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Abstract

The ultrastructural characteristics of neuronal organelles are important indicators of the degree of brain
damage during ischemic exposure, which necessitates studying changes in the ultrastructure of brain
neurons. To study the nature of disorders of brain neurons in case of its partial ischemia at the ultrastructural
level. Experiments were performed on 12 males weighing 260+20 g. Partial cerebral ischemia was modeled
by ligation of one common carotid artery on the right. The material was taken 1 hour after the operation.
The study group included 8 males, the control group consisted of 4 falsely operated rats of the same sex
and weight An electron microscopic study showed that the size and shape of mitochondria of neurons in the
parietal and hippocampus of rats with partial cerebral ischemia do not differ from the size and shapes of
mitochondria of neurons in the parietal cortex and hippocampus of rats in the control group (p>0.05), except
for a lower density of crista. in mitochondria of neurons of the parietal cortex by 18%, p<0.05. Thus, the
ultrastructure of neurons in partial cerebral ischemia is generally similar to that in the control group, which
may be due to compensation of blood flow in the circle of Willis.
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Introduction

With cerebral ischemia (BCI), a chain of pathogenetic
disorders develops in its structures, among which one
of the leading ones is energy deficiency, which leads
to the development of cellular pathology due to
disturbances in homeostasis, enzyme activity,
membrane integrity and energy pumps. Under
conditions of cerebral ischemia, the mechanisms of
synaptic transmission are selectively disrupted, which
contributes to impaired local blood flow
autoregulation, the development of vasospasm,
increased platelet aggregation, and the development
of intravascular stasis, aggravating hypoxia and
increasing energy deficiency. The functioning of
enzymes, including sodium-potassium ATPase, is
disrupted, leading to an imbalance of ions and
cerebral edema [1,2,3,4].

The ultrastructural characteristics of neuronal
organelles are important indicators of the degree of
brain damage during ischemic exposure, reflecting
the severity of compensation, which necessitates the
study of changes in the ultrastructure of brain
neurons.

According to the literature, during BCIl in the

cytoplasm of neurons, swelling of mitochondria and
destruction of their cristae, expansion of cisterns of
the endoplasmic reticulum and the Golgi complex,
and an increase in the number of free ribosomes,
which form extensive clusters in the cytoplasm, are
observed. The total number of lysosomes increases,
their sizes increase. However, there are no data on
the severity of these disorders depending on the type
of ischemic injury and its severity [5-12].

Aim
To study the nature of disorders of brain neurons in
case of its partial ischemia at the ultrastructural level.

Materials and Research Methods

The experiments were carried out on 12 male outbred
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
September 22, 2010 on the protection of animals
used for scientific purposes.

Modeling of BCI was carried out under intravenous
thiopental anesthesia (40-50 mg/kg).

The study used a model of partial (PCl) cerebral
ischemia. Partial cerebral ischemia or PCIl was
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modeled by ligation of one CCA on the right. The
material was taken 1 hour after the operation.

The study group included 8 males, the control group
consisted of 4 falsely operated rats of the same sex
and weight.

Electron microscopic studies were performed in the
parietal cortex and hippocampus of the brains of rats.

Immediately after decapitation and quick extraction of
the brain, parts of the parietal cortex and
hippocampus were cut with a blade and placed in 1%
osmium fixative in Millonig's buffer (pH=7.4) for 2
hours at 4°C.

Then the sections 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, and pure acetone;
passed through a mixture of resins (araldite M +
araldite H + dibutyl phthalate + DMR-30) and acetone
and placed in a mixture of resins.

Semithin sections (about 350 nm thick) were made on
an MT-7000 ultramicrotome (RMC, USA) and stained
with methylene blue. Next, sections of the inner
pyramidal layer of the parietal cortex and the
pyramidal layer of the field CA1 of the hippocampus,
necessary for study, were cut out with a blade.

Ultrathin sections (thickness about 35 nm) were made
on the same ultramicrotome, collected on supporting
grids, contrasted with uranium acetate and lead
citrate. To do this, the meshes with sections were
dipped into a drop of uranyl acetate and kept for 20
minutes in the dark at room temperature, then
washed in 3 portions of bidistilled water for 5 seconds
and contrasted with lead citrate for 8 minutes, washed
in 3 portions of bidistilled water for 5 seconds.

The resulting preparations were studied under a JEM-
1011 electron microscope (JEOL, Japan) and
photographed with an Olympus MegaView Il digital

camera (Olympus Soft Imaging Solutions, Germany).

Morphometry of ultrastructures was performed using
the Image Warp image processing program (Bit Flow,
USA), for which mitochondria, the Golgi complex,
granular endoplasmic reticulum, ribosomes, and
lysosomes were circled on a computer monitor.
Density, size, shape of organelles, density and length
of mitochondrial cristae, sizes of lysosomes and their
density, the number of endoplasmic reticulum bound
and free ribosomes were measured, and their ratio
coefficient was calculated.

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

As a result of the research, quantitative continuous
data were obtained. Since the experiment used small
samples that had a non-normal distribution, the
analysis was performed by nonparametric statistics
using the licensed computer program Statistica 10.0
for Windows (StatSoft, Inc., USA). Data are
presented as Me (LQ; UQ), where Me is the median,
LQ is the lower quartile value; UQ is the value of the
upper quartile. Differences between groups were
considered significant at p<0.05 (Kruskell-Walli’s test
with Bonferroni correction).

Results and Discussion

An electron microscopic study showed that the size
and shape of the mitochondria of the parietal cortex
and hippocampus neurons of rats with CCI did not
differ from the size and shape of the mitochondria of
the parietal cortex and hippocampus neurons of
control rats (p>0.05), with the exception of a lower
density of cristae in the mitochondria of the parietal
neurons. bark by 18%, (p<0.05) (Table 1).

Table 1: Parameters of ultramicroscopic morphometry of neuron organelles in the parietal cortex and hippocampus of rats with partial

cerebral ischemia, Me (LQ; UQ).

Parietal cortex

Hippocampus

Index
Control PCI 1 hour Control PCI 1 hour
density 1,8(1,7;2,2) 1,9(1,6;2,3) 2,1(1,7;2,2) 2,2(1,6;2,4)
« area, um2 0,26 (0,17;0,37) 0,27 (0,18;0,33) 0,21 (0,17;0,26) 0,22 (0,18;0,25)
"g Form factor, unit 0,63(0,61;0,72) 0,69(0,60;0,75)  0,71(0,60;0,75) * 0,76(0,66;0,78)
2 | Elongation factor, units 3,8(3,5;4,1) 3,7(3,5;4,1) 2,1(1,9;2,5) 2,0(1,9;2,2)
T . ) .
2 M"Oczondf'a' Crist 76(71:82) 62(58:67) * 62(59;72) 68(60;78)
S ensity
Length of mitochondrial . ) . .
cristae / m2 12(10;15) 10(9;12) 13(12;18) 13(10;15)
@ amount /um2 20,9(19,3;22,7) 22,3(19,1;24,2) 20,0(18,1;22,8)  21,6(18,8;23,9)
£ free / um2 4,7(4,1;5,8) 12,5(11,2;13,0) 6,0(4,8;7,3) 12,8(11,4;13,4)
A bound /um2 16,2(15,2;16,9) 9,8(7,9;11,2) 14,0(13,3;15,5) 8,8(7,4;10,5)
8 .
= ratio of_bound and 34 0.8* 23 0,7
free ribosomes
%o density 0,4(0,3;0,5) 0,4(0,3;0,6) 0,5(0,4;0,6) 0,5(0,4;0,6)
i area, um2 0,02(0,01;0,03) 0,02(0,01,0,03) 0,03(0,02;0,04)  0,02(0,01;0,02)

Note: numerical values are presented as Me (LQ; UQ), * - p<0.05 compared to control.
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The size and shape of the Golgi complex and
lysosomes did not differ from those in the control
group either. However, in the cytoplasm of neurons of
the parietal cortex and hippocampus of rats with PCI,
an increase in the number of free ribosomes was
noted - by 58% (p<0.05) in the parietal cortex and by
54% (p<0.05) - in the hippocampus, which indicates
about switching protein synthesis to the cell's own
needs and underlies neuronal hyperchromasia in
PCI.

The coefficient of the ratio of bound and free
ribosomes decreased from 3.4 in the control group to
0.8 in the parietal cortex (p<0.05) and from 2.33t0 0.7
in the hippocampus (p<0.05).

According to the literature, during cerebral ischemia,
a number of typical disorders of the ultrastructure of
neurons occur, which are manifested by swelling of
mitochondria and destruction of cisterns of the
endoplasmic reticulum and the Golgi complex [1,2,7].
In PCI, such disturbances were insignificant and
consisted only in the predominance of free ribosomes
and the destruction of cristae in the parietal cortex,
which is more sensitive to oxygen deficiency.

Fig. 1: Mitochondria of rat parietal cortex neurons. (Mx -

mitochondria, A - the nucleus, Ao - the nuclear envelope).
Electromyogram x50000.
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However, in the cytoplasm of neurons in the parietal
cortex and hippocampus of rats with PCI, an increase
in the number of free ribosomes was noted (Fig. 2).

Fig. 2: Granular endoplasmic reticulum of neurons in the parietal
cortex of the rat brain (F'p3C- granular endoplasmic reticulum, CP
- free ribosomes, A - nucleus, Ao - nuclear envelope).
Electromyogram x50000.

The average number and size of lysosomes, as well
as CG (Fig. 3), did not differ from those in the control

group.
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Fig 3: Golgi complex of neurons in the parietal cortex of the rat
brain (KI" - Golgi complex, J1 lysosomes, A - nucleus, Ao - nuclear
envelope). Electromyogram x50000.

Conclusion

Thus, the ultrastructure of neurons in partial cerebral
ischemia is generally similar to that in the control
group, which may be due to compensation of blood
flow in the circle of Willis. However, the increase in
the number of free ribosomes is a sign of a violation
of protein biosynthesis in neurons in this model of ClI,
and a decrease in the density of neuron mitochondrial
cristae in the parietal cortex indicates the occurrence
of energy deficiency in this area of the brain, as it is
more sensitive to oxygen deficiency.

Conflict of interest
The authors declare no conflict of interest.
References

1. Snider, B. J., Gottron, F. J., & Choi, D. W. (1999).
Apoptosis and necrosis in cerebrovascular
disease. Annals of the New York Academy of
Sciences, 893(1), 243-253.

2. Chopp, M., & Li, Y. (1996). Apoptosis in focal
cerebral ischemia (pp. 21-26). Springer Vienna.

3. Maksimovich, N. E. Rat brain and its response to
ischemia: monograph / N. E. Maksimovich, E. I.
Bon, S. M. Zimatkin. - Grodno: GrGMU, 2020. -
240 p.

4. Bon' E.l., Zimatkin S.M. Dark brain neurons //
Morphology. - 2017. - No. 6. - P.81-86.

5. Andrabi, S. S., Parvez, S., & Tabassum, H.
(2020). Ischemic stroke and mitochondria:
mechanisms and targets. Protoplasma, 257(2),
335-343.

6. BRAND, M.D., & MURPHY, M. P. (1987). Control
of electron flux through the respiratory chain in

mitochondria and cells. Biological
Reviews, 62(2), 141-193.

How to cite this article: E.I Bon, N. E. Maksimovich, S.M. Zimatkin, O.B. Ostrovskaya, V.Yu Smirnov, M.A. Nosovich, K.A. Khrapovitskaya, Portonenko A.M., (2022). Changes in the
Organelles of Neurons in The Parietal Cortex and Hippocampus in Incomplete Cerebral Ischemia. International Journal of Stem cells and Medicine. 1(2). DOI: 10.58489/2836-5038/002

Page 3 of 4


https://www.mediresonline.org/journals/international-journal-of-stem-cells-and-medicine
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1999.tb07829.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1999.tb07829.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1999.tb07829.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1999.tb07829.x
https://link.springer.com/content/pdf/10.1007/978-3-7091-9465-2.pdf#page=29
https://link.springer.com/content/pdf/10.1007/978-3-7091-9465-2.pdf#page=29
https://link.springer.com/article/10.1007/S00709-019-01439-2
https://link.springer.com/article/10.1007/S00709-019-01439-2
https://link.springer.com/article/10.1007/S00709-019-01439-2
https://link.springer.com/article/10.1007/S00709-019-01439-2
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-185X.1987.tb01265.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-185X.1987.tb01265.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-185X.1987.tb01265.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-185X.1987.tb01265.x

International Journal of Stem Cells and Medicine

7.

10.

11.

12.

Dirnagl, U., ladecola, C., & Moskowitz, M. A.
(1999). Pathobiology of ischaemic stroke: an
integrated view. Trends in neurosciences, 22(9),
391-397.

Semchenko V.V. Post-anoxic encephalopathy. -
Omsk, 1999. - 448 p.

Colbourne, F., Sutherland, G. R., & Auer, R. N.
(1999). Electron microscopic evidence against
apoptosis as the mechanism of neuronal death in
global ischemia. Journal of
Neuroscience, 19(11), 4200-4210.

Butin A.A. Patterns of changes in the vascular-
capillary network of the cerebral cortex in
response to acute cerebral ischemia // Omsk
Scientific Bulletin. - 2004. - No. 26. - P. 46-57.

Solenski, N. J., diPierro, C. G., Trimmer, P. A,,
Kwan, A. L., & Helms, G. A. (2002).
Ultrastructural changes of neuronal mitochondria
after transient and permanent cerebral
ischemia. Stroke, 33(3), 816-824.

Fiskum, G., Murphy, A. N., & Beal, M. F. (1999).
Mitochondria in neurodegeneration: acute
ischemia and chronic neurodegenerative
diseases. Journal of Cerebral Blood Flow &
Metabolism, 19(4), 351-369.

E.Il. Bon, N. E. Maksimovich, S.M. Zimatkin, O.B. Ostrovskaya, V.Yu Smirnov, M.A. Nosovich, K.A. Khrapovitskaya, Portonenko A.M., (2022). Changes in the
Organelles of Neurons in The Parietal Cortex and Hippocampus in Incomplete Cerebral Ischemia. International Journal of Stem cells and Medicine. 1(2). DOI: 10.58489/2836-5038/002

Page 4 of 4


https://www.mediresonline.org/journals/international-journal-of-stem-cells-and-medicine
https://www.sciencedirect.com/science/article/pii/S0166223699014010
https://www.sciencedirect.com/science/article/pii/S0166223699014010
https://www.sciencedirect.com/science/article/pii/S0166223699014010
https://www.sciencedirect.com/science/article/pii/S0166223699014010
https://www.jneurosci.org/content/19/11/4200.short
https://www.jneurosci.org/content/19/11/4200.short
https://www.jneurosci.org/content/19/11/4200.short
https://www.jneurosci.org/content/19/11/4200.short
https://www.jneurosci.org/content/19/11/4200.short
https://www.ahajournals.org/doi/abs/10.1161/hs0302.104541
https://www.ahajournals.org/doi/abs/10.1161/hs0302.104541
https://www.ahajournals.org/doi/abs/10.1161/hs0302.104541
https://www.ahajournals.org/doi/abs/10.1161/hs0302.104541
https://www.ahajournals.org/doi/abs/10.1161/hs0302.104541
https://journals.sagepub.com/doi/pdf/10.1097/00004647-199904000-00001
https://journals.sagepub.com/doi/pdf/10.1097/00004647-199904000-00001
https://journals.sagepub.com/doi/pdf/10.1097/00004647-199904000-00001
https://journals.sagepub.com/doi/pdf/10.1097/00004647-199904000-00001
https://journals.sagepub.com/doi/pdf/10.1097/00004647-199904000-00001

