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Research Article 

 

Annotation 

The role of neuroglobin in ischemia has not been studied in detail. A number of studies indicate its neuroprotective 

effect, other data refute its importance for the survival of neurons in conditions of lack of oxygen.  In the course of 

the conducted studies, the neuroprotective role of neurooglobin in certain types of cerebral ischemia has been 

established. The results obtained resolve the contradiction noted in the literature data about the role of neuroglobin 

in the pathogenesis of cerebral ischemia and show that in certain models of cerebral ischemia, with sufficient time 

to implement compensatory mechanisms, neuroglobin participates in neuroprotection, while in forms of cerebral 

ischemia, where this time is insufficient, its content decreases and there is no neuroprotective effect. 
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Introduction  

Neuroglobin is a metalloprotein of the globin family, 

which contains protoporphyrin with an iron atom in the 

center. It is present in the neurons of the central and 

peripheral nervous system, the retina of the eye, in some 

endocrine structures and organs – pancreatic islets, 

adenohypophysis, adrenal glands. Currently, 

neuroglobin is considered as a protein that provides 

oxygen to the mitochondria of metabolically active 

neurons [1,3,10]. 

The role of neuroglobin in ischemia / hypoxia has not 

been studied. A number of studies (conducted on 

transgenic mouse with increased expression of 

neuroglobin in neurons and astrocytes of the brain) 

indicate its neuroprotective effect [4-9,11,12], other data 

refute its importance for the survival of neurons in 

conditions of oxygen deficiency [2]. 

At the same time, the content of neuroglobin in the brain 

neurons of non-transgenic animals with ischemia 

remains unexplored. 

Materials and Methods 

The experiments were performed on 24 male mongrel 

white rats weighing 260 ± 20 g in compliance with the 

requirements of Directive of the European Parliament 

and of the Council No. 2010/63/EU of 22.09.2010 on the 

protection of animals used for scientific purposes. 

Permission of the Committee on Biomedical Ethics and 

Deontology of the Grodno State Medical University was 

obtained to conduct the study (extract from Protocol No. 

1 of 05.01.2022). 

Cerebral simulation was performed under intravenous 

thiopental anesthesia (40-50 mg/kg). The animals were 

removed from the experiment by decapitation under 

intravenous thiopental anesthesia. 

The study used a model of stepwise subtotal cerebral 

ischemia (SSCI) with sequential ligation of both common 

carotid arteries (CCA) at intervals of 7 days (subgroup 

1), 3 days (subgroup 2) or 1 day (subgroup 3).  

The neuroglobin content was determined by 

immunohistochemistry using monoclonal antibodies. 

For this purpose, after decapitation, the brain was 

quickly extracted from rats, pieces of the cerebral cortex 

were fixed in zinc-ethanol-formaldehyde at +4°C 

(overnight), then enclosed in paraffin.  

Paraffin sections with a thickness of 5 microns were 

prepared using a microtome, mounted on slides. The 

preparations were processed according to the protocol 

of immunocytochemistry for light microscopy, excluding 

the procedure of thermal unmasking of antigens. To 

determine the immunoreactivity of the molecular marker 

of neuroglobin, primary monoclonal mouse antibodies 

Anti-Ngb antibody from Abcam (UK, ab. 14748) were 

used at a dilution of 1:600 at +4°C, exposure 20 h in a 

wet chamber. To detect bound primary antibodies, the 

EXPOSE Mouse and Rabbit specific HRP/DAB 

detection IHC kit Abcam (UK, ab. 80436) was used. The 

content of neuroglobin was studied in the cytoplasm of 

neurons of the fifth layer of the parietal cortex and 

neurons of the hippocampal CA1 field in 

immunohistochemical preparations based on the optical 

density of the chromogen precipitate using an Axioscop 

2 plus microscope (Zeiss, Germany), a digital video 

camera (LeicaDFC 320, Germany) and the ImageWarp 

image analysis program (Bitflow, USA). 

For electron microscopic studies, immediately after 

decapitation and rapid extraction of the brain, sections 

of parietal cortex and hippocampus were cut out with a 

blade and placed in a 1% osmium fixator on a Millonig’s 

buffer (pH = 7.4) for 2 hours at a temperature of 4°C. 

Next, the slices were washed in a mixture of Millonig’s 

buffer (20 ml) and sucrose (900 mg), dehydrated in 

alcohols of increasing concentration, a mixture of alcohol 

and acetone, pure acetone; passed through a mixture of 

resins (araldite M + araldite H + dibutyl phthalate + DMR-

30) and acetone and enclosed in a mixture of resins. 

Semi-thin slices (about 350 nm thick) were made on an 

ultramicrotome M-7000 (RMC, USA), stained with 

methylene blue and cut out the areas necessary for the 

study with a blade.  

Ultrathin sections (about 35 nm thick) were made on the 

same ultramicrotome, assembled on support meshes, 

contrasted with uranium acetate and lead citrate. To do 

this, the mesh sections were lowered into a drop of 

uranyl acetate and kept for 20 minutes in the dark at 

Ре
по
зи
то
ри
й Г
рГ
МУ



How to cite this article: E.I. BON, N.Ye. MAKSIMOVICH, S.M. ZIMATKIN, N.V. KOKHAN, D.V. GAIKO U.A. BAKUSH, (2022). Neuroprotective Effect of Neuroglobin in 
Simultaneous Incomplete Ischemia. Psychiatry and Psychological Disorders. 1(2).

              Page 3 of 8

Journal of Psychiatry and Psychological Disorders 

 

 

room temperature, then washed in 3 portions of double 

distilled water for 5 seconds and contrasted with lead 

citrate for 8 minutes, washed in 3 portions of double 

distilled water for 5 seconds. 

The obtained preparations were studied under the 

electron microscope JEM-1011 (JEOL, Japan), 

photographed with the digital camera Olympus 

MegaView III (Olympus Soft Imaging Solutions, 

Germany). 

To prevent systematic measurement errors, brain 

samples from the compared control and experimental 

groups of animals were studied under the same 

conditions.  

As a result of the studies, quantitative continuous data 

were obtained. Since the experiment used small 

samples that had an abnormal distribution, the analysis 

was carried out using nonparametric statistics with the 

licensed computer program Statistica 10.0 for Windows 

(StatSoft, Inc., USA). The data is presented in the form 

Me (LQ; UQ), where Me is the median, LQ is the 

boundary of the lower quartile; UQ is the boundary of the 

upper quartile. The differences between the groups were 

considered significant at p<0.05 (Kruskal–Wallis test 

with Bonferroni correction). 

In the course of previous studies, it was found that SSCI 

with an interval between ligation of the CCA for 7 days 

is manifested by the least pronounced morphological 

(Fig. 1) and energetic changes, which indicates the 

effectiveness of compensatory mechanisms when using 

this model of cerebral ischemia.  
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                           Nissl staining. Digital microphotography. Magnification 40 

Fig. 1. Neurons of the fifth layer of the parietal cortex (A,C,E) and the pyramidal layer of the hippocampus (B,D,F).  

A, B – control, C, D – subgroup 1, 7 days after ligation of the second CCA, E, F – subgroup 3, 1 days after ligation of the 

second CCA 

Results  

According to studies, changes in the content of 

neuroglobin in the neurons of the parietal cortex and 

hippocampus of the rat brain in the 1st, 2nd and 3rd 

subgroups of SSCI were multidirectional: in the 1st 

subgroup with a maximum interval between ligations of 

the CCA of 7 days it increased, while as the time interval 

between ligations of the CCA decreased, its content was 

less than in the control group, indicating the absence of 

involvement of neuroglobin in the development of 

compensation mechanisms in more severe forms of 

cerebral ischemia (subgroup 2 and 3), fig. 2,3, tab. 1.  
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Fig. 2. The content of neurooglobin in the cytoplasm of pyramidal neurons of the parietal cortex of rats with stepwise 

subtotal cerebral ischemia (SSCI). Immunohistochemistry using monoclonal antibodies × 40. 

 

  

  

 

 
 

 
 

 

Fig. 3. The content of neuroglobin in the cytoplasm of pyramidal neurons of the CA1 field of the hippocampus of rats with 

stepwise subtotal cerebral ischemia (SSCI). Immunohistochemistry using monoclonal antibodies × 40. 

 

Tab. 1. The content of neuroglobin in the cytoplasm of pyramidal neurons of the parietal cortex and the CA1 field of the 

hippocampus of the brain of rats with stepwise subtotal cerebral ischemia (SSCI), Me (LQ; UQ) 

Groups The content of neuroglobin / units of optical density 

parietal cortex hippocampus 

Control 0,167(0,162;0,172) 0,165(0,163;0,165) 

S
S

C
I 

Subgroup 1 0,191(0,186;0,193)* 0,192(0,191;0,216)* 

Subgroup 2 0,145(0,142;0,152)* + 0,153(0,149;0,158)* + 

Subgroup 3 0,115(0,111;0,123)* +# 0,111(0,108;0,117)* +# 

Note – * – р<0,05 compared to the "control" group, + – р<0,05 compared to the 1st subgroup of SSCI, # – р<0,05 

compared to the 1st subgroup of SSCI, SSCI – stepwise subtotal cerebral ischemia  

subgroup 3 
 

subgroup 2 

subgroup 1 
control 
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In addition, giant mitochondria were observed in the 

cytoplasm of neurons of the cerebral cortex during SSCI 

with CCA ligation at 7-day intervals in the cytoplasm of 

neurons of the cerebral cortex (Fig. 5), which indicates 

their hypertrophy as one of the mechanisms of 

compensation for the resulting hypoxia. 

 

Fig. 4. Mitochondria of neurons of the parietal cortex of rats of the control group. N is the nucleus, Ne is the nuclear 

envelope, M is the mitochondria. Magnification: 50000. Electronogram. 

 

 

 

Fig. 5. Mitochondria of neurons of the parietal cortex of rats of the subgroup 1. N is the nucleus, Ne is the nuclear 

envelope, M is the mitochondria. Magnification: 50000. Electronogram. 
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Fig. 6. Mitochondria of cytoplasm of neurons of the parietal cortex of rats of the subgroup 3. N is the nucleus, NE is the 

nuclear envelope, M is the mitochondria. Magnification: 50000. Electronogram.. 

These changes were not observed in the 2nd and 3rd 

subgroups with a low content of neuroglobin (Fig. 6). 

Thus, in the course of immunohistochemistry and 

electron microscopy, the neuroprotective role of 

neuroglobin in certain types of cerebral ischemia has 

been established [3]. 

The results obtained resolve the contradiction noted in 

the references about the role of neuroglobin in the 

pathogenesis of cerebral ischemia and show that in 

certain models of cerebral ischemia, with sufficient time 

to implement compensatory mechanisms, neuroglobin 

participates in neuroprotection due to an increase in the 

efficiency of oxygen utilization and oxidation substrates 

in the mitochondria of neurons, while in forms of cerebral 

ischemia, where this time is insufficient, its content 

decreases and there is no neuroprotective effect. 
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