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Thyroid hormones (TH) play essential roles in growth and metabolic homeostasis in both humans and animals.
In intrauterine life, provide temporal signals for the induction of differentiation and maturation programs at certain
stages of fetal development. Among other things, THs regulate neuron plasticity processes, stimulate angiogenesis
and neurogenesis, and also modulate the dynamics of cytoskeleton elements and intracellular transport processes.
Homocysteine (HCy) is considered a risk factor for vascular diseases and brain atrophy. High levels of HCy have been
found to promote increased oxidative stress, DNA damage, initiation of apoptosis, and excitotoxicity, all important
mechanisms of neurodegeneration. HCy is also prothrombotic and proatherogenic and causes damage to the vessel
wall, causing brain atrophy in the elderly. In addition, epidemiological data confirm that HCy is a risk factor for cogni-
tive impairment and Alzheimer's disease.

The study aimed to establish submicroscopic changes in the cerebral cortex's sensorimotor area under experi-
mental hyperhomocysteinemia, hyper-, and hypothyroidism and their combined effects.

Thiolactone HHCy was modeled by administering to animals exogenous homocysteine (HCy) in the form of thio-
lactone at a dose of 100 mg/kg of body weight once a day for 28 days. Hyperthyroidism was modeled by daily
administration of L-thyroxine at a dose of 200 ug/kg during the 21 day, hypothyroidism by daily administration of
mercazolil at a dose of 10 mg/kg during the 21 day. Separate groups of animals were injected with L-thyroxine and
mercazolil in parallel with HCy.

HHCy was accompanied by destructively changed organelles and submicroscopic changes in astrocytic glia and
blood capillaries. In turn, hyperthyroidism has caused hypertrophy of mitochondria, a decrease in the number of
ribosomes, and destructive changes in hemocapillaries. The most significant alterative and degenerative changes
in neurocytes of the cortex of the large hemispheres under hyperthyroidism and HHCy were established. Submicro-
scopically, the most profound violations of their ultrastructure were found in the neurons of animals modeled with
HHCy and hypothyroidism compared to all previous observation groups.

Conclusions: submicroscopic studies of the sensorimotor cortex of the cerebral hemispheres of experimental
groups under conditions of simulated HHCy, hypo- and hyperthyroidism, and especially under conditions of their
combined influence, established profound submicroscopic neurodegenerative changes in the cerebral cortex. Es-
tablished neurodegenerative changes in cortical neurocytes occur against neurovascular disorders' background and
neuroglia's alteration.
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Connection of the publication with planned
research works. The study was carried out within the
framework of the National Pirogov Memorial Medical
University on the topic: «Influence of exogenous and
endogenous factors on the exchange of hydrogen
sulfide and associated metabolic processes in normal
and pathological conditions», state registration number
0113U006461.

Introduction. It is known that thyroid hormone dys-
function profoundly affects emotional and cognitive def-
icits [1, 2]. Thyroid hormones are essential in brain de-
velopment processes such as neuronal differentiation,
neurospongium growth, synaptogenesis, and dendritic
proliferation [3]. Hyperthyroidism, a common disease
with the typical clinical feature of excessive circulating
thyroid hormones, is often associated with a range of
neuropsychiatric symptoms, including nervousness, irri-
tability, depression, anxiety, memory impairment, poor
concentration, and tremors [4]. Hypothyroidism is also
associated with bipolar affective disorders, depression,
or cognitive decline, especially in older people [5].

Parasecretion of circulating thyroid hormones in
hyperthyroidism affects nerve function in brain regions
with the highest concentration of receptors [6].

A study of the brain’s structure in hyperthyroidism
using fluorodeoxyglucose showed that patients with
hyperthyroidism showed lower activity of the limbic
system and frontal and temporal lobes compared to
healthy people [4]. However, compared to hyperthy-
roid status, methimazole antithyroid therapy for 77
days caused increased metabolism in the left parahip-
pocampal, fusiform, and right superior frontal gyri [7].
In addition, twenty-nine patients with hyperthyroidism
induced by eight weeks of daily oral administration of
250 pg of levothyroxine were found to have increased
connectivity between the temporal lobe and the cogni-
tive control network [8].

Moreover, in a group of 28 healthy individuals with
hyperthyroidism induced by 250 pg of tetraiodothyro-
nine (T4) for eight weeks, gray matter volume increased
in the right posterior cerebellum but was reduced in
the bilateral visual cortex and anterior cerebellum com-
pared with euthyroid gland [9].

Recently, much attention has been paid to the re-
lationship between the level of homocysteine (HCy)
and the appearance of cognitive disorders [10]. It has
long been recognized that high levels of HCy increase
the risk of cardiovascular diseases and cerebrovascu-
lar diseases by two times for every five pmol/L of HCy
[11]. In addition, high levels of HCy are a risk factor for
developing brain atrophy and Alzheimer’s disease [12].
Furthermore, HCy is recognized as a proatherogenic and
prothrombotic factor, increases smooth muscle prolif-
eration, reduces endothelial DNA synthesis, inhibits an-
ticoagulant factors, increases platelet aggregation, and
impairs endothelium-dependent arterial vasodilation
[13].

In experimental animal models, it was shown that
HCy induces excitotoxicity mediated by interaction with
the N-methyl-D-aspartate receptor, causes mitochon-
drial dysfunction and thus causes apoptosis, promotes
phosphorylation, and enhances the neurotoxic effect of
beta-amyloid [14, 15].

The study aimed to establish submicroscopic chang-
es in the cerebral cortex’s sensorimotor area under ex-

perimental hyperhomocysteinemia, hyper-, and hypo-
thyroidism and their combined effects.

Object and research methods. Experiments were
carried out on 50 outbred white male rats weighing
180-200 g. The rats were kept under standard daylight
on a regular diet. All studies were conducted in com-
pliance with the requirements of humane treatment of
experimental animals, regulated by the Law of Ukraine
“On the Protection of Animals from Cruelty” (No. 3447-
IV dated 21.02.2006) and the European Convention on
the Protection of Vertebrate Animals Used for Research
and Other scientific goals (Strasbourg, March 18, 1986).

All animals were divided into six groups: 1st — intact
rats. This group of animals was intragastrically injected
with a 1% starch solution; 2-a — animals with thiolactone
HHCy, which was induced by intragastric administration
of HCy in the form of thiolactone at a dose of 100 mg/
kg of body weight in a 1% starch solution once a day
for 28 days. The dose, routes, and duration of thiolac-
tone HCy administration were borrowed from literature
data and did not cause the death of animals [16]; 3-a
—animals with hyperthyroidism, which were injected in-
tragastrically with L-thyroxine daily during the 21 days
at a dose of 200 ug/kg in a 1% starch solution [17]; 4-a
— animals with thiolactone HHCy, which were injected
intragastrically with L-thyroxine at a dose of 200 ug/
kg in a 1% starch solution daily during the 21 days; 5-a
— animals with hypothyroidism, which were injected
intragastrically with mercazolil in a 1% starch solution
at a dose of 10 mg/kg of weight every day for the 21
days [17]; 6-a — animals with thiolactone HHCy, which
were injected intragastrically with Mercazolil at a dose
of 10 mg/kg in a 1% starch solution daily during the 21st
day. The animals were removed from the experiment
24 hours after the last administration of the selected
substances. Collection of material for electron micro-
scopic examination of kidneys was carried out according
to generally accepted rules [18]. Pieces of tissue from
the sensorimotor area of the cerebrum to carry out ul-
trastructural studies were taken from animals of all ex-
perimental groups, and their processing was carried out
according to generally accepted rules [18]. The material
was fixed in a 2.5% glutaraldehyde solution with an ac-
tive reaction medium of pH 7.2-7.4 and prepared on a
phosphate buffer. Postfixation was carried out with a 1%
solution of osmium tetroxide, after which it was dehy-
drated in alcohol and propylene oxide and poured into a
mixture of epoxy resins. Ultrathin sections made on an
LKB-3 ultramicrotome (Sweden) were stained with a 1%
aqueous solution of uranyl acetate, contrasted with lead
citrate according to the Reynolds method studied in a
PEM-125K electron microscope.

Research results. The ultrastructural studies estab-
lished that the neurons of the control group of animals
are characterized by a round euchromatin nucleus with
a rounded osmiophilic nucleolus and electron-bright
neuroplasm. The caryolemma has uniform, clearly con-
toured membranes between which there is a perinucle-
ar space, and many nuclear pores are found. Electron
light euchromatin with diffusely scattered small clumps
of condensed chromatin predominates in the karyo-
plasm. A centrally located osmophilic nucleus with small
light zones. Neuroplasm of moderate electron density,
in which general-purpose organelles are present. A well-
developed system of uniform tubules of the granular
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Figure 1 — Ultrastructure of the cortex neurocyte of the large
hemispheres of an intact animal group. Magnification: x8000.
Designation: 1 — round nucleus with light karyoplasm, 2 — rounded
nucleolus, 3 — numerous tubules of the granular endoplasmic
reticulum in the neuroplasm, 4 — neuropil.

Figure 2 — Ultrastructure of an intact animal’s oligodendrocyte of
the cerebral cortex. Magnification: x9000. Designation: 1 — nucleus,
2 - cytoplasm of oligodendrocyte, 3 — a fragment of neurocyte,

4 — neuropil.

Figure 3 — Submicroscopic organization of an intact animal’s blood
capillary of the cortex of the large hemispheres. Magnification:
x16000. Designation: 1 — the lumen of a capillary with an
erythrocyte, 2 — a thin cytoplasmic area of an endotheliocyte,

3 — the basement membrane, 4 — the cytoplasm of an astrocyte
process.

endoplasmic reticulum and cisterns of the Golgi com-
plex. There are numerous ribosomes on the surface of
the granular endoplasmic reticulum. Free ribosomes are
also identified, which often form clusters in the form of
polysome chains. In addition to the protein-synthesizing
organelles, there are well-expressed energy-supplying
organelles in the neuroplasm — mitochondria, which
are characterized by different shapes and sizes. In most
cases, they have an elongated shape with contoured,
osmiophilic outer and inner membranes. Mitochondrial
matrix is electron bright and fills the spaces between
numerous cristae with clear borders. In addition, indi-
vidual dense, osmiophilic lysosomes are noted (fig. 1). It
was found that neurotubules and neurofilaments, which
are part of neurofibrils, are present in the neuroplasm
of perikaryons and processes of neurocytes.

In addition to the main neurons at the ultrastruc-
tural level, neurogliocytes are found — protoplasmic
astrocytes that belong to the macroglia. Processes with
winding contours characterize these cells. Neuroplasm
is electronically transparent and poor in membrane
organelles. Weakly developed tubules of the endo-
plasmic reticulum and cisterns of the Golgi complex.
Small, rounded mitochondria with clear membranes,
well-contoured cristae, and a mitochondrial matrix of
moderate electron density are found. The nucleus is
round with euchromatin and marginally located lumps
of heterochromatin. The karyolem is characterized by
clear contours with a uniformly expanded perinuclear
space; small nucleoli are found. Protoplasmic astrocytes
form astrocytic legs with hemocapillaries with their pro-
cesses.

Oligodendrocytes are also found, characterized by
moderately electron-dense neuroplasm with better-
developed organelles compared to astrocytic glia. The
nuclei of oligodendrocytes are oval with a predomi-
nance of euchromatin in the karyoplasm, and the nucle-
ar membrane is transparent. In the neuroplasm, there
are well-developed tubules of the granular endoplas-
mic reticulum with fixed ribosomes. Golgi cisternae are
concentrated near the nucleus. Small mitochondria are
diffusely located in the neuroplasm and have a typical
structure. Single lysosomes are detected (fig. 2).

It was established submicroscopically that blood
capillaries of the somatic type are located in the cortex
of the large hemispheres of the brain. Tight junctions
tightly connect endothelial cells. The electron-bright cy-
toplasm of endotheliocytes is characterized by a small
number of organelles, single tubules of the granular en-
doplasmic reticulum, free ribosomes, small mitochon-
dria with transparent membranes, and a moderately
dense mitochondrial matrix. The nuclei of endothelial
cells are elongated with clear karyolemma and karyo-
plasm in which euchromatin prevails. Many micropino-
cytotic vesicles and caveolae are found. Microvilli were
noted on the lumenal surface. The basal membrane is
uniform and clearly contoured (fig. 3). Pericytes have
light cytoplasm and moderately developed membrane
organelles. Irregular shaped nucleus with evenly distrib-
uted euchromatin in the karyoplasm and clear karyo-
lemma.

Ultrastructurally, in the second group of animals,
which were modeled with hyperhomocysteinemia, it
was established that in “light” neurocytes, which are
an analog of hypochromic cells detected at the micro-
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scopic level, a reduction of part of the organelles is de-
termined, and those that are present are destructively
changed. The endoplasmic reticulum undergoes signifi-
cant changes, the length of the tubules decreases, they
are expanded and vacuolated, and their membranes are
fragmented. The cisterns of the Golgi complex are also
expanded with the formation of large electron-luminous
vacuoles. Mitochondria are swollen, large, and vesicle-
like, with an electron-bright matrix and reduced cristae.
A moderate number of ribosomes and osmiophilic ly-
sosomes are determined in the hyaloplasm. The nuclei
of neurocytes are increased in size, and euchromatin
prevails in the karyoplasm, but there are lumps of het-
erochromatin, which has a primarily marginal location.
The caryolemma has indistinct membrane contours,
and intussusceptions are present; there are few nuclear
pores, and local expansion of the perinuclear space is
determined (fig. 4).

The ultrastructure of “dark” neurocytes, which cor-
responds to the condition of hyperchromic neurocytes
at the light-optical level, is characterized by osmiophilic
karyo- and neuroplasm. Such neurocytes have a high
electron density of the nucleus and neuroplasm and
contain perikaryons reduced in size and thinned pro-
cesses. Nuclei are compacted, pyknotic, osmiophilic
heterochromatin predominates in the karyoplasm; the
nuclear envelope throughout is indistinct, blurred, and
forms intussusceptions. An osmiophilic nucleus is re-
vealed, which lies next to the karyolemma. Tubules of
the endoplasmic reticulum are numerous, branched,
and in some areas, expanded. The cisterns of the Golgi
complex are short and are rarely found. Mitochondria
mainly contain an osmiophilic matrix and indistinct cris-
tae (fig. 5).

Ultrastructural changes in astrocytic glia are mani-
fested by intracellular swelling and, accordingly, the cy-
toplasm’s entire area and processes’ swelling. In the nu-
clei, euchromatin predominates, and heterochromatin
has a marginal location. There is a local expansion of the
perinuclear space. The density of organelles is low. Elec-
tron light neuroplasm includes numerous vacuolated
tubules of the endoplasmic reticulum and cisternae of
the Golgi complex. Mitochondria are deformed, mostly
electron-dense, with partially reduced cristae (fig. 6).

Ultrastructurally, blood capillaries under simulated
hyperhomocysteinemia mainly have dilated, and blood-
filled lumens, with manifestations of sludge and blood
clots, wall edema, and significant perivascular edema
are determined. The basement membrane is thicken-
ing or thinning with signs of increased osmiophily. En-
dotheliocyte cytoplasm is characterized by edema; cell
nuclei are small and contain invaginations of karyolema.
A small osmiophilic nucleolus is present, and hetero-
chromatin prevails in the karyoplasm. The density of
organelles is low; few microbubbles and vesicles are
found in the peripheral cytoplasmic areas of cells, and
the lumenal surface is devoid of microvilli. The integrity
of intercellular contacts is preserved (fig. 7).

Ultrastructurally, it was established that in the third
group of animals, in which hyperthyroidism was mod-
eled, “dark” neurons corresponding to the morphologi-
cal state of hyperchromic cells were found in the organ.
Such neurocytes are characterized by decreased peri-
karyons, delicate processes, and intensely osmiophilic
neuro- and karyoplasm. Electron-dense neuroplasm

Figure 4 — Ultrastructural changes of the “bright” neurocyte of the
large hemispheres’ cortex under simulated hyperhomocysteinemia.
Magnification: x22000. Designation: 1 — nucleus, 2 — expanded
tubules of the endoplasmic reticulum, 3 — cisterns of the Golgi
complex, 4 — vacuolated mitochondria, 5 — lysosomes, 6 — neuropil.
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Figure 5 — Ultrastructural changes of the “dark” neurocyte of the
large hemispheres’ cortex under simulated hyperhomocysteinemia.
Magnification: x14000. Designation: 1 — Nucleus, 2 — endoplasmic
reticulum tubules in osmiophilic neuroplasm, 3 — altered
mitochondrion, 4 — lysosome, 5 — neuropil.

Figure 6 — Submicroscopic changes in an astrocyte of an animal’s
cerebral cortex under simulated hyperhomocysteinemia.
Magnification: x10000. Designation: 1 — nucleus, 2 — mitochondria,
3 — fragment of a “dark” neurocyte, 4 — neuropil.

contains unevenly thickened tubules of the granular
endoplasmic reticulum; some are fragmented. The cis-
terns, vacuoles, and vesicles of the Golgi complex are
also destructured. Most mitochondria are characterized
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Figure 7 — Submicroscopic changes in hemocapillaries of the large
hemispheres’ cortex under simulated hyperhomocysteinemia.
Magnification: x9000. Designation: 1 — nucleus, 2 — endotheliocyte
cytoplasm, 3 — basement membrane, 4 — capillary lumen,

5 — pericyte, 6 — perivascular edema, 7 — neuropil.
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Figure 8 — Ultrastructural changes of the dark neurocyte of the
cerebral animal cortex under conditions of hyperthyroidism.
Magnification: x12000. Designation: 1 — osmiophilic karyoplasm of
the nucleus, 2 — nucleolus, 3 —tubules of the granular endoplasmic
reticulum, 4 — mitochondrion, 5 — lysosome, 6 — neuropil.

Figure 9 — Ultrastructural changes of an animal’s oligodendrocyte of

the cerebral cortex under hyperthyroidism. Magnification: x11000.

Designation: 1 — nucleus, 2 — nucleolus, 3 — osmiophilic neuroplasm,
4 - lysosome, 5 — neuropil.

by small sizes, an electron-dense matrix, and indistinct
cristae. Some of them are characterized by vacuoliza-
tion, lightening of the matrix, and reduction of cristae.
Electron-dense primary and secondary lysosomes are
also detected (fig. 8).

Also, “light” neurocytes, characterized by neuro-
plasm of low electron density, were found, and uneven-
ly expanded tubules of the endoplasmic reticulum and
cisterns of the Golgi complex were also found. Most mi-
tochondria are hypertrophied, vacuole-like, with a ma-
trix of low electron density and partially reduced cristae.
A decrease in the number of ribosomes is determined in
the neuroplasm. Nuclei are enlarged, euchromatin pre-
vails in the karyoplasm, and small clumps of heterochro-
matin are present.

Ultrastructurally, in the oligodendrocytes of the
cortex of the cerebral hemispheres of this observation
group, a large heterochromatin nucleus is revealed, in
which there is a prominent nucleolus containing granu-
lar and fibrillar components. Caryolemma forms intus-
susception. The organelles’ density is low and destruc-
tively changed (fig. 9).

Astrocytes contain swollen, electroluminescent
neuroplasm, destructively changed, innumerable or-
ganelles. The nucleus is rounded and small, in which
heterochromatin predominates. The caryolemma has
indistinct membranes, and there are few nuclear pores.

Ultrastructurally, destructive changes are also de-
tected in the hemocapillaries, manifested by the lu-
mens’ expansion and blood filling or their sharp nar-
rowing. Endothelial cells had small, deformed nuclei
in which heterochromatin prevailed. The cytoplasm
of endotheliocytes contains thickened or significantly
thinned areas, in which there is a decrease in the num-
ber of micropinocytotic vesicles. The basement mem-
brane is characterized by thickening and homogeniza-
tion, but in other areas, it was contoured. Adjacent to
it are swollen, electron-bright processes of astrocytes,
which form enlarged perivascular spaces (fig. 10).

Submicroscopically, the animals of the fourth ex-
perimental group showed the most significant alterative
and degenerative changes in the neurocytes of the large
hemispheres’ cortex under simulated hyperthyroidism
and hyperhomocysteinemia compared to the previous
observation groups. For “dark” and intensely “dark”
neurons, which correspond to hyperchromic and hypo-
chromic cells established at the microscopic level, nuclei
and organelles of the neuroplasm undergo considerable
destruction. Such cells are characterized by a decrease
in perikaryons and a change in their shape and thinning
of processes. The caryolemma forms deep intussuscep-
tions, the borders of its membranes are practically not
contoured. Electron-dense neuroplasm includes non-
extended, expanded, and fragmented tubules of the
endoplasmic reticulum and cisterns of the Golgi com-
plex, which have paranuclear localization (fig. 11). Sig-
nificant destruction is also characteristic of mitochon-
dria, not only the cristae but also their outer membrane
are fragmented. Nevertheless, most of them contain an
enlightened matrix. Primary and secondary osmiophilic
lysosomes are determined in the hyaloplasm.

Also, “light” cells are found among the dark neuro-
cytes, which have increased sizes, their perikaryons are
rounded, and the processes are thickened. Electron-
light euchromatin prevails in the nuclei, and locally ex-
panded loci of the perinuclear space are determined.
In the cytoplasm, the density of organelles is low, their
membranes are damaged, fragmented, and osmiophilic
secondary lysosomes are present.
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Submicroscopic changes in astrocytes are character-
ized by neuroplasm of low electron density, organelles
are few and destructively changed, and many osmio-
philic lysosomes are recognized. In addition, there are
significant areas of cytoplasm devoid of organelles. The
nucleus is rounded and small, and a compacted small
nucleolus is defined in it (fig. 12).

The neuroplasm of oligodendrocytes is small in vol-
ume, electron-dense, and contains destructured organ-
elles, a directional, elliptical nucleus, in which hetero-
chromatin predominates.

Most capillaries are characterized by narrow lumens.
Endothelial cell nuclei are characterized by profound
changes in the nuclei, described by osmiophilic karyo-
plasm; there are significant invaginations of the karyo-
lemma, the membranes of which are poorly contoured,
and nuclear pores are not defined. Cytoplasmic areas
are destructured, and membranes of the lumenal and
basal parts of the cell are poorly defined. Single micropi-
nocytotic vesicles. The basal membrane is thickened,
swollen, homogeneous, and indistinct (fig. 13).

At the ultrastructural level, among the neurocytes of
the fifth research group, “light” cells were also detected,
corresponding to the state of tigrolysis determined at
the light-optical level. The neuroplasm of such cells con-
tains expanded short tubules of the granular endoplas-
mic reticulum and cisterns of the Golgi complex, and the
number of enlarged vacuoles and microvesicles increas-
es. The number of free and membrane-bound tubules
of the endoplasmic reticulum of ribosomes sharply de-
creases. Mitochondria vary in size and nature of chang-
es. Relatively preserved, with transparent membranes,
moderately osmiophilic matrix, and slightly fragmented
crystals are found. There are also vacuolated, with an
electron-light matrix and reduced crystals. The nuclei
of such cells have deep intussusceptions of the karyo-
lemma and locally indistinct contours of its membranes.
In the karyoplasm, euchromatin prevails, but a rather
prominent nucleolus is identified, which includes granu-
lar and fibrillar components and indicates the activation
of an adaptive reaction to the influence of a damaging
factor (fig. 14).

Under the influence of hypothyroidism, changes in
gliocytes of the cortex of the cerebrum are submicro-
scopically determined, astrocytes contain enlightened
swollen neuroplasm, in which organelles are single, de-
structured, small mitochondria with relatively preserved
cristae are identified. In addition, the nuclei are round-
oval, with shallow invaginations, in the karyoplasm het-
erochromatin forms osmiophilic clusters (fig. 15).

Ultrastructurally, oligodendrocytes also change;
their karyo- and neuroplasm is condensed and osmio-
philic. Nuclei are large and irregular in shape; hetero-
chromatin prevails in them. Organelles, swollen, par-
tially fragmented.

A submicroscopic study of this experimental group’s
hemocapillaries of the cerebral cortex showed that
blood flow disturbance causes changes in their ultra-
structural organization. Blood capillaries with narrowed
lumens and perivascular edema and vessels with ex-
panded lumens filled with formed blood elements are
revealed, confirming the stasis phenomenon. In addi-
tion, swollen, expanded perivascular spaces formed by
swollen processes of astrocytes were found around the
investigated hemocapillaries. Endothelial cells contain-

Figure 10 — Ultrastructural changes in cerebrum hemocapillaries
under hyperthyroidism conditions. Magnification: x10000.
Designation: 1 — capillary lumen with erythrocytes,

2 — endotheliocyte nucleus, 3 — basement membrane,

4 - perivascular edema, 5 — neuropil.

Figure 11 — Ultrastructure of an intensely “dark” neurocyte
of the large hemispheres’ cortex under hyperthyroidism and
hyperhomocysteinemia. Magnification: x10000. Designation: 1 —
osmiophilic, irregularly shaped nucleus, 2 — neuroplasm,
3 — endoplasmic reticulum tubules, 4 — lysosomes, 5 — neuropil.

F

Figure 12 — Submicroscopic changes in the astrocyte of
the large hemispheres’ cortex under hyperthyroidism and
hyperhomocysteinemia. Magnification: x9000. Designation:
1 - nucleus, 2 - nucleolus, 3 - fragmented organelles,

4 - lysosomes, 5 — neuropil.

ing an irregular, elongated nucleus are placed on the
thinned basement membrane. Peripheral, cytoplasmic
areas of endotheliocytes are also thin, and few micropi-
nocytotic vesicles and caveolae are found in them. The
microvilli of the lumenal surface are single (fig. 16).
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Figure 13 — Ultrastructural changes in the blood capillary of
the large hemispheres’ cortex under hyperthyroidism and
hyperhomocysteinemia. Magnification: x10000.
Designation: 1 — lumen with erythrocytes, 2 — fragmented,
destructured wall, 3 — neuropil.

P of ﬁ;{@4«%, ’ 5 ! t 8 oA e ORE g
Figure 14 — Ultrastructural changes of a neurocyte of the cerebral
animal cortex with experimental hypothyroidism. Magnification:
x14000. Designation: 1 — electron light karyoplasm of the nucleus,
2 - nucleolus, 3 —invagination of karyolemma, 4 — tubules of
granular endoplasmic reticulum, 5 — mitochondrion.

Figure 15 — Ultrastructural changes of an astrocyte of the
large hemispheres’ cortex under simulated hyperthyroidism.
Magnification: x12000. Designation: 1 — nucleus, 2 — tubules of the
endoplasmic reticulum in the electroluminescent neuroplasm,

3 — mitochondrion, 4 — lysosome, 5 — neuropil.

Submicroscopically, in the neurons of the sixth ex-
perimental group of animals, which were simulated
HHCy and hypothyroidism, the most profound violations
of their ultrastructure were established compared to all

previous observation groups. Many neurocytes are char-
acterized by total tigrolysis, manifested by the clarifica-
tion of the neuroplasm, destructuring, fragmentation,
and lysis of membrane organelles, particularly tubules
of the endoplasmic reticulum and mitochondria. The
number of ribosomes and polysomes fixed to the mem-
branes of the endoplasmic reticulum decreases sharply.
Vacuoles of different sizes and shapes are found. Nuclei
are characterized by high osmiophily, electron-dense
heterochromatin occupies almost the entire area of
cells, the karyolem is indistinct and homogeneous, and
there are no nucleoli (fig. 17).

Among the “dark” neurocytes, there are cells with
significant, profound damage to the neuro- and karyo-
plasm. The karyolemma forms deep invaginations;
correspondingly, the nucleus has changed shape and
characteristic signs of karyorrhexis. Such osmiophilic,
electron-dense nuclei are poorly defined against the
background of neuroplasm. There are also “shadow”
cells that do not contain a nucleus, and their neuro-
plasm contains destructured, fragmented osmophilic
tubules of the endoplasmic reticulum (fig. 18).

Significant ultrastructural changes are found in as-
trocytic gliocytes. Single organelles, mainly destructively
altered mitochondria, are present in the electrolumi-
nescent neuroplasm. Cell nuclei are small in size, os-
miophilic, and heterochromatin predominates in them.
Processes are characterized by swelling and lightening;
parts are located between the components of the neu-
ropil.

Oligodendrocytes are characterized by dark, irregu-
larly shaped osmiophilic nuclei in which heterochroma-
tin predominates. Cariolem forms invaginations, vaguely
contoured. Locally expanded perinuclear space. Organ-
elles are destructured and damaged. Fragments of de-
stroyed membrane organelles are revealed (fig. 19).

Hemocapillaries are characterized mainly by narrow
lumens. Endotheliocytes contain deformed, osmophilic
nuclei. There were single, destructively changed organ-
elles in the cytoplasm. Micropinocytotic vesicles were
not detected in the cytoplasmic parts of the cells, and
they were homogeneous and swollen. The lumenal part
of the plasmalemma is indistinct and blurred. The basal
membrane is homogeneous and osmiophilic. Apopti-
cally changed pericytes are determined. There is peri-
vascular edema (fig. 20).

Discussion of research results. We found that in the
group of animals with HHCy, the reduction of part of the
organelles is determined in the “light” neurocytes, and
those present are destructively changed. The ultrastruc-
ture of “dark” neurocytes, which corresponds to the
condition of hyperchromic neurocytes at the light-opti-
cal level, is characterized by osmiophilic karyo- and neu-
roplasm. Submicroscopic changes in astrocytic glia are
manifested by intracellular swelling, the entire area of
the cytoplasm, and swelling of processes. Ultrastructur-
ally, blood capillaries under simulated hyperhomocys-
teinemia mainly have dilated, and blood-filled lumens,
with manifestations of sludge and blood clots, wall
edema, and significant perivascular edema are deter-
mined. It is known that a high level of HCy is associated
with negative consequences for health and the develop-
ment of many pathological processes [19].

Betaine homocysteine methyltransferase (BHMT) is
an enzyme involved in lowering the level of HC by con-
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verting the latter into methionine with the help of be-
taine. Prieur E. and others. 2017 [20], using mice with
a knockout of the BHMT gene, found an increased level
of HCy, reduced total brain volume, and impaired refer-
ence and spatial memory. The authors concluded that
the absence of BHMT affects neurological function,
and betaine, as a donor of methyl groups, performs a
significant function at an early stage of development,
contributing to the development of blastocysts [21].
Methylation is also critical for proper postnatal brain
development. During early brain development, meth-
ylation is involved in plasticity and synaptic transmission
[22]. The deficiency of BHMT and betaine as an osmo-
lyte, which can regulate cell volume and fluid balance
and maintain the osmotic composition of the brain, is
critical for the brain’s normal functioning due to its com-
plex architecture [3, 23].

Ina group of animals with hyperthyroidism, we found
that “dark” neurons corresponding to the morphologi-
cal state of hyperchromic cells are found in the cerebral
cortex. Most mitochondria were hypertrophied. A de-
crease in the number of ribosomes is determined in the
neuroplasm. Nuclei are enlarged, euchromatin prevails
in the karyoplasm, and small clumps of heterochroma-
tin are present. Submicroscopically, destructive changes
are also detected in the hemocapillaries, manifested by
the lumens’ expansion and blood filling or their sharp
narrowing. Endothelial cells had small, deformed nuclei
in which heterochromatin prevailed. Several neurobio-
logical studies have revealed the presence of metabolic,
morphological, and functional brain changes associated
with an excess of thyroid hormones [24]. According to
the data from positron emission tomography, metabolic
changes in the brain were found in patients with hyper-
thyroidism. Compared to healthy controls, patients with
hyperthyroidism had reduced glucose metabolism in
the frontal, limbic, and temporal lobes [25].

Zhang et al. [26] demonstrated a significantly re-
duced concentration of glutamate in the posterior
cingulate cortex in hyperthyroidism, indicating a sig-
nificant role of glutamate in brain dysfunction. On the
other hand, structural variations of some brain regions
were found in some studies using functional magnetic
resonance imaging in a state of rest. The authors sug-
gest that impaired neurocognitive functions in patients
with hyperthyroidism may be associated with abnormal
changes, mainly in areas of the passive brain network,
the cognitive network, and the cerebellum. Based on
the above studies, it can be assumed that in patients
with hyperthyroidism, some changes in the brain’s func-
tional connections can be observed, which cause neural,
emotional, and cognitive dysfunctions.

We established the most significant alterative and
degenerative changes in the neurocytes of the cortex of
the large hemispheres under the conditions of simulated
hyperthyroidism and HCG compared to previous obser-
vation groups. A characteristic reduction of perikaryons
and a change in their shape, and thinning of processes
were revealed. Significant destruction has been estab-
lished for mitochondria. In the cytoplasm, the density
of organelles was low, and their membranes were dam-
aged, fragmented, and osmiophilic secondary lyso-
somes were present. Submicroscopic changes in astro-
cytes are characterized by neuroplasm of low electron
density, organelles are few and destructively changed,

it

Figure 16 — Ultrastructural state of hemocapillaries of the animal
cerebral cortex with experimental hypothyroidism. Magnification:
x10000. Designation: erythrocytes in the capillary lumen, 2 -a
cytoplasmic area of an endotheliocyte, 3 — basement membrane,
4 - swollen astrocytic legs.
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Figure 17 — Ultrastructural changes of a neurocyte of an animal’s
cerebral cortex under hypothyroidism and hyperhomocysteinemia.
Magnification: x12000. Designation: 1 — nucleus, 2 - bright
neuroplasm, 3 — fragments of tubules of the granular endoplasmic
reticulum.

Figure 18 — Submicroscopic changes in the neurocyte of an
animal cerebral cortex’s “shadow” cell under hypothyroidism and
hyperhomocysteinemia. Magnification: x12000. Designation: 1 —
osmiophilic neuroplasm, 2 — fragmented tubules of the granular
endoplasmic reticulum, 3 — lysosomes, 4 — neuropil.

and many osmiophilic lysosomes are recognized. In ad-
dition, there are significant areas of cytoplasm devoid
of organelles. Endothelial cell nuclei are characterized
by profound changes in the nuclei, described by osmio-
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Figure 19 — Submicroscopic changes in an animal’s
oligodendrocyte of the cerebral cortex under hypothyroidism and
hyperhomocysteinemia. Magnification: x12000.
Designation: 1 — nucleus, 2 — osmiophilic neuroplasm, 3 — damaged
mitochondria, 4 — lysosomes, 5 — neuropil.
philic karyoplasm; there are significant invaginations of
the karyolemma, the membranes of which are poorly
contoured, and nuclear pores are not defined. In addi-
tion, cytoplasmic areas are destructured, and the base-
ment membrane is thickened, swollen, homogeneous,
and indistinct. Winning results were obtained by Zhang
et al. [27] identified the hippocampus as the primary
region in which decreased functional connectivity with
bilateral anterior cingulate cortex, posterior cingulate
cortex, and right medial orbitofrontal cortex correlates
with both disease duration and level of depression in

hyperthyroidism.

In addition, Gottlich et al. [8] induced short-term hy-
perthyroidism in 29 healthy men by administering 250
ug of levothyroxine (8 weeks). The authors found that
short-term hyperthyroidism leads to increased function-
al connectivity between the temporal lobes and the cog-
nitive control network, indicating a crucial role of thy-
roid hormones in regulating paralimbic structures. The
authors concluded that impaired neurocognitive func-
tions in patients with hyperthyroidism might be associ-
ated with abnormal changes, mainly in the main areas
of the brain responsible for cognitive functions and the
cerebellum. Many clinical works try to focus on the pos-
sible direct consequences of HHCy in the occurrence of
neurodegenerative disorders: it is established that HHCy
increases in the cerebrospinal fluid with age for reasons
that are not clear. It was demonstrated that HHCy is ac-
companied by the deposition of beta-amyloid peptide in
the brains of patients with Alzheimer’s disease [28], me-
diated by HCy-connected endoplasmic protein, which
potentiates the activity of the c-secretase enzyme, and
also causes increased intracellular and extracellular ac-
cumulation of beta-amyloid peptide [29, 30].

At the ultrastructural level, in hypothyroidism,
among the neurocytes, “light” cells corresponding to
the state of tigrolysis, determined at the light-optical
level, were detected. Mitochondria vary in size and
nature of changes. The nuclei of such cells have deep
invaginations of the karyolemma and locally indistinct
contours of its membranes. In the karyoplasm, euchro-
matin prevails, but a rather prominent nucleolus is
determined, which includes granular and fibrillar com-
ponents and indicates the activation of an adaptive re-

Figure 20 — Submicroscopic changes in an animal’s hemocapillary
cerebral cortex under hypothyroidism and hyperhomocysteinemia.
Magnification: x8000. Designation: 1 — capillary lumen,

2 — endotheliocyte cytoplasm, 3 — basement membrane,

4 - pericyte, 5 — perivascular edema, 6 — neuropil.
action to the influence of a damaging factor. Astrocytes
contain lightened swollen neuroplasm, in which organ-
elles are single, destructured, and small mitochondria
with relatively preserved cristae are identified. The nu-
clei are round-oval, with shallow invaginations, in the
karyoplasm heterochromatin forms osmiophilic clusters.
Ultrastructurally, oligodendrocytes also change; their
karyo- and neuroplasm is condensed and osmiophilic.
Nuclei are large, irregularly shaped, and dominated by
heterochromatin. Organelles are swollen and partially
fragmented. A submicroscopic study of this experi-
mental group’s hemocapillaries of the cerebral cortex
showed that blood flow disturbance causes changes in
their ultrastructural organization. Endothelial cells con-
taining an irregular, elongated nucleus are placed on the
thinned basement membrane. Peripheral, cytoplasmic
areas of endotheliocytes are also thin, and few micropi-
nocytotic vesicles and caveolae are found in them. It has
been established that there is a close relationship be-
tween neuroinflammation and a decrease in antioxidant
properties in HHCy-induced brain cells. It was shown in
[31] that HHCy induces and accelerates the disruption
of the redox system in vascular and neuronal cells and
induces lipid peroxidation [32]. It has been demonstrat-
ed that in severe inflammatory status, that is, in sepsis,
comatose states, and multiple traumatic lesions, there
is a constant trend towards HHCy, not associated with
vitamin B, and folic acid deficiency [33]. In various clini-
cal scenarios, a systemic inflammatory response is con-
sistently associated with adverse clinical outcomes [34],
which is likely mediated by prolonged HHCy activation
of the macrophage system cascade with subsequent
increase in ROS production and, therefore, potentiates

oxidative stress.

Submicroscopically, the most profound violations of
their ultrastructure were found in the neurons of ani-
mals modeled with HHCy and hypothyroidism compared
to all previous observation groups. Many neurocytes are
characterized by total tigrolysis, manifested by the clari-
fication of the neuroplasm, destructuring, fragmenta-
tion, and lysis of membrane organelles, particularly tu-
bules of the endoplasmic reticulum and mitochondria.
Significant ultrastructural changes are found in astro-
cytic gliocytes. Organelles are destructured and dam-
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aged. Fragments of destroyed membrane organelles
are revealed. Hemocapillaries are characterized mainly
by narrow lumens. Endotheliocytes contain deformed,
osmophilic nuclei. Apoptically changed pericytes are
determined. There is perivascular edema. Various epi-
demiological studies suggest that an increase in the
level of HCy is an independent risk factor for developing
vascular diseases and neurodegenerative disorders. The
best and unquestionable are the cases determined by
a genetic deficiency of cystathionine-B-synthase (CBS)
and other congenital disabilities of remethylation and
transsulfonation pathways, which cause severe forms
of HHCy (total HCy >50 uM) or homocystinuria. A se-
vere form of HHCy (>100 uM) in children with a CBS
defect correlates with a 10-fold increase in the con-
centration of HCG in the cerebrospinal fluid [35]. This
genetic defect limits purine and thymidine synthesis
through severe alteration/inhibition of the transmeth-
ylation pathway. The result is a severe delay or neural
tube defect [36]. In experimental animal models, it has
been demonstrated that HCy can be intrinsically toxic
by disrupting the blood-brain barrier [37]; similar results
were obtained in clinical studies among people [38]. The
most crucial aspect of HHCy is a constant tendency to
decrease the methylation potential of the cell, which

teine ratio [39]. In addition, HHCy contributes to the
hypomethylation of DNA and the transcription of cyclin
A in endothelial cells, causing increased expression of
p66shc, which contributes to increased oxidative stress
and damage to nerve cells [8].

Conclusions. Conducted submicroscopic studies
of the sensorimotor area of the cortex of the cerebral
hemispheres of the experimental groups under the con-
ditions of hypo- and hyperthyroidism simulated HHCy,
and especially under the conditions of their combined
influence, established profound submicroscopic chang-
es in the morphofunctional triad — “neuron-gliocyte-
hemocapillary” with damage to plasmatic and organoid
membranes. Established neurodegenerative changes in
cortical neurocytes occur against neurovascular disor-
ders’ background and neuroglia’s alteration.

Prospects for further research. It is appropriate to
investigate the relationship between the ultrastructural
state of the cerebral cortex and changes in the metab-
olism of sulfur-containing amino acids in these organs
and the concentration of thyroid hormones in the body,
as well as to investigate the effect of cofactors of en-
zymes of the metabolism of sulfur-containing amino
acids (vitamins B, B, B, ,, and betaine) on the ultrastruc-
tural state of organs (liver, kidney, heart, and brain) in

affects the S-adenosylmethionine/S-adenosylhomocys-  rats with experimental hyper- and hypothyroidism.
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CYBEMIKPOCKOMIYHI 3MIHU CEHCOMOTOPHOI AINAHKU KOPU BEJIMKOTO MO3KY 3A YMOB EKCMEPUMEH-
TANIbHOI FNNEPFTOMOLMCTEIHEMII, TIMEP- TA TINOTUPEO3Y | IX NTOEAHAHOMY BM/IUBI

Heuunopyk B. M., MeHTioK /1. O., LUywkKoBscbKa 0. 0., Hiowko T. 10., Kopaa M. M.

Pe3stome. [OpMOHM LWMTOBUAHOI 3a/103U BiZirpaloTb BaXK/IMBY PO/b Y PO3BUTKY MO3KYy Ta 3abesneuyoTb 1oro
bYHKLIOHYBaHHA NPOTATOM YCbOTO ¥XWUTTA fAK Yy Nt0AeN, TaK i y TBapuH. BctaHoBneHo, wo ML cnpuae nocnneHHo
OKWCHOTO cTpecy, nowkoaxKeHHo AHK, iHiuiaLii anonTo3y Ta eKCaMTOTOKCMYHOCTI, YCiM BaXKNIMBUM MeXaHi3MaM He-
MpopereHepadii. [ TakoX € NPOTPOMBOTUUHUM i NPOATEPOTrEHHUM i BUKAMKAE MNOLIKOAMKEHHS CYAMHHOI CTiHKM,
XBOpObYy AnbLrreiMmepa Ta CyANHHY AEMEHL 0.

Mema — BCTaHOBUTW CYOMiKPOCKOMIYHI 3MiHWM CEHCOMOTOPHOI AiNAHKM KOPU BEJIMKOFO MO3KY 3a YMOB 3MoAe-
nboBaHoi [TL, Ha ¢oHi rinep- Ta rinoTupeosy.

06’ekm i MemoOu. TionakToHosy [TL, moagentoBanv BBeAeHHAM TBapuUHam ek3oreHHoro 'Ly Burnagi TionaktoHy
B £03i 100 mr/Kr macu Tina oguH pas Ha foby npotarom 28 ai6. FinepTnpeos mogenoBany WAAXOM WOAEHHOTO
BBEAEHHA L-TUPOKCMHY B A03i 200 MKr/Kr npoTtarom 21-ro AHSA, fiNOTMPEO3 — WOAEHHOIO BBEAEHHSA MEPKa30iny B
003i 10 mr/Kkr npotarom 21-ro aHA. OKpeMUm rpynam TBapuH BBOAMAN L-TUPOKCUH i mepKa3onin napanenbHo 3 'L,

Pesynbmamu docnioneHHA. TLL cynpoBoayKyBanacb AeCTPYKTMBHO 3MiHEHMMW opraHenamu, cybmikpockoniy-
HUMW 3MiHAMM acTPOLMTAPHOI Mii Ta KPOBOHOCHMX Kamninsapax. B cBoto yepry rineptupeos BMKAWMKAB rineptTpodito
MITOXOHAPIM, 3MEHLLEHHAM Yncna pubocom Ta AEeCTPYKTUBHUMM 3MiHAMKW B reMoKaninax. BctaHosaeHi Halibinbw
3HAYHi anbTepPaTUBHI Ta AereHepaTUBHI 3MiHM B HEMPOLUUTaX KOPU BENNKMX MiBKY/Ib 32 YMOB rineptupeosy Ta L.
CybMmiKpOCKONIYHO B HEMPOHaxX TBApWH, AKMM mogdentoanu ML, i rinoTupeos BctaHOBAEHO HalbiNbLL FNMBOKI No-
PYLUEHHA iX YbTPACTPYKTYPW NOPIBHAHO i3 BCiMa nonepegHiMu rpynamm CnocTepPeKeHHA.

BucHosKu. MNpoBeageHi cybMiKpOoCKoMiYHi AOCIAKEHHS CEHCOMOTOPHOT AiIAHKN KOPW MiBKY/1b FO/IOBHOTO MO3KY
OOCNIAHWUX Tpyn 33 YyMOB 3mogenboBaHux ML, rino- Ta rinepTupeosy Ta 0cobMBO 3a YMOB iX NOEAHAHOTO BMN/IUBY,
BCTaHOBUIU IMNBOKI cybmiKpOCKoNiYHi HellpoagereHepaTUBHI 3MiHK B KOPi MO3KY. BcTaHOBNEHI HeMpoaeHepaTUBHI
3MiHM HeMpoUMTIB KOpK BiAbOYyBatOTLCA HA TNi HEMPOBACKYNIAPHUX PO313aAiB Ta anbTepalLii Herporii.

KnwouoBi cnoBa: rineptMpeos, rinotupeos, rineproMoumncTeiHemMisa, Kopa MO3Ky.

SUBMICROSCOPIC CHANGES IN THE SENSORIMOTOR AREA OF THE CEREBRAL CORTEX UNDER THE CONDITIONS
OF EXPERIMENTAL HYPERHOMOCYSTEINEMIA, HYPER- AND HYPOTHYREOSIS AND THEIR COMBINED INFLUENCE

Nechiporuk V. M., Pentyuk L. O., Shushkovskaya Y. Y., Niushko T. Y., Korda M. M.

Abstract. Thyroid hormones are fundamental to the development of the brain and ensure its functioning
throughout life. Hyperhomocysteinemia (HHCy) has been shown to be an important risk factor for cerebrovascular
disease leading to stroke, Alzheimer’s disease, and vascular dementia. Recent experimental studies have shown the
effect of HHCy on cerebrovascular biology and the molecular mechanisms that explain these changes.
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The aim — to define the submicroscopic changes in the sensorimotor area of the cerebral cortex under influence
of HHCy against the background of hyper- and hypothyroidism.

Object and methods. HHCy was modeled by administering exogenous HCy to animals in the form of thiolactone
at a dose of 100 mg/kg of body weight once a day for 28 days. Hyperthyroidism (intragastric L-thyroxine for 21 days
200 pg/kg*day), hypothyroidism (thiamazole 10 kg*day) for 21 days. Separate groups of animals were injected with
L-thyroxine and thiamazole in parallel with HCy.

Study results. HHCy was accompanied by destructively changed organelles, submicroscopic changes in astrocytic
glia and blood capillaries. In turn, hyperthyroidism caused hypertrophy of mitochondria, a decrease in the number
of ribosomes and destructive changes in hemocapillaries. The most significant alterative and degenerative
changes in neurocytes of the cortex of the large hemispheres under conditions of hyperthyroidism and HHCy.
Submicroscopically, the most profound violations of their ultrastructure were found in the neurons of animals that
were modeled with HHCy and hypothyroidism compared to all previous experimental groups.

Conclusions. Submicroscopic studies of the sensorimotor area of the cortex of the cerebral hemispheres of
the experimental groups under conditions of simulated HHCy, hypo- and hyperthyroidism, and especially under
conditions of their combined influence, established deep submicroscopic neurodegenerative changes in the cerebral
cortex. Established neurodegenerative changes in cortical neurocytes occur against the background of neurovascular
disorders and alteration of neuroglia.

Key words: hyperthyroidism, hypothyroidism, hyperhomocysteinemia, cerebral cortex.
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CYBMIKPOCKOMNIYHI 3MIHU CEHCOMOTQPHO'I',D,IHFIHKM KOPU BEJINKOTO MO3KY
3A YMOB EKCMEPMMEHTA/IbHOI NNEPTOMOUUCTEIHEMII, TINEP-
TATINOTUPEO3Y I IX NTOEAHAHOMY BINJINBI

BiHHMLbKMIA HaUiOHaNbHKUIE MeguuHMiA YHiBepcuTeT im. M.I. NMuporosa (M. BiHHMLA, YKpaiHa)
2TepHONINbCbKUIA HaLiOHaNbHUIE MeguuHNiA YHiBepcuTeT im. |.A. Top6auescbkoro MO3 Ykpaiuu
(m. TepHoninb, YkpaiHa)
nechiporuk@vnmu.edu.ua

TupeoidHi 2opmoHu (TT) sidizparomes saxcaugy posb y pocmi ma memabosiyHoMy 20Mmeocmasi AK y Aodeli, mak i
Yy MmeapuH. Y sHympiwHeoympobHomy xummi, 3a6e3neyyrome 4acosi cueHanu 014 iHOyKuii npoepam dughepeHuiayii
ma 003pi8aHHA Ha nesHUx cmadiax po3sumky nao00y. Ceped iHwozo TI peayawoms rnpouecu naacmu4Hocmi
HelipoHis, cmumysnome aHziozeHe3 ma Helipo2eHe3, @ MAKox< ModyooMmes OUHAMIKY efnemMeHmis yumockenema
ma 8HYMPIWHbLOKAIMUHHUX MPAHCNopmHux npouecie. fomoyucmeid (L)) seawaemosca akmopom pusuKky
CYOUHHUX 30X80PHOBAHb, @ MAKOX ampogii Mo3Ky. BcmaHosneHo, wjo sucoki pisHi 'L cnipustoms nidsuweHHO
OKCUOaMUBHO20 cmpecy, nowkodxeHHo [HK, 3anycky anonmo3y ma eKkcalimomoKCU4YHOCMI, YCiX 8aMAUBUX
mexaHizmie HelipodeeeHepayii. M makox« € MPomMpomboMuUYHUM i MPOaMepPo2eHHUM | BUKAUKAE MOUWKOOHEHHA
CMIHKU CyOUH, BUK/AUKAE ampoghieto MO3Ky y AimHix awodel. EnioemionoziyHi 0aHi niomeepoxcyroms, ujo I €
haKMopPoM pu3UKy KO2HIMUBHUX nopyueHb ma xeopobu Anbyeelimepa.
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Memoto OocnidorceHHs 6ysn10 ecmaHosumu cybMIiKPOCKOMiYHI 3MiHU CEHCOMOMOPHOI BiASHKU KOpU 8e/UK020
MO3KY 3d YMO8 eKCriepumMeHmasbHoI 2inepaoMoyucmeiHemii, 2inep- ma einomupeosy i ix NToeGHaHOMY 8riausi.

TionakmoHosy [TL] modento8anu 68e0eHHAM MBAPUHAM eK302eHHo2o 2omouyucmeiny (L) y euensadi
mionakmoHy e 003i 100 me/ke macu mina 00uH pa3 Ha 0oby npomsazom 28 9i6. Finepmupeo3 Modento8anu WASXomM
W00eHH020 88€0eHHA L-mupoKcuHy 8 003i 200 mKa/Ke npomsazom 21-20 OHA, einomupeos — W00eHHO020 88€0eHHS
mMepKa3soniny 8 003i 10 me/ke npomsazom 21-20 OHA. OKpeMuM 2pyrnam meapuH 6800UU L-mUPOKCUH i MepKa3osisn
napanensHo 3 Y.

[Tl  cynposodiysanace O0ecmpyKmueHO 3MIHEHUMU opaaHenamu, CyOMIKpOoCKomiYHUMU — 3MiHaMU
acmpoyumapHoi'2nii ma KpOBOHOCHUX KaninAapax. B ceoro uepay 2inepmupeos s8UKaAUKas 2inepmpocghito mimoxoHOpil,
3MEHWEeHHAM Yucaa pubocom ma 0ecmpyKmusHUMU 3MIHOMU 8 2eMoKaninax. BcmaHoeneHi Halibinbw 3HAYHI
anbmepamueHi ma dezeHepamusHi 3MiHU 8 Helipoyumax Kopu 8eauKuX MieKynb 3a ymos 2inepmupeo3y ma [TL.
CybmikpocKoniyHo 8 HelipoHax meapuH, AKUM moodentosanu [TL i ezinomupeo3 ecmaHossneHo Halibinbw 2nuboki
MopyweHHs ix ynempacmpykmypu rnopieHAHO i3 8CimMma nonepedHimu 2pyrnamu criocmepereHHs.

BucHogKu: nposedeHi cybMiKpocKoniyHi 00CnioxeHHs CeHCOMOMOPHOI QingHKU KOpU Mi8Kysb 20/108HO20 MO3KY
docnidHux epyn 3a ymos 3moodenvosaHux [TL], 2ino- ma 2zinepmupeozy ma 0cobauso 3a yMoe ix NOEOHAHO20 81Uy,
8cmaHo8uU 2aAUb60Ki cybMikpoCKoniuHi HelipoOde2eHepamueHi 3mMiHU 8 KOpPi Mo3Ky. BcmaHoeneHi HelipodeHepamueHi

3MIiHU Helipoyumie Kopu 8i06ysaromosca Ha Mai Helipo8ACKYAAPHUX PO3s1adie ma anbmepayii Helipoanii.
Knarouoei cnoea: 2inepmupeos, 2inomupeos, 2inepzomoyucmeiHemis, Kopa MO3KY.

38’A30K nyb6niKauii 3 nnaHOBMMM HAyKOBO-AOCAIA-
HUMKU poboTamu. [ocnifxKeHHA BMKOHAHO B pPaMKax
HAP BiHHMUbKOrO HaLiOHANAbHOrO MeAWYHOro YyHiBep-
cutety im. M.I. NMnporosa 3a Temoto: «BnivB eK30reHHUX
Ta eHAO0reHHUX YNHHMKIB Ha 0BMiH rigporeH cynbdiay Ta
acoLioBaHMX 3 HUM MeTabonivyHMX NpoLLeciB B HOPMi Ta
npwv natonorii», N2 aep>kaBHoi peectpauii 0113U006461.

Bcryn. Bigomo, Wwo AUCOYHKLIA FOPMOHIB LWMTOMNO-
Ai6HOT 3371031 crnpaBaf€e MMOOKMI BNNB HA EMOLINHNIA
Ta KOrHiTMBHUI gediumnTt [1, 2]. fopmoHM WwmTonoaibHoI
3371031 € BanMBUM aKTOpPOM A/1A MPOLECIB PO3BU-
TKY MO3KY, TaKuUX AK AndepeHLiaLis HeEMPOHIB, picT He-
MPOCMOHTil0, CMHaNToreHes Ta nposidepauis AeHoPUTIB
[3]. TinepTnpeos, nowmrpeHe 3axBOPIOBAHHA 3 TUMOBOIO
KMIHIYHOIO O3HAKOK HAAMIPHOI LMPKYNALii rOPMOHIB
LWMTONOAiOHOT 33/103U, AKE YACTO aCOLLOETLCA 3 PAAOM
HeMpONCUXIYHNX CMMMTOMIB, BK/IHOYAOUM HEPBO3HICTb,
APaTiBAMBICTb, Aenpecito, TPMUBOXKHICTb, MNOpPYLUEHHA
nam’ATi, NOraHy KOHLLEHTpaL,to Ta TpemTiHHA [4]. FinoTtu-
peo3 TaKoXK MOB’A3aHMI 3 BINONAPHUMU adEKTUBHUMMU
po3nagamu, aenpecieto abo BTPATO KOTHITUBHUX YHK-
i, ocobanBo y NiTHiX ntogei [5].

MapaceKpeuia UMPKYIOHUYMX FTOPMOHIB WMTONOAI6-
HOI 3371031 NpU FinepTUPeo3i BNIMBAE Ha HEPBOBY DYHK-
Lito B 061aCTAX MO3KY 3 HAMBULLOK KOHLEHTPALLED pe-
uenTopis [6].

JocnigyKeHHA CTPYKTYpM MO3KY 3a rineptupeosy 3
BMKOPUCTAHHAM GTOPAE30KCUINOKO3M NOKA3ano, Lo na-
LiEHTN 3 TiNepTMPeOo30M AEMOHCTPYBAIN HUMKYY aKTUB-
HiCTb NiMBiYHOI cuctemun, N0BOBMX i CKPOHEBMX YaCTOK
nopiBHAHO 3i 3g0poBumu [4]. OaHaK, NOPiIBHAHO 3 rinep-
TUPEOIAHMM CTaTyCOM, aHTUTUPEOiAHA Tepania MmeTuma-
30/10M NPOTArom 77 AHIB CNPUYMHANA NOCUIEHHA MeTa-
6oni3my B N1iBili NaparinokamnanbHii, BepeTeHonoAibHil
Ta Npasiit BepxHin noboBii 3BMBKMHI [7]. byno Buasne-
HO, WO Y 29 Naui€eHTIiB i3 rinepTMpeo3om, CnpuinHEHNUM
8-TUKHEBUM LLOAEHHUM NepopasbHUM npuiiomom 250
MKF 1€BOTUPOKCKHY, CNOCTEPIranoca NOCUNEHHSA 3B'A3KY
MiX CKPOHEBOK 4YaCTKOK Ta MepeKel KOTHITMBHOrIo
KOHTpoto [8].

Binblue TOro, y rpyni 3 28 300poBUX 0OCib i3 rinepTnpe-
030M, BUK/IMKAHUM NpUiomom 250 MKF TeTpaioATUPOHI-
HY (T4) NpoTArom 8 TUXKHIB, 06cArn cipoi peyoBrHM 3poc-
Tanu B NPaBOMY 3a4HbOMY MO30UKY, afie ByB 3HUKEHWI

Y 4BOCTOPOHHII 30pOBii KOpi Ta NepegHbOMY MO30UKY B
NopiBHAHHI 3 NaLjieHTamu 3 eyTUpeoiaHoto 3an030to [9].

OcTaHHIM 4Yacom npwuainaetbca Harato  ysaru
B3aEMO3B’A3KY piBHA romoumcteiHy (IL) Ta nossoto
KOTHiTMBHUX po3nagis [10]. JaBHo 6yno BM3HAHO, WO
BMCOKI piBHI L, niaBuLLYyOTb PU3NK BUHWKHEHHA cep-
LLeBO-CyAMHHMX 3aXBOPOBaHb Ta LepebpoBacKkynsapHUX
3aXBOPOBaHb B 2 pasu Ha KOXHi 5 mkmosnb/n L, [11].
Kpim Toro, Bucoki piBHi 'L, € pakTopom pr3nKy pO3BUTKY
aTpodii Mo3Ky Ta xBopobu Anburerimepa [12]. 'L, BusHa-
HO MpPOATEPOreHHUM i MPOTPOMBOTUYHMM (aKTOPOM,
36inblye nponidepauito MagkmMx M’a3iB, 3HUKYE CUHTES
eHgoTenianbHoi AHK, npurHiyye aHTMKoarynaHTHi pakrto-
pw, 36inbLUYE arperauito TPOMBOUMTIB i Noriplwye eHao-
TeniolanexHy aptepianbHy Basoauaatauito [13].

B eKcnepumeHTaNbHUX MOAENAX Ha TBapuHax bysno
nokasaHo, wo Il iHAYKYE eKCaMTOTOKCMYHICTb, oroce-
pefiKkoBaHy B3aemogieto 3 N-meTun-D-acnapTaT peLento-
POM, BUKINKAE ANCPHYHKLKO MITOXOHAPIN | TaKMM YMHOM
BMK/IMKAE anonTo3, cnpusae ¢pochopuitoBaHHIO i nocu-
JIIOE HEMPOTOKCUYHMI edeKT beTa-aminoiga (14, 15].

Mertoto aocnigeHHsa 6yno BCTaHOBUTM cybmikpoc-
KOMiYHi 3MiHM CEHCOMOTOPHOI AiNAHKM KOPU BEINKOTo
MO3KY 33 YMOB €KCNepuMeHTaIbHOI rinepromoumcTeiHe-
Mii, rinep- Ta rinoTMpeosy i ix NoeEgHAaHOMY BN/IMBI.

06°eKT i meTogu pocnipgyeHHA. Jocnigm nposeaeHi
Ha 50 6e3nopoaHux Binux wypax-camusx macoto 180-
200r. LWWypis yTpumyBanu npu cTaHAAPTHOMY CBIT/IOBOMY
OHi Ha 3BMYaiHOMY Xap4yoBOMY paLioHi. Yci gocniaeH-
HA Bys0 NpoBeAeHO 3 AOTPUMAHHAM BUMOT F'YMaHHOTO
CTaB/NIEHHA A0 NiAAOCNIAHUX TBAPUH, PErTAMEHTOBAHMX
3aKkoHOM YKpaiHu «[1po 3axMCT TBApPWUH BiZ KOPCTOKOIo
nosoakeHHs» (Ne 3447-1V Big 21.02.2006 p.) Ta €Bpo-
NMenNCcbKOK KOHBEHLLEID NPO 3aXMCT XpebeTHUX TBapWH,
AKI BUKOPUCTOBYHOTLCA O1A AOCAIAHMX Ta iHLMX HAyKO-
BuMX uinel (Ctpacbypr, 18.03.1986 p.).

Bcix TBapuH noginnam Ha 5 rpyn: 1-a — iHTaKTHI LWypi.
Lin rpyni TBapuH BHYTPILIHbOLINYHKOBO BBOAMAM 1%
PO34YMH KPOXMarto; 2-a — TBaPUHM 3 TionakTtoHoBoto [TL,
AKY BUK/AMKaNW BHYTPILUHbOLIIYHKOBUM BBeAeHHAM [
Y BUMAAi TioNakToHy B Ao3i 100 mr/Kr macu Tina Ha 1%
PO34MHI KPOXMaso oauH pas Ha Aoby npoTarom 28 aib.
[Jo3a, wnaxv Ta TpMBanicTb BBeAEHHA TionakToHy L, 3a-
Nno3nyeHa 3 NiTepaTypHUX AaHUX i He BUMKAMKaNa 3aru-
6eni TBapuH [16]; 3-a — TBAPUHMK 3 FiNEPTUPEO30M, AKUM
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LWOAEHHO MpPOTAroM 21-ro AHA BBOAW/IM BHYTPILIHbOL-
NIYHKOBO L-TMPOKCMH B A03i 200 MKI/Kr Ha 1% po3uunHi
Kpoxmanto [17]; 4-a — TBapuHM 3 TionakToHoBow [TL,
AKMM LLLOAEHHO NpOTArom 21-ro AHA BBOAWAM BHYTPILL-
HbOLLYHKOBO L-TpOKCUH B A03i 200 MKI/Kr Ha 1% po3-
YMHI KpOXmasnto; 5-a — TBapuHKU 3 FiNOTUPEO30M, AKUM
LWoAeHHO npoTtarom 21-ro AHA BBOAMAM BHYTPILLHbOLL-
JIYHKOBO MepKa3onin Ha 1% po3umHi Kpoxmanto B A03i
10 mr/kr macw [17]; 6-a — TBapuHM 3 TionaktoHoBsoto ML,
AKMM LLOAEHHO NpoTArom 21-ro AHA BBOAW/IM BHYTPILL-
HbOLL/TYHKOBO MepKa3onin B A03i 10 mr/kr Ha 1% po3umHi
Kpoxmasto. TBapuH BUBOAUAN 3 eKCNepuMeHTy Yepes 24
rOAMHU NiCAA OCTaHHBbOTO BBEAEHHA OOPAHMX PEYOBUH.
3abip matepiany AnA eNeKTPOHHOMIKPOCKOMNIYHOro A0-
CNifXEHHA HUPOK MPOBOAMAM 3riAHO 3arasibHONPUAHA-
TMX npasun [18]. OnA npoBeaeHHs yNbTPACTPYKTYPHUX
[OCNioKeHb 3abMpanm LWIMATOYKM TKAHUHW CEHCOMO-
TPOHOI AiNAHKN BE/IMKOrO MO3KY Yy TBAapWH BCiX eKcne-
PUMEHTA/IbHUX TPy, a IX 06pobKy 34iMCHIOBAAM 3riAHO
3ara/ibHONPUNHATMX Npasun [18]. MaTtepian ¢ikcyBanu y
2,5% pO34uHi rtoTapanbaeriay 3 akTUBHOK PeaKL,ieto ce-
penosuwa pH 7,2-7,4, npurotoBneHomy Ha pochaTtHomy
bydepi. MocToikcauito 3aiicHoBanM 1% po3YMHOM YOTU-
PUOKKCY OCMitO, MiCNs YOro NPOBOAMAMN MOro AeriapaTa-
LLilO B CNMpPTax i NponifieH OKCUAI Ta 3a/MBann B CyMmiLl
E€NOKCUAHNX CMOA. YNbTPATOHKI 3pi3n, BUrOTOB/EHI Ha
ynbTpamikpotomi LKB-3 (LUBeuis), 3abapsntoBann 1%
BOAHMM PO3YMHOM ypaHinaleraTty, KOHTPAcTyBaan LUu-
TPaTOM CBUHLO 3riAHO MeToay PeliHonbAca Ta BUBYAIM
B €/IeKTPOHHOMY Mikpockoni MEM-125K.

Pesynbratn pocnigkeHHa. [posBeaeHi yibTpacTpyK-
TYPHi [OCNiAKEHHA BCTAHOBWAM, LLO HEMPOHU KOHTP-
O/1bHOI FPYNU TBapUH XapaKTEPU3YHOTbCA KPYI/IMM eyxpo-
MATUHOBUM SIAPOM i3 OCMiIOPINbHUM sAEpLLEM OKPYINOi
dopMM Ta eNeKTPOHHO CBITN0K Helponiasmoto. Kapio-
JleMa Ma€ PiBHOMIPHI, 4iTKO KOHTYPOBaHi MembpaHu MixK
AKMMW PO3TALLOBAHWI NEePUHYKAEAPHUIA NPOCTip, BUAB-
NAETbCA BaraTo AgepHMX Nop. Y Kapionsasmi nepesakae
€N1eKTPOHHO CBIT/INMA eyXPOMaTUH i3 AUPY3HO po3CiAHU-
MW HEBEAVKUMU, TPYAKAaMN KOHAEHCOBAHOIo XpomMaTu-
Hy. LleHTpanbHO po3TawoBaHe ocmiodinbHe saepue i3
HeBe/IMKMMU CBITIMMM 30HamK. Heliponiadma nomipHoi
€/1IeKTPOHHOI LWiNbHOCTI, B AKiM HasBHI opraHenn 3arasb-
HOro npu3sHaveHHA. [lobpe po3BUHEHA cMCTEMA PiBHO-
MIPHMX KaHabLiB rPaHYNAPHOI €eHA0NAA3MATUYHOI CITKM
Ta uUcTepH Komnnekcy fonbgxKi. Ha noBepxHi rpanynap-
HOT eHA0N/1a3MaTUUYHOI CITKM HasiBHi YMCeNbHI pubocomu.
TakoX BM3HAYalOTbCA BinbHI pnbocomu, ki yacto dop-
MYIOTb CKYNUYEHHA Yy BUIALI NaHLIOXKKIB nonicom. OKpim
6inoKcMHTE3YIOUMX OpraHen y Heliponnasmi gobpe Bu-
pakeHi opraHenn eHeprosabesneyeHHA — MITOXOHZAPII,
AKi XapaKTepu3yoTbeca pi3Ho dopmoto Ta posmipamu. Y
6iNbLWOCTi, BOHM MalOTb BUAOBXKEHY GOPMY i3 KOHTYpO-
BaHWMM, OCMIODINIbBHMMM 30BHILLHBOK Ta BHYTPILLUHbOM
membpaHamu. MiTOXOHAPIaNbHUIA MaTPUKC ENEKTPOHHO
CBIT/INIA, 3aNOBHIOE MPOMINKKU MiK YNCNEHHUMU KPUC-
TaMu, AKi MatoTb YiTKi mexi. Big3HavaroTbcA NOOAMHOKI
WinbHi, ocmiodinbHi nisocomu (puc. 1). BuseneHo, wo y
Helponaasmi NepuKapioHiB Ta BiAPOCTKax HelpouuTie
HanABHI HelpoTpyboUKM Ta HelipodinameHTw, AKi BXOAATb
[0 cKnagy Henpodibpun.

Kpim ronoBHMX HEMPOHIB Ha YAbTPACTPYKTYPHOMY
piBHi, BUABNAOTLCA HEMPOMiOLMTM — NPOTONAA3MaTUY-
Hi aCTPOUMTH, AKI Hanexkatb A0 Makporii. JaHi KAiTMHK
XapaKTepm3yoTbCA BiAPOCTKAMM i3 3BUBUCTUMM KOHTY-

PUCYHOK 1 — YNbTPacTpyKTypa HelipoLuTa KOpY BEIUMKUX NiBKY/b
iHTaKTHOI rpynu TBapuH. 36.: x8000. Mo3HaueHHsA: 1 — Kpyrne
AAPO 3 CBITN010 Kapionnasmolo, 2 — oKpyrne agepue, 3 — yncenbHi
KaHanbLi rpaHyNapHOI eHA0NIa3MaTUYHOI CITKU B Heliponaasmi,

PUCYHOK 2 — YNbTPacTPyKTypa ONirogeHApoLUTa KOpU BEIMKOro
MO3KY iHTaKTHOT TBapuHM. 36.: x9000. Mo3HaueHHs: 1 —aapo, 2 —
uuTONNa3ma oNirogeHapPouuTa, 3 — hparmeHT HeillpouuTa,

4 — Helponinb.

PucyHok 3 — Cy6mikpocKoniuHa opraHisaLiis KPOBOHOCHOTO
Kaninapa Kopu BeJIMKNX NiBKyNb iHTaKTHOT TBapuHu. 36.: x16000.
Mo3HauyeHHs: 1 — NPOCBIT KaninApa 3 epuTPOLUTOM, 2 — TOHKA
LMTONNA3MaTMYHA AiNAHKaA eHAOTenioumTa, 3 — 6asanbHa
memb6paHa, 4 — uuTonnasma BiApOCTKa acTpoumTa.

pamu. Helponnasma enekTpoHHO nposopa, b6iaHa Ha
MeMbpaHHi opraHenn. Cnabo pPo3BMHEHI KaHasbli eH-
[OMNa3MaTUYHOI CITKM Ta LIUCTEPHM KOMMIeKcy [onbaxi.
BusBnsoTbca ApibHi, okpyrnoi dopmm miToxoHApii i3
YiTKMMKM MembBpaHammn Ta foBpe KOHTYPOBaHUMU KpUC-
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PUCYHOK 4 — YnbTPacTPYKTYpHi 3MiHK “cBiTn0ro” HeipouuTa Kopu
BE/IMKUX NiBKY/Ib 32 YMOB 3MOAE€N1b0OBaHOI rinepromoumucteiHemii.
36.: x22000. Mo3HauyeHHs: 1 — a4po, 2 — po3LWMPEHi KaHanbLi
€HA,0N1a3MaTUYHOI CiTKK, 3 — LUCTEPHU KomnaeKcy fonbaxi,

4 — BaKyonizoBaHi MiToxoHApii, 5 — nisocomu, 6 — Heliponinb.

W

PUCYHOK 5 — YNbTpacTpyKTypHi 3mMiHU “TemHOro” HeiipouuTta Kopu
BE/IMKUX NiBKY/Ib 3@ yMOB 3MOAe1b0BaHOI rinepromouucteiHemii.
36.: x14000. Mo3HayeHHs: 1 — Aapo, 2 — KaHanbLi
€eHA0N1a3MaTUYHOI CiTKU B ocmiodinbHiili Heilponnasmi,

3 — 3miHeHa miToxoHApin, 4 — nizocoma, 5 — Heliponinb.

PuUcyHOK 6 — Cy6MiKpoCKoni4Hi 3MiHM acTpouUTa KOPU BEUKOTO
MO3KY TBapMHM 32 YMOB 3MOZe/IbOBaHOI rinepromouucteiHemil.
36.: x10000. Mo3HaueHHs: 1 — aapo, 2- miToxoHApIi, 3 — pparmeHT
“TemHoro” Heiipouuta, 4 — Heiponinb.

TaMW, MITOXOHAPiIa/IbHUIA MATPUKC MOMIPHOI eneKTpo-
HHOI LWiNIbHOCTI. AApOo Kpyrne i3 eyxpoMaTUHOM Ta Map-
riHa/IbHO PO3TALLOBAaHUMM TPYAKAaMK FreTepOXpPOMaTUHY.
Kapionema xapaKTepusyeTbca YiTKMMKU KOHTypamu i3

PIBHOMIPHO pPO3LWMPEHMM MNEPUHYKNEapPHUM MpPOCTO-
poMm, BUABNAIOTLCA HEBENWKI AdepuA. [IpoTonnasmaTuyHi
acTpoumT GOpMYOTb CBOIMM BiAPOCTKAaMM acTpoLmTap-
Hi Hi*KKW i3 remoKaninapamm.

TakoX BMABNAIOTHCA ONIFOAEHAPOUUTH, ANA AKUX
XapaKTepHa MOMIPHO ENeKTPOHHOLLNbHA Helponnas-
Ma i3 Kpallie PO3BMHEHMMW OpraHenamm MopiBHAHO i3
aCTPOUMTaApHOLO rieto. Aapa onirogeHApoUNTIB OBaJIbHI
i3 NepeBaXkaHHAM eyXpPOMaTUHY B Kapionsiasmi, AfepHa
mMembpaHa 4iTKa. Y Helponsiasmi 3HaxogaTbcs Aobpe
PO3BMHEHI KaHanbLi TpaHyNApPHOI eHAonAa3MaTUYHOT
CiTKM i3 ¢ikcoBaHMMM pubocomamu. LlnctepHu Komn-
nekcy lonbaxi 3ocepenykeHi nobamsy agpa. OpibHi mito-
XOHAPIT AMdYy3HO PO3TaLLOBaHI Y HEMPOMIA3Mi Ta MatoTb
TMnoBy 6yaosy. BuasnaoTbca NooANHOKI nisocomu (puc.
2).

CybMiKpOCKONiYHO BCTAHOB/IEHO, LLO Y KOPi BEIMKMX
NiBKY/1b FO/IOBHOIO MO3KYy PO3TaLLOBaHi KPOBOHOCHI Kani-
NAPY COMATMYHOTO TUNY. EHAOTeNianbHi KAITUHK LWiNbHO
3’eHaHi MiX cObO0 33 AONOMOIOIO LLLI/IbHUX KOHTAKTIB.
EnekTpoHHO CBiTAa umMTON/Na3ma eHAOoTeNioumTiB Xa-
PaKTepPU3YETbCA HEBENMKOK KiJIbKICTIO OpraHes, HaABHi
NOOAMHOKI KaHanbLi rPaHyNApHOI eHAOoNNAa3MaTUYHOI
CiTKK, BiNIbHi pbOCOMM, HEBEIMKI MITOXOHAPIT i3 YiTKMMM
MemMbpaHamMK Ta MOMIPHOT LLLIIbHOCTI MITOXOHAPIaAbHUM
MATPUKCOM. Agpa eHOoTeNiaNbHUX KNITUH BUAOBXKEHI i3
YiTKOI Kapiosiemoto Ta Kapionnasmoto B sKil nepeBaykae
eyxXpomaTuH. BuaBnAaetbca 6arato MiKpOMiHOLMTO3HMX
NyxvpLiB Ta KaBeo. Ha ftomeHanbHin NoBepxHi Bia3Ha-
Yannca MikpoBOPCUHKK. basanbHa membpaHa oaHopia-
Ha, YiTKO KOHTypoBaHa (puc. 3). MepuunuT MatoTb CBITY
LMTONNA3MY, MOMIPHO PO3BUHEHI MeMBPaHHiI opraHenu.
AApo HenpasBunbHOI GopmMu i3 PiIBHOMIPHO pO3TalLOBa-
HUM eyXpOMATMHOM Yy Kapionnasmi Ta YiTKOK Kapione-
MO}0.

YNbTPACTPYKTYPHO Y APYrii rpyni TBAPUH, SKMM Moae-
OBANU FiNepromoLmcTeiHemito BCTaHOB/IEHO, LLO B “CBIT-
X’ HerpouuTax, AKi € aHaIOrOM FiMOXPOMHUX KAiTUH
BMABMIEHMX Ha MIKPOCKOMIYHOMY PiBHi, BU3SHAYa€eTbCA pe-
OYKLiA YaCTUHW OpraHen, a Ti, WO HaABHI, AeCTPYKTUBHO
3MiHeHi. 3Ha4YHMX 3MiH 3a3Ha€ eHAOoMN/Ia3MaTUYHA CiTKa,
3MEHLUYETbCA MPOTAMKHICTb KaHa/bLLiB, BOHW PO3LUMPEHI,
BAKyO0Ni30BaHi, ix membpaHun dparmeHToBaHI. LnctepHu
KOmnneKkcy onbaXKi TaKOXK po3LMpeHi i3 yTBOpeHHAM
BE/IMKUX €NIeKTPOHHOCBIT/IMX Bakyosiel. MiToxoHapii Ha-
6pAKAi, BENUKI, BE3UKYNOMNOAIOHI, i3 eN1eKTPOHHOCBITINM
MaTPUKCOM Ta pesyKOBaHMMMU KpuUcTamu. Y rianonnasmi
BM3HAYAETLCA NMOMIpHa KiNbKicTb pnbocom, ocmiodinbHi
nisocomu. Appa HenpouuTi 36inblIeHi 33 po3mipamuy,
B Kapionaasmi nepeBaXka€ eyxpoMaTuH, NpoTe HaAB-
Hi TPYAKW repexpomMaTtuHy, L0 MAE MepeBaXkHO Mmapri-
HanbHe PO3TallyBaHHA. Kapionema mae He4iTKi KOHTypu
MeMbpaH Ta HaABHI iHBariHaLjl, agepHUX nop Hebarato,
BM3HAYAETLCA IOKANIbHO PO3LUMPEHHA NEPUHYKNEAPHOro
npocTopy (puc. 4).

YNbTpacTpyKTypa “TemHux” HempouwuTis, AKi Ha CBIT-
NOONTUYHOMY PiBHI BiANOBIAAOTL CTaHy riNepPXPOMHMUX
HEeNpoLMTIB, XapaKTepu3yeTbca ocMiodinbHO Kapio- Ta
Henponaasmoto. Taki HEMPOUUTM MalOTb BUCOKY esieK-
TPOHHY LWiNbHICTb AApPa i HEMPONAa3Mu, MICTATb 3MEH-
LUEHi 32 PO3MipamM NEePMKAPIOHN Ta CTOHLLEHI BiAPOCTKM.
AApa ywinbHeHi, NiKHOTWMYHI, B Kapioniasmi nepesBarkae
OCMiOdiNbHUI reTepPOXPOMATUH, sAepHa 0b6O0/MOHKA Ha
BCbOMY MNPOTSA3i HeuiTKa, po3muTa, Gopmye iHBariHaLi.
Buagnaetbca ocmiodinbHe agepue, AKe NEXUTb NOPAL,
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i3 Kapionemoto. KaHanbLi eHgonaasMaTUYHOI CiTKM Yu-
Ce/bHi, pO3ranyKeHi, Ha AeAKMX AiNAHKaAX PO3LIMPEHi.
LimctepHM Komnnekcy fonbaxKi HENPOTAXKHI, BUABNAOTb-
cA piako. MiToxoHApii nepeBaXKHO MiCTATb OCMiodiNbHUM
MaTPUKC Ta HeuiTKi Kpuctu (puc. 5).

YNbTPaCTPYKTYPHI 3MiHW acTpoumTapHoOi rnii npoAs-
NATbCA BHYTPILWHBOKNITUHHUM HabpAKoMm, a BiAnNoBiIA-
HO i BCi€l naowW,i uMTONNa3MM Ta HabpAKOM BiAPOCTKIB.
Y Agpax nepeBarkae eyxpoMaTuH, reTepoXpPOMaTUH MaE
MapriHa/sibHe po3miweHHA. HaaBHe fNOKanbHe po3wwu-
peHHA nepuHyKaeapHoro npoctopy. LLinbHicTb opraHen
HeBMCOKa. ENeKTPOHHOCBITAA HeMponsiasma BK/OYAE
HeYyncenbHi BaKyONi30BaHi KaHanbLj eHA0NAa3MaTUYHOI
CITKM Ta uMcTepHM Komnaekcy fonbgxKi. MitoxoHapii ge-
$opMoBaHi, NepeBaxKHO eN1eKTPOHHOLL/IbHI, 3 YaCTKOBO
peaykoBaHUMK Kpuctamu (puc. 6).

YNbTPacTPyKTYpHO KPOBOHOCHI KaniifApn 3a ymoB
3MOZEe/IbOBaHOI  rinepromoumcTeiHemii - nepeBakHO
MatoTb PO3LUMPEHi Ta KPOBOHAMOBHEHI NPOCBITH, i3 NpO-
ABaMM CNafKiB Ta TPOMOIB, BU3HAYAETbCA HABPAK CTIHKK
Ta 3HAYHMI NEPUBACKYNAPHUI HabpsK. Ona 6asanbHoi
MeMbpaHM XapaKTepHe MOTOBLLEHHA, abo CTOHLUEHHA
i3 03HaKamu nigBuweHoi ocmiodinii. Ana uuTonnasmu
€HAOTeNiouMTIB XapaKTEPHUIN HabPAK, AApPa KAITUH He-
BE/IMKi, MICTATb iHBariHauji Kapionemn. HassBHe Hese-
IMKe ocmiodinbHe agepue, B Kapionsiasmi nepesarkae
reTepoxpomaTtumH. LLLinbHiCTb opraHen HeBMUCOKA, B Nepu-
GEePUYHUX LIUTONNA3MATUYHUX AINSHKAX KNITUH BUABNA-
€TbCA HEDAraTo MiKPONyXMPLLiB Ta BE3UKYA, IIOMEHaIbHa
nosepxHsA nosbasneHa MiKPOBOPCUMHOK. LlislicHiCTb Mix-
KNITUHHWUX KOHTaKTIB 36eperkeHa (puc. 7).

YNbTPaCTPYKTYPHO BCTAHOB/IEHO, WO B TPETiM rpyni
TBApPWH AKMM, MOAENIOBA/IM FiNepTMpeo3 B OpraHi Bu-
ABNAOTLCA “TEMHI” HeMpoHW, WO BignoBsigalTb Mop-
donoriyHoMy CTaHy TFiNEPXPOMHUX KNITUH. [na Takux
HEMPOLMTIB XapaKTEePHUM € 3MEHLUEHHA NepUKapioHiB,
BUTOHYEHi BiAPOCTKM iHTEHCMBHO OcmiodinbHa Helpo-
Ta Kapionnasma. EnekTpoHHoLWiIbHa Helponiazma mic-
TUTb HEBHOMIPHO NOTOBLLEHI KaHa/bLLi FPaHYNAPHOI eH-
[0NNa3MaTUYHOI CiTKKM, YacTWMHA 3 HUX GparMeHTOBaHi.
[ecTpyKTypu30BaHi TaKOXK LMCTEPHU, BaKyOAi i NyxupLi
Komnnekcy lfonbggi. Ana 6inbliocTi MiTOXOHAPIN Xapak-
TEPHi HEBEINKI PO3MIPK, YIEKTPOHHOLLIIbHUIA MaTPUKC
Ta HeYiTKi KPUCTK, ANA YAaCTMHM 3 HMX BaKyonisaLia, npo-
CBIT/IEHHA MATPUKCY Ta peayKLuia KpucT. Takox BUABNA-
IOTbCA €N1EeKTPOHHOLLiNIbHI NePBUHHI Ta BTOPUHHI Ni30co-
mu (puc. 8).

TakoX BuABAAAUCA “cBiTAi” HelMpoumuTu, ANA AKUX
XapaKTepHa HeWponaasma HWU3bKOI eIeKTPOHHOI LLinb-
HOCTIi, BMABNAINCA HEPIBHOMIPHO PO3LUMPEHi KaHa/bLi
€HAO0MNAa3MaTUYHOI CiTKM Ta LMUCTEPHU KOMNAeKcy [o/b-
OKi. Binbwictb miToXxoHApIM rinepTpodoBaHi, BaKyose-
noAibHi, i3 MaTPUKCOM HU3bKOI €1EeKTPOHHOT LLLiIbHOCTI
Ta YaCTKOBO PeayKOBaHUMM KpUcTamu. Y Helponaasmi
BM3HAYaETbCA 3MEHLLEHHA Yncna pubocom. Aapa 36inb-
LeHi, B Kapionnasmi NpeBantoe eyxpoMaTuH, HaABHI He-
BE/IKI FPYAKN reTEPOXPOMATUHY.

YNbTPaCTPYKTYPHO B ONIr0AEHAPOLMTAX KOPU NiBKY/Ib
rO/I0BHOIO MO3KY LLi€l Fpynu CnocTeperKeHHA BUABNAETb-
CA Be/INKEe reTepoXxpomMaTUHOBE AAPO, B AKOMY HasaBHE
Be/IMKe AfepLe, WO MICTUTb rpaHynapHuii | GibpunapHuii
KoMnoHeHTU. Kapionema yTBoptoe iHBariHauii. LLlifbHicTb
opraHes HEBUCOKa i BOHW AEeCTPYKTUBHO 3MiHeHi (puc. 9).

ACTPOUMTM MICTATb HabpAKNY, eNneKTPOHHOCBITAY
Heliponnasmy AEeCTPYKTMBHO 3MiHeHi, HeumcenbHi op-

PUCYHOK 7 — Cy6miKpOCKONiYHi 3MiHM remoKaninapa Kopu BeIMKUX
niBKyNb 32 YMOB 3MOA€eNbOBaHOi rinepromouucreiHemii. 36.:
x9000. Mo3HauyeHHA: 1 — agpo, 2 — yuTONIa3Ma eHAoTeniouuTa, 3 —
6a3anbHa memb6paHa, 4 — NPOCBIT Kaninapa, 5 — nepuumr,

6 — nepuBacKynApHUii Habpsak, 7 — Helponinb.

PUCYHOK 8 — YAbTPaCTPYKTYpHi 3MiHU TEMHOTO HellpoLuTa Kopu
BEJIMKOro MO3KY TBapMHM 33 YMOB rineptupeosy. 36.: x12000.
Mo3HaueHHs: 1 — ocmiodinbHa Kapionnasma agpa, 2 — agepue,
3 — KaHanbLi rpaHyNAPHOI €eHA0NNA3MaTUYHOI CiTKU, 4 —
miToXoHApifA, 5 — nisocoma, 6 — Hellponinb.

PUCYHOK 9 — YNbTPacTPYKTYpHi 3MiHK oniroaeHapoLmMTa Kopu
BEJIMKOro MO3KY TBapMHM 32 YMOB rineptupeosy. 36.: x11000.
Mo3HaueHHsA: 1 —agpo, 2 — agepue, 3 — ocmiodinbHa Heliponnasma,
4 - ni3ocoma, 5 — Helponinb.

raHenn. Aapo oKpyrne, HeBeAUKe, B AKOMY MepEeBaXKaE
retepoxpomatuH. Kapionema mae HeuiTKi membpaHuy,

AAEPHNX NOP Masno.
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PucyHoK 10 — YnbTpacTpyKTypHi 3MiHM remoKaninapa BeIMKoro
MO3KY 3a yMOB rineptupeo3y. 36.: x10000. Mo3HayeHHs: 1 — NpocBiT
Kaninapa 3 eputpouuntamm, 2 — A4p0 eHaoTenioyuta, 3 — 6asanbHa
membpaHa, 4 — nepuBackyNApHUIA HabpsaK, 5 — Hellponinb.

PucyHoK 11 — YnbTpacTpyKTypa iHTEHCUMBHO “TemHoro”
HelipoLMTa KOpY BEIMKUX NiBKY/Ib 32 YMOB rinepTupeosy Ta
rinepromouucreiHemii. 36.: x10000. NMo3HaueHHA: 1 — ocmiodinbHe,
HenpaBuabHOI popmu AP0, 2 — Helponaasma, 3 — KaHanbLi
€eHA0N1a3MaTUYHOI CiTKU, 4 — nisocomu, 5 — Heliponinb.

PucyHOK 12 — Cy6MiKpOCKOMiYHi 3MiHM acTPoOLMTa KOPU BEIMKUX
niBKy/1b 32 YMOB rinepTupeosy Ta rinepromouucreiHemii. 36.:
x9000. MNo3HaueHHA: 1 — agpo, 2 — apepue, 3 — pparmeHTOBaHI
opraHenu, 4 — nisocomm, 5 — Heliponinb.

YNbTPacTPyKTYPHO B remoKaninAapax TaKoX BUABAA-
I0TbCA AECTPYKTMBHI 3MiHW, AKi MPOABAAIOTLCA PO3LUU-
PEHHAM Ta KPOBOHAMOBHEHHAM MNPOCBITIB abo pi3kUM
iX 3BYXeHHAM. EHAOTenianbHi KAITMHU Mann HeBenuKi,
nedbopmoBaHi A4pa, B AKMX MepeBaXKkaB retepoxpoma-

TMH. Uutonnasma eHAOTENnioumTiB MICTUTb MOTOBLLEHI
ab0 3HAYHO BUTOHYEHI AiNAHKM, B AKMUX HAABHE 3HUMKEH-
HS YMcna MIKpONiHOLMTO3HUX MixypuiB. Ans 6asanbHoi
MeMbpaHM XapaKTepHe MOTOBLUEHHS, rOMOreHi3aLis,
NPOTe Ha iHWWX AiNsHKax BOHa Byna YiTKO KOHTYpOBaHa.
[o Hel npunaraoTb HabpAKAi, eneKTPoHHOCBITAI Bigpoc-
TKMW acTpouuTis, Wo Gopmye 36inblueHi NepnBacKynApHi
npoctopu (puc. 10).

CybMmiKpOCKONiYHO Yy TBapWMHM 4YeTBEpTOi eKcrnepu-
MEHTaNbHOI rpynu, BCTAHOB/IEHI HaMbinbWw 3HaYHI anb-
TepaTMBHI Ta AereHepaTVBHI 3MiHW B HeMpoLMTax Kopu
BEJ/IMKMX MiBKY/Ib 32 YMOB 3MOAE/1bOBAHOr0 rinepTupeo-
3y Ta rinepromoumcteiHemii NOPiBHAHO 3 nonepegHiMmu
rpynamum cnocrepekeHHs. Ana “TemHux” Ta iHTEHCMBHO
“TeMHNX” HeMpOHiIB, WO BiANOBIAAOTb BCTAHOB/IEHUM Ha
MIKPOCKONIYHOMY PiBHi FiNEPXPOMHUX Ta TiMOXPOMHMX
KNITUH, 3HAYHOI AeCTPYKL|ii 3a3HatoTb A4pa Ta OpraHenu
HeWponaasmu. nsa TakmMx KNITUH XapaKTepHe 3MeHLUEeH-
HA MepuKapioHiB Ta 3MiHa ix GOpPMU, CTOHLIEHHA BiA-
pocTkiB. Kapionema ¢dopmye rmboKi iHBariHauji, mexi
il MeMbpaH NPaKTUYHO He KOHTYpPYTbCA. ENeKTpOHHO-
WiNbHA HEMPOMNNA3Ma BKKOYAE HENPOTAMKHI, PO3LUMPEHI
Ta GparmeHTOBaHI KaHa bl €HA0MNIa3MaTUYHOI CITKM Ta
LMCTEPHM KOMMNEKcy fonbaKi, LLO MatoTb NapaHyKaeap-
Hy nokanizauito (puc. 11). ns miToOXoHAPIN TakoXK Xa-
paKTepHa 3Ha4YHa AeCTPyKLifA, GparMeHTYOTbCA He inLle
KPUCTK, @ 11 30BHILLHA X membpaHa. MNepeBaskHa iX Kifb-
KiCTb MICTATb NPOCBITIEHNI MATPUKC. Y rianonnasmi su-
3HaAYalOTbCA NEPBUHHI | BTOPUHHI ocMiodinbHi nisocomu.

TaKoOX MOMIK TEMHUMW HENPOLIUTAMWN BUABASIOTLCA
“cBiTNI” KNITWUHK, WO MatoTb 36inblueHi po3mipw, ix ne-
PUKapioHM OKpPYIi, BiAPOCTKM NOTOBLLEHI. B Agpax npe-
BA/IIOE €/IeKTPOHHOCBITINIA €eyXPOMATUH, BU3HAYaOTbCA
JIOKa/IbHO PO3LUMPEHI JIOKYCU NEePUHYKIEaPHOro NpocTo-
py. B umMTONNa3mi WinbHicTb opraHen HeBMCOKa, iX Memb-
paHW NOLWKOAXKEHI, dparmeHTOBaHi, HaaBHIi ocMmiodinbHi
BTOPMWHHI nlisocomu.

CyBbMIKpPOCKOMiYHI 3MiHM acTPOLUMTIB XapaKTepusy-
HOTbCA HEMPOMNA3MOK HU3bKOI €1EeKTPOHHOI LLi/IBHOCTI,
OpraHeny HeuyncesbHi i 4ECTPYKTUBHO 3MiHEHI, BU3HAETb-
cs 6arato ocMiodinbHMX Nisocom. HaaBHi 3HaYHI niowwi
uMTONNa3mMun nNosbasBaeHi opraHen. A4pPo OKpyr/e, Hese-
JIVKe, B HbOMY BU3HAYaETbCA YLLiIIbHEHE HEBEINKE Afep-
ue (puc. 12).

Heliponnasma onirogeHapoumTiB HEeBEeNUKOoro
06’eMy, €N1eKTPOHHOLLiIbHA, MICTUTb AECTPYKTYPU30BaHI
opraHenu, A4pO HanpaBW/bHOI, enincoBnaHoi Gopmu, B
AKOMY MepeBayKae reTepoxpomaTuH.

[na 6inblocTi KaninAapis XxapakTepHi HeWMpPOKi Npo-
cBiTM. [OnAa agep eHAOTeNianbHUX KAITUH XapaKTepHi
rMMBOKI 3MiHM Aaep, 419 AKMX XapaKkTepHa ocmiodinbHa
Kapionnasma, HasBHi 3HaYHi iBariHaL,ii Kapionemu, memo6-
paHuM AKOI MOraHO KOHTYPOBaHi, AA4EPHI NOpKN He BU3Ha-
YyatoTbca. UMTonnasmaTtnyHi AinAHKN 4eCTPYKTYPU30BaHI,
NnoraHo BMpParkeHi membpaHu tomeHanbHoI i 6asanbHOI
YACTUHWU KNITUHKU. MIKpPONiHOLMTO3HI NyXmMpLi NOOAMHO-
Ki. basanbHa membpaHa MnoToBLLeHa, HabpsKna, romo-
reHHa, HeuiTka (puc. 13).

Ha ynbTpacTpyKTypHOMY piBHi cepen, HelpouuTis
n’ATOl AOCANIAHOI TPYNU TAKOX BMUABAANMCA “CBITAI” KAi-
TUHW, WO BiANOBIAAOTb CTaHy TUIPONily, BU3HAYEHOMY
Ha CBIT/IOONTMYHOMY piBHI. Heliponaasma Takux KAiTWH
MiCTUTb PO3LUMPEHI, HENPOTAXKHI KaHaNbLLi rPaHYNAPHOI
€HA0MN1a3MaTUYHOI CITKM Ta UMCTEPHM KOomNaeKcy [onb-
[O)Ki, 3pOCTa€ YMCNOo 36iNbLIEHNX BAKYO/b i MIKpONyXup-

414

ISSN 2077-4214. Bicuuk npo6nem Gionorii i meguuunm — 2022 — Bun. 3 (166) / Bulletin of problems in biology and medicine — 2022 - Issue 3 (166)



MOP®ONO0rifa / MORPHOLOGY

LiB. Pi3KO 3MEHLLYETbCA YMCNO BiZIbHUX | BiKCOBaHUX A0
MeMbpaH KaHanbLiB eHA0NNa3MaTUYHOI CiTKM pnbocom.
MIiTOXOHPpIi PI3HOTUMNHI 332 PO3MipaMM | XapaKTEPOM 3MiH.
BusaBNAOTLCA BiAHOCHO 36epeXkeHi, 3 YiTkKumu membpa-
HaMM, MOMipHOi 0ocMiodinbHOCTI MaTPUKCOM Ta HE3HAYHO
dparmeHTOBaHUMM KpucTamu. TaKoXK HasfBHI BaKyoni3o-
BaHi, 3 €/1eKTPOHHOCBITIMM MAaTPUKCOM Ta peayKOBaHM-
MW KpUCTaMW. Aapa TakUX KAITUH MatoTb MMOBOKI iHBari-
HaLii KapiosieMn NIOKaNbHO HeYiTKi KOHTYpK i membpaH.
Y Kapionaasmi nepeBaxa€e eyxpoMaTuH, NpoTe BU3Hava-
€TbCA [LOCUTL BENINKE AAEPLLE, AKE BKKOYAE FPaHYNAPHUIA
i PIGPUNAPHUI KOMMOHEHTU Ta CBIAYUTL NPO AaKTUBALLIO
NPUCTOCYBasIbHOI peaKuii Ha BMAMB MOLUKOAMKYHYOIro
dakTopa (puc. 14).

3a YMOB BM/MBY TiNOTUPEO3Yy CyOMIKPOCKOMIYHO BU-
3HAYalTbCA 3MiHM B MIiOLUTAX KOPWU BEIMKOTO MO3KY,
acTPOUMTU MICTATb NPOCBITAEHY HabpsaKny Helponnas-
My, B AKill OpraHesn NOOAMHOKI, AeCTPYKTYpU30BaHi, BU-
3HaAYalOTbCA HEBEMKI MITOXOHAPIT 3 BiAHOCHO 36epexe-
HUMM KpUCTaMU. A4pa OKPYII0-0BasibHi, 3 HErMBoKMMMU
iHBariHaLjiamMM, B Kapionnasmi rerTepoxpomatuH dopmye
ocmiodinbHi ckynueHHs (puc. 15).

YNbTPacTPYKTYPHO ONIroAeHAPOLMTA TaKOXK 3a3Ha-
I0Tb 3MiH, iX Kapio- i Helponnasma yuinbHeHa, OCMio-
dinbHa. Aapa Benuki, HenpasuabHOI OopMKU, B HUX Nepe-
Ba)KaE retepoxpomatuH. OpraHenn, HabpsaKAi, YacTKOBO
dparmeHTOBaHiI.

CybMmiKpocKoniYHe  [OCNIAKEHHs  remokaninapis
KOPWU BE/IMKOrO MO3KY L€Ei eKcneprMmeHTasbHOI rpynu
NOKa3aso, WO MOPYLUEHHA KPOBOM/IMHY BUKANKAE 3MiHW
X YNbTPACTPYKTYPHOI OpraHisau,ii. BuasnawTbca KpoBo-
HOCHIi Kaninsapu i3 3By»EHUMW MPOCBITaMM i MepUBaCKy-
NAPHUM HabPAKOM Ta CYAMHWU 3 PO3LLUMPEHMMM NPOCBI-
Tamu, WO 3anoBHeHi GOPMEHUMM eneMeHTamu KpoBi,
LLO NiATBEPAKYE ABULLE CTa3y. HaBKONO JoChiaKyBaHMX
reMoKaninsapis BUABAAANCA HabpAKAi, po3LIMpeHi nepu-
BaCKY/ISipHi NPOCTOPM, LLLO YTBOPEHi HAaBpAKAMMU Biapoc-
TKaMW acTpouMTiB. Ha CTOHLWEHI 6a3anbHiit membpaHi
pPO3MilLeHi eHAOoTenianbHi KAITUHK, WO MICTATb Henpa-
BU/IbHOI, BUA0B}KEHOT dopmu aapa. NeprdepuyHi, Luuto-
NAa3MaTUYHI AiNAHKW eHAO0TEeNIOUMUTIB TAKOXK BUTOHYEHI,
B HUX BUABAETLCA MANI0 MiIKPOMIHOLMTO3HMX MiXypL,iB Ta
KaBeo. MiKpOBOPCHMHKM IFOMEHasIbHOI MOBEPXHi Nooan-
HOKi (puc. 16).

CybMiKpOCKOMIYHO B HEMPOHAX LLIOCTOi eKCNepuMeH-
TaNbHOI rpynu TBApUH, AKMM mogentosanu L, i rinotu-
peo3 BCTaHOBEHO HalbibL MMBOKI NOPYLLIEHHA IX Y/b-
TPACTPYKTYpPM NOPIBHAHO i3 BCiMa nonepeaHiMmu rpynamm
cnocrepexeHHa. na 6araTbox HEMPOLUTIB XapaKTePHUIA
TOTANIbHUM TUTPOAI3, LLO MPOABAAETLCA MPOCBITIEHHAM
HeMponaasmu, AecTPyKTypu3alieto, dparmeHTaLiero
Ta Ni3MCOM MeMbBpaHHMX OpraHes, 30Kpema KaHanbLiB
€HA0MN/1a3MaTUYHOI CiTKM Ta MITOXOHAPIN. Pi3Ko 3meH-
LUYETbCA YMCNO GIKCOBAHWUX A0 MeMbpaH eHAon/iasma-
TUYHOT CiTKM pnbocom Ta nonicom. BuasnatoTbesa Bakyoi
pi3HMX 33 po3mipamu Ta dopmoto. [1na aaep xapakTepHa
BMCOKa ocMiodinia, NpakKTUYHO BCIO NAOLLY KAITUH 3a-
MMa€ eNeKTPOHHOLLIbHUIA FreTEPOXPOMATUH, Kapiosema
HeuiTKa, roMmoreHHa, BiACyTHI agepua (puc. 17).

Cepeq, “TeMHUX” HEMPOLMTIB HafABHI KNITUHM i3 3Ha-
YHUMMU, TNMOBOKMMW MOLLUKOAMKEHHAMU HEMpo- Ta Kapi-
onnasmu. Kapionema dopmye rmboki iHBariHaw,i, Bia-
NoBiAHO AA4PO 3MiHEHOT GOPMM, A/ HbOTO XapaKTEpHi
03HaKM KapiopeKcucy. Taki ocmiodinbHi, €n1eKTpoHHO-
LWiNbHi AAPa NOraHO BM3HAYAKOTLCA Ha TNi HEMPONIasMu.

PUcyHOK 13 — YnbTpacTpyKTypHi 3MiHM KPOBOHOCHOTO
Kaninapa Kopu Be/IMKUX NiBKy/Nb 32 YMOB rinepTupeosy Ta
rinepromouumcreiHemii. 36.: x10000. Mo3HayeHHA: 1 — NpoCBiT 3
eputpouutamu, 2 — GparmeHTOBaHa, AECTPYKTYPM30BaHA CTiHKa,
3 — Heiiponine.
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PUCyHOK 14 — YNbTpacTpPyKTYpHi 3MiHM HelipoLuTa Kopy BeIMKOro
MO3KY TBAaPMHU NPU eKCNepPUMEHTaNbHOMY FinoTupeosi. 36.:
x14000. Mo3HauyeHHA: 1 — eNeKTPOHHOCBITAA Kapionaa3ma aapa,
2 - apepue, 3 — iHBariHaLiA Kapionemu, 4 — KaHaNbLi rPaHYAAPHOI
€HA0MNN1a3MaTUYHOI CiTKK, 5 — MmiTOXOHAPIA.

PucyHOK 15 — YnbTpacTpyKTypHi 3MiHM acTpoLMTa KOPU BENUKUX
niBKy/b 32 YMOB 3MOZAeNnboBaHoro rineprupeosy. 36.: x12000.
Mo3HaueHHs: 1 — Aapo, 2 — KaHaNbLi eHAON1IA3MaTUYHOI CiTKU B
e/IeKTPOHHOCBITNIN Heliponna3smi, 3 — miToxoHApin, 4 — nisocoma,
5 — Heiiponine.

TaKkoX BUABNAKOTLCA KAITUHM “TiHI”, AKi He MicTATb A4pPa,
a ix HeMponasma MiCTUTb AeCTPYKTYPM30BaHi, pparmeH-
TOBaHi OCMiO®iNbHI KaHaNbLi eHAO0MN/Ia3MaTUYHOI CITKK
(puc. 18).
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PUCYHOK 16 — YNbTPacTPyKTYpHUIA CTaH remoKaninapa Kopu
BEJIMKOTO MO3KY TBaPUHU NPU eKCNepuMeHTaNbHOMY FinoTUpeosi.
36.: x10000. Mo3HauYeHHA: epUTPOLMTU B NPOCBITI Kaninapa,

2 — uMTonnasmaTuyHa AiNAHKa eHaoTenioyuta, 3 — 6asanbHa
memb6paHa, 4 — HabpPAKAi aCTPOLUTAPHI HIXKKK.

PUCYHOK 17 — YNbTpacTPyKTypHi 3MiHU HelipoLuTa Kopyu BeIMKOro
MO3KY TBAPUHM 32 YMOB FinoTupeosy Ta rinepromouuncreiHemii.
36.: x12000. Mo3HayeHHs: 1 — aapo, 2 — cBiTAa Helponnasma, 3 —
dparmeHTH KaHaNbLiB rPAHYNAPHOT €HA0NNa3MATUYHOT CITKK.
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PucyHOK 18 — Cy6MiKpOCKONiYHi 3MiHM HEMPOLUTA KNITUHKN
“TiHi” KOpU BENIMKOro MO3Ky TBapMHU 3a YMOB rinoTupeosy Ta
rinepromouucreiHemii. 36.: x12000. Mo3HaueHHA: 1 — ocmiodinbHa
Heliponna3ma, 2 — ¢parmeHTOBaHi KaHa bl rpaHynApHOI
eHA0NN1a3MaTUYHOI CiTKKU, 3 — nisocomu, 4 — Heliponinb.

3HaAYHi yAbTPACTPYKTYPHI 3MiHM BUABNAKOTLCA B aCTPO-
LUMTapHUX IiounTax. B eneKTpoHHOCBITAIN Helponaasmi
HaABHI MOOAMHOKI OpraHenn, NepeBaXHoO AEeCTPYKTUBHO
3MiHEeHi MiToXoHAPII. Agpa KNiTUH HeBeNUKI 32 po3mipa-
MW, OCMiodiNbHI, B HUX MepeBaykae reTeporxomatuH. Ans

BiPOCTKIB XapaKTepHWIA HAabpsAK i MPOCBITAEHHA, YacTu-
HM X MIiCTATBCA MiXK KOMNOHEHTaMM HeMponinto.

[Ona onirogeHApPOUMTIB XapaKTepHi TeMHi, Henpa-
BU/IbHOT GOpMM OCMiodiNbHI AApa B AKMX NepeBaXkae re-
TepoxpomaTtuH. Kapionema ¢opmye iHBariHaLii, HeYiTKo
KOHTYpOBaHa. JIOKanbHO PO3LUMPEHUIA NEPUHYKIEAPHWNI
npoTip. OpraHenn fecTpyKTypmn30BaHi, NOLWKOoAXKeHi. Bu-
ABNATLCA PparMeHTH 3pyHOBaHMX MeMbBpaHHUX opra-
Hen (pumc. 19).

OnAa remoKaninApiB xapaKTepHi nepeBa*KHO BY3bKi,
HeWwupoKi NpoceiTn. EHaoTeniountT mictatb gedpopmo-
BaHi, ocmiodinbHi agpa. B uutonnasmi 6yam nooamHoKI,
[ECTPYKTUMBHO 3MiHEeHi opraHenu. B uwmTtonnasmatuy-
HUX YaCTUHAX KNITUH He BUABNAIUCA MIKPOMIHOLMTO3HI
MiXypLi, BOHW 6ynM romoreHHi, HabpsKkni. JllomeHanb-
Ha YacTMHA NAa3MoNEeMM HediTKa, po3muTta. BasanbHa
membpaHa romoreHHa, ocmiodinbHa. Bu3HavatoTbCA
anonTMYHO 3MiHeHi nepuumnTU. HaaBHMIA nepuBackynap-
HWUI HabpsK (puc. 20).

O6roBOpeHHs1 pes3ynbTaTiB  AoCnigKeHHA. Hamu
6y/N10 BCTAHOBNEHO, LLO Y rpyni TBapuH 3 L, y “ceitanx”
HelpouWTax, BU3SHAYAETbCA PeayKLis YaCTUHWU opraHen,
a Ti, WO HaABHI, AECTPYKTUBHO 3MiHEHI. YNbTPaCTPyKTy-
pa “TeMmHuX” HelpoLuMTIB, AKi Ha CBITIOONTUYHOMY PiBHi
BiZAMNOBIAAlOTb CTaHY riNepPXPOMHMUX HEMPOLMTIB, XapaK-
TePU3YETbCA OCMiOdiNIbHOIO Kapio- Ta HeMponaasmoto.
CybMIiKpOCKOMiYHi 3MiHM acTpouuMTapHOi il nNpossAaA-
IOTbCA BHYTPILWHBbOKNITMHHUM Habpakom, a BiaAnoBia-
HO i BCi€l naow,j uMTONNa3Mm Ta HabpAKOM BiAPOCTKIB.
YNbTPACTPYKTYPHO KPOBOHOCHI KaniiiApu 3a yMOB 3MO-
[ebOBAHOI  TinepromoumcTeiHeMii MepeBaykHO MatloTb
PO3LWIMpPEHi Ta KPOBOHAMOBHEHI MPOCBITH, i3 NpPoABaMM
CnafKis Ta TPOMbIB, BU3SHAYAETLCA HAOPAK CTIHKM Ta 3Ha-
YHUIN NepuBacKyNApPHUA HabpaK. Bigomo, Wwo BUCOKMIA
piBeHb L, NoB’A3aHUI 3 HErAaTUBHMMM HacAigKamu ans
340p0B’A Ta PO3BUTKOM HaraTbox NaTONONYHMX Npoue-
cis [19]. betaiHromouucteiHmeTunTpaHchepasa (6rMT)
— ue dbepmeHT, KU bepe ydacTb Y 3HUMNKEHHI piBHA L,
LUAXOM NepeTBOPEHHA OCTaHHbOTO Ha METIOHIH 3a A0o-
nomoroto 6eTaiHy. Prieur E. Ta iH. 2017 [20] BuKopucTO-
BYIOUM MULLEN 3 HOKAyTOM reHa BIMT, Buasmuaun nigsu-
LLLeHW piBeHb L, 3meHLwweHWI 3araibHUii 06’eM MO3KY,
nopyLleHy pedpepeHTHy Ta MpoOCTopoBy Mam’ATb. ABTO-
pwn 3pobuaM HaCTyNHI BUCHOBKM, WO BiAgCyTHiCTb BIMT
BMN/IMBAE Ha HeBposoriyHy dyHKLUjO, a 6eTaiH AK AoHOp
METW/IbHUX TPYN BUKOHYE 3HAYHY GYHKLi0 HA PpaHHbOMY
eTani po3BUTKY, CNpustouM po3BUTKY Baactoumctis [21].
MeTunyBaHHA TAKOX MA€E BUPILLA/NIbHE 3HAYEHHA ANA
NPaBWUAbHOIO NOCTHATa/NIbHOrO PO3BUTKY MO3KY. MMig Yac
PaHHbOrO PO3BWUTKY MO3KYy MeTWIoBaHHA bepe y4yacTb
y NAACTUYHOCTI Ta CMHANTUYHIN nepegadi [22]. JediumT
BIMT Ta 6eTaiHy fIK OCMONITY, AKMIN MOXKe peryntoBaTu
KNITUHHWIA 06’em | BanaHc piaAMHM NiATPUMYBATU OCMO-
TUYHOTO CKNAZly MO3KY € KPUTUYHUM AN HOPMasIbHOTO
bYHKLOHYBaHHA MO3KY Yepes Moro CKNagHy apXiTeKkTypy
[3, 23].

Y rpyni TBapuH 3 rinepTMpeo3om Hamu BCTAHOB/IEHO,
LLLO B KOPi BE/IMKOTO MO3KY BMABNAIOTLCA “TeMHI” Helpo-
HMU, LLLO BiANOBIAa0Tb MOPPONOriYHOMY CTAHY rinepXpom-
HUX KNiTWH. Binbwictb miToxoHApilt 6yna rineptpodosa-
Ha. Y HeMponiasmi BM3HAYAETbCA 3MEHLUEHHA 4ucna
pubocom. Appa 36inblweHi, B Kapioniasmi npesantoe
€yXPOMaTMH, HasABHiI HEBEe/IMKi TPYyAKWU reTepoxpomaTu-
Hy. CybBMiKpPOCKOMIYHO B reMOKaninspax TakoX BUABAA-
IOTbCA AECTPYKTMBHI 3MiHW, AKi MPOABAAIOTLCA PO3LUN-
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PucyHok 19 — Cy6mikpocKkoniuHi 3miHu onirogeHapouunTta
KOpU BE/IMKOro MO3KY TBAapUHU 3a YMOB rin0'mpeo3y Ta
rinepromouucreiHemii. 36.: x12000. Mo3HaueHHs: 1 - agpo,
2 — ocmiodinbHe Heliponnasma, 3 — NOWKOXKAEHI MITOXOHAPIT,
4 — nisocomu, 5 — Helponinb.

PEHHAM Ta KPOBOHAMOBHEHHAM MPOCBITIB ab0 pPi3KMM
iX 3BYyXEHHAM. EHAOTenianbHi KNITMHM Mann HeBenuKi,
nedopmoBaHi A4pa, B AKMX NepeBarkaB reTepoxpomMaTuH.
Pan, HelipobionoriyHmMx JocniaxeHb BUABWUIM HanABHICTb
MeTaboiuHUX, MOPDONOTIYHUX | PYHKLIOHANBbHUX 3MiH
MO3KY, MOB’I3aHNX 3 HAA/IULLUKOM TUPEOISHUX TOPMOHIB
[24]. 3a paHMMKM NO3UTPOHHO-eMICIiHOT Tomorpadii BU-
ABNEHO MeTaboNiuHi 3MiHM TONOBHOrO MO3KY Y XBOPMX 3
rineptupeo3om. MNopiBHAHO 3i 340POBOID KOHTPO/bHOO
rpynoto, y NauieHTiB 3 rinepTupeo3om 6yB 3HUNKEHWI
MeTabosi3m rNoKo3M B 1060BIN, NiMBIYHI Ta CKpOHEBIl
yacTKax [25].

Zhang Ta iH. [26] NnpoAeMOHCTPyBan 3HAYHO 3HUKE-
HY KOHLEHTpALjlo ryTamaTy B 3a4HiN NOACHIM Kopi npu
rinepTMpeosi, Wo BKA3yE Ha OCHOBHY POJb ryTamaTy B
ANCchYHKLIT MO3KyY. 3 iHWOro 6oKy, B AeAKMX A0C/IAKEH-
HAX i3 3acTOCyBaHHAM QYHKLIOHANAbHOI MarHiTHo-pe-
30HaAHCHOI Tomorpadii B CTaHi crnokoto by BUABNEHI
CTPYKTYpPHI Bapiaujii aeakunx obnacteit Mo3Ky. ABTopu Npu-
MYCKaloTb, WO MOPYLIEHHA HEMPOKOTHITUBHUX (YHKLiM
y MaujieHTiB 3 rinepTMpeo3om MoKe 6yTn nos’sasaHo 3
QHOMANbHMMU 3MiHAMU, TOIOBHUM YUHOM, Y AiNAHKaX
MEpPEKi MaCMBHOIo PeXKMmy poboTy MO3KY, KOTHITUBHOI
Mepexi, a TaKOX MO304Ka. Buxoaaum 3 HaBegeHUX BULLLEe
OOCNiAXeHb, MOXHa NPUNYCTUTK, WO NPU rinepTupeosi
Y NaLEHTIB MOXYTb CNoOCTEpiraTuca AeaAki 3miHU y GyHK-
LlioHaNbHMUX 3B’A3KaX MO3KY, AKi BUK/IMKAOTb HEMPOHHI,
€MOLiHI Ta KOTHITUBHI ANCOYHKLT.

Hamu BcTaHOBNEHI HaWBINbL 3HAYHI anbTEPATUBHI
Ta AereHepaTmBHI 3MiHM B HelpoumuTax Kopu BEIMKUX
NiBKY/b 3@ YMOB 3MOZE/1b0BAHOro rineptupeosy Ta ML,
NOPIBHAHO 3 NonepeaHIMM rpynamm crnocTepexeHHs. Bu-
ABNIEHe XapaKTepHe 3MeHLUeHHA NepuKapioHisB Ta 3miHa
X dopMM, CTOHLLIEHHS BiAPOCTKiB. [N MiTOXOHAPIM BCTa-
HOB/MIEHA 3HA4YHa AEeCTPYKLUiA. Y uMTOnNasmi LWiNbHICTb
opraHen 6yna HEBMCOKA, a iX MeEMBPAHN MOLLUKOAMKEHI,
dparmeHTOBaHi, HasiBHi 0CMiodiibHi BTOPUHHI li30cOMU.
CybMiKpOCKOMiYHi 3MiHW acTPOUMTIB XapaKTepPU3yHTbCA
HEeMpPOonIasmMol0 HU3bKOI eNeKTPOHHOI LWiNbHOCTI, opra-
HeNn HeuyucenbHi i AecTPyKTUBHO 3MiHEHI, BU3HAETbCA
barato ocmiodinbHMx nisocom. HasBHI 3HauHi naowi
uuTonnasmmn nosbasneri opraHen. na agep eHpoTeni-
a/IbHUX KNITUH XapaKTepHi MUBOoKi 3MiHW aaep, ANA SKUX
XapaKTepHa ocmiodifibHa Kapionsiasma, HasBHi 3HauHi

PucyHoK 20 — Cy6mikpocKkoniyHi 3miHM remoKaninsapa
KOpU BE/IMKOro MO3KY TBAPpUHU 3a YMOB rinompeo3y Ta
rinepromouucreiHemii. 36.: x8000. Mo3HaueHHsA: 1 — NPOCBIT
KaninAapa, 2 — uutonnasma eHgoreniouura, 3 — 6asanbHa
mem6paHa, 4 — nepuumT, 5 — NnepuBackyNApHUIL HabpsaK,
6 — Heliponine.

iBariHaLjii Kapionemun, membpaHu AKOI MOraHO KOHTYpPO-
BaHi, A4epHi Nopu He BU3Ha4vatoTbeA. LintonnasmatmyHi
LiNAHKN AeCTPYKTYpM30BaHi, a 6asanbHa membpaHa no-
TOBLIEHA, HabpsAKNa, romoreHHa, Heditka. MobigHi pe-
3ynbTaTv oTpMManu Zhang 1a iH. [27] BU3Haumaum rinokamn
AK OCHOBHY 061aCTb B AKil 3HM¥KEHHA QYHKLIOHaNbHOTO
3B’A3KY 3 ABOCTOPOHHbLOI NEPeaHbOI MOACHOK KOPOHo,
3a/1HbOO MOSCHOK KOPOIO i NpaBo MeAianbHow opbi-
TODPOHTANbHOK KOPOK KOPESHOE K 3 TPMBAICTHO 3aXBO-
PIOBaHHA, TaK i 3 piBHEM Aenpecii rinepTupeosy.

Kpim Toro, Gottlich Ta iH. [8] BUKAIMKanM KopoTKoyac-
HUI rinepTnpeos cepen 29 340P0BUX YOJOBIKIB LUIAXOM
nepopanbHoro npuitomy 250 MKr 1eBOTUPOKCUHY (8 TUXK-
HiB). ABTOpPU BCTaHOBU/IN, LLLO KOPOTKOYACHMI FinepTupe-
03 NPM3BOAMTL A0 NOCUAEHHA QYHKLOHaNbHOIO 3B A3KY
MiXK CKPOHEBMMM YaCTKaMM Ta MepeXKek KOrHITUBHOro
KOHTPOJ/IIO, L0 BKA3y€E Ha K/OYOBY PO/ib FOPMOHIB K-
TOMNOAiB6HOI 331031 B perynauil napanimbiuHux cTpyKTyp.
ABTOPYM 3p0BUNN BUCHOBKM, L0 NOPYLIEHHA HEMPOKOTHI-
TUBHUX PYHKL,iM y NALEHTIB 3 rinepTMpeo3om moxe bytn
NnoB’A3aHO 3 aHOMaNbHUMM 3MiHAMW, FOIOBHUM YMHOM,
Y OCHOBHWX AiNAHKAX MO3Ky, AKi BiANOBIAAOTb 33 KOTHi-
TUBHI QYHKLi, @ TAKOX MO304Ka. barato KAiHiYHUX PoBIT
HaMaralTbCA 30CepeanTy yBary Ha MOX/IUBUX MPAMUX
Hacnigkax [Tl y BWHWKHEHHI HeWpoaereHepaTUBHMUX
po3nagiB: BCTaHOBAEHO, WO [, 36in1bLIyeTbCA B CIMHHO-
MO3KOBIl pigMHi 3 BIKOM, 3 HE3PO3YMINNX NpUYMH. Byno
NPoAEMOHCTPOBaHO, Wwo [TL, cynpoBoaXKyeTbcA BiAKNa-
OeHHAm 6eTa-aminoigHoro nentuay B MO3KY MalieHTIB
3 xBopoboto Anburerimepa [28], onocepeakoBaHuin IL-
3B8'A3aHMM EHZOMNNA3MaATUYHUM BifIKOM, AKMIA NOTEHLU-
H0€ AKTUBHICTb GEPMEHTY C-CEKPETA3M, a TAaKOXK BUK/INKAE
NOCUNEHHA BHYTPIWHbO- T MNO3aKNITUHHOIO HAaKOMUYeH-
HA 6eTa-aminoigHoro nentuay [29, 30].

Ha ynbTpacTpyKTypHOMY PiBHI Npu rinoTMpeosi cepes,
HEeMpOoLUMTIB BUABAAAUCA “CBITNI” KNITUHW, WO BiaNOBia-
I0Tb CTaHYy TUTPOAi3y, BUSHAYEHOMY Ha CBITI00NTUYHOMY
piBHi. MiTOXOHAPII PI3HOTMNHI 33 po3mipamu i xapakTe-
pPOM 3MiH. Aapa TakuX KAITUH MatoTb IMBOKI iHBariHau,ji
KapioNemm NoKanbHO HEeYiTKi KOHTYpu il membpaH. Y Ka-
pionnasmi nepeBarkae eyxpomaTuH, NPOTe BU3HAYAETb-
CA JOCUTb BENIMKE AAEpPLE, AKE BK/IOYAE MPAHYNAPHUN i
dIbpUNAPHUIA KOMMNOHEHTM Ta CBIAYUTb MPO AKTMBALLiO
NPUCTOCYBasIbHOI peaKuii Ha BMAMB MOLUKOAMXKYHYOro
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daKkTopa. ACTpOLUTN MICTUAM NPOCBITAEHY HAbPAKAY He-
Mponnaasmy, B AKiM opraHenn NOOAMHOKI, AeCTPyKTypu-
30BaHi, BM3HAYAOTbCA HEBEJIMKI MITOXOHAPIT 3 BiAHOCHO
36eperKeHnMM KpUcTamu. fAapa OKpyr10-oBasibHi, 3 He-
TMMBOKMMM iHBariHaLifsMK, B Kapioniasmi retepoxpoma-
TUH GOPMYE OCMiOPiNbHI CKYNYeHHA. YNbTPACTPYKTYPHO
ONiro4eHAPOLMTU TAaKOXK 3a3HAKOTb 3MiH, iX Kapio- i He-
Mponsasma ylibHeHa, ocmiodinbHa. Aapa Benuki, He-
npasuabHOI GOPMM, 3 HUX MEepPeBaXKae repOXPOMATUH.
OpraHenn, HabpsaKAi, YacTkoBo ¢parmeHToBaHi. Cybmi-
KPOCKOMiYHEe JOCAIAKEHHA reMOKaninApis KOpU BEINKO-
ro MO3Ky L€l eKCMepuMeHTa/IbHOI rpynu NoKasano, Wwo
NOpPYLUEHHA KPOBOMANHY BUKIMKAE 3MiHW iX YIbTPACTPYK-
TYpPHOI opraHisauii. Ha cToHWeHin 6a3anbHii membpaHi
pPO3MiLLLeHi eHAOoTeNiaNbHi KNITUHK, WO MICTATb Henpa-
BWJIbHOI, BUAOBXKeHOI popmu saapa. MepudepunyHi, unto-
NA1a3MaTUYHI AiINAHKKM eHA0TENIOLUNTIB TAKOXK BUTOHYEHI,
B HUX BUABAETLCA Maio MiKPOMiHOLMTO3HUX MiXypLLiB Ta
KaBeos. BcTaHOBNEHO, WO iCHYE TiCHMI 3B’A30K MiXK He-
Mpo3anaseHHAM Ta 3HUKEHHAM aHTMOKCUAAHTHUX BAac-
TUBOCTEN B KNITMHaxX MO3Ky iHAyKoBaHwux ITL. B pobori
[31] 6yno nokasaHo, wo L, iHAyKye Ta NPUCKOPIOE No-
pYLUEHHA OKUCNOBAIbHO-BIAHOBHOI CUCTEMMW B CYAUHHUX
i HEMPOHHUX KNITUHAX, IHAYKYIOE NEPEKUCHE OKUC/IEHHA
ninigis [32]. Byno NpoaeMOHCTPOBAHO, L0 MPU TAMXKKO-
My 3anasibHOMy CTaTyci, TOBTO NPU cencmnci, KOMaTO3HUX
CTaHaX, MHOMMHHUX TPABMATUYHUX YPAXKEHHAX, CMno-
CTepiraeTbca NocTiiHa TeHAeHujia ao ML, He nos’a3aHa
3 BiTamiHom B, Ta aediuntom doniesoi kucnotm [33]. ¥
Pi3HMX KAIHIYHMX CLLeHapiAX CUCTEeMHA 3anajbHa Biano-
BiAb MOCTIMHO NOB’A3aHA 3 HEraTMBHUMMW KJHIYHMMM
Hacnigkamu [34], Sk, MMOBIPHO, ONocepeaKoBYOTHCA
TpuBanoto akTueauieto ML, Kackagy cuctemm makpododaris
3 nodanblumm 36inblueHHAM npoayKLuii ADK i, oTke, no-
TEHL,iOE OKCUAATUBHUI CTpec.

CybmiKpOCKONiYHO B HEMpPOHAxX TBapWH, AKMM MoAe-
noBann ITL, i rinoTMpeo3 BCTaHOBNEHO Halbinbw mu-
60Ki NopyLUeHHA iX YIBTPACTPYKTYPW NOPIBHAHO i3 BCiMa
nonepeaHiMM rpynammu crnoctepexkeHHA. [na 6aratbox
HEeNPOUMTIB XapaKTePHUN TOTaNbHUIN TUTPONI3, WO MNPo-
ABNAETbCA MPOCBITIEHHAM HeWponnasmu, AecTpyKTy-
pusauielo, ¢parmeHTalielo Ta NisMCOM MembpaHHMX
opraHen, 30Kpema KaHanbLiB eHAO0N1a3MaTUYHOI CiTKK
Ta MITOXOHAPIN. 3HAYHI YALTPACTPYKTYPHI 3MiHW BUSBASA-
I0TbCA B aCTPOLMTAPHMUX rnioumTax. OpraHenn aecTpyk-
TYpV30BaHi, MOLWKOAXKeHi. BuasnAlTbcA  PparmeHTH
3pyMHOBaHMX MeMbpaHHWX opraHes. [na remoKaninapis
XapaKTepPHI NepeBarKHO BY3bKi, HELWMPOKI NPOCBiTU. EH-
notenioumMtn mictatb gepopmoBaHi, ocmiodinbHi agpa.
B13HauatoTbcA anonTMYHO 3MiHEHi nepuunTu. HaaBHUi

nepuBacKyiApHMIA HabpsK. PisHi enigemionoriyHi go-
CNiAXKeHHA NPUMNYCKaoTb, WO NiasuweHHA piBHA L, €
He3aNeXXHUM GAKTOPOM PU3NKY PO3BUTKY CYAMHHUX 3a-
XBOPIOBaHb Ta HeWpoaereHepaTMBHUX po3naais. Hait-
KpawmMm i 6e3CyMHIBHUMM € BUNALKM, LLLO BU3HAYAOTb-
€A TEHETUYHUM AediunToM umcTaTioHiH-B-cnHTasu (LBC)
Ta IHWWMW reHeTUYHUMUK fedeKkTamu WAaxis pemetu-
NOBaHHA Ta TpaHcCyNbdyBaHHA, AKi BUKAMKAIOTb BaXKKi
dopmu ITLL (3aranbHmii 'L, > 50 MKM) abo romoumcTUHY-
pito. Baxkka popma [ITLL (>100 mkM) y aiteit 3 aedpektom
LLBEC Kopentoe 3 10-KpaTHUM NigBULLEHHAM KOHLUEHTpaLLT
'l B cnMHHOMO3KOBIM piguHi [35]. Liein reHeTUuHMIA ge-
beKT 0OMeNKYE CUHTES MYPUHIB | TUMILMHY Yepes cepios-
Hi 3MiHW/iHTIBYBaHHA WAAXY TPaHCMETUIOBaHHA. KiH-
LEeBUM pe3y/ibTaTOM € Ceprio3Ha 3aTpMMKa abo gedekr
HepBOBOI TPY6KKM [36]. Y eKcnepMmeHTanbHUX MOAENAX
Ha TBapuHax 6yn0 NpoAeMOHcTpoBaHo, wWo [L, moxke
6yTM NO CYTi TOKCMYHUM, MOPYLUYOYM remaToeHuedaniy-
Hui 6ap’ep [37]; NoAibHi pe3ynbTaT OTPMMaHI i B KAiHIY-
HUX JOoCNioKeHHsX cepea ntogei [38]. HaliBaxaumsiwmm
acnektom [TL, € nocTiliHa TEHAEHLA 4O 3HWUMKEHHA No-
TeHLiany METUNOBAHHA KNITUHMU, L0 BMN/IMBAE Ha CNiBBiA-
HOLLIEHHA S-afeHO3MAMETIOHIH/S-aaeHo3MAroMmoLucTeiH
[39]. ITU cnpuse rinometuntoBaHHio [AHK pasom 3
TPAHCKPUNLIED LMKNIHY A B eHOO0TeNiaNbHUX KNITUHAX,
BMK/IMKAE NOCUIEHHS eKcnpecii p66shc, wo cnpusie no-
CUNEHHIO OKCUAATUBHOIO CTPECY Ta MOLUKOOMKEHHIO He-
pBOBMX KAiTKH [8].

BucHoBKU. [lpoBedeHi cybmikpocKoniyHi — gocni-
OXKEHHA CEHCOMOTOPHOI AiNAHKK KOPW NiBKY/1b FOIOBHO-
ro MO3Ky A0CNIgHUX Fpyn 33 YMOB 3moaenbosaHmx ML,
rino- Ta rinepTMpeosy Ta 0cob6MBO 3a YMOB iX NOEAHAHO-
ro BN/AMBY, BCTAHOBWAM IMNMBOKI cybMiKpOCKOMIYHI 3MiHM
MopdodyHKLiOHaNbHOI Tpiaan — “HEAPOH-TNIoLUT-TeMO-
Kaninap” 3 NOLWKOAMKEHHAM N1a3MaTUUYHUX Ta OpraHoia-
HUX MembpaH. BcTaHOBNEHI HelpoAeHepaTUBHI 3MiHK
HelpoumTiB Kopu BiAOYyBalOTbCA Ha TN HEMPOBACKYNAP-
HUX PO3/1aAiB Ta anbTepalyii Henpornii.

MepcnekTBM noganblunX AocnigeHb. [oLinbHO
[OCNIANTM B3aEMO3B'A30K MiXK YNIbTPACTPYKTYPHUM CTa-
HOM KOPW MO3KY i 3MiHamMKn meTaboniamy CipKOBMiCHMX
AMIHOKMUCNOT B LMX OpraHax Ta KOHLEHTpaLlieo Tupeo-
iQHUX TOPMOHIB B OpPraHiami, a TakoX 4OCNIAUTM BNAMB
KodaKTopiB pepmeHTiB MeTabosi3my CipKOBMICHUX ami-
HOKMCANOT (BiTamiHiB B, B, B, Ta 6eTaiHy) Ha ynbTpa-
CTPYKTYPHUI CTaH OpraHiB (MeviHKWM, HUPOK, cepus Ta
MO3KY) y LLypiB NpW eKcnepuMeHTasibHoMYy rinep- Ta ri-
noTMpeosi.
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CYBEMIKPOCKOMIYHI 3MIHU CEHCOMOTOPHOI AINAHKU KOPU BE/IMKOIO MO3KY 3A YMOB EKCMEPUMEH-
TANBbHOI MNMNEPFOMOLMCTEIHEMIT, MNEP- TA FMNOTUPEO3Y | IX NOEAHAHOMY BMN/INBI

Heuunopyk B. M., MNeHTioK J1. O., WWywkoscbKa HO. 0., Hiowko T. 0., Kopga M. M.

Pe3stome. [OpMOHM LLUTOBMAHOT 3371031 BiAirpatoTb BaXKAMBY POJIb Y PO3BMTKY MO3KY Ta 3abesneuvytoTb oro
dYHKLIOHYBaHHA NPOTATOM YCbOTrO KUTTA AK Y IOAEN, TaK i y TBapuH. BctaHoBneHo, wo [TL, cnpusae nocuneHHo
OKWUCHOTO cTpecy, nowkoaxKeHHo AHK, iHiuiawuii anonTo3y Ta eKCaMTOTOKCMYHOCTI, YCiM Ba*KNIMBUM MEXaHi3Mam He-
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nMpogaereHepadii. ML TakoK € NPOTPOMBOTUYHUM | NPOATEPOrEeHHUM | BUK/IMKAE MOWKOAKEHHA CYAUHHOI CTiHKM,
XBOPOOY AsbUreiimepa Ta CyAUHHY AEMEHLLO0.

Mema — BCTaHOBUTWN CyBMiKPOCKOMiYHi 3MiHU CEHCOMOTOPHOT AiNSHKN KOPY BE/IMKOrO MO3KY 33 YMOB 3Mo/e-
nboBaHoi [TL, Ha poHi rinep- Ta rinoTnpeosy.

06’ekm i mMemoOu. TionakToHoBy L, moaentoBanv BBeAeHHAM TBapuHam ek3oreHHoro 'Ly Burnagi TionaktoHy
B 003i 100 mr/Kkr macu Tina oguH pas Ha Aoby npoTarom 28 ai6. MinepTMpeos MoaentoBann LWAAXOM LOAEHHOro
BBeAeHHA L-TMPOKCUHY B A03i 200 MKr/Kr npoTtarom 21-ro AHA, rinoTMpeos — WOoAEHHOIo BBEAEHHA MepKa3oniny B
003i 10 mr/Kkr npotarom 21-ro aHs. OKpeMUM rpynam TBapuH BBOAMAMN L-TUPOKCUH i mepKasonin napanenbHo 3 'L,

Pesynbmamu docnioneHHA. TLL cynpoBoaKyBanachb AeCTPYKTMBHO 3MiHEHMMW opraHenamu, cybmikpocKkoniy-
HMMM 3MiHAMK acTPOLIMTAPHOI il Ta KPOBOHOCHMX Kaninspax. B cBoto uepry rineptnpeos BUKAMKaAB rineptpoodito
MITOXOHAPIW, 3MEHLLEHHSAM Yncia pubocom Ta AeCTPYKTUBHUMM 3MiHaMM B reMoKaninax. BctaHoBneHi Halibinblu
3HaYHi anbTepaTMBHI Ta AereHepaTUBHI 3MiHM B HEMpoLUMTax KOpU BEIMKMX MNiBKY/b 33 YMOB rinepTtupeosy Ta L.
CybMiKkpocKoMiyHO B HelMpoHax TBapuH, AKMM mogentoBanu ITL i rinoTMpeos BcTaHOBAEHO HalbinbL rMboOKi no-
PYLUEHHA iX yNbTPACTPYKTYpPU MOPIBHAHO i3 BCiMa nonepeaHiMu rpynamm CrnocTeperKeHHs.

BucHosKu. MNpoBeageHi cybMiKpOoCKOMiYHi AOCAIAKEHHSA CEHCOMOTOPHOT AINAHKN KOPW MiBKY/1b FO/IOBHOTO MO3KY
OOCNiIAHNUX Fpyn 332 YMOB 3mMogenboBaHux L, rino- Ta rinepTnpeosy Ta 0co6anBO 32 yMOB X MOEAHAHOIO BN/NBY,
BCTAHOBWIM TNMBOKI CybMiKpOCKOMIYHI HelpoaereHepaTUBHI 3MiHM B KOpPi MO3Ky. BcTaHOBAEHI HelpoaeHepaTUBHI
3MiHW HeMpoLWTIB KOpW BifOYBatOTbCA Ha T/l HEMPOBACKYNAPHMX PO31a4iB Ta anbTepaLii Helpornii.

KntouoBi cnoBa: rineptnpeos, rinotTMpeos, rinepromoumcTeiHemis, Kopa MO3KY.

SUBMICROSCOPIC CHANGES IN THE SENSORIMOTOR AREA OF THE CEREBRAL CORTEX UNDER THE CONDITIONS
OF EXPERIMENTAL HYPERHOMOCYSTEINEMIA, HYPER- AND HYPOTHYREOSIS AND THEIR COMBINED INFLUENCE

Nechiporuk V. M., Pentyuk L. O., Shushkovskaya Y. Y., Niushko T. Y., Korda M. M.

Abstract. Thyroid hormones are fundamental to the development of the brain and ensure its functioning
throughout life. Hyperhomocysteinemia (HHCy) has been shown to be an important risk factor for cerebrovascular
disease leading to stroke, Alzheimer’s disease, and vascular dementia. Recent experimental studies have shown the
effect of HHCy on cerebrovascular biology and the molecular mechanisms that explain these changes.

The aim — to define the submicroscopic changes in the sensorimotor area of the cerebral cortex under influence
of HHCy against the background of hyper- and hypothyroidism.

Object and methods. HHCy was modeled by administering exogenous HCy to animals in the form of thiolactone
at a dose of 100 mg/kg of body weight once a day for 28 days. Hyperthyroidism (intragastric L-thyroxine for 21 days
200 pg/kg*day), hypothyroidism (thiamazole 10 kg*day) for 21 days. Separate groups of animals were injected with
L-thyroxine and thiamazole in parallel with HCy.

Study results. HHCy was accompanied by destructively changed organelles, submicroscopic changes in astrocytic
glia and blood capillaries. In turn, hyperthyroidism caused hypertrophy of mitochondria, a decrease in the number
of ribosomes and destructive changes in hemocapillaries. The most significant alterative and degenerative
changes in neurocytes of the cortex of the large hemispheres under conditions of hyperthyroidism and HHCy.
Submicroscopically, the most profound violations of their ultrastructure were found in the neurons of animals that
were modeled with HHCy and hypothyroidism compared to all previous experimental groups.

Conclusions. Submicroscopic studies of the sensorimotor area of the cortex of the cerebral hemispheres of
the experimental groups under conditions of simulated HHCy, hypo- and hyperthyroidism, and especially under
conditions of their combined influence, established deep submicroscopic neurodegenerative changes in the cerebral
cortex. Established neurodegenerative changes in cortical neurocytes occur against the background of neurovascular
disorders and alteration of neuroglia.

Key words: hyperthyroidism, hypothyroidism, hyperhomocysteinemia, cerebral cortex.
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