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ABSTRACT

Objective: To analyze changes in morphological characteristics of rat frontal cortex neurons during myocardial ischemia.

Methodology: Experiments were performed on 12 male non-pedigreed white rats with an initial weight of 240+20 g. Myocardial ischemia in white mongrel
rats was modeled by isoprenaline administration. The material was sampled 24 hours after the last injection of the drug.

Results: Experimental myocardial ischemia was accompanied by a slight decrease in neuronal size and pericarion deformation. The number of hyperchromic
wrinkled neurons increased. Wrinkled neurons constituted the majority of cells in the studied cortex section.

Conclusion: During experimental myocardial ischemia, parietal cortex neurons decreased in size by 3.3% compared to control (p<0.05), the shape of
neurons slightly changed - they became more elongated (by 6.4%) (p<0.05), while the form factor decreased by 5.5% (p<0.05) compared to control.
The number of normochromic neurons decreased by 8% (p<0.05), while the number of hyperchromic neurons increased 2-fold compared to controls.

Hyperchromic shriveled neurons appeared, their number amounted to 4.5% of the number of all neurons.
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Introduction

Acute myocardial infarction is one of the most serious
complications of ischemics heart disease, which still remains the
main cause of population disability and death [1]. The prognosis
of quality of life after acute myocardial infarction is determined
not only by its type, localization and prevalence, but also by the
development of concomitant cognitive disorders [2]. In patients
after myocardial infarction, dementia develops 5 times more
often than in the average human population [3]. The possible
connection of cognitive disorders in cardiovascular pathology is
of interest for further active scientific search of the causes and
pathogenetic mechanisms that determine this relationship.

Methods

The experiments were performed on 12 male mongrel white
rats with an initial weight of 240+£20 g in compliance with the
requirements of the Directive of the European Parliament and
Council No. 2010/63/EU of 22.09.2010 on the protection of
animals used for scientific purposes. Animals were kept in an

air-conditioned room (22°C) with mixed lighting on a standard
vivarium diet and free access to food and water, in groups of no
more than 5 individuals per vivarium cage [4].

Experimental myocardial ischemia was modeled by
subcutaneous injection of isoproterenol hydrochloride (Sigma)
twice with an interval of 24 hours in doses of 80 mg/kg.
Control animals were injected with physiologic sodium chloride
solution in equivalent volumes. The animals were divided into
2 groups of 6 each: group I - control; group II “Isoproterenol
80 - subcutaneous injection of isoproterenol at a dose of 80
mg/kg. Material was sampled 24 hours after the last injection
of the drug. After decapitation, the brain was quickly extracted,
pieces of the anterior cortex were fixed in formalin solution.
Serial paraffin sections were stained with 0.1% toluidine blue
according to the Nissl method. Histological preparations were
studied, microphotographed, and morphometry was performed
using an Axioscop 2 plus microscope (Zeiss, Germany), a digital
video camera (LeicaDFC 320, Germany), and ImageWarp
image analysis program (Bitflow, USA). The localization of
the frontal cortex in histological preparations of rat brain was
determined using a stereotaxic atlas [5]. At least 30 neurons
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of the fifth layer of the parietal cortex were evaluated in each
animal, which provided a sufficient sample size for further
analysis. The number of large pyramidal neurons per unit
area of cortical slices was determined on paraffin sections.
Among the total number, cells were distinguished by the
intensity of cytoplasm coloration (chromatophilia). Several
types were distinguished: normochromic - moderately colored;
hyperchromic - dark; hyperchromic - very dark, with deformed
perikaryons; hypochromic - lightly colored. The number of each
cell type was counted. After preliminary check for normality of
the distribution of parameters, the obtained data were analyzed
by methods of nonparametric statistics using Statistica 10.0 for
Windows (StatSoft, Inc., USA). The results are presented as
Me(LQ; UQ), where Me is the median, LQ is the value of the
lower quartile; UQ is the value of the upper quartile. Differences
between the indices of the control and experimental groups were
considered reliable at p<0.05 (Mann-Whitney Utest) [6].

Results of the Study

During experimental myocardial ischemia, parietal cortex
neurons decreased in size, by 3.3% compared to control (p<0.05)
(Figure 1).
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Figure 3: Change of the perikaryon form factor of neurons of
the 5" layer of the rat frontal cortex, * - p<0.05

The number of normochromic neurons decreased by 8% (p<0.05)
compared to the control. The number of hyperchromic neurons
increased 2-fold. Hyperchromic shriveled neurons appeared,

their number amounted to 4.5% of the number of all neurons.
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Figure 4: Neurons of the fifth layer of the frontal cortex.
A. - before isoprenaline administration (predominance of
normochromic neurons), B - after isoprenaline administration
(predominance of hyperchromic and hyperchromic wrinkled

neurons). Digital microphtography. Nissl staining. Lens x40

Figure 1: Change of perikaryon area of neurons of layer 5
neurons of rat frontal cortex, * - p<0.05

The shape of neurons changed insignificantly - they became
more elongated (by 6.4%), (p<0.05) compared to the control,
while the form factor (the index of perikaryon roundness)
decreased by 5.5% (p<0.05) (Figure. 2, 3).
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Figure 2: Change in the elongation factor of perikaryons of
neurons of layer 5 of rat frontal cortex, * - p<0.05
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Figure 5: Ratio of neurons with different degrees of cytoplasmic
chromatophilia in frontal cortex

According to the literature, hyperchromic neurons are considered
as ischemia-altered cells [7]. The appearance of wrinkled dark
cells under conditions of hypoxia and anoxia is a universal and
the most severe form of reactive and pathological changes in
neurons, which is accompanied by changes not only in metabolic
rate, but also in tinctorial properties of cytoplasm, as well as
karyoplasm of cells and various degrees of ultrastructural
changes in cytoplasmic organelles of the cell [9].

It is known that intense staining of neuronal cytoplasm
characterizes the predominance of protein formation over its
utilization [9]. However, a number of authors believe that a
hyperchromic neuron, through overexpression of amplified
genes, is a cell capable of intensive protein synthesis that goes to
their own needs [10].

Shriveled neurons are cells with suppression of functional
activity. Their characteristic form is associated with pathological
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irreversible changes in water-salt metabolism [8].

Depending on the conditions of functioning, neurons with
initial signs of hyper- and hypochromia may turn either into
shadow cells (hypochromic) or into shriveled hyperchromic
neurons with subsequent collisional and coagulation necrosis or
apoptosis [11].

Conclusion

The obtained data on histologic changes of frontal cortex
neurons in experimental myocardial ischemia provide a basis
for further detailed study of brain changes, determination of
pathogenetic mechanisms, creating a fundamental basis for
studying the properties of neurons, including their transition
from one functional state to another.
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