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Abstract

The aim of the work was to evaluate the content of neuroglobin in the brain of rats with cerebral ischemia
and under the conditions of administration of omega-3 polyunsaturated fatty acids.

The content of neuroglobin in the cytoplasm of neurons in the parietal cortex and hippocampus of rats under
conditions of cerebral ischemia and administration of omega-3 polyunsaturated fatty acids was
studied. Against the background of the introduction of the drug w-3 PUFAS, there was an improvement in
the indicators of antioxidant protection of brain neurons, which was manifested by an increase in the content

of neuroglobin in hippocampal neurons.
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Introduction

Neuroglobin (Ngb) is a metalloprotein of the globin
family that contains protoporphyrin with an iron atom
in the center forming six coordination bonds. Ngb is
expressed mainly in the nervous system, retina and
some endocrine structures [1,2,3]. The similarity of
the Ngb structure with other globin proteins [4]
suggests similar functions of providing oxygen
homeostasis of cells [5]. But since the level of affinity
of Ngb to oxygen is very high, and this is an obstacle
to the release of oxygen, this metalloprotein is more
often considered as an indicator of the oxygen level
in mitochondria that oxidize organic substances and
form ATP [6,38]. At the cellular level, Ngb is found in
the cytoplasm, vesicular structures, neurotubules,
nucleus and mitochondria [5,39,40].

Analysis of the subcellular localization of Ngb shows
that Ngb mRNA and protein are constantly detected
in the perikaryon and processes of neurons, which
indicates the active participation of Ngb in metabolic
processes [41].

Neuroglobin regulates the functioning of neurons in
pathology: suppresses oxidative stress, blocks
mitochondrial apoptosis factors, binds free radicals.
Neuroglobin synthesis is promoted by hypoxia-

inducible factor 1-alpha (HIF-1a), retinoid X receptor
(RXR), zinc finger X-chromosomal protein (ZFX),
nuclear transcription factor Y subunit alpha (NFYA)
and TEA domain transcription factor 1 (TEAD1) and
SOX-4 [42].

The role of neuroglobin in hypoxia / ischemia is still
unclear. Some studies indicate its neuroprotective
effect in cerebral ischemia due to increased
expression of endothelial nitric oxide synthase [43].
Other data refute its significance for the survival of
neurons in conditions of lack of oxygen, since Ngb
deficiency apparently increases the expression of
HIF-1a [41].

Due to its ability to bind oxygen, Ngb enhances the
supply of oxygen to the mitochondria of metabolically
active neurons. This hypothesis is confirmed by the
existence of Ngb in metabolically active cells and
subcellular compartments.

In addition, neuroprotective effects can be realized
through the following mechanisms:

1. Neuroglobin is a free radical scavenger and has
chelating activity;

2. It is able to utilize NO;
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3. In mitochondria, it reduces the release of
cytochrome C into the cytosol by inhibiting the
caspase-9-dependent pathway of apoptosis;

4. Acts as an inhibitor of the dissociation of the
guanine nucleotide of the
heterotrimeric Ga protein, necessary for the normal
functioning of intracellular signaling;

5. Inhibits Pak1 kinase and interacts with Rho GDP-
dissociation inhibitor (RhoGDI) and members of the
Rho GTPase family, suppressing the spread of
hypoxia or death signal, induced by N-methyl-D-
aspartic acid;

6. Performs the role of a metabolic regulator that
increases cellular anabolism through inhibition of
AMP-activated signaling.

Thus, neuroglobin, according to the literature, can act
as a neuroprotector in cerebral ischemia, but its
content in brain neurons with ischemia of varying
severity remains unexplored.

Omega-3 PUFAs affects many biological
processes of the body [10], has the following
effects:

1) improve endothelial function, which leads to a
decrease in peripheral vascular resistance due to
improved endothelium-dependent and independent
vasodilation, an increase in the level of nitric oxide in
the blood and a decrease in the level of endothelin-1;

2) reduce the predisposition to thrombosis as a result
of a decrease in the aggregation activity of platelets,
suppression of the adhesion of monocytes to the
endothelium, a decrease in the expression of
adhesion molecules VCAM-1, TLAM-1, ICAM-1;

3) reduce the activity of chronic nonspecific
inflammation, which is manifested by a decrease in
the content of tumor necrosis factor in the blood,
interleukins 1 and 6, an increase in the formation of
anti-inflammatory eicosanoids;

4) contribute to an increase in the formation of ATP,
reduce oxygen consumption and calcium content,
improve mitochondrial function;

5) increase the activity of calcium-magnesium
ATPase, contribute to the inhibition of fast voltage-
dependent sodium channels and L-type calcium
channels [11,12,13,14,15,16,17,18,19].

Omega-3 PUFAs are competitors for arachidonic acid
when binding the enzyme 5-lipoxygenase, since
Omega-3 PUFAs replaces arachidonic acid in
membrane phospholipids, reducing the production of
eicosanoids [7,8,9,20]. In addition to the anti-
inflammatory effect based on the interruption of the
arachidonic acid cascade, Omega-3 PUFAs have an

anti-inflammatory effect through a decrease in the
activity of nuclear factor-kB (NF-KB), a powerful
stimulator of the production of pro-inflammatory
cytokines, including interleukin-6 and alpha-factor of
tumor necrosis [21,22]. In general, the enrichment of
Omega-3 PUFAs cell membranes disrupts
dimeralization and the participation of toll-like
receptor 4, which can contribute to the anti-
inflammatory effect by suppressing the activation of
NF-KB [23]. Thus, Omega-3 PUFAs inhibits
lipogenesis and increases the production of resolvins
and protectins — small lipid molecules that suppress
the development of the inflammatory process
[24,25,26].

In addition, the action of Omega-3 PUFAs includes
the ability to increase the secretion of adiponectin, an
anti-inflammatory adipokine [27]. Omega-3 PUFAs
act as a modulator of the G-protein coupled receptor,
and are also able to influence the direct regulation of
gene expression through nuclear receptors and
transcription factors, which, in turn, are modulated by
intracellular lipid-binding proteins transporting these
fatty acids to the nuclei. This effect leads to an
increase in the synthesis of anti-inflammatory
proteins associated with antioxidants [28,29,30,31].

Omega-3 PUFAs participate as coenzymes in the
oxidative decarboxylation of pyruvic acid and alpha-
keto acids, are an essential component in the
recycling of of major endogenous antioxidants, such
as vitamin E (alpha-tocopherol), vitamin C,
glutathione, ubiquinone (coenzyme Q
10) [28,32,33,34]. In addition, they have their own
antioxidant and lipotropic activity due to activation of
coenzyme A formation, transport of acetate and fatty
acids from the cytosol to the mitochondrial matrix,
acceleration of fatty acid oxidation, stabilization of cell
membranes [35,36,37].

The aim of the work was to evaluate the content of
neuroglobin in the brain of rats with cerebral ischemia
and under the conditions of administration of omega-
3 polyunsaturated fatty acids.

Materials and methods

The experiments were performed on 60 male mongrel
white rats weighing 260 + 20 g in compliance with the
requirements of the 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.

The choice of experimental animals is due to the
similarity of the angioarchitectonics of the rat and
human brains. Cl modeling was performed under
intravenous thiopental anesthesia (40-50 mg/kg).
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Subtotal cerebral ischemia (SCI) was modeled by
simultaneous ligation of both common carotid arteries
(CCA). Subtotal cerebral ischemia (SCI) was
modeled by simultaneous ligation of both common
carotid arteries (CCA). To study the effects of w-3
PUFAs, animals before Cl were intragastrically
injected with the preparation w-3 PUFAs at a dose of
5 g/kg of body weight for a week.

The control group consisted of falsely operated rats
of similar sex and weight.

After decapitation of the animal, the right hemisphere
was used to study the indicators of the pro-oxidant-
antioxidant balance, and the left hemisphere was
used to determine the content of neuroglobin.

A method for studying the content of
neuroglobin in neurons of the parietal cortex
and hippocampus of the brain

Determination of the content of metalloproteins of the
globin family neuroglobin was carried out 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
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a wet chamber [44,47]. 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).

To prevent systematic measurement errors, brain
samples from the compared control and experimental
groups of animals were studied under the same
conditions.

Results

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>

The introduction of Omega-3 PUFA had no effect on
the level of neuroglobin in the cytoplasm of neurons
of the parietal cortex in rats with SCI compared with
the SCI group without the introduction of Omega-3
PUFAs (p>0,05), (table 3.5.2, figure 3.5.1, 3.5.2).

Table 3.5.2: 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 SCI and the introduction of Omega-3 PUFAs, Me (LQ; UQ)

The content of neuroglobin / units of optical density

Groups

Parietal cortex Hippocampus
Control 0,167(0,162;0,172) 0,165(0,163;0,165)
SCI 0,114(0,108;0,116)* 0,117(0,107;0,126)*

SCIl+Omega-3 PUFAs

0,119(0,114:0,121)*

0,162(0,156;0,168) #

Note — * — p<0>
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Figure 3.5.1: The content of neuroglobin in the cytoplasm of pyramidal neurons of the parietal cortex of rats with subtotal cerebral ischemia
(SCI) and introduction of Omega-3 polyunsaturated fatty acids (Omega-3 PUFAS)

Digital microphotography. Magnification 40

Figure 3.5.2: The content of neuroglobin in the cytoplasm of pyramidal neurons of the CA1 field of the hippocampus of the brain of rats
with subtotal cerebral ischemia (SCI) and introduction of Omega-3 polyunsaturated fatty acids (Omega-3 PUFAs)

However, in the hippocampal neurons there was an Discussion
increase in the content of neuroglobin, compared with

The conducted studies revealed the presence of
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antioxidant properties in Omega-3 polyunsaturated
fatty acids, which is consistent with the literature data.
The favorable effect of polyunsaturated fatty acids on
the state of neurons in the cerebral cortex under
conditions of subtotal cerebral ischemia may be due
to the normalization of blood rheological properties
due to a decrease in the production of thromboxane
A by platelets and an increase in the level of tissue
plasminogen activator, as well as an improvement in
neuronal membrane fluidity, a decrease in blood
viscosity. Omega-3 polyunsaturated fatty acids also
have anti-inflammatory effects due to their
incorporation into the phospholipid layer of cell
membranes. In addition, polyunsaturated fatty acids,
affecting the synthesis of prostaglandins, regulate
vascular tone and prevent vascular vasoconstriction
under the influence of catecholamines, which causes
a moderate vasodilatory effect [17,18,19,20].

Omega-3 polyunsaturated fatty acids are able to
reduce the activity of oxidative stress, as they are a
necessary component in the recycling of the main
endogenous antioxidants. In addition, they have their
own antioxidant activity due to the activation of the
formation of coenzyme A, the transport of acetate and
fatty acids from the cytosol to the mitochondrial
matrix, and the stabilization of cell membranes [20].

Conclusion

Thus, against the background of the introduction of
the drug w-3 PUFAs, there was an improvement in
the indicators of antioxidant protection of brain
neurons, which was manifested by an increase in the
content of neuroglobin in hippocampal neurons.
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