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Abstract 

Introduction: Neuroglobin (Ngb) owes its name to its preferred location in 
the nervous system. Its plasma concentration increases during cerebral 
ischemia. However, the interest of its dosage in the diagnosis and the progno-
sis of the strokes in the adult is not defined. Objectives: To determine if 
plasmatic Ngb can be used as a diagnostic biomarker and prognostic for 
stroke in adults at the acute phase. Population and Methods: This was a 
prospective study in 69 people, including 39 suspected stroke (Cerebral 
ischemia or CI, Intracerebral hemorrhage or ICH) and 30 healthy volunteers 
(controls). The plasma concentration of Ngb (CmNgb in ng/ml) of the pa-
tients was determined at admission day (d1), at the third day (d3) and se-
venth day (d7). CmNgbtaken at d1 was compared between patients and con-
trols. Its evolution over time, as well as its relation with the clinical parame-
ters, including the Glasgow coma scale and the short-term mortality in stroke 
subjects was analyzed by the Mann and Whitney tests and the Wilcoxon test 
(p < 0.05). Results: At d1, the CmNgb of all types of stroke was 3.140 ± 2.700 
ng/ml, and did not differ significantly from controls (0.303 ± 0.114 ng/ml, p = 
0.070). On the other hand, it was higher in CI victims (5.800 ± 0.720 ng/ml) 
than in ICH (1.750 ± 0,090 ng/ml) (p = 0.030). It then decreased on d3 in CI 
victims (2.600 ± 0.112 ng/ml) and ICH (0.420 ± 0.211 ng/ml), returning to 
normal on d7 (0.420 ± 0.200 ng/ml for CI’s, p = 0.001, and 0.360 ± 0.300 
ng/ml for ICH, p = 0.002). There was a relationship between CmNgb, delay of 
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occurrence of the first symptoms of the stroke (3.140 ± 2.700 ng/ml before 
the 6th hour, and 0.643 ± 0.244 ng/ml after the 6th hour (p = 0.003) and the 
volume of the hematoma (p = 0.0027). None relationship existed between 
CmNgb, Glasgow coma scale (p = 0.427) and short-term mortality (CmNgb = 
3.95 ng/ml in survivors versus 2.65 ng/ml in deceased p = 0.060). Conclu-
sion: This study shows that the plasma concentration of Neuroglobin is high 
during stroke in humans in the acute phase. This elevation follows triphasic 
kinetics and appears to be more important during infarction than hemorrhage. 
These results suggest that CmNgb can be used as a diagnostic marker for stroke 
in adult at the acute phase, by differentiating ischemia from hemorrhage. 
However, this work needs to be confirmed on a larger sample of patients.  
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1. Introduction 

Neuroglobin (Ngb) is a protein discovered in 2000 by Burmester et al. [1] [2]. It 
owes its name because of its preferential expression in the nervous system [1] [2] 
[3]. It is a protein that derives from an old branch of globin more than 600 mil-
lion years ago [1] [2]. Ngb was initially identified from the nucleic databases of 
mouse and human brains [1]. At present, the exact biological functions of Ngb 
as well as its mechanisms of action remain poorly known. However, by the fact 
that its plasma concentration increases of hypoxia situation [1]-[10], especially 
of cerebral [1] [2] [3] [11] [12] [13] and retinal ischemia [14] [15] [16] [17], 
most authors attribute to him neuroprotective properties. Among these neuro-
protective functions [1] [2] [3], the anti-oxidant [1] [2] [3] [18] [19] and an-
ti-apoptotic effect [20] [21] are particularly noteworthy. One of the mechanisms 
involved in these processes seems to be in relation by mitochondrial oxidation 
pathways, the regulation of which would be via hypoxia inducible factor-1 alpha 
(HIF-1 alpha) [1] [22].  

As part of neuroprotection during acute cerebral infarction, Ngb has been 
widely evaluated from other vertebrates, but very little in humans [13] [23] [24] 
[25] [26] [27]. Indeed, in rodents, it has been shown that stroke induced after 
carotid occlusion is responsible for high plasmatic concentration of Ngb. The 
authors suggested a role of diagnostic biomarker and monitoring of this protein 
during acute stroke [1] [2] [3] [13]. In the human, two studies done by Jin et al 
in 2010 and 2013 had noted overexpression of Ngb, respectively in infarcted area 
of CI, and in peri-hematoma area during ICH secondary to a rupture of venous 
arterial malformations. According to them, these results supported the neuro-
protective role of Ngb during ischemic events in the central nervous system, in-
cluding stroke [13] [23] [24] [25] [26] [27]. Stroke (Cerebral infarction or CI, 
and intracerebral hemorrhage or ICH) is a common pathology in Africa 
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[28]-[33]. It may be complicated by hypoxia and/or focal or general cerebral 
ischemia, whether acute or secondary depending on the type and severity. In-
flammatory phenomena associated with the apoptosis process in infarcted and 
peri-infarcted zones have been described [34] [35] [36]. Currently, brain imag-
ing remains the best way for diagnosis, therapeutic, monitoring and prognosis 
[34] [35] [36] [37]. In recent years, several research teams have been working on 
the demonstration of biomarkers which, in support of brain imaging tech-
niques, would allow a much faster diagnosis, but above all more precise in 
terms of etiopathogenesis and pathophysiology. However, most of these stu-
dies have not yet resulted in consensus [38] [39] [40] [41]. Also, we wondered 
whether Ngb could be a biological marker, in addition to clinical examination 
and medical imaging, for the initial diagnosis and prognosis for stroke in adult 
at the acute phase.  

2. Population and Methods  

2.1. Population  

This was a prospective study, conducted in Libreville (Gabon), from January 
2016 to January 2017 included. The recruitment of people suffering from stroke 
(anamnesis, general examination, neurological, brain scan) was carried out in 
the emergency, resuscitation and neurology departments of the main university 
hospitals in Libreville. Volunteers (healthy people or controls), after anamnesis, 
general and neurological examination were selected from the general population 
in voluntary mode. The neuroglobin assay was done at the biochemistry labora-
tory of the Libreville University of Health Sciences. This investigation was con-
ducted taking into account the principles of medical ethics according to the Hel-
sinki Declaration [42]. The authorizations of the responsibilities in charge of the 
units in which the study had been carried out were obtained. In addition, volun-
teers and parents of patients were assured of the confidentiality of the data col-
lected. 

2.1.1. Inclusion Criteria 
As soon as they are hospitalized in the service, and after obtaining informed 
consent from the parents or the stroke subjects themselves, patients aged 18 to 
65, regardless of sex, suspected of having a stroke (according to [34]), less than 
48 hours old, were included. At the same time, volunteers (controls), with the 
same socio-demographic criteria as the patients and whose clinical evaluation 
(anamnesis, general and neurological examination) were normal, were in-
cluded. 

2.1.2. Non Inclusion Criteria 
On the other hand, all persons having pathologies or taking drugs likely to mod-
ify the plasma concentration of neuroglobin [43] (disease of the nervous system 
other than acute stroke, renal failure, taking of deferoxamine, cobalt, cinnamic 
acid and valproic) had not been included. 
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2.2. Methods 

2.2.1. Recruitment of the Study Population  
Upon admitted to the different departments (resuscitation or neurology) for 
suspicion of stroke, the patients had a clinical examination (anamnesis, general 
and neurological examination) carried out by a neurologist and a resuscitator. 
This evaluation made it possible to look for the clinical signs in favor of a stroke 
[34], and subsequently to establish the prognostic scores such as, the Glasgow 
coma scale according to Teasdale and Jennet [44], the Four score (Full out line 
of unresponsiveness score) developed by Wijdicks et al. [45], and the score of the 
World Federation of Neurosurgical Societies (WFNS score) [46]. For the plas-
matic dosage of Ngb, blood samples were taken from the veins of the forearm on 
ethylene thiamine tetra acetic tube (EDTA), for a volume of 5 ml of blood per 
tube. The blood tests were performed at admission (d1), concomitantly with the 
routine checkup (blood count, blood ionogram, uremia, serum creatinine, serum 
uric acid, blood glucose, prothrombin time and activated cephalin time), at the 
third (d3) and seventh day (d7). The blood, once collected in the tubes, was 
transported in a cooler (Prince wareTM, USA) to the biochemistry laboratory. 
Plasma obtained immediately after centrifugation (Universal 320TM, Hettich® 
Zentrifugen, Germany) was placed in cryotubes (BiologixTM, Biologix group® 
Ltd., China) then stored in a refrigerator (Forma 900 seriesTM, Thermo Scientif-
ic®, USA) at −80˚C. Upon the patient was conditioned, depending on the place 
of recruitment, he had a brain scan without injection (PhilipsTM, Philips® USA) 
or (NeusoftTM Neusoft medical system ®, USA). This imaging made it possible to 
determine the type of stroke (Ischemia or hemorrhage), the subgroup and ca-
racteristics of ICH (volume of intracerebral hematoma in mm3, subarachnoid 
hemorrhage or SAH), and the establishment of specific gravity scores for stroke 
(Fisher [47] and Hemphill JC scores [48]). Short-term mortality was determined 
during the first seven days of hospitalization for all patients selected for the 
study. 

The volunteers were recruited consecutively, by direct matching with patients, 
according to age and sex. Once verbal agreement obtained with each of them, an 
appointment was given to them in one of the pre-anesthesia consultation rooms 
of the University Hospital of Libreville for the clinical evaluation (Anamnesis, 
general and neurological examination) and the blood sample. Instead of the ap-
pointment, after signature of the consent, a single blood test was made at a pe-
ripheral vein of the forearm, in the same way as the patients. The blood, after 
being taken from an EDTA tube, was then sent to the Faculty of Medicine’s Bi-
ochemistry Laboratory where it was conditioned and stored using the same pro-
cedures as in patients. 

In all participants, the data from the clinical and paraclinical evaluation were 
subsequently recorded in a medical file. In the stroke, these were epidemiological 
(age in year, gender, history of hypertension), clinicals (delay presumed occur-
rence of the first symptoms of stroke, especially, occurrence before the 6th hour, 
or after 6th hour following hospitalization), paraclinics (type and nature of 
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stroke using cerebral CT, i.e. ICH, CI, SAH, volume of intracerebral hematoma 
measured by brain scan in two groups < 30 mm3, >30 mm3; the plasma concen-
tration of Ngb in ng/ml and its kinetics during the first seven days of hospitali-
zation by the determination of Ngb at d1, d3 and d7), as well as prognosis 
(short-term mortality by determining theoutcome on the 7th day of stroke, es-
pecially survivor and deceased; mean of Glasgow coma scale on day 1; mean of 
the Hemphill, WFNS, Fisher and Four scores during d1, d3 and d7) as well as 
prognosis (Glasgow, Hemphill, WFNS, Fisher and Four scores, established re-
spectively at admission, d1, d3, and d7), short-term mortality (i.e. during the 
first 7 days of hospitalization).  

2.2.2. Dosage of Plasmatic Neuroglobin 
The Ngb was assayed using a previously parameterized automaton (Elisys Un-
oTM, Human®, Germany) using the ELISA technique. To do this, an Elabscience® 
KIT ELISA kit was used. The assay technique used in this study was previously 
described in the user manual provided by Elabscience® [49]. To begin with, 100 
microliters of serum was placed in the wells containing the anti-Ngb monoclonal 
antibody. The plate was then covered with cellophane adhesive film and incu-
bated for 90 minutes at 37˚C. After this incubation and removal of the liquid, 
100 microliters of AB detection biotinylated working solution was added and the 
wells were again covered and reincubated for at least 1 hour at 37˚C. Following 
this incubation, the wells were washed 4 times with 350 microliters of wash buf-
fer. At the end of this treatment, 100 microliters of peroxidase [HRP] were 
placed in each well, followed by another incubation at 37˚C for 30 minutes. At 
the end of this treatment, five washing operations were performed as before, 
then 90 microliters of substrate were added to each well. Thirty minutes later, 
the solution turned blue, then 50 microliters of the stopping solution was put 
into each well. The optical density was then measured on a Biorad® PR 3100TM 
reader. The concentration of Ngb was obtained by comparison with a standard 
range treated at the same time as the samples.  

2.3. Statistical Analysis 

This investigation used a convenience sample. The study population consisted of 
69 people, including 30 controls and 39 patients. The data, upon collected, was 
then entered on a Microsoft Excel 2010® file and analyzed using the EPI INFO 7® 
software of Center for diseases control. The descriptive analysis was based on the 
calculation of means, medians, proportions and standard deviations. The com-
parison of proportions and means was based on the chi-square test. Spearman’s 
test allowed us to study the correlations between CmNgb and quantitative variables. 
The relationships between quantitative and qualitative variables were analyzed by the 
Mann and Whitney test and the Wilcoxon test (p < 0. 05).  

3. Results  

Of the 69 recruited, including 39 suspected stroke and 30 controls, there were 47 
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men and 22 women (ratio M/W = 2.13). The epidemiological and clinical para-
meters, the stroke type’s, the intracerebral hematoma volume, as well as the 
CmNgb of the 39 persons victims for stroke are summarized in Table 1. 

Men accounted for 72.80% (n = 28/39), while 28.20% (n = 11/39) were wom-
en. The mean of age of the stroke population was 49 ± 12.5 years [18]-[63]. Of 
the 39 suspected strokes, 25 were found to have arterial hypertension (64.10%), 
while 23 (59%) arrived at the hospital during the first 6 hours after the delay 
presumed occurrence of the first symptoms of stroke. 
 

Table 1. Epidemiological and clinical parameters of general population, stroke and their subgroups (CI and ICH). 

Types of population 

Parameters General population Volunteer Stroke CI ICH 

Gender (Number/%)      

Men 39 (56.50) 11 (36.60) 28 (72) 5 (38.40) 18 (69.20) 

Women 30 (43.40) 19 (63.40) 11 (28) 8 (61.50) 8 (30.70) 

Mean age ± standard deviation 48 ± 12.00 40 ± 11.30 49 ± 15.50 52 ± 1.30 48 ± 3.80 

History of arterial hypertension (Number/%)      

Yes 27 (39.16)  25 (64.10) 13 (100) 12 (46.10) 

No 42 (60.87)  14 (35.90) 0 (0.00) 14 (53.90) 

Subgroups of ICH (Number/%)      

ICH (Intra cerebral hematoma) 21 (30.43)  21 (53.84) 0.00 21 (80.76) 

SAH (Subarachnoid hemorrhage) 5 (7.24)  5 (12.82) 0.00 5 (19.23) 

Delay presumed occurrence of the first symptoms of stroke      

Before the 6th hour -  23 (59)   

After the 6th hour -  16 (41)   

Vital Parameters (Mean ± standard deviation)      

Glasgow coma scale (3 - 15)  15 ± 1.20 13 ± 2.80 13 ± 10.1 11 ± 2.10 

Heart rate (pulse/min)  93 ± 18.90 70 ± 3.50 110 ± 3.2 95 ± 13.20 

Sp02 (in %)  98 ± 3.70 99 ± 10.10 98 ± 3.8 98 ± 20.40 

Systolic arterial blood pressure (mmHg)  130 ± 20 191.6 ± 40 200 ±1.2 180 ± 3.20 

Diastolic arterial blood pressure (mmHg)  82 ± 3.10 112 ± 25.30 120 ± 3.5 100 ± 5.80 

Specific prognostic scores for stroke 
(Mean ± standard deviation) 

     

Four (0 - 16)    15  

ICH (0 - 6)     3 

Fisher (0 - 4)     2 

WFNS (1 - 5)     3 

Outcome on the 7th day of stroke (Number/%)      

Survivor   21 (53.80) 9 12 

Deceased   18 (46.20) 4 14 
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Table 2. Comparison of CmNgb between stroke victims and controls, relationship between CmNgb, epidemiological, clinical, 
paraclinical and prognosis parameters of stroke subjects. 

Parameters 
Number 

(n) 
CmNgb 
(ng/ml) 

±Standard  
Deviation of CmNgb 

p 

Type of population     

General population 69 1.400 1.670  

volunteers 30 0.303 0.114 0.070 

Stroke 39 3.140 2.700  

Number of stroke subgroups (CI and ICH)     

CI (Cerebral infarction) 13 5.800 0.720 0.030 

ICH (Intra cerebral hematoma) 26 1.750 0.090  

Epidemiological characteristics of the working population     

Gender in volunteers     

Men 19 1.020 1.810 0.9750 

Women 11 1.300 1.200  

Gender in stroke     

Men 28    

women 11    

History of arterial hypertension in stroke     

Yes 25   0.9750 

No 14    

Clinical parameters     

Delay presumed occurrence of the first symptoms of stroke     

Before the 6th hour 23 3.140 2.700 0.003 

After the 6th hour 16 0.643 0.244  

Glasgow coma scale in stroke     

Patient with score ≥ 3 - 13/15 15   0.427 

Patient with score ≥ 13 - 15/15 24    

Volume of intracerebral hematoma in ICH subjects     

<30 mm3 17 1.21 0.75 0.0027 

>30 mm3 9 2.16 0.375  

Outcome of stroke victims on the 7th day     

Survivor 21 3.95  0.060 

Deceased 18 2.65   

 
For vital parameters, the mean of Glasgow coma scale was 13 ± 1.20 [3]-[15]. 

The mean of systolic and diastolic blood pressure were 191.60 ± 40.10 mmHg 
[276 - 110] and 112.30 ± 25.30 mmHg [180 - 70]. The mean of pulse oxygen sa-
turation was 98 ± 3.70% (86% - 100%), while the heart and respiratory rate were 
92 ± 18.90 [55 - 155] and 14 ± 4.30 [9]-[36] respectively (Table 1). The outcome 
of stroke during the first week of admission (resuscitation or neurology) was 
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unfavorable in 46.10% (n = 18/39), that is to say 55.50 % of ICH (n = 10/18) and 
27.70% of SAH (n = 5/18). For the patients who died during the first week, 9 
were before the 5th day, including 7 ICH and 2 SAH (Table 1).  

From a brain scan point of view, with regard to the types of stroke, ICH’s were 
found in 53.90% of cases (n = 21/39), followed by CI’s with n = 13/39 (33.30%), 
and SAH in 12.80% of cases (n = 5/39). Moreover, in ICH patients, intracerebral 
hematoma volumes greater than 30 cm3 were noted in 9 patients, that is to say 
42.85% (n = 9/21) (Table 2). 

For biological data, the mean of concentration of plasma neuroglobin 
(CmNgb) of the general population was 1.400 ± 1.670 ng/ml. In controls, it was 
0.303 ± 0.114 ng/ml, compared to 3.140 ± 2.700 ng/ml for stroke victims of all 
types. Of the 21 patients who presented ICH, n = 10/21 (47.64%) had an ICH score 
≥ 2/6. In CI victim’s, 76.90% (n = 10/13) had a Four score ≥ 15/16 (Table 2). 

The comparison of the CmNgb of stroke victims with that of the controls at 
admission, its evolution over time as well as its relation with the epidemiological 
and clinical parameters including age, sex, history of arterial hypertension, the 
delay in the presumed occurrence of the initial symptoms of stroke, the Glasgow 
coma scale as well as the prognosis in the first week of admission, and the vo-
lume of intracerebral hematoma had been studied by the Spearman, 
Mann-Whitney and Wilcoxon tests.  

Data from this analysis show that in controls, no relationship was found be-
tween CmNgb and age (p = 0.070), sex (1.020 ± 1.810 ng/ml in men, and 1.300 ± 
1.200 ng/ml in women, p = 0.975). In addition, there was no relationship be-
tween the existence of the history of arterial hypertension and CmNgb in pa-
tients (p = 0.975). At the same time, there was a relationship between CmNgb 
collected from admission in subjects with stroke of any type, and the delay pre-
sumed occurrence of the first symptoms of stroke, especially, occurrence before 
the 6th hour, or after 6th hour following hospitalization (0.643 ± 0.244 ng/ml 
before 6 h, against 3.140 ± 2.700 ng/ml after 6 h, p = 0.003). Regarding the com-
parison of CmNgb between CI and ICH at hospitalization, it was 5.805 ± 0.720 
ng/ml in CI and 1.750 ± 0.090 ng/ml in ICH (p = 0.03) (Table 2).  

About brain imaging, there is a relationship between the CmNgb and the vo-
lume of the hematoma. In fact, CmNgb was 2.161 ± 0.375 ng/ml for hematomas 
with a volume greater than 30 mm3, compared with 1.210 ± 0.752 ng/ml for 
those with a lower volume (p = 0.0027). 

There was no relationship between CmNgb, mean of Glasgow coma scale (p = 
0.427) and outcome of patients during the first week of hospitalization (p = 0.06) 
(Table 2).  

The study of the kinetics of CmNgb according to the type of stroke reveals 
that it was higher on d1 in the subjects with CI (5.805 ± 0.720 ng/ml) than ICH 
(1.750 ± 0.090 ng/ml) (p = 0.003). At d3, it was 2.602 ± 0.112 ng/ml for CI and 
0.420 ± 0.211 for ICH. At the 7th day of hospitalization, it was 0.420 ± 0.20 
ng/ml (p = 0.001) in the victims of CI, compared to 0.360 ± 0.300 ng/ml in the 
ICH (p = 0.002) (Table 3). 
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Table 3. Comparison of CmNgb kinetics at day 1, day 3 and day 7 between CI (cerebral 
infarction) and ICH (intracerebral hemorrhage) victims.  

Kinetic (day) 
CI 

CmNgb (ng/ml) 
Mean ± standard deviation 

ICH 
CmNgb (ng/ml) 

Mean ± standard deviation 
p 

J1 5.800 ± 0.720 1.750 ± 0.090 0.003 

J3 2.600 ± 0.600 0.420 ± 0.100 0.001 

J7 0.420 ± 0.200 0.360 ± 0.300 0.002 

4. Discussion 

4.1. Limitations of Work 

The purpose of this prospective study was to evaluate the role of plasma Ngb in 
the initial diagnosis and short-term prognosis of adult stroke victims (infarction 
and hemorrhage), taking into account subgroups (CI or cerebral infarction, SHA 
or subarachnoid haemorrhage, ICH or intracerebral hematoma). To do this, we 
selected a convenience sample, consisting of stroke suspects (patients), selected 
consecutively over a one-year period, with direct match by age and sex to per-
sons in good health (Volunteers). This investigation being a hospital series, we 
unfortunately ran into several difficulty. The most frequent were the difficulty of 
obtaining a brain scan (economical difficults, disponibility of imaging), before 
taking blood samples, the use of drugs that can modify the expression of Ngb by 
some clinicians [43], a significant number of refusals of consent, lost to fol-
low-up, and to a lesser degree, the loss of some samples. These different facts 
resulted in reduced sample size, which inevitably impacted the composition of 
stroke subgroups. However, despite these limitations, our data show that in the 
acute phase of stroke, compared to controls, the plasma concentration of neu-
roglobin (CmNgb) increases significantly regardless of the type of stroke (ICH 
or CI). Moreover, this increase is greater in the case of ischemia than hemorr-
hage, and seems to follow a triphasic kinetics. Conversely, no relationship was 
found between Glasgow coma scale, short-term mortality and CmNgb. Similarly, 
we could not analyze the relationships between CmNgb and specific prognostic 
scores for stroke, particularly because of the size of the sample. In all cases, ac-
cording to the other human studies of Ngb’s expression during nervous system 
diseases, our data seem to support the idea that Ngb is overexpressed during 
hypoxic-ischemic states [1]-[10] [24] [26]. This expression of Ngb, like other 
biomarkers of nervous system (NS) [40] [41], would be more important during 
ischemia such as stroke [1] [2] [3] [11] [12] [13] [23] [24] [50]-[54]. Thus, our 
results suggest that, in human, plasma neuroglobin can be used as a bio-marker 
for initial diagnosis, but not for the short-term prognosis of acute adult stroke. 

4.2. Epidemiological and Clinical Parameters of the General  
Population, Stroke Subjects as well as Subgroups (CI and ICH) 

In our series, we noted more hemorrhagic than ischemic strokes (26 versus 13). 
These data are similar to those obtained by Adeloye et al. [28], Burgnicourt et al. 
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[29], Ovbiagel et al. [31], and Eyang Biyoghe et al. [30]. However, other authors 
have found more CI than ICH [32]. These results could be explained by the ex-
istence of African populations, an arterial hypertension usually of early discov-
ery, often poorly controlled, related to the male sex, geo ethnic and genetic fac-
tors [28] [29] [30] [31] [32]. 

Concerning the gender, men presented more hypertension than women. Ac-
cording to African studies, this result corroborates those found by several other 
authors [28]-[33]. This male predominance may be explained by the high fre-
quency of some risk factors in men [28] [29] [31]. In contrast, the low preva-
lence observed in women is thought to be related to the hormonal cycle [55] 
[56]. 

The mean age of the stroke population in this investigation is relatively 
similar to that of the majority of African studies, with a peak frequency of 
ICH in younger people, one of the reasons of which would be early hyperten-
sion [28] [29] [30] [31] [32], which could explain why high blood pressure 
was the risk factor most found in our investigation. This predominance of 
hypertension is widely found in both Western and African literature [28]-[33] 
[57] [58] [59]. 

4.3. Comparison of CmNgb between Stroke Victims and Controls,  
Relationship between CmNgb, Epidemiological, Clinical and  
Paraclinical Parameters of Stroke Subjects 

 CmNgb in the controls 
Ngb is a protein whose mechanisms can explain its presence at the plasma in 

physiological conditions as well as the standard of concentration (reference val-
ue) are not completely defined in humans [1] [2] [3] [12]. Thus, the recruitment 
of a population of healthy volunteers (controls) carried out during this work 
made it possible to obtain a control value of CmNgb (0.303 ± 0.114 ng/ml). 
However, this control CmNgb is not identical to that found by other authors. 
Indeed, in animals, Shang et al. [12] had conducted a study examining the dy-
namics of neuroglobin expression changes in the brain and serum at different 
times, before and after induction of cerebral ischemia and reperfusion in Mon-
golian gerbils. The mean concentration of neuroglobin found was 4.61 ± 2.53 
ng/ml before ischemia (healthy brain), with extremes of 1.42 ng/ml and 9.20 
ng/ml. This value is 15 times greater than ours. In parallel, Brunori and Vallone, 
by immunohistochemical determination of Ngb in human cerebral parenchy 
main post mortem, had noted a value of 1 μmol/l into the brain tissue supposed 
healthy [60]. This difference between our results and those of Shang suggests 
that in terms of animal species, in physiological conditions, the human being 
would produce less Ngb or catabolize it faster. Compared to the values found by 
Brunori and Vallone [60], unfortunately, there is no validated data to date cor-
relating plasma concentrations of neuroglobin and tissue Ngb levels detected by 
immunohistochemistry. 
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4.4. CmNgb and Mean of Age of the Working Population 

This study found no relationship between CmNgb and age, both in patients and 
controls (p = 0.07). Concerning the CmNgb and age, Sun et al. [61] noted, in 
physiological conditions, a decrease in the cerebral expression of neuroglobin as 
a function of age in rats aged respectively 3, 12 and 24 months. Moreover, this 
decrease predominated in the regions preferentially affected by neurodegenera-
tion. The fact that our results are different from those of Sun et al would proba-
bly be due to the fact that in humans cerebral expression of Ngb is a function of 
areas of cerebral tolerance to hypoxia-ischemia syndrome. Indeed, according to 
some authors, there exist, in physiological situations and according to the age, 
regions of the central nervous system designated high and low tolerance to 
ischemia (cortex versus subcortical regions), hypoxia and the extent of metabolic 
demand [6] [7] [8] [12] [22] [26] [31] [32] [33] [34]. The neuroglobin is a mole-
cule with anti-apoptotic and anti-hypoxic properties, the absence of variation in 
its concentration observed during our study may also be related to the relatively 
early age (18 - 65 years) of the sample [1] [2] [3]. 
 Relationship between CmNgb and sex 

Contrary at the study of Szymanski et al. [62] who showed that the expression 
of Ngb was relatively lower in female subjects compared to males, we found no 
statistically significant difference between men and women, both in controls and 
in stroke (1.020 ng/ml versus 1.300 ng/ml, p = 0.975). One of the hypotheses that 
could explain the difference between our results and Szymanski’s results would 
be methodological. Indeed, we have registered more men than women (ratio 
M/W = 2.5). Another reason is that, unlike our work, which treat with stroke 
victims, Szymanski et al’s research mainly treat with adult subjects suffering 
from Alzheimer’s disease, whose onset is in part generally correlated with neu-
rodegeneration, life experance and female sex [62]. 
 Comparison of stroke neuroglobinemia to that of controls 

At the end of the present investigation, it was found that in comparison with 
the controls, the CmNgb of stroke victims was higher regardless of the type 
(ischemic or hemorrhagic) (p = 0.07). Stroke usually results from rupture (he-
morrhage) or vascular obstruction (ischemia) which are responsible to the hypo 
infusion, hypoxia and cellular ischemia. These latter processes are themselves 
responsible for inflammation and cellular suffering [34] [35] [36]. Thereby, our 
results suggest that cerebral ischemia observed during stroke (ischemia or he-
morrhage) induces Ngb expression, as has been demonstrated by many authors 
[1] [2] [3] [11] [12] [13] [23] [27] [50] [51] [52] [53] [54]. From these data, the 
absence of a significant difference in Cmgb that we noted between stroke and 
controls would be explained by the high number of ICH’s compared to CI’s in 
the stroke population (26/39 versus 13/39). In Africa, this high frequency of ICH 
compared to CI has already been found by other authors [30]. The brain scan is 
sometimes normal during early phase of CI [37] [38] [39], our result confirms 
the high expression of neuroglobin observated during stroke by many authors 
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[1] [2] [3] [11] [12] [13] [23] [24] [50] [51] [52] [53] [54], and suggests that the 
plasma Ngb dosage may be a necessary for diagnostic guidance during this pe-
riod. In that context, this dosage in association with clinic examination and 
brain scan could help to confirm or not the suspected cases of stroke in emer-
gency situation [37] [38] [39].  
 Comparison of CmNgb taken at day 1 between subgroups of stroke vic-

tims (CI and ICH) 
Because the expression of Ngb is more important in CI’s than ICH, our data 

suggest the probable existence of secondary ischemia in the peri-hematoma zone 
during ICH’s, and thus confirm those of many authors [27] [35] [36] [50] [51] 
[52] [53]. This secondary ischemia, in the long run, would be the cause of hy-
poxia with activation of HIF-1 alpha [22] [23] [35] [36] which, in turn induce 
the release of neuroglobin [1] [2] [3] [6] [7] [9] [11]. Thus, the secondary occur-
rence of the cascade of events responsible for the Ngb brain expression (hypoxia, 
ischemia, apoptosis) during ICH compared to the CI (immediatly ischemia, no 
secondary occurrence) could explain the observed difference between the two 
groups. Therefore, like other biomarkers of stroke, CmNgb could be used as a 
diagnostic marker, differentiating ischemia from haemorrhage [38] [39] [40] 
[41]. Better still, in clinical practice, CmNgb would be used to differentiate, for 
example, ICH from intra cerebral hematoma resulting from hemorrhagic trans-
formation of an ischemic stroke.  
 Comparison of CmNgb taken on admission and the presumed time of 

appearance to first stroke symptoms in patients 
We found a statistically significant relationship between the level of Ngb taken 

from admission in stroke and the presumed time of appearance to the first 
symptoms of the disease (0.643 ng/ml before 6 h, against 3.140 ng/ml after 6 h, p 
= 0.003). In other terms, CmNgb varied with duration of stroke. This result is 
comparable to that of other authors [11] [12] [13] [27] [51] [53]. He would cor-
respond to a progressive production of the Ngb, and a fall of the latter, after a 
peak of production. Thus, despite the fact that we have not been able to monitor 
the CmNgb early (that is to say from the installation of the initial symptomatol-
ogy until admission to the service), our results support the idea that elevation of 
CmNgb is a function of the duration of stroke [11] [12] [13] [14] [27] [50] [51] 
[52] [53]. This elevation of Ngb in the acute phase of stroke may be explained by 
the ischemic nature of the initial lesion and/or because stroke (ischemic or he-
morrhagic) is usually complicated by initial or secondary cerebral ischemia, with 
cell lysis, favoring the progressive overexpression of Ngb at the cerebral level and 
secondarily the release in the plasma [24] [27] [35] [36] [50] [51] [52] [53]. In 
this case, this result suggests CmNgb as a biological element of monitoring, at 
least during the early and critical phase of stroke [11] [12] [13]. 
 Relationship between volume of intracerebral hematoma and CmNgb in 

ICH victims 
At the end of our study, we observed that the concentrations of Ngb were 

higher in subjects with a hematoma volume greater than 30 cm3 (p = 0.027). 
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Thus, our results suggest that there is a direct relationship between Ngb, with 
ischemia of which it would be partly the consequence. Despite the fact that these 
data corroborate those of several other studies [24] [27] [35] [36] [50] [51] [52] 
[53], they are however in contradiction with those of Sun et al. [1] [2] [3] [13]. 
Indeed, these authors suggested that the increase of Ngb was inversely propor-
tional to the size of the ischemic lesions in the rodent. These contradictory re-
sults would be explained by the fact that the data of the above mentioned studies 
are, on the one hand immunohistochemical in nature, and on the other hand, do 
not give any precision as to the exact relationship between the kinetics of the 
concentration of Ngb and the lesion volume. To a lesser degree, the absence 
of CT brain monitoring that could re-evaluate the volume of the lesion would 
be another reason for this absence of similarity of our results with those of 
others  

4.5. Relationship between CmNgb, Prognostic Scores (Glasgow,  
Hemphill, WFNS, Fisher, Four) and Short-Term Mortality  
Collected on Admission in Stroke Subjects 

 Relationship between the prognostic scores of stroke and CmNgb col-
lected on admission in stroke subjects 

There was no relationship between Glasgow coma scale at the admission in 
stroke and the CmNgb (p = 0.427). The Glasgow coma scale assesses the level of 
consciousness in comatose patients, without presaging etiology [44]. Moreover, 
when it is performed on admission, it contributes to the establishment of the 
neurological prognosis of the patient. In this case, our results might suggest that 
the Ngb has no prognostic interest and would still allow less to assess the state of 
consciousness. However, this score is not very specific and not very sensitive in 
the context of the strokes, from where besides the setting of specific scores by 
many authors [45] [46] [47] [48]. In this case, another explanation for the ab-
sence of relationship of this score with the CmNgb is the fact of its low sensitivi-
ty and specificity during stroke [45] [46] [47] [48]. Finally, the weakness of the 
sample size of patients with a low Glasgow score would also be a reason. 

At the same time, probably because of the size of the sample, no relationship 
could be analyzed between the specific gravity scores of the stroke (ICH Hem-
phill score for intracerebral hematoma, WFNS and Fisher scores for SAH, FOUR 
score for CI) and CmNgb. Thus, in the African context, a study of Ngb variation 
in hemorrhagic stroke involving a large sample of patients and taking into ac-
count subgroups of ICH is desirable.  
 CmNgb and short-term mortality in stroke 

It has not been found none relationship between Ngb on admission and 
short-term mortality (p = 0.06). However, it was noted that, although the differ-
ence was not statistically significant, patients who survived had higher plasmatic 
Ngb concentration compared to those who died (3.95 ng/ml versus 2.65 ng/ml). 
Despite the fact that current studies on Ngb are not specifically focused on mor-
tality, some authors have found that Ngb overexpression is associated with im-
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proved ischemic injury and functional recovery in rodents [1] [2] [3] [52] [53]. 
In addition, plasma levels of neuroglobin would be proportional to the intensity 
of apoptotic activity and the degree of cell necrosis [1] [2] [3]. 

4.6. Kinetics of CmNgb Collected at d1, d3 and d7 in CI and ICH  
Patients 

Regarding the specific kinetics of Ngb as a function of the evolution of stroke, it 
was noted that the CmNgb, after an elevation phase, was reduced by half to d3 
and became almost normal on d7, whatever the type of stroke. In the case of ce-
rebral infarctions, this kinetics of Ngb was also found by Shang et al. in 2006 
[14]. However, in this study, the concentration of Ngb was still significantly ele-
vated at 72 h (11.94 ng/ml versus 2.60 ng/ml for this study). This could be ex-
plained by the fact that these studies were conducted in rats and not humans. In 
addition, methodologically, rodent experimentation consisted of bilateral carotid 
occlusion for 20 minutes, resulting in more lesions than under physiological 
conditions. Another explanation would be that our patients were mostly hyper-
tensive and were receiving rheological treatment to prevent ischemia from in-
creasing.  

Regarding to ICH, the same triphasic kinetics was noted by Dongsheng et al. 
[50], as well as Wei-de et al. [51]. According to the latter, this over expression 
would pathophysiologically reflect the secondary ischemia occurring in the pe-
ri-hematoma zone, and confirm the neuroprotective role of Ngb during the im-
mediate phase of neuronal injury during ICH [50] [51], but also other spatholo-
gies of NS [1] [2] [3] [6] [7] [10] [14] [15] [16] [17] [23] [24] [26] [27]. In our 
opinion, this result suggests that plasma neuroglobin may play a role as a bio-
marker for early monitoring during the acute phase of stroke. 

5. Conclusion 

The present prospective study was designed to assess the role of plasma Ngb in 
the initial diagnosis and short-term prognosis of adult stroke victims. It emerges 
that, at the acute phase of a stroke, in comparison with that of controls, CmNgb 
increases significantly regardless of the type (ICH or CI). Moreover, this increase 
is greater in the case of ischemia than hemorrhage, and has a triphasic kinetics. 
In contrast, no relationship was found between the Glasgow coma scale, 
short-term mortality and CmNgb. In addition, no relationship could be analyzed 
between CmNgb and the usual prognostic scores of stroke subgroups. Thus, our 
results suggest that in human, neuroglobin plasmatic can be used as a diagnostic, 
but not prognostic biomarker for stroke in adults at the acute phase. However, 
this work needs to be confirmed on a larger sample of stroke taking into account 
the different subgroups. 
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