.2±1.3 ng/ml if clear (p=0.0107) 

(Table 3). Nevertheless, neuroglobin was not 

correlated with the lactate concentration in the cord 

blood (r=0.037, p=0.737) (Fig. 1). 

 

Discussion 

The purpose of this work was to investigate the 

relationship between CNMb and the usual criteria for 

acute fetal distress. For this, we carried out a case-

control and observational study, in which we 

determined neuroglobin in the cord blood of 

newborns with anoxo-ischemic encephalopathy 

syndrome and in controls, together with the lactate 

assay. We found that the concentration of 

neuroglobin was similar between two groups of 

newborns. Neuroglobin is a protein whose 

concentration rises in cases of hypoxia and acute 

cerebral ischemia (Ascenziet al., 2016), situations that 

are found in anoxo-ischemic encephalopathy 

syndrome. The lack of relationship between 

neuroglobin concentration and anoxo-ischemic 

encephalopathy syndrome demonstrated here might 

be because we obtained blood samples immediately at 

birth, in the cord blood, before the growing 

concentration of neuroglobin. In fact, Yang et al., 

(2013) in a study of a protein similar to neuroglobin, 

cytoglobin, have showed that the elevation of the 

latter is progressive way, reaching a maximum at 

eighteen hours later. However, in the birth room, the 

resuscitation measures begin immediately, even after 

the result of the Apgar at the first minute, especially 

in the fifth minute, and usually continue beyond. As a 

result, these resuscitative measures, aimed at 

correcting maladaptation to ectopic life, may have 

also affected neuroglobin synthesis. 
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In contrast, children born by caesarean section had 

lower neuroglobin concentration than those born 

vaginally. This denotes the speed of decision-making. 

Indeed, children born by caesarean suffered of 

hypoxia for lesser time, because of the decision of the 

fast care. This is not necessarily true for children born 

vaginally, sometimes with misuse of the uterine test, 

any situation that may increase the duration and the 

intensity of hypoxia. This hypothesis is reinforced by 

the gradual increase in neuroglobin concentration 

with the aspect of the amniotic fluid, which is also a 

marker of fetal distress (Zupan Simunek, 2008; Boog, 

2001). In this context, the slight decrease in the 

concentration of neuroglobin in the case of children 

having presented an amniotic pea puree liquid would 

to be due to the cellular necrosis of the brain cells of 

these children. 

 

Fig. 1. Relationship between CmNgb and mean plasma lactate levels in neonates. 

In addition, we did not find relationship between 

plasma concentration of neuroglobin and lactate 

concentration. We know that Lactate is a predictor of 

the fate of a newborn with hypoxia with at least the 

same efficacy as arterial blood pH (Gjerris et al., 

2008; Einikyte et al., 2017). Therefore, if the 

concentration of neuroglobin is not associated with 

that of lactate, this assumes that cord blood 

neuroglobin is also unrelated to hypoxia-ischemia, 

which is responsible for acute fetal distress. Certainly 

in case of hypoxia-ischemia, one of the protective 

mechanisms is the reorganization of the cardiac blood 

flow towards the noble organs, in particular the brain 

(Chiang et al., 2015), which can explain the 

modulation of neuroglobin production, whereas the 

rest of the tissues, switch to anaerobic metabolism, 

with lactate production. This lactate production is, 

moreover, independent of the weight of newborns 

(Zaigham et al., 2018; Akerman et al., 2018). 

Nevertheless, blood lactate retains its diagnostic value 

in this situation, including even lactate 

dehydrogenase, which is responsible for its 

production (Karlsson et al., 2010). This is not the case 

for neuroglobin. 

 

Conclusion 

That study, whose results of which should be 

confirmed by the measurement of neuroglobin several 

hours after birth, shows that the concentration of 

neuroglobin in the cord blood doesn’t differ between 

children with anoxo-ischemic encephalopathy 

syndrome and control children. Therefore, this 
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marker is not a valuable tool for the diagnosis of 

anoxo-ischemic encephalopathy syndrome. 

References 

Akerman F, Mokarami P, Kallen K, Oloffson 

P. 2018. The small-for-gestational-age fetus has an 

intact ability to develop lacticemia when exposed to 

hypoxia: a retrospective comparative register study. 

Journal of Maternal-Fetal and Neonatal Medicine 

31(10), 1290-7. 

http://dx.doi.org/10.1080/14757058.2017.1315098. 

 

Apgar V. 1953. A proposal for a new method of 

evaluation of the newborn infant. Current Researches 

in Anesthesia and Analgesia 32(4), 260–7. 

 

Ascenzi P, di Masi A, Leboffe L, Fiocchetti M, 

Nuzzo MT, Brunori M, Marino M. 2016. 

Neuroglobin: From structure to function in health 

and disease. Molecular Aspects of Medicine 52, 1-48. 

http://dx.doi.org/101016/j.mam.2016.10.004. 

 

Association Médicale Mondiale. 2013. Principes 

éthiques applicables à la recherche médicale 

impliquant des êtres humains; Helsinki [En ligne]. 

Disponible sur l’URL: [consultée le 02/02/2017]. 

http://www.wma.net/fr/ 

 

Baez E, Echeverria V, Cabezas R, Avila- 

Rodriguez M, Garcia-Segura LM, Barreto GE. 

2016. Protectionbyneuroglobinexpression in 

brainpathologies. Frontiers in Neurology 7, 146. 

http://dx.doi.org/10.3389/fneur.2016.00146. 

 

Boog G. 2001. Souffrancefoetaleaigue. Journal de 

Gynécologie, Obstétrique et Biologie de la 

Reproduction 30, 393-432. 

 

Chiang MC, Lien R, Chu S-M, Yang P-H, Lin J-

I, Hsu J-F, Fu RH, Lin KL. 2016. Serum lactate, 

Brain magnetic resonance imaging and outcome of 

neonatal hypoxic ischemic encephalopathy, after 

therapeutic hypothermia. Pediatrics and Neonatology 

57(1), 35-40. 

http://dx.doi.org/10.1016/j.pedneo.2015.04.008. 

 

Einikyte R, Snieckuviene V, Ramasanskaite D, 

Panaviene J, Paliulyte V, Opolskiane G, 

Kazenaite E. 2017. The comparison of umbilical 

cord arterial blood lactate and pH values for 

predicting short-term neonatal outcomes. Taiwanese 

Journal of Obstetrics and Gynecology 56(6), 745-9. 

http://dx.doi.org/10.1016/j.tjog.2017.10.007. 

 

Gjerris AC, Staer-Jensen J, Jorgensen JS, 

Bergholt T, Nickelsen C. 2008. Umbilical cord 

blood lactate: a valuable tool in the assessment of 

fetal metabolic acidosis. European Journal of 

Obstetrics, Gynecology and Reproductive Biology 

139(1), 16-20. 

 

Jin K, Mao Y, Mao X, Xie L, Greenberg DA. 

2010. Neuroglobin expression inischemic stroke. 

Stroke 41(3), 557-9. 

http://dx.doi.org/10.1161/STROKEAHA.109.567149. 

 

Karlsson M, Wiberg-Itzel E, Chakkarapani E, 

Blennow M, Winbladh B, Thoresen M. 2010. 

Lactate deshydrogenase predicts hypoxic-ischaemic 

encephalopathy in newborn infants: a preliminary 

study. Acta Paediatrica 9, 1139-4. 

http://dx.doi.org/10.1111/j.1651-2227.2010.01802.x. 

 

Li SQ, Li WB, Zhang M, Wu YZ, Hu YY. 2013. 

The role of neuroglobin in the neuroprotection of 

limb ischemic preconditioning in rats.Molecular 

Neurobiology 47(1), 197-208. 

http://dx.doi.org/10.1007/s12035012-8373-7. 

 

Minko JL, Meye JF, Thiane EHO, Owono MM, 

Makaya A. 2004. La souffrance fœtale aigue : 

expérience du service de néonatalogie du Centre 

Hospitalier Universitaire de Libreville. Médecined’ 

Afrique Noire 4, 227- 30. 

 

Okoko AR, Ekouya-Bowassa G, Moyen E, 

Togho-Abessou LC, Atanda HL, Moyen G. 2016. 

Asphyxie périnatale au Centre Hospitalier et 

Universitaire de Brazaville. Journal de Pédiatrie et de 

Puériculture 29, 295 – 300. 

 



 

132 Fidèle et al. 
 

Int. J. Biosci. 2018 

Ragy M, Ali F, Ramzy MM. 2016. Effect of Hemin  

on Brain alterations and neuroglobin expression in 

water immersion restraint stressed rats. Scientifica 

(Cairo) 2016, 7825396. 

http://dx.doi.org/10.1155/2016/7825396. 

 

Tiwari PB, Chapagain PP, Uren A. 2018. 

Investigating molecular interactions between oxidized 

neuroglobin and cytochrome c. Scientific Reports 

8(1), 10557. 

http://dx.doi.org/10.1038/s41598-018-28836-6. 

 

Van Acker ZP, Luyckx E, Dewilde S. 2018. 

Neuroglobin expression in the brain: a story of tissue 

homeostasis preservation. Molecular Neurobiology. 

http://dx.doi.org/10.1007/s12035-018-1212-8. 

 

Van Leuven W, Van Dam D, Moens L, De Deyn 

PP, Dewilde S. 2013. A behavioural study of 

neuroglobin-overexpressing mice under normoxic 

and hypoxic conditions. Biochimica et Biophysica 

Acta 1834, 1764–71. 

http://dx.doi.org/10.1016/j.bbapap.2013.04.015. 

 

Xie LK, Yan SH. 2016. Brain globins in physiology 

and physiopathology. Medical Gas Reseach 6(3), 

154-63. 

Tian SF, Yang HH, Xiao DP, Huang YJ, He GY, 

Ma HR, Xia F, Shi XC. 2013. Mechanisms of 

neuroprotection from hypoxia-ischemia (HI) brain 

injury by up-regulation of cytoglobin (CYGB) in a 

neonatal rat model. Journal of Biological Chemistry 

288(22), 15988-6003. 

http://dx.doi.org/10.1074/jbc.M112.428789. 

 

Yu Z, Liu N, Liu J. 2012. Neuroglobin a novel 

target for endogenous neuroprotection against stroke 

and neurodegenerative disorders. International 

Journal of Molecular Sciences 13(6), 6995-7014. 

http://dx.doi.org/10.3390/ijms1306695. 

 

Zaigham M, Kallen K, Oloffson P. 2018. 

Assessment of lactate production as a response to 

sustained intra-partum hypoxia in large-for-

gestational-age newborns. Acta Obstetricia et 

Gynecologica Scandinavica. 

http://dx.doi.org/10.1111/aogs.13384. 

 

Zupan Simunek V. 2008. Définition de l’asphyxie 

intrapartum et conséquences sur le devenir. Journal 

de Gynécologie, Obstétrique et Biologie de la 

Reproduction 37S, S7- S15. 

http://dx.doi.org/10.1016/j.jgyn.2007.11.006. 

 

 

 


