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ABSTRACT

Objective: Strokes remain a significant health concern and are the highest cause of mortality and physical or mental disability in productive and 
the elderly hospitalized patients in Indonesia. Neuroglobin (Ngb) mostly located in the central and peripheral nervous system, predicted enhanced 
neuronal survival under hypoxic condition, such as in a stroke. The aim of this study is to observe the response of the brain tissue of hemorrhagic 
stroke patients against hypoxic/ischemic conditions. The objectives are to recognize the pattern of Ngb expression in the brain tissue and plasma of 
hemorrhagic stroke patients, and furthermore, to compare the level of Ngb in the brain tissue and plasma of hemorrhagic stroke patients.

Methods: This is an observational study with consecutive sampling methods using cerebral cortex and the blood of hemorrhagic stroke patients, 
who underwent craniotomies to evacuate hematomas at Cipto Mangunkusumo Hospital (RSCM) and other hospitals in Jakarta. Ngb expression was 
measured in brain tissue and blood using real time reverse transcription polymerase chain reaction, while the ELISA method was adopted to measure 
Ngb protein in plasma.

Results: Hypoxia/ischemia in the brain tissue of hemorrhagic stroke patients increased the expression of Ngb in brain tissue compared to the blood. 
The level of Ngb protein in plasma of hemorrhagic stroke patients increased significantly compared to normal subjects; however, there is no significant 
difference between the plasma and brain tissue of hemorrhagic stroke patients.

Conclusion: Hypoxia/ischemia in hemorrhagic stroke patients increases the expression of Ngb mRNA and protein level.
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INTRODUCTION

Stroke is a common neurological disease and a leading cause of severe 
disability and death in developed countries [1]. Until now, strokes 
remain a serious health problem in Indonesia. According to the 
Indonesian Ministry of Health in 2007, strokes were the primary cause 
of mortality in hospitalized patients. Strokes are also a cause of physical 
or mental disability in the productive age and the elderly.

A hemorrhagic stroke occurs when the blood vessel in the brain is 
ruptured, and the blood disseminates into the subarachnoid space and 
brain parenchyma [2]. Furthermore, bleeding vessels cause hypoxia 
downstream of the ruptured vessels. Neuron cells are very active and 
require a considerable amount of energy, which means that the neuron is 
extremely aerobic from a metabolic point of view. Naturally, living things 
attempt to survive in conditions that threaten life. Neuroglobin (Ngb), 
the third globin protein family, predominantly located in the central and 
peripheral nervous system is supposed to enhance neuronal survival 
under hypoxic conditions, such as in a stroke [3,4]. As Ngb is a member of 
the globin family, it is suggested that the protein could bind with oxygen.

Burmester et al. [5] stated that Ngb acted as an oxydase that regenerates 
NAD+ under anaerobic conditions, thereby sustaining adenosine 
triphosphate production. Ngb may also be involved in the detoxification 
of harmful reactive oxygen species, which are known to be generated 
under hypoxic conditions [6-8]. In addition, Ngb could also detoxify 
other noxious reactive molecules, NO. Finally, Ngb might act as a sensor 
to detect cellular oxygen concentration [7-9].

Under hypoxic conditions, Sun et al. [4] reported a ~2.5-fold 
up-regulation of Ngb mRNA and protein levels after 24 hrs anoxia-
reperfusion in relation to cerebral tissue culture [3,4].

Wang et al. [10] concluded that Ngb could reduce tissue infarction 
in transient focal cerebral ischemic transgenic mice. Tissue with 
overexpression of Ngb may be sustained for up to 2 weeks after ischemia.

Research conducted with stroke ischemic patients’ revealed 
upregulation of Ngb in peri-infarct (ischemic penumbra) compared 
to normal brain and ischemic core [11]. Research on acute cerebral 
ischemic (ACI) patients demonstrated an increase in Ngb level in serum, 
1-6 hrs after the onset of ACI patients. The levels peaked at 24 hrs, and 
gradually descended to normal level at 72 hrs [12].

This research is intended to observe the pattern of Ngb mRNA 
expression in the brain tissue and plasma of hemorrhagic stroke 
patients, in addition to comparing the level of Ngb between the brain 
tissue and plasma of hemorrhagic stroke patients.

METHODS

Expression of Ngb mRNA
Expression of Ngb mRNA was measured using real time reverse transcription 
polymerase chain reaction according to the CFX program (MiniOpticon 
Bio Rad). The Ngb mRNA primer was (F:5’-TGGAAGACCTGTCCTCACTG-3’, 
R:5’-GAGCAGAGACTCACCCACTG-3’) [13]; 18 sRNA primer was 
(F:5’-AAACGGCTACCACATCCAAG-3’, R:5’-ACTTCTCCTCGGTGACGTTC-3’) [14].
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Measurement of Ngb protein
Ngb protein was measured by means of the ELISA method.

Total RNA isolation
Total RNA from the blood was isolated using a total mini kit 
(Blood/Cultured Cell) Geneaid® (Taiwan), while the total RNA isolation 
from the brain tissue used a total mini kit (Tissue) Geneaid® (Taiwan).

Brain tissue homogenates
Brain tissue was homogenized using 0.1 M phosphate buffer solution 
pH  7.4  (1:10 dilution), centrifuged for 10  minutes at 4°C and the 
supernatant was collected (stored at −80°C if the measurement is not 
conducted on the same day) for determination of Ngb levels.

Total protein concentration of tissues
The total protein concentration of tissues was measured by 
spectrophotometric technique at a wavelength of 280 nm. A standard 
curve was performed using bovine serum albumin.

Ngb protein level
The Ngb protein measurement level was determined by utilizing a 
human Ngb ELISA kit USCN® (Wuhan, PRC).

Statistical analysis
All data were analyzed with SPSS 16.0 software. A  significance 
difference was defined at a level of p˂0.05.

RESULTS AND DISCUSSION

General data of patients
Samples were obtained from the cerebral cortex and venous blood 
of hemorrhagic stroke patients who underwent craniotomy <24 hrs 
previously. From August 2012 to March 2013, we collected 11 bloods, 
19 plasmas, and 12 cerebral cortex samples. As a control, we used 
venous blood from 10 normal healthy subjects.

The pattern of Ngb mRNA expression
The relative expression of Ngb mRNA in brain tissue was 0.025 times 
higher than in the blood of hemorrhagic stroke patients (Fig. 1).

The level of Ngb protein in the brain tissue and plasma of 
hemorrhagic stroke patients
The level of Ngb protein in the plasma of hemorrhagic stroke patients 
was significantly higher compared to normal plasma (Mann–Whitney, 
p<0.05). Meanwhile, the level of Ngb protein between the plasma and 
brain tissue of hemorrhagic stroke patients were not significantly 
different (Mann–Whitney, p>0.05) (Fig. 2).

The level of Ngb protein in normal plasma, brain tissue, and 
plasma patients
The level of Ngb protein in the plasma was higher than in the brain tissue; 
however, it revealed no significant difference (Mann–Whitney, p>0.05) to 
the negative correlation (Spearman’s Rho, R=−0.370, p>0.05) (Fig. 3).

The relative expression of Ngb mRNA in brain tissue was 0.025 times 
higher than in the blood of hemorrhagic stroke patients. This result was 
in accordance with the previous studies, confirming that the expression 
of Ngb increased in hypoxia/ischemia conditions [4,11,15].

Brain tissue in a hypoxic condition experienced an ischemic area at 
central and surrounded by the penumbra. Brain cells are extremely 
sensitive to oxygen lacking and can begin to die within 5  minutes 
after an oxygen supply has been cut-off [16]. In the ischemic area cell 
death occurred, whereas within the penumbra selective genes were 
expressed, [17] including Ngb in an attempt to improve the oxygen 
supply. This result is also in accordance with a previous study, which 
noted that hypoxia increased Ngb expression within the penumbra [11].

The level of Ngb protein in the plasma of hemorrhagic stroke patients 
was higher than normal. This result was in agreement with the previous 
studies, which established that the level of Ngb increased in plasma 

1-6 hrs after onset, peaked at 24 hrs, subsequently decreased over time 
in acute atherosclerotic cerebral infarction (ACI) [12].

The increase in Ngb level in plasma remains ambiguous, although Casado 
et al. discovered Ngb protein in cerebrospinal fluid [18]. In addition, 

Fig. 2: The level of neuroglobin protein in normal plasma, 
plasma, and brain tissue of hemorrhagic stroke patients (n=10 

for normal subjects, n=19 for patient’s plasma, and n=12 for 
patient’s brain tissue)

Fig. 1: The relative expression of neuroglobin mRNA in the blood 
and brain tissue of hemorrhagic stroke patients (n=10)

Fig. 3: The level of neuroglobin protein in the plasma and brain 
tissue of hemorrhagic stroke patients (n=10), in pairs
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hypoxia caused cell death through two mechanisms, necrosis and 
apoptosis. Necrosis caused edema cell impairments of the cytoskeleton 
and ultimately membrane rupture. Meanwhile, apoptosis at the end 
caused cell lysis. The two mechanisms predicted that Ngb leaked out 
cerebrospinal fluid, crossed the blood-brain barrier and entered into 
systemic circulation. Therefore, Ngb is observed in the plasma.

The level of Ngb protein in paired samples indicated that the level of 
plasma Ngb protein was higher than in brain tissue, although it was not 
observed to be significantly different. Correlation of Spearman’s Rho 
demonstrated a negative correlation (R=−0.370 and p>0.05).

CONCLUSION

Hypoxia/ischemia in the brain tissue of hemorrhagic stroke patients 
increased the expression of Ngb in brain tissue compared to the blood. 
The level of Ngb protein in plasma of hemorrhagic stroke patients 
increased significantly compared to normal subjects; however, there 
is no significant difference between the plasma and brain tissue of 
hemorrhagic stroke patients. Hypoxia/ischemia in hemorrhagic stroke 
patients increases the expression of Ngb mRNA and protein level.
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