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Thyroid hormones are fundamental to the development of the brain and ensure its functioning throughout life.
Thyroid hormones affect the development and maturation of the human brain (processing, neuronal integration,
glial cell proliferation, myelination and synthesis of critical enzymes). Hyperhomocysteinemia (HHC) is a significant
risk factor for cerebrovascular disease leading to stroke, Alzheimer's disease, and vascular dementia. However, only
recently have experimental studies begun that examined the effects of HHC on cerebrovascular biology and the mo-
lecular mechanisms that explain these changes.

The aim of the study was to establish morphological changes in the sensorimotor region of the cerebral cortex
under the conditions of simulated HHC, hyper- and hypothyroidism and their combined effects.

Thiolactone HHC was simulated by administering to animals exogenous homocysteine (HC) in the form of thio-
lactone at a dose of 100 mg/kg body weight once a day for 28 days. Hyperthyroidism was simulated by daily admin-
istration of L-thyroxine at a dose of 200 ug / kg on day 21, hypothyroidism was simulated by daily administration
of mercazolyl at a dose of 10 mg/kg on day 21. Individual groups of animals were administered L-thyroxine and
mercazolyl in parallel with HC.

HHC was accompanied by degenerative changes in all components of the cerebral cortex. Hyperthyroidism
caused destructive changes in blood vessels, major neurons, and additional glial neurons. The combination of hy-
perthyroidism and HHC caused more significant alternative and degenerative changes in neurons. In animals with
hypothyroidism in the cerebral cortex, heterogeneous changes in neurons, color loss, and thickening of neuronal
processes were found. The combination of hypothyroidism and HHC caused the most profound neurodegenerative
changes in the cortex of the cerebral hemispheres.

Conclusions: HHC, hyper- and hypothyroidism and especially their synergistic effects lead to neurodegenerative
changes in the cerebral cortex. Against the background of significant hemodynamic changes in the body and disrup-
tion of the structure of the walls of microvessels, hyper- and hyperchromic neurons, as well as their degenerative

forms, abrupt hyper- and hypochromic neurons, as well as shadow cells.
Key words: hyperthyroidism, hypothyroidism, hyperhomocysteinemia, cerebral cortex.

Relationship of the publication with the planned
research works. The study was performed within the re-
search of National Pirogov Memorial Medical University
on the topic: “Influence of exogenous and endogenous
factors on the metabolism of hydrogen sulfide and asso-
ciated metabolic processes in the normal and pathologi-
cal state”, No state registration 0113U006461.

Introduction. Thyroid hormones are fundamental
for brain development and are essential factors that
ensure the brain’s functioning throughout life [1, 2].
Thyroid hormones are critical for human development
and maturation in the human brain, influencing various
events such as neuronal processing and integration, glial
cell proliferation, myelination, and synthesis of key en-
zymes required for neurotransmitter synthesis [3]. Their
action is mediated by binding to specific intracellular
and membrane receptors that regulate genomic and
non-genomic mechanisms in neurons and glial cell pop-
ulations [4]. Other mechanisms include the regulation
of neuronal plasticity, the stimulation of angiogenesis
and neurogenesis, and the modulation of the dynam-
ics of cytoskeletal elements and intracellular transport
processes. These mechanisms coincide with mecha-
nisms that have been found to improve the recovery
of lost neurological function during the first weeks and
months after an ischemic stroke [5]. It has been found
that excessive production or deficiency of thyroid hor-

mones can affect every body organ, including the brain.
Patients with hyperthyroidism often experience ner-
vousness, tension, and anxiety, while patients with hy-
pothyroidism often experience poor memory, mental
retardation, and depression [6].

HHC is a significant risk factor for carotid athero-
sclerosis, stroke, and Alzheimer’s disease and vascular
dementia. However, only recently have experimental
studies begun that examined the effects of HHC on cere-
brovascular biology and the molecular mechanisms that
explain these changes [7].

The aim of the study was to establish morphological
changes in the sensorimotor region of the cerebral cor-
tex under the conditions of simulated HHC, hyper- and
hypothyroidism and their combined effects.

Object and methods of research. The experiments
were performed on 50 outbred white male rats weigh-
ing 180-200 g. Rats were kept at normal light days on
a regular diet. All studies were conducted in compli-
ance with the requirements of humane treatment of
experimental animals, regulated by the Law of Ukraine
“On Protection of Animals from Cruelty” (Ne 3447-IV of
21.02.2006) and the European Convention for the Pro-
tection of Vertebrate Animals used for Experimental and
other Scientific Purposes (Strasbourg, March 18, 1986).

All animals were divided into 5 groups: 1st — intact
rats. This group of animals was injected intragastrically
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Figure 1 — Structural organization of the cortex of large hemispheres
of an intact animal. Normochromic neurons, small glial cells.
Staining: by the method of Nissl. Inc.: x600.
with 1% starch solution; 2d — animals with thiolactone
HHC caused by intragastric administration of HC in the
form of thiolactone at a dose of 100 mg/kg body weight
in 1% starch solution once a day for 28 days. The dose,
ways of administering, and duration of administration
of thiolactone HC are borrowed from the literature and
did not cause the death of animals [8]; 3d — animals with
hyperthyroidism, which were administered intragastri-
cally daily for 21 days L-thyroxine at a dose of 200 pg/kg
in 1% starch solution [9]; 4th — animals with thiolactone
HHC, which were daily administered intragastrically
daily for 21 days L-thyroxine at a dose of 200 pg/kg in
1% starch solution; 5th — animals with hypothyroidism,
which were daily intraperitoneally administered merca-
zolyl in 1% starch solution at a dose of 10 mg/kg body
weight [9]; 6th — animals with thiolactone HHC, which
were administered intragastrically daily for 21 days mer-

cazolyl at a dose of 10 mg/kg in 1% starch solution.
Animals were removed from the experiment 24
hours after the last administration of the selected sub-
stances. The collection of material for histological exam-
ination of the cerebral cortex was performed according
to generally accepted rules [10]. Pieces of tissue from
the sensorimotor area of the brain were taken from ani-
mals of all experimental groups. The material was fixed
in 96 ° alcohol and 10% neutral formalin. According to

Figure 3 — Histological changes of neurons in the large hemispheres’
cortex under simulated hyperhomocysteinemia conditions.
Hypochromic and hyperchromic neurons, pericellular edema.
Staining: toluidine blue by the method of Nissl. Inc.: x600.

Figure 2 — Histological changes of the hemocapillary cortex
of the large hemispheres under the conditions of simulated
hyperhomocysteinemia. Perivascular edema, sinuosity and
destructuring of the vessel wall. Staining: hematoxylin-eosin.
Inc.: x400.

generally accepted methods further processing of the
material followed by pouring into paraffin blocks was
carried out [11]. The sections obtained on the rotary
microtome were stained with hematoxylin-eosin and
toluidine blue according to the Nissl method.

Research results. Microscopic examination of the
frontal sections of the cerebral cortex of intact white
rats showed that the histoarchitectonics of neurons has
a typical organization, including mainly pyramidal and
stellate neurons and glial cells. It was found that nor-
mochromic neurons dominate the body with a relatively
moderate number and uniform distribution in the neu-
roplasm of lumps of chromatophilic substance on sec-
tions stained by Nissl (fig. 1). Between normochromic
neurons, there are single hypochromic and hyperchro-
mic cells. Dark, hyperchromic neurons are reduced in
size, contain intensely stained karyoplasm and neuro-
plasm, their nuclei are dense, irregular in shape. Light
— hypochromic neurons had enlightened neuro- and
karyoplasm, basophilic nucleoli were clearly defined in
the nuclei.

Somatic hemocapillaries in the body are rarely lo-
cated, their wall is formed by a continuous layer of en-
dothelial cells, which are located on a solid base mem-
brane, which is adjacent to the external terminals of

n : 3 ! :

Figure 4 — Microscopic changes of the animal’s cerebral cortex
under the conditions of simulated hyperthyroidism. Hyperchromic
and hypochromic neurons. Staining: by the method of Nissl.
Inc.: x400.
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Figure 5 — Microscopic changes in the cerebral cortex of an animal
under conditions of hyperthyroidism. Blood vessels with a wide
lumen. Staining: hematoxylin-eosin. Inc.: x200.
astrocyte processes. The lumens of blood capillaries are
moderate, they are found mainly in erythrocytes. There

are narrow pericapillary spaces around the capillaries.

Microscopic examination of the cortex of the large
hemispheres of the second group of animals, simulated
HHC, showed that alternative changes were found in all
components. There was a remodeling of the microcir-
culatory tract and increased permeability of the wall of
hemocapillaries, which had a tortuous course, blood-
filled lumens, destructured wall (fig. 2).

Neurocytes were characterized by intra- and pericel-
lular edema. Hypochromic neurons with weakly baso-
philic neuroplasm and signs of tigrolysis were detected.
The nuclei of such cells had clear contours of karyolema,
light karyoplasm, was determined mainly by one nu-
cleolus. Along with hypochromic neurons, intense ba-
sophilic, “dark”, hyperchromic neurons were observed,
their bodies were reduced in size, and hyperchromato-
sis was present (fig. 3).

The third group of animals, which simulated hyper-
thyroidism, showed changes in both blood vessels, par-
ticularly the hemocrocirculatory bed, major neurons,
and additional glial neurons. There is significant pericel-
lular edema and thickening of the processes around the
nerve cells. Among the nerve cells, destructive changes
predominate, characterized by hyperchromia, which is
manifested by increased intensity of neuro- and karyo-
plasm staining. There are also hypochromic neurons
with colorless neuroplasm with manifestations of tigrol-
ysis. Such nerve cells contain rounded colorless nuclei.
Lumps of basophilic substance are few and small (fig. 4).

Under the conditions of the specified defeat, remod-
eling of a vascular bed of body was defined. Capillarosta-
sis, wall destruction, and perivascular edema are present.
Alternative changes of the endothelium were deter-
mined, their nuclei were pyknotic, and desquamated en-
dotheliocytes were sometimes detected (fig. 5).

Microscopic examination of the cerebral cortex of
animals of the fourth group of animals, which simu-
lated hyperthyroidism and HHC, showed that the body
showed more significant alternative and degenerative
changes in neurons compared to previous experimen-
tal groups. Hyperchromic and sharply hyperchromic
neurons are found in almost all fields of vision, their
bodies are reduced in size, pyknotic, there are no clear
boundaries of the cariolema, the nuclei are also sharply

Figure 6 — Microscopic changes of the cerebral cortex of the animal
in conditions of hyperthyroidism and hyperhomocysteinemia.
Hyperchromic dramatically and hyperchromic neurons.
Staining: by the method of Nissl. Inc.: x400.

basophilic (fig. 6). Pericellular edema is present around
neurons. Hypochromic and sharply hypochromic cells
are individually identified, characterized by a decrease
in lumps of basophilic substance in the cytoplasm of
cells or over the entire area of neurons. Such cells look
optically enlarged, their perikaryons are rounded, the
neuroplasm is weakly basophilic, and the nuclei are also
optically bright. There is enlightenment and thickening
of neuronal processes.

Significant dyscirculatory changes characterize the
body vessels, most hemocapillaries are full-blooded,
with sludges and blood clots. However, there are spas-
modic, collapsed with a destructured, deformed wall,
apoptotically altered endotheliocytes, desquamated
into the lumen. There is perivascular edema (fig. 7).

Microscopic examination of the cerebral cortex of
animals of the fifth group, which simulated hypothy-
roidism, showed that the body detects heterogeneous
changes in neurons, an increase in the number of hypo-
chromic neurons, characterized by a decrease in lumps
of basophilic substance in the cytoplasm of cells or neu-
rons. Such cells look optically enlarged, their perikary-
ons are rounded, the neuroplasm is basophilic, and the
nuclei are also optically bright. There is colorless and
thickening of neuronal processes. Typically, among nor-
mochromic and hypochromic neurons, hyperchromic
neurons are found, their bodies are reduced in size, pyk-
notic, there are no clear boundaries of the karyolema,
the nuclei are also basophilic. Pericellular edema is pres-
ent around neurons (fig. 8).

The organ vessels are characterized mainly by a
plethora with the formation of stasis and sludge, but
there are also vessels of the hemomicrocirculatory bed,
which have narrowed lumens. Perivascular edema is
present in all vessels. The wall is swollen, destructively
changed (fig. 9).

In the sixth experimental group of animals simu-
lated by hypothyroidism and hyperhomocysteinemia,
the most profound neurodegenerative changes in the
cerebral cortex were found. Neurocyte polymorphism
in this experimental group is represented by hyperchro-
mic and hyperchromic pycnomoric cells, hypochromic
neurons with total neuroplasma tigrolysis are also de-
tected (fig. 10A, B). Areas devoid of cellular elements
and shadow cells were also found. Sharply hyperchro-
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Figure 7 — Microscopic changes of the animal’s cerebral cortex
in conditions of hyperthyroidism and hyperhomocysteinemia.
Vessel with deformed, destructured wall and perivascular edema.

Figure 8 — Microscopic changes in the cerebral cortex of an animal
under hypothyroidism. Hyperchromic and hypochromic neurons.
Staining: by the method of Nissl. Inc.: x600.

Figure 9 — Microscopic changes in the cerebral cortex of an animal
under hypothyroidism. Full-blooded hemocapillary, perivascular
edema. Staining: by the method of Nissl. Inc.: x400.

mic nerve cells had intensely stained neuroplasm, com-
pacted, reduced perikaryons and thinned processes (fig.
10A).

Significant remodeling of the cerebral cortex of ex-
perimental animals has been found under the combined
influence of two mediums, full-blooded capillaries are
rarely detected, but small vessels with narrowed lumens

and damaged walls are identified in many fields of view.
Perivascular edema was also detected (fig. 11).

Discussion of research results. The results of our
study of the cortex of large hemispheres of rats showed
that HHC was accompanied by degenerative changes in
all components, including endothelial and pericyte de-
generation, increased permeability of the hemocapil-
lary wall, which led to perivascular edema and edema of
nerve tissue. These changes were similar to previously
reported microvascular degenerative conditions com-
monly found in cerebral diseases such as Alzheimer’s
disease, Parkinson’s disease, and aging processes [12,
13]. Some other studies have shown that perivascular
fibrosis and pericyte changes are often observed in the
brain vessels of older animals and mice with accelerated
aging [14, 15].

Experimental work [16] showed that mice on a diet
low in folic acid and B vitamins and had a significant in-
crease in HC in the brain observed the development of
behavioral disorders, increased rate of phosphorylation
reactions, synaptic pathology, and activation astrocytes.
The enhancement of 5-lipoxygenase mediated the effect
of HC on tau protein phosphorylation due to activation
of the cdk5 kinase pathway. The authors concluded that
high HC levels should be considered a metabolic risk fac-
tor for human tauopathies — a group of neurodegenera-
tive diseases characterized primarily by the progressive
accumulation of highly phosphorylated tau protein.

Destructive changes in blood vessels, major neu-
rons, and additional glial neurons were found in animals
with hyperthyroidism. Significant pericellular edema
and thickening of the processes were found around the
nerve cells. A number of studies have found that an ex-
cess of thyroid hormones increases the risk of ischemic
stroke and mortality [17, 18, 19, 20, 22]. It was found
that hyperthyroidism has a thyrotoxic effect on ischemic
brain tissue, at the same time, some studies demon-
strate the neuroprotective role of hypothyroidism [23,
24].

A study of the cerebral cortex of animals simulated
with hyperthyroidism and HHC showed that in organs
more significant alternative and degenerative changes
in neurons compared to previous experimental groups.
We found significant destructive changes in blood ves-
sels, capillaries and neurons and the existing colorless
and thickening of neuronal processes. Agarwal R. et al.
[25] showed a close relationship between histologically
confirmed Alzheimer’s disease and vascular demen-
tia with moderately elevated blood HC levels and de-
creased folate and vitamin B12 levels. Studies conduct-
ed by Malaguarnera et al. [26] also showed that subjects
with normal levels of both vitamins had a doubled risk
of developing Alzheimer’s disease in subjects with low
vitamin B12 or folate levels.

GHC has also been reported to have neurotoxic ef-
fects regardless of its vascular effects due to overstimu-
lation of N-methyl-D-aspartate receptors or increased
vulnerability of hippocampal neurons to excitotoxic
damage [27] and B-amyloid peptide toxicity. In addition,
relative folate deficiency can also adversely affect corti-
cal neurons directly.

Low TSH levels have been found in patients with
Alzheimer’s disease and dementia than in controls [28].
The study showed a 3-fold increased risk of dementia
and Alzheimer’s disease in people with low TSH levels.
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Figure 10 — Microscopic changes of the animal’s cerebral cortex under the combined action of hypothyroidism and hyperhomocysteinemia.
A — Dramatically hyperchromic and hyperchromic neurons. Staining: by the method of Nissl. Inc.: x600. B — Dramatically hypochromic and
hypochromic neurons, shadow cells. Staining: by the method of Nissl. Inc.: x600.

This change is explained by the fact that low TSH lev-
els may be due to neurodegeneration associated with
Alzheimer’s disease, leading to decreased thyroliberin
secretion or decreased pituitary sensitivity and, conse-
quently, decreased TSH levels. Thyroid dysfunction with
elevated thyroid hormone levels is associated with in-
creased necrotic neuronal death and the development
of oxidative stress [28]. Thyroliberin analogs have also
increased acetylcholine synthesis and release in mice.
Prolonged exposure to thyroliberin analogs depletes
acetylcholine levels and thus contributes to cognitive
impairment associated with a cholinergic deficiency
in the brain in Alzheimer’s disease [29]. Mild cognitive
impairment is the first stage of Alzheimer’s disease.
Studies by Nomoto S. et al. [30] found an association
between normal thyroid function and regional cerebral
blood flow in patients with mild cognitive impairment
and Alzheimer’s disease. A study of thyroid function and
single-photon emission computed tomography among
122 outpatients showed that free triiodothyronine in
the Alzheimer’s group was significantly associated with
regional cerebral blood flow in bilateral parietal, right
temporal, temporal, and temporal lobes.

In animals simulated by hypothyroidism, heteroge-
neous changes in neurons, colorless and thickening of
neuronal processes were found in the cerebral cortex,
and pericellular edema and swollen, destructively al-
tered vascular walls were present around neurons. Our
results are consistent with the literature, which report-
ed that an increase in plasma HC levels in hypothyroid-
ism causes oxidative stress and plays an important role
in neurodegenerative diseases and vascular complica-
tions [31]. The brain is particularly vulnerable to oxi-
dative stress, mainly due to high oxygen consumption,
widespread use of glutamate as a neurotransmitter, low
levels of antioxidants compared to other organs [32]. In
a study [33], oxidative stress is accompanied by a sig-
nificant increase in the level of malondialdehyde in both
plasma and hypothalamic tissue. The authors explain
this direction of change by a significant increase in total
NO metabolites and the ratio of GSSG/GSH in the blood
plasma of hypothyroid rats compared with the control
group.

In the experimental group of animals simulated by
hypothyroidism and HHC, the most profound neurode-
generative changes in the cortex of the cerebral hemi-
spheres were found. There was a polymorphism of
neurons (hypochromic neurons with total tigrolysis of
the neuroplasm), areas devoid of cellular elements and
shadow cells, sharply hyperchromic nerve cells, and sig-
nificant remodeling of the cerebral cortex of experimen-
tal animals under the combined influence of two media.

Similar results were found in research [34]. The au-
thors found that the hypothyroid brain has many struc-
tural defects: increased cell density in the cerebral cor-
tex, lower number of cells in the olfactory bulb, granular
layers of the hippocampus and cerebellum, reducing the
number of GABAergic neurons in the cerebellum with
the accumulation of neuronal precursors, reducing the
number of paraalbumin interneurons in the cerebral
cortex. Specific cell types showed delayed growth and
maturation of dendrites and/or axons (cholinergic cells,
Purkinje cells and pyramidal cells of the V cortex layer).

A relationship was found between plasma HC levels
and regional brain volumes in people with mild cogni-
tive impairment. In a study [35], people with cognitive
impairment showed a close association between HC
levels and brain volume. A recent study showed that di-

Figure 11 — Microscopic changes of the animal’s cerebral
cortex under the combined action of hypothyroidism and
hyperhomocysteinemia. Blood-filled capillary with deformed wall
and perivascular edema. Staining: hematoxylin-eosin. Inc.: x400.
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etary supplements with B vitamins slowed brain atrophy
in people with mild cognitive impairment, possibly due
to decreased HC levels [36]. The authors concluded that
a diet low in methionine and drugs that reduce HC lev-

their degenerative forms, dramatically hyper- and hy-
pochromic neurons, as well as shadow cells. The most
significant morphological changes were recorded in ani-
mals with HHC on the background of hypothyroidism.

els could be considered a means of counteracting brain
atrophy in the elderly.

Conclusions. Microscopic studies of the sensorimo-
tor area of the cerebral cortex under the conditions of
simulated HHC, hyper-, and hypothyroidism, and espe-
cially under the conditions of their synergistic effect,
revealed deep neurodegenerative changes. Against the
background of significant vascular disorders in the body
and damage to the structure of the walls of microvessels
are found hyper- and hyperchromic neurons, as well as

Prospects for further research. It is advisable to in-
vestigate 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 effects of cofactors of sul-
fur-containing amino acids (vitamins B6, B9, B12, and
betaine) on the ultrastructural state of organs in rats in
experimental hyper- and hypothyroidism.
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MIKPOCKOMIYHI 3MIHW CEHCOMOTOPHOI AINAHKU KOPWU BEJIMKOrO MO3KY 3A YMOB EKCNEPUMEH-
TANbHOI TINEPTOMOLMCTEIHEMII, MNEP- TA FINOTUPEO3Y | IX NOEAHAHOMY BM/IUBI

Heuunopyk B. M., MNMeHTiok J1. O., Kopga M. M.

Pe3tome. TOpMOHM LWMTONOAIOHOT 331031 MatoTb yHAAMEHTAlbHE 3HAYEHHS 15 PO3BUTKY MO3KY Ta 3abe3ne-
UyloTb MOro GYHKLiOHYBaHHA NPOTArOM YCbOro UTTA. BcTaHOBEHO, WO rinepromoumncteiHemis (ML) € Barknmeum
$aKTOPOM PU3UKY 3aXBOPHOBAHHA CYAWH MO3KY, LLO NPU3BOAMTL A0 iHCYNbTY, XBOpobu Anburelimepa, CyauHHoI
AeMeHLuii. HewoaaBHi eKcnepumeHTanbHi AoChiaXKeHHA nokasanu snams L, Ha Mo3KoBY cyaMHHY Bionorito Ta mo-
NeKynApHi MexaHi3Mu, AKi MOACHIOKOTb L 3MiHU.

Mema — BCTAHOBUTM peopraHisaLito CTPYKTYPHMUX KOMMOHEHTIB KOPU MO3KY 3a YMOB 3moaenbosaHoi ML, Ha
¢dOoHi rinep- Ta rinoTnpeosy.

06’ekm i MemoOu docnidoxneHHsA. TionaktoHoBy L, mogentoBanu BBeAeHHAM TBapUHam ek3oreHHoro 'L, y Bu-
rNAA4i TioNakToHyY B A03i 100 Mr/Kr macu Tina oguH pas Ha o6y npotsarom 28 ai6. FinepTMpeos moaentoBanm LWAAXOM
LLOAEHHOIO BBEAEHHA L-TUPOKCUHY B A03i 200 MKr/Kr npoTtarom 21-ro AHsA, rinoTMpeos — LWoAEHHOro BBeAEHHS
MepKasoniny B A03i 10 mr/kr npotarom 21-ro aHA. OKpemum rpynam TBapuH BBOAUAU L-TUPOKCUH i mepKasonin
napanenbHo 3 L.

Pe3ynbmamu OocnidxceHHA. TTL, cynpoBogyKyBanaca AereHepaTMBHUMM 3MIHAMM Y BCIX CKAaZ0BUX KOMMOHEH-
Tax Kopu Mo3Ky. [inepTMpeos BUKNNKAB AECTPYKTUBHI 3MiHU CYAMH, TONOBHUX HEMPOLMTIB Ta A0AATKOBUX Fia/IbHUX
HenpouuTie. KombiHauis rineptupeosy Ta ML, BUKAKKana 6inbll 3HaYHi anbTepaTUBHI Ta AereHepaTUBHI 3MiHU He-
MpoumTie. Y TBapMH 3 FiNOTMPEO30M Y KOPi BE/IMKOTO MO3KY BUAB/EHI reTepOoreHHi 3MiHWM HEMPOLMTIB, MPOCBITAEHHSA
i NOTOBLUEHHSA BiAPOCTKIB HelipoHiB. KombiHauis rinotupeosy Ta L, BUKAKMKana Hanbinblw rnmboki HelpoaereHepa-
TUBHI 3MiHM KOPW BE/IMKUX MiBKY/Ib TO/IOBHOTO MO3KY.

BucHosku. ITL, rinep- Ta rinoTMpeos Ta 0co61MBO iX CUHEPriYHMIA BNAWB NPU3BOAATL 40 HEMPOAEreHepPaTUBHUX
3MiH B KOpPi MO3Ky. Ha TAi 3HaYHMX reMOoANHaMIYHMX 3MiH B OpraHi Ta NOpYyLIEeHHA CTPYKTYPU CTIHOK MIKPOCYAUH, BU-
ABNAIOTLCA rinep- Ta rinepXxpoMHi HEMPOLMTH, a TAKOXK iX AereHepaTUBHI popmu, Pi3Ko rinep- i rinoOXPoOMHi HeMpoH#,
A TAaKOX KNITUHU-TiHI.

Kniouosi cnosa: rineptrpeos, rinotmpeos, rinepromoumcTeiHemMisa, Kopa MO3Ky.

MICROSCOPIC CHANGES OF THE CEREBRAL CORTEX SENSORIMOTOR AREA UNDER EXPERIMENTAL
HYPERHOMOCYSTEINEMIA, HYPER- AND HYPOTHYROIDISM AND THEIR COMBINED INFLUENCE

Nechiporuk V. M., Pentyuk L. O., 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 reorganization of the structural components of the cerebral cortex under conditions
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 degenerative changes in all components of the cerebral cortex.
Hyperthyroidism caused destructive changes in blood vessels, major neurons, and additional glial neurons. The
combination of hyperthyroidism and HHCy caused more significant alternative and degenerative changes in neurons.
In animals with hypothyroidism in the cerebral cortex found heterogeneous changes in neurons, enlightenment
and thickening of neuronal processes. The combination of hypothyroidism and HHCy caused the most profound
neurodegenerative changes in the cortex of the cerebral hemispheres.

Conclusions. HHCy, hyper- and hypothyroidism and especially their synergistic effects lead to neurodegenerative
changesinthe cerebral cortex. Against the background of significant hemodynamic changesin the body and disruption
of the structure of the walls of microvessels, hyper- and hyperchromic neurons, as well as their degenerative forms,
sharply hyper- and hypochromic neurons, as well as shadow cells.

Key words: hyperthyroidism, hypothyroidism, hyperhomocysteinemia, cerebral cortex.
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"Heyunopyk B. M., Menmiok /1. O., 2Kopda M. M.

MIKPOCKOMIYHI 3MIHU CEHCOMOTOPHOT AINAHKM KOPU BENIMKOTO MO3KY
3A YMOB EKCMEPUMEHTA/IbHOT [MEPTOMOLIUCTEIHEMIT,
FINEP- TA MINOTUPEO3Y | iX NOEAHAHOMY BI/IUBI

BiHHMUbKMIA HaUiOHaNbHUIF MeguuHMiA YHiBepcuTeT im. M.I. NMuporosa (M. BiHHMLA, YKpaiHa)
2TepHONiNbCbKMIA HAaLiOHaNbHUI MeauuHKii yHiBepcuTeT im. |.f. Top6auescbkoro MO3 YKpaiHu
(m. TepHoRinb, YKpaiHa)
nechiporuk@vnmu.edu.ua

TupeoioHi eopmoHU mMarome ¢yHOamMeHmasnbHe 3HAYeHHA 078 PO38UMKY MO3KY ma 3abesnevyyiome lio2o
(DYHKUIOHYBAHHA MPOMA20M yCb020 MUmMmA. [0pMOHU WumonodibHoi 3as103U 8M1UBAIOMb AK HA PO38UMOK, MAK i
Ha 003pieaHHA MHOOCbKO20 MO3KY (MpouecuHe, iHmezpauia HelipoHis, nposnighepayisa 2nianbHUx KAiMuH, MieniHizayis
ma cuHmes Kaw4osux gepmeHmis). Bioomo, wjo einepzomouyucmeiHemia (ITL]) € saxcausum ¢pakmopom pusuky
30X80PHOBAHHA CYOUH MO3KY, W0 rnpu3sodums 00 iHCynbmy, xgopobu Ansuzelimepa, cyouHHoOi 0emeHuii. OOHAK
AUwWe rnopisHAHO HeOA8HO NOYAsIUCA eKCriepuMeHmasbHi 00CAiI0O#eHHs, AKi sus4anu enaus L Ha Mo3Kosy CyOUHHY
6i05102it0 Ma MOAEKYAAPHI MexXaHi3Mu, AKi NOACHIMb Ui 3MiHU.

Memotr pobomu 6ys10 8cmaHO8UMU MOPEOsI02iYHI 3MIHU CEHCOMOMOPHOI QifASHKU KOPU 8e/UK020 MO3KY 3d
ymMo8 3Mo0esnbosaHoi [TLl, 2inep- ma 2inomupeo3y ma ix NOEOHAHOMY 81/1UB08I.

TionakmoHosy [TLl molentoganu 68e0eHHAM mMEAPUHAM eK302eHHo20 2omouucmeiHy (L) y euenadi
mionakmoHy e 003i 100 me/ke macu mina 00uH pa3 Ha 0oby npomsazom 28 9ib. [inepmupeo3 Modentosanu WAaXom
wW00eHHo20 88edeHHA L-mupokcuHy 6 003i 200 mKka/Ke npomsazom 21-20 OHA, 2inomupeos - U00eHH020 88€0eHHS
mMepKa3soniny 6 003i 10 me/ke npomsazom 21-20 OHA. OKpeMuM 2pyrnam meapuH 6800UsU L-mUPOKCUH i MepKa3onisn
napanensHo 3 Y.

[Tl cynposooxcysanaca 0ezeHepamugHUMU 3MIHAMU Y 8CiX CKAAO0BUX KOMITOHEHMax Kopu Mo3Ky. [inepmupeos
BUK/IUKA8 0ecmpyKmMU8Hi 3MiHuU CyOUH, 20/108HUX Helipoyumis ma 000amKosux anianbHux Helipoyumis. KombiHayis
einepmupeo3y ma L suknukana 6inbw 3HA4HIi aabMepamueHi ma dezeHepamueHi 3MiHU Helipoyumis. Y meapuH
3 2inomupeo3om y Kopi 8es1UK020 MO3KY 8UAB/EHI 2emepo2eHHi 3MiHU Helipoyumis, NpoceimsaeHHs i NTomogueHHsA
gidpocmekie HelipoHie. KombiHayis 2zinomupeo3y ma [TL| suknukana Halibinbw 21ub0Ki HelipodeaeHepamMueHi 3mMiHu
KOpU 8e/sUKUX Mi8KYsb 20/108HO20 MO3KY.

BucHogKu:[TLl, 2zinep-maezinomupeo3maocobaueoixcuHepeiyHulignaue npuzeo0ame 0oHelipooezeHepamusHuUX
3MIH 8 Kopi MO3KY. Ha msi 3HaYHUX 2eMOOUHAMIYHUX 3MiH 8 Op2aHi Mma MopyuweHHsA CMpPyKmypu cmiHOK MiKpOCyOuUH,
BUABAAIOMbCA 2ifep- ma 2inepxpomMHi Helipouumu, a MaKkoxc ix deczeHepamMueHi hopMu, pi3Ko 2inep- i 2iNoXPOMHi
HelipOoHU, @ MAKOX KAiMmUHU-MiHi.

Knarouoei cnoea: cinepmupeos, 2inomupeos, 2inepeomoyucmeiHemis, KOpa MO3KY.

38’A30K ny6niKauii 3 NhaHOBUMM HayKOBO-A0CNiA-  diay Ta acouiMoBaHUX 3 HUM MeTaboniyHUX npoLecis
HUMKU poboTtamu. [oCnifKeHHs BMKOHAHO B paMKax B HOPMIi Ta npu natosoriin, No aepskaBHOI peecTpaui
HAP BiHHMLbBKOro HauioHaNbHOrO MeauyHoro yHisep-  0113U006461.
cutety iMm. MLI. Muporosa 3a Temoro: «Bnane eKk3oreH- Bctyn. TOpMOHM WMTOMOAIGHOT 3a/103M  MatoTb
HUX Ta €HAOreHHUX YMHHUKIB Ha OBMIH rigporeH cyb-  dyHAAMEHTaslbHE 3HAUYEHHA ANA PO3BUTKY MO3KY i
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PucyHoK 1 — CTpyKTypHa opraHisaLiis Kopu Be/IMKUX NiBKy/b
iHTaKTHOT TBapUHU. HOPMOXPOMHI HElipPoLUUTK, HEBENUKI MianbHi
KNiTMHU. 3a6apBneHHn: 3a metogom Hicensa. 36.: x600.

€ Bax/nmMBumu ¢akTopamu, AKi 3abesneuyytoTb MOro
®YHKUiOHYBAHHSA MO3KY MPOTATOM YCbOro »Kutra [1,
2]. BcTaHOB/EHO, WO FOPMOHU LWMUTONOAIBHOT 3a103M
MalOTb Ba)K/IMBE 3HAYEHHS SIK 419 PO3BUTKY, TaK i AnA
[03piBaHHA N0ACHKOrO MO3KY, BMNAMBAOYM Ha TaKi pis-
HOMAaHITHI NOAIT, AK NPOLLECUHT Ta iHTerpaLia HelpoHis,
nponidepaLis riaNbHUX KNITUH, Mi€ENiHI3aLiA Ta cMHTE3
K/HOYOBUX PEePMEHTIB, HEOBXIAHUX ANA CUHTE3Y HENPO-
mepjaTopis [3]. Ix aia onocepeaKoByeTbCA 38’A3yBaHHAM
i3 cneundiyHMMM BHYTPILWHBOKAITUHHUMM Ta MeMbpaH-
HUMW peLenTopamu, WO PeryatooTb reHOMHI Ta Here-
HOMHI MEexXaHi3mMM B HeMpOHaXx Ta NoNyAALiAX riaibHUX
KNiTuH [4]. Cepeq, iHWIMX MexaHi3miB — perynauia npoue-
CiB NN1IACTUYHOCTI HEMPOHIB, CTUMYAALLA aHrioreHesy Ta
HelporeHesy, a TaKOX MOAYAALIA AMHAMIKM efeMeHTiB
LMTOCKeNeTa Ta BHYTPILHbOKAITUHHUX TPAHCMOPTHUX
npoueciB. Ui mexaHiamu 36iratotbCa 3 mMexaHiamamu,
AKi, AK 6yN0 BMABMEHO, MOKPALLYIOTb BifHOBNEHHA BTPA-
YEHWUX HEBPONOTIYHUX QYHKLA NPOTATOM NEPLUMX TUXK-
HiB i MicAuiB nicaa iwemiyHoro iHcynbTy [5]. BcTaHoBNE-
HO, WO HagMipHe BMPObneHHs abo aediumT ropmoHis
LWMTONOAIOHOI 3271031 MOXKE BMJIMHYTU Ha KOXKEH OpraH
Tina, BKAKOYAOYM MO30K. Y MaLiEeHTIB 3 rineptMpeosom
4YaCTO CMOCTEPIraloTbCA BiAYYTTA HEPBO3HOCTI, HaNpyrM
Ta TPMBOTW, TOAI AK Y MALIEHTIB 3 riNOTUPEO30M YacTo

L LR TR . i _.' .-’,

PucyHok 3 — lFicronoriyHi 3miHM HeMpPOLUTIB KOPU BEIMKUX NiBKY/1b
3a YMOB 3M0Ae/1boBaHOI rinepromouucreiHemii. linoxpomHi Ta
rinepxpomHi HeMpoLUTU, NepuLentoNapHUii Habpak. 3abapBneHHn:
TONYiAUHOBUM CMHIM 32 meTogom Hiccns. 36.: x600.

PucyHoK 2 — lFictonoriuHi 3miHM remokaninapa Kopu Be/IMKUX
NiBKY/b 32 YMOB 3M0Ae/1b0BaHOI rinepromouucteiHemii.
MepuBackynapHUii HABPAK, 3BMBUCTICTDb | AECTPYKTYPU3aLLA CTIHKMN
cyauHu. 3a6apBaeHHA: reMaToKCUNiHOM-eo3nHom. 36.: x400.
BiZl3HA4atoTbCA NOraHa Nam’sTb, YNOBi/IbHEHHA PO3yMO-

BOrO MUC/IEHHSA Ta genpecia [6].

ITLL € Baromum $HaKTOPOM PU3MKY PO3BUTKY aTepo-
CKNEepOo3y COHHWUX apTepin, iIHCYNbTY Ta NOB’A3aHa 3 XBO-
poboto Anbureiimepa i cyaMHHOW AemeHuieto. OgHak
Jive NopiBHAHO HEAABHO MOYANUCA eKCNepUMeEHTab-
Hi JocnigyeHHa, Aki BuB4ann sname L Ha mo3koBy
CyauHHY 6ionorito Ta MONEKYNAPHI MexXaHi3mK, sKi no-
ACHIOKOTb Ui 3MiHM [7].

MeToto pocnigyKeHHa 6yno BCTaHOBUTU Mopdo-
NIOTIYHI 3MiHM CEHCOMOTOPHOI AiNIAHKN KOPWU BEUKOTO
MO3KY 32 yMOB 3mogenboBaHoi ITL, rinep- Ta rinotupe-
03y Ta IX NOEAHAHOMY BMN/INBOBI.

O6’ekT i meTtogm pocnigyKeHHAa. [ocnigmu npose-
AeHi Ha 50 6e3nopogHux Binnx Lypax-camuax mMacoto
180-200 r. Wypis yTprMmyBanu npu cTaHAAPTHOMY CBIT-
JIOBOMY AHi Ha 3BMYaMHOMY XapyoBOMY paLioHi. Yci
JocniaxKeHHa 6yno NnpoBeseHo 3 AOTPUMAHHAM BUMOT
ryMaHHOro CTaB/e€HHA 40 NiAA0CNIAHUX TBAPUH, perna-
MEHTOBAHMX 3aKOHOM YKpaiHn «[1po 3aX1CT TBApUH BiL,
YKOPCTOKOro nosogyKkeHHs» (Ne 3447-1V Big 21.02.2006
p.) Ta EBPONENCbKOO KOHBEHLLEID MPO 3aXUCT XpebeT-
HUX TBApPWH, AKI BUKOPUCTOBYIOTLCA ANA AOCNIAHMX Ta
iHWWX HayKoBMX winel (Ctpacbypr, 18.03.1986 p.).

Bcix TBapuH noginnaun Ha 5 rpyn: 1-a — iHTaKTHI LWypi.

PUCyHOK 4 — MiKpOCKOMiYHi 3MiHM KOPU BE/IMKOTO MO3KY
TBapMHU 32 YMOB 3MOAENbOBAHOrO rinepTupeosy. linepxpomHi Ta
rinoxpomHi HelipouuTtu. 3abapeneHHsa: 3a metoaom Hiccns.
36.: x400.
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PuUcyHOK 5 — MiKpocKoniuHi 3MiHM KOpY BEIMKOro MO3KY TBapUHU
3a ymoB rineptupeo3y. KpoBoHanoBHeHa 3 LWWMPOKMM NPOCBITOM
cyavHa. 3abapBeHHA: remaToKCMAiHOM-eo3nHoM. 36.: x200.

PO34YMH KPOXMao; 2-a — TBAPWMHWM 3 TIOJIAKTOHOBOO
[TL, AKYy BMKAMKANM BHYTPILHbOLI/YHKOBUM BBeAEH-
HAam 'L,y Burnagi tionaktoHy 8 4o3i 100 mr/kr macu Tina
Ha 1% po34MHi KPOXMantko oAuH pa3 Ha Aoby npoTarom
28 pni6. [o3a, Wnsxy Ta TPUBANICTb BBEAEHHS TiONaKTO-
Hy L, 3ano3uyeHa 3 nitepaTtypHUX AaHUX i He BUKAU-
Kana 3arnbeni TBapuH [8]; 3-a — TBApUHK 3 rinepTupe-
030M, AKUM LWOAEHHO npoTArom 21-ro gHA BBOAUAMU
BHYTPILLHbOLLIYHKOBO L-TMpOKCUH B A03i 200 MKr/Kr Ha
1% po34nHi Kpoxmanto [9]; 4-a — TBAPUHM 3 TIONAKTOHO-
Boto ITL, AKMM WoaeHHO npoTarom 21-ro AHA BBOAUAM
BHYTPILLHbOLLIYHKOBO L-TMPOKCUH B A03i 200 MKr/Kr Ha
1% po34nHi Kpoxmanio; 5-a — TBAPUHMU 3 TiINOTUPEO3OM,
AKMM LLLOAEHHO NPOTArOM 21-ro AHA BBOAMAMN BHYTPILL-
HbOLLTYHKOBO MepKa30/in Ha 1% po34mHi Kpoxmasnio B
0031 10 mr/kr macu [9]; 6-a — TBapMHU 3 TIONIAKTOHOBOO
[TLL, AKMM WoAeHHO NpoTArom 21-ro AHA BBOAUAN BHY-
TPILHbLOLWAYHKOBO MepKasonin B o3i 10 mr/kr Ha 1%
PO34YMHI KpOXMmarnto.

TBapuH BUBOAMIN 3 EKCNEPUMEHTY Yepes 24 roanHu
nicns OCTaHHbOro BBeAEHHS 0bpaHMX pevyoBuH. 3abip
maTepiany AnAa ricToNOriYHOro AOCNIAMKEHHA KOpWU ro-
JIOBHOTO MO3KY MPOBOAMAN 3TiAHO 3ara/IbHONPUNHATUX
npasun [10]. 3abupanu WMATOYKN TKAHUHU CEHCOMO-
TPOHOI AiNAHKM BENMKOrO MO3KY Yy TBapuH BCiX eKcne-
puUMeHTanbHUX rpyn. MaTtepian ¢ikcyBanu B 96° cnupTi
i 10% HeilTpanbHoMy dopmaniHi. Moganbluy obpobKy
maTepiany 3 HaCTyNHO 3a/IMBKOtO B napadiHoBi 610KM
3/iACHIOBANM 3TiAHO 3arabHONPUIHATUX MeToauK [11].
OTpMMaHi Ha POTOPHOMY MIKPOTOMI 3pi3n papbysanu
remMaToKCUNiHOM-e03MHOM Ta TO/NYIAMHOBMM CMHIM 33
meTogom Hicena.

Pe3ynbtatv pochnipiKeHHsa. [poBeseHe MiKPOCKO-
niyHe BUBYEHHA (POHTANbHUX 3Pi3iB KOPU BEAUKOrO
MO3KY iHTaKTHMUX 6inMx LWypiB NoKas3ano, Wwo rictoapxi-
TEKTOHiKa HEMPOUUTIB Ma€ TUMNOBY OpraHisaLito, BK/O-
Yae nepeBaXkHO MipamiganbHi Ta 3ipyacti HeMpouuTH,
a TaKOX TNianbHi KNiTMHW. BCcTaHOBAEHO, WO B CKAagi
opraHy nepeBa*katoTb HOPMOXPOMHi HEMPOHMU 3 BigHOC-
HO MOMIPHOIO Ki/JIbKICTIO Ta PIBHOMIPHMM PO3MIiLLLEHHAM
B Helponnasmi rpyaok xpomaTtodinbHoi cybcTaHu,ii Ha
npenapatax, 3abapsneHux 3a Hiccnem (puc. 1). Momixk
HOPMOXPOMHUMM HEMPOHAMM HafABHI MOOAMHOKO Ti-
NOXPOMHI i FiNepXPOMHI KAITUHW. TemHi, rinepxpomHi
HerpoLMTM 3MEHLLEHI 32 PO3MipamMM, MiCTATb IHTEHCKB-
HO 3abapBnieHy Kapionsiasmy i Helponnasmy, ix agpa

PUcyHOK 6 — MiKpOCKOMNiYHi 3MiHM KOpPY BEIMKOro MO3KY TBapUHU
3a YMOB rinepTupeosy Ta rinepromouucreiHemii. Pisko rinepxpomHi
Ta rinexpomHi Helipouutun. 3abapsneHHA: 3a metogom Hiccns.
36.: x400.

WinbHi, HenpaBuabHOi ¢opmu. CBITAi — riNOXPOMHI He-
MPOHM Mann NpPOCBITIEHY HEWPO- Ta Kapionsaasmy, B

aapax 4iTko BU3Havannca 6asodinbHi agepus.

[emoKaninApn comaTtMyHOro TUMYy B OpraHi po3mi-
LWeHi piako, ix cTiHKa cdopmMOBaHa CyLi/IbHUM LIAPOM
eHAoTeniaNbHUX KANITUH, AKi PO3MilleHi Ha cyuinbHiln
6a3anbHi membpaHi, 40 AKOI NpUAAratoTb 330BHI Tep-
MiHa/M BiAPOCTKIB acTpoumTiB. [POCBITU KPOBOHOCHMX
KaninAapis NOMipHi, B HUX BUABNAIOTbCA NepPeBaXKHO
epuTpoumTM. HaBKOMO KaninApis HaaBHI BY3bKi NepuKa-
ninApHi npoctopw.

MikpocKoniyHe AocniaXKeHHA KOPW BEJIMKUX MiBKY/b
Apyroi rpynu TBapuH, akum 6yno 3amoaenbosaHo ITL,
NMoOKasasno, WO anbTepPaTUBHI 3MiHU BUABNANNCA Y BCiX
CKNaf0BMX KOMMNOHEHTax. BigbyBanoca pemoaentoBaH-
HA MIKPOLMPKYNATOPHOrO pycna i NiABULLEHHA NPOHUK-
HOCTi CTIHKM reMoKaninApis, AKi Manu 3BUMBUCTUI Xig,
KPOBOHANOBHEHI MPOCBITU, AECTPYKTYPU3OBAHY CTiHKY
(puc. 2).

[na HelpouuTiB xapakTepHum 6yB iHTpa- Ta nepu-
LEeNoNAPHUA HabpAaK. Buasnanmca rinoxpomHi Henpo-
LUMTK 3 cNnaboba3odinbHOO HEMPONNa3MOKO Ta O3HAKa-
MU TUIPONI3y. AApa TaKMX KAITUH MaaW YiTKi KOHTypu
Kapioniemu, CBiTAy Kapionniasmy, BM3HAyasnoca nepe-
BaXKHO oaHe agepue. Mopsaa i3 rinoXpoMHUMKU HeNpo-
Hamu crnocTepiranncs iHTeHCMBHO 6a30dinbHi, “TemHi”,
rinepxpoMHi HEMPOUNTMH, iX Tina Mann 3MeHLeHi po3mi-
pu, oNa aaep xapaktepHUm byB rinepxpomaTtos (puc. 3).

Y TpeTilt rpyni TBapuH, AKUM MOAENOBANN TinepTu-
peos, BUABAANMCA 3MiHM AK CYAMH, 30KpEMa reMOKpo-
LMPKYNATOPHOIO pycna, TaK i rON0BHUX HENPOUMUTIB i
[04aTKOBMX MiafibHUX HEMpPOLMTIB. HaBKONO HEPBOBMX
KNITUH HafABHUIM 3HAYHUI NEPULLENIONAPHUIA HabpAK Ta
NOTOBLLEHHA BiAPOCTKiB. Cepen HEPBOBUX KNITUH nepe-
BaXKaloTb AECTPYKTUBHO 3MiHEHI, AKi XapaKTepun3yroTbCA
rinepxpomi€to, WO MNPOABAAETLCA MOCUNEHHAM iHTEH-
CUBHOCTI 3abapB/ieHHA HeWpo- i Kapionnasmu. TaKox
HaABHI FiNOXPOMHi HEMPOLMUTH, LLLO MalOTb NPOCBIT/IEHY
Helponaasmy i3 NposaBamu TUrPoi3y. Taki HepPBOBI KNi-
TUHW MICTATb OKPYrAi NpocBiTaeHi agpa. Mpyaku 6aso-
dinbHOT cybCcTaHLii HeuncenbHi | HeBenuki (puc. 4).

3a yMOB BKa3aHOro ypakeHHA BM3HA4asioca pemo-
OentoBaHHA CYAUMHHOTO pycna opraHy. HasaBHMIA Kani-
NAPOCTAa3, AECTPYKLiA CTIHKM Ta NepuMBACKYNAPHUIA Ha-

6pAK. BU3HaYanuca anbTepaTmBHI 3MiHM eHgoTenito, iX
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AApa NIKHOTUYHI, iHKOAM BUABNANNCA LECKBAMOBAHI
eHaoTeniounTtu (puc. 5).

MiKpocKoniyHe BMBYEHHA KOPM BEJIMKOTO MO3KY
TBAapWH YeTBEPTOI rpynu TBAPUH, AKUM MOLENIOBASIN Ti-
neptupeos Ta [TL, nokasano, Wwo B opraHi BUABNAIOTLCA
6inblW 3HAYHi anbTepPaTUBHI Ta AereHepaTUBHI 3MiHM He-
MNpounTiB NOPIBHAHO 3 NONepeaHiMM eKcnepMmeHTasb-
HUMMK Tpynamu. MPaKTUYHO y BCiX NOAAX 30py BUABAA-
HOTbCA FiNepPXPOMHI Ta Pi3KO FiNepXPOMHi HeMpoLUTH, iX
Tina 3MeHLeHi 32 po3mipamu, NiIKHOTUYHI, HEMAE YiTKNX
MeX Kapioniemu, aapa Takox pi3ko 6a3odinbHi (puc. 6).
HaBKo/I0 HEMpPOUMUTIB HasiBHUI NEepULENIONAPHUA Ha-
6pAK. MOOAMHOKO BM3HAYaOTbCS TIMOXPOMHI Ta pi3Ko
FiNOXPOMHI KNITUHW, ANA AKUX XapaKTePHe 3MEeHLUEHHA
rpyao4oK 6asodinbHOI cybeTaHUil B YacTUHI LuMTONNA3-
MW KNiTMH abo no BCili naowi HepouuTis. Taki KNITUHU
BUMNSAAA0Tb ONTUYHO 36iNblUEHUMM 33 pPO3MipamM, ixX
NepuKapioHN OKPYrIOTLCA, Heliponiasma cnabo ba-
300inbHa, Agpa TaKoX ONTUYHO CBiTAi. HasBHe NpocBiT-
JIEHHA | NOTOBLUEHHA BiAPOCTKIB HEMPOHIB.

[Ona cyauH opraHy xapakTepHi 3HaYHi AMCUMpPKRyNA-
TOPHI 3MiHM, BiNbLWIiCTb reMoKaninApis NOBHOKPOBHI, i3
cnagamm Ta Tpombamu. MpoTe HaABHI CNa3moBaHi,
KonaboBaHi i3 AeCTpyKTypM30BaHO, AedOPMOBaAHO
CTIHKO, anONTUYHO 3MIHEHUMMW eHOO0TeN OUUTAMM, AKI
[eCKBaMyHOTbCA B NPOCBIT. HafABHUI NepuBacKyaaApHUIA
HabpsK (puc. 7).

MikpocKoniyHe BMBYEHHA KOPW BEJIMKOTO MO3KY
TBApWUH N’ATOI rpynu, AKMM MOALENI0BaAM rinoTupe-
03, MOKa3aso, WO B OpraHi BU3Ha4yaloTbCA reTeporeHHi
3MiHW HEMPOUMTIB, 36ibLUEHHA YMCAA FINOXPOMHUX He-
NpoUUTIB, ANA AKMX XapaKTEPHE 3MEHLUEHHA TPYAOYOK
6a30¢inbHOI cybcTaHLil B YaCTUHI LMTONNA3MKU KAITUH
abo no BCiK naowi HerMpouuTiB. TaKi KNITUHKU BUrNaaa-
I0Tb ONTMYHO 36i/blUEHMMM 33 PO3MipamM, IX MepuKa-
piOHM OKpYrNtotOTbCA, Helponaasma cnabo 6asodinb-
Ha, A4pa TAaKOXX ONTUYHO CBiTAi. HasBHe NPOCBITAEHHSA
i NOTOBLULEHHSA BiAPOCTKIB HelMpoHiB. [ooanHOKoO cepes,
HOPMOXPOMHMX Ta FiMOXPOMHUX HENPOUUTIB BUABAA-
IOTbCA FiINEPXPOMHiI HeMpouuTH, iX Tina 3meHLeHi 3a
pPO3Mipamu, NIKHOTMYHI, HEMAE YiTKMX MeX Kapionemwu,
A4pa TaKoXK pi3ko 6asodinbHi. HaBKoao HelipouumTis Ha-
ABHUIN NepuLentonapHuii Habpsak (puc. 8).

Ona  cyamMH oOpraHy XapakTepHe MnepeBaXKHo
NOBHOKPOB's i3 GopMyBaHHAM CTasiB i cragkis, npoTe
BUABNAIOTLCA TAKOXK CYAMHU reMOMiKPOLMPKYAATOPHO-
ro pycna, fiki MatoTb 3BYXKeHi NPOCBiTH. Y BCiX cyanHax
HaABHUWN NepPUBACKYNAPHUIA HabpsK. CTiHKa HabpAkna,
OECTPYKTMBHO 3MiHeHa (puc. 9).

Y WOCTilA eKcnepuMMeHTasbHIl rpyni TBApUH, AKUM
MOAEeNtoBanAn rinoTMpeo3 Ta riNepromMoumcTeiHEMIIO
BCTAaHOB/IEHO HaWbinbw rMMBOKI HelipoaereHepaTUBHI
3MiHW KOpPW BEAMKMX MNiBKY/Ib FOJIOBHOrO MO3Ky. oni-
mop®dizm HeMpoumTiB B L eKcnepumeHTanbHIN rpyni
npeacTaBAeHUN TiNEePXPOMHUMWU Ta PI3KO Tinepxpom-
HUMW NIKHOMOPHUMW KNITUHAMM, BUABNAKOTLCA TAaKOXK
riNOXPOMHI HelpouuTM 3 TOTAa/lbHUM TUFPONI3OM He-
rponnasmu (puc. 10A, B). TakoXK BUABNANUCA OINAHKK
no36aBsieHi KNITUHHUX eNeMEHTIB Ta KNITUHU-TiHI. Pi3ko
rinepxpoMHi HePBOBI KNITUHW Manu iHTEHCMBHO 3abapBs-
JIeHy Helponnasmy, yLifibHeHi, 3MeHLWeHi nepukapio-
HW i CTOHLWeHi BigpocTKu (puc. 10A).

TaKoX BCTQHOBNEHO 3HAYHE PEMOAE/IOBAHHA CYAMH
KOpPW BEIMKOTO MO3KY AOCNIAHUX TBAapMH 33 YMOB MO-
€[1HAHOTO BMN/NBY ABOX CEPESHUKIB, PiAKO BUABNAOTb-

PucyHoK 7 — MiKpocKoniYHi 3MiHM KOPY BE/IMKOTO MO3KY
TBapMHMU 33 YMOB rinepTupeosy Ta rinepromouucreiHemii.
CyanHa 3 aepopMOoBaHOI0, AECTPYKTYPU30BAHOIO CTIHKOIO Ta
nepuBackynsaipHUm Habpakom. 3abapsieHHsA: 32 metogom Hicens.
36.: x200.

PucyHoK 8 — MiKpocKoniuyHi 3MiHW KOPY BEIMKOro MO3KY TBApUHKU
3a yMOB rinotupeosy. linepXxpomHi Ta rinoXpomHi HelpouuTy.
3abapBneHHsA: 3a metogom Hiccnsa. 36.: x600.

PuUcyHOK 9 — MiKpOCKONiYHi 3MiHM KOPU BEIMKOro MO3KY
TBapUHU 33 YMOB rinoTupeo3sy. IOBHOKPOBHMI1 remoKaninap,
nepusackynapHuii Habpak. 3abapeneHHs: 3a metogom Hiccns.
36.: x400.

€A MOBHOKPOBHI Kaninapu, npoTe B 6aratbox Noasx 30py
BM3HAYaloTbCA APIOHI CyauHM, AKI MatoTb 3BYXKEHI Npo-
CBiTW Ta MOLUKOAMKEHY CTiHKY. TaKOX BMABNABCA Nepwu-
BaCKy/NApPHUI Habpsk (puc. 11).

O6roBopeHHA pe3ynbTaTiB AOCNIAXKEHHA. Pe3ynbTa-
TW HALWOro AOCNIAXKEHHA KOPWU BEIMKUX MiBKY/b LLYPIiB
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PucyHok 10 — MikpocKoni4yHi 3MiHU KOpKU BE/IMKOro MO3KY TBAapMHM 32 YMOB NOEAHAHOI Aii rinoTUpeosy Ta rinepromouucreiHemii. A - Pisko
rinepxpomHi Ta rinepxpomHi Helipountun. 3abapsneHHsA: 3a metogom Hiccnsa. 36.: x600. b - Pi3Ko rinoXpomHi Ta rinoxpomHi HeipouuTy,

KNITUHKU-TiHI. 3a6apBaeHHs

nokasanu, wo ITL, cynposoaKyBanaca AereHepaTms-
HUMW 3MIHAMKM Yy BCiX CKNAS0BUX KOMMOHEHTAX, BKJIO-
Yaluu eHAoOTeNiaNbHy Ta NepuULUTapHY AereHepauito,
NigBULLYBANACh NPOHMKHICTb CTIHKM reMOKaninapis, Wo
NpPW3BOAMNO A0 NEepPUBACKYAAPHOro HabpAKy Ta Habpsa-
KY HEPBOBOT TKaHWHM opraHy. Lli 3miHu 6ynu nogibHMmu
[0 paHille 3apeecTpoBaHMX MIKPOCYAMHHUX AereHepa-
TUBHMX CTaHIB, AKi 3a3BMYai 3ycTpiyatoTbCa Npu Lepe-
6panbHUX 3aXBOPIOBaAHHAX, TaKMX AK XBOpoba AnbLreit-
Mepa, xBopoba lMapKiHcoHa Ta npoLlecax cTapiHHA [12,
13]. Psapg iHWKUX AocnigxeHb NOKasanu, Wo B CyAMHax
MO3KY CTapWX TBaPWH Ta MULLEN 3 MPUCKOPEHUM CTapiH-
HSIM YaCTO CNOCTEPIraeTbCs NepmuBackynAapHuii Gibpos i
nepuumMTapHi amiHm [14, 15].

B eKkcnepumeHTanbHi poborTi [16] 6yno noka-
3aHO, WO Yy MULLEN, AKi NnepebyBann Ha AJ€Ti 3 HU3bKUM
BMicTOM O/iEBOI KNCIOTM Ta BiTaMiHiB rpynu B i manu
3HayHe niasuweHHA pisHA 'l B MO3Ky, cnoctepiranuca
PO3BUTOK NMOBEAiIHKOBUX MOPYLUEHb, 3POCTAHHA WBUA-
KOCTi peakLiit ¢pochopuntoBaHHA, PO3BUTOK CUHAMTUY-
HOI naTonorii Ta akTtuBauia actpoumtis. Edekr L Ha
dochopuntoBaHHA Tay 6Ginka OyB onocepenKoBaHUM
NOCUNEHHAM 5-1iNOKCMreHasmn Yyepes akTMBALLlO WAAXy
KiHasHoro waaxy cdk5. ABTopu NpMALWAN A0 BUCHOBKIB,

PucyHok 11 — MikpocKoni4Hi 3MiHU KOPU BEZIMKOrO MO3KY TBAapUHU
32 YMOB NOEAHAHOI il rinoTupeosy Ta rinepromouucreiHemii.
KpoBoHanoBHeHuMi Kaninap 3 aeopMoBaHOIO CTIHKOIO Ta
nepuBacKkynsipHUM Habpsakom.
3abapBneHHsA: remaToKcuaiHOM-eo3uHOM. 36.: x400.

: 3a metogom Hiccnsa. 36.: x600.

O BMCOKMI piBeHb L, cnig posrnagati sk meTtabo-
NiYHUIN baKTOp PU3MKY ANSA TayonaTii AauHU — rpynun
HelpoaereHepaTUBHUX 3aXBOPIOBaHb, LLLO XapaKTepusy-
I0TbCA Hacamnepes, NPorpecytoyMm HaKOMUYEHHAM BU-
cokodochopunboBaHoro Tay-biska.

B rpyni TBapwWH 3 rinepTupeo3som 6yn0 BCTAHOBNEHO
LECTPYKTUBHI 3MiHW CyAMH, FTONOBHUX HEWPOUMTIB Ta
O04aTKOBUX MNiafibHUX HelpoumTiB. HaBKoNO HEpPBOBMX
KNiTUH BUABNEHO 3HAYHUI NEPULENIONAPHUINA Habpsak
Ta MOTOBLLEHHA BigpOCTKiB. B pAagi gocnigrkeHb 6yno
BCTAHOB/IEHO, LLO HAA/IMLWOK TUPEOIAHUX TOPMOHIB Nif-
BULLYE PU3MK ilLEMIYHOrO iHCY/NbTy, NoraHWn nepe6ir
iHCynbTy Ta cmepTHicTb [17, 18, 19, 20, 22]. byno BcTa-
HOB/NIEHO, WO riNepTMpeo3 Ma€E TUPEOTOKCUYHY Ait0 Ha
illeMiYHY TKAaHWMHY MO3KY, B TOW e Yac iCHy0Tb poboTK
AKI L@MOHCTPYHOTb HEMPOMPOTEKTOPHY PO/b rinoTupe-
o3y [23, 24].

JocnifKeHHA Kopy BENIMKOrO MO3KY TBapuH, AKMM
mogaentoBanu rineptnpeos Ta ML, nokasano, wo B opra-
Hi BUABANAOTLCA BiNbl 3HAYHI aNbTepPaTMBHI Ta AereHe-
PaTMBHI 3MiHW HeMpPOoUUTIB NOPIBHAHO 3 nonepeaHiMu
eKcrnepMmeHTanbHUMK rpynamu. Hamu 6yno BcTaHOB-
NeHi 3HaYHi OEeCTPYKTMBHI 3MiHM CYAMH, Kaninapis Ta
HENPOUMUTIB Ta HAABHE NPOCBIT/IEHHSA | NOTOBLLEHHA BiA-
pocTKiB HelipoHiB. Agarwal R. Ta iH. [25], nokasanu, wo
iCHY€E TiCHMI B3aEMO3B’A30K MiXK TiCTONOrMYHO MiaTBEp-
OKEeHOo XBOpobu Anburelimepa Ta CyaMHHOI AemeHUuii
3 MOMIpPHO NigsuWeHnMn piHAMKU Ll B KpoBi Ta 3HK-
KeHUMM piBHAMYM donaTis i BiTamiHy B, . lochigskeHHs,
nposegeHi Malaguarnera Ta iH. [26] Tako)K mokasanu,
O NOPiBHAHO 3 cyb’eKTaMu 3 HOPMaZIbHUMMK PIBHAMM
060x BiTamiHiB, Cy6’€KTW 3 HU3bKMM piBHEM BiTamiHy B,
abo ¢onaTiB Manu NoABiINHUI PU3KUK PO3BUTKY XBOPOOM
Anbureimepa. Takox nosigomnanocs, wo ML mae He-
MPOTOKCMYUHY Ait0 He3aNexHo Bif il CyANHHUX edeKTiB
yepes HagMipHy ctumynauito N-metun-D-acnapTaTHMX
peuenTopiB abo uyepes NiABULLEHHA BPA3NMBOCTI He-
MPOHIB riNOKamny [0 €KCAaMTOTOKCUYHUX YLUKOAMKEHb
[27] Ta TokcnuHOCTI B-aminoigHoro nenTuay. Kpim Toro,
BiAHOCHMI aediunt donatiB MoXKe TaKOXK HeraTUBHO
BM/MBaTW 6e3nocepeHbo Ha HEMPOHU KopW.

Byno BusaBneHO, WO HU3bKI piBHI TTI y nauieHTis 3
XBOpobot AnbureMmepa Ta AEMEHLE0 NOPIBHAHO 3
KoHTponem [28]. B poboTi 6yno nokasaHo, Wo icHye B
3 pasu NiaBULLEHNA PU3KK AeMeHLii Ta XBopobu Anb-
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yremmepa y ocib 3i sHMxKeHum pisHem TTI. Takuit ne-
pebir 3miH aBTOPU MOACHIOTb TUM, LLO HU3bKWUK pi-
BeHb TTI MoxKe OyTM Hacnigkom HelpoaereHepadu,i,
nos’A3aHoi 3 xBopoboto AnbLrerimepa, WO NPU3BOAUTL
00 3HWXKEHHA CeKpeLii TMpeonibepnHy abo 3HUNKEHHA
YyTAMBOCTI rinodisa i, AK HACNiIAOK, 3HWKEHHA PiBHA
TTI. AncdyHKUia WMTonoAibHOT 331031 3 NiABULLEHUM
piBHEM TUPEOIgHMX TOPMOHIB MOB’A3aHa 3 nigBuLle-
HOI HEKPOTMYHOIO 3arnmbensito HEMPOHIB Ta PO3BUTKOM
oKcuaaTMBHOro cTpecy [28]. TakoxK 6yn0 NoOKasaHo, Lo
aHanoru TupeonibepuHy 36i1blIyOTb CUHTES Ta BUBI/b-
HEHHA aLeTUAXONiHy Yy mulen. TpuBaaui BNANB aHa-
JloriB TUpeonibepuHy BUYEPNYE PiBEHb aLETUAXONiHY, a
OT)Ke, CNPUAE KOTHITUBHMM pO3a1aZam, MOB A3aHMX 3 XO-
NiHepriyHnm aediunTom, WO CrnocTepiraloTbCsa B MO3KY
npu xsopobi Anbureimmepa [29]. Bigomo, o nerki Kor-
HITUBHI NOPYLUEHHA YacTo € NepLUOD CTagielo xBopobu
Anbureimepa. JocniakeHHa Nomoto S. Ta iH. [30] BcTa-
HOBW/I0 3B’A30K MiXK QYHKLi€E WMTONOAIGHOT 3271031 B
MEeKax HOPMM Ta perioHasIbHMM MO3KOBUM KPOBOTOKOM
Y MaLEHTIB 3 NETKMMM KOTHITUBHUMM MOPYLIEHHAMM Ta
xBopoboto Anburermepa. lposeaeHe AOCNIAKEHHA
dYHKUi wuTonoaibHoi 3271031 Ta 04HOPOTOHHOI eMicin-
HOI Komn’toTepHoi Tomorpadii cepen, 122 ambynatop-
HUX NaLLIEHTIB MOKA3as0, WO Yy rpyni NaLEHTIB 3 XBOPO-
6oto Anbureimepa BilbHUI TPUNOATUPOHIH BYB CYTTEBO
nos’A3aHUI 3 perioHasIbHUM MO3KOBMM KPOBOTOKOM Y
[ABOCTOPOHHIN TiM'AHIN, NpaBin CKPOHeBil Ta ABOCTO-
POHHI NepuKanbo3sHiii obnacTax.

Y TBapuWH, AKMM MOZEN0BAN FiNOTUPEO3, Y Kopi Be-
JINKOTO MO3KY BUAB/EHI reTepOreHHi 3MiHW HepoLUTIB,
NPOCBIT/IEHHA | NOTOBLUEHHA BiAPOCTKIB HEMPOHIB, a Ha-
BKOJ10 HEMPOLMUTIB HaABHUI NEPULENONAPHUIA HabpaK
Ta HabpAKNa, LeCTPYKTUBHO 3MiHEHa CTiHKa cyaAnH. Hawi
pe3ynbTaTM Yy3roAKyrTbCA 3 NiTepaTypPHUMWU OAHHU-
MM, AIKi NOBIAOMWAN, WO 3pOCTaHHA piBHA L, y nnasmi
npu rinoTMpeosi BMK/AMKAE PO3BUTOK OKUCUAATUBHOIO
CTpecy Ta Bigirpae BaXKAMBY poab Y HeMpoaereHepaTuBs-
HUX 3aXBOPHOBAHHAX Ta CYAUHHUX YCKNagHeHHaAx [31].
Mo030K 0c06/1MBO BPasnuBUIA A0 OKCUAATMBHOIO CTpe-
CY, FTO/IOBHUM YMHOM Yepe3 BUCOKE CMOMKMBAHHA KUCHIO,
LUMPOKE BUKOPUCTAHHA FyTamaTy sk Helpomeaiatopa,
HU3bKWI piBEHb AHTUOKCUAAHTIB Yy MOPIBHAHHI 3 iH-
Wwumm opraHamu [32]. Y pocnigxkeHHi [33] 6yno BcTa-
HOB/IEHO, O OKCUAATUBHUIN CTPEC CynpOBOAMKYETHCA
3HAYHUM MiABULLEHHAM PiBHA ManoHAMaNbAeriay Ak
y N/1a3mi, TaK i B TKAHWHI rinoTanamyca. Takuii Hanps-
MOK 3MiH aBTOPY MOSICHIOIOTb 3HAYHUM 36iNbLUEHHAM
cyMapHux meTabonitis NO Ta cnissigHoweHHAM GSSG/
GSH y nnasmi KpoBi rinoTMpeoigHUX LLypiB Y NOPIBHAHHI
3 KOHTPO/IBHOLO rPYMoto.

Y eKcnepuMeHTasbHil rpyni TBapUH, AKMM MOAENIO-
Banu rinotupeos Ta L, BuABAeHi HanbiNbLw rMNBOKI He-
npoaereHepaTUBHI 3MiHM KOPWU BEIMKUX MiBKY/1b FON10B-

Horo Mo3Ky. CrnocTepiraBca nonimopdism HelpouuTis
(rinoxpomHi HerMpouuTU 3 TOTaNbHUM TUFPONI30OM He-
Mponnasmu), AiNAHKM No3baBneHi KAITUHHUX eNemMeH-
TiB T KNITUHWU-TIHI, Pi3KO rinepXpOMHi HEPBOBI KNITUHN,
a TAaKOX BCTAHOB/IEHO 3HAaYHe PeMOZEeNOBAHHA CyauH
KOpUW BEIMKOTO MO3KY AOCNIAHUX TBapMH 33 YMOB MO-
€/lHaHOro BNNBY ABOX CEPeAHUKIB, BUABNEHUI Nepu-
BACKY/NAPHUI HabpsK.

MoaibHi pesynbtatv 6ynn BCTaHOBMEHI B pPobOTI
[34]. ABTOpK BUABUAK, LLO TINOTUPEOIAHNIA MO3OK MAE
6arato CTPYKTYpPHUX AedeKTiB: 36i/blueHHS LWiNbHOCTI
KNITUH Y KOPi TONIOBHOTO MO3KY, HUMXYY Ki/IbKiCTb KNITUH
Y HIOXOBIV LMBYAWHI, FpaHyAspHUX Wapax rinokamny Ta
MO304Ka, 3MeHLWeHHA KinbkocTi TAMKepriyHux iHTep-
HEMPOHIB Y MO30YKY 3 HAaKOMMYEHHAM HEMPOHaNbHUX
nonepeaHuKiB, 3MeHLIEHHS KiNbKOCTi iHTEpPHENPOHIB
napaanbbymiHy B Kopi ronoBHoro mosky. CneumdiyHi
TUMU KNITUH OEeMOHCTPYBa/IM 3aTPUMKY POCTY Ta [,03pi-
BaHHA AeHApUTIB Ta/abo akCcOHIB (XONiHeprivyHi KNiTUHN,
KNiTUHM NypKiHbE i NipamigHi KniTuHu Wwapy V Kopw).

By/fio BCTaHOB/NEHO B3aEMO3B’30K MiX piBHAMMK [L|
B NAa3mi KpoBi Ta perioHanbHMMKM 06’emammn MO3Ky Y
0Ci6 3 NErkKMMU KOTHITUBHUMM MOPYLUEHHAMMW. Y Aochi-
AXKeHHi [35] rpyna ocib 3 KOrHITUBHMMM NOPYLIEHHAMM
nokasasa TicHy acouiauito mixk pisHem I, Ta 06’emamu
MO3KY. Y HeJaBHbOMY Z0CNiAKeHHi Byno AoBeaeHo, Lo
Oi€ETUYHI 106aBKM 3 BiTamiHamu rpynu B cnosinbHIOBaAM
aTpodito MO3KY Yy 0Cib 3 NerKMMKU KOTHITUBHUMM NOPY-
LWEHHAMM, MOXK/INBO, Yepe3 3HMKEHHA piBHA L, [36].
ABTOpPW 3p06MAM BUCHOBKM, LLO Ai€Ta 3 HU3bKMM BMiC-
TOM METIOHIHY Ta JliKK, L0 3HMXKYIOTb piBeHb L, MoxHa
po3rnaaaT Ak 3acobu npotuaii aTpodii MO3Ky y AiTHIX
nogen.

BucHoBKU. MpoBeaeHi MIKPOCKONIYHI AOCAIAKEHHA
CEHCOMOTOPHOI AiNAHKN KOPU NiBKY/1b TONOBHOIO MO3KY
3a ymoB 3mogenboBaHux [TLL, rinep- ta rinotnpeosy ta
0cob61MBO 32 YMOB iX CUHEPTiIYHOrO BM/IMBY BCTAHOBUN
rMnboKi HelpoaereHepaTUBHI 3MiHW. Ha Tni 3Ha4YHMX
CYAVHHWX NOPYLUEHb B OPraHi Ta NOWKOAMKEHHA CTPYK-
TYPU CTIHOK MIKPOCYANH BUABNAKOTLCA rinep- Ta rinepx-
POMHI HEMPOUWUTU, a TaKOXK iX AereHepatusHi Gopmu,
pi3Ko rinep- i rinOXPOMHi HEMPOHK, @ TAKOXK KNITUHU-TI-
Hi. Halibinblu cyTTeBi MopdooriuHi 3miHM 3adikcoBaHO
y TBapwH 3 ITLL Ha ¢oHi rinoTnpeosy.

MepcnekTMBM noaanblimMx pocnigeHb. [ouinb-
HO AOCNIAUTWU B33aEMO3B'A30K MiXK YNbTPACTPYKTYPHUM
CTaHOM KOpPM MO3KY i 3mMiHamu meTabosiamy cipKos-
MICHMUX aMiHOKUCNOT B LMX OpraHax Ta KOHLLeHTpPaLi€to
TUPEOIAHMX TOPMOHIB B OPraHi3ami, a TaKOXK A0CAIiANTH
BMNAMB KodaKTopiB depmeHTiB meTaboniamy cipkoBmic-
HUX amiHokucnoT (BiTamiHie B, B, B, Ta beTaiHy) Ha
YNbTPACTPYKTYPHWUIA CTaH OPraHiB y LLypiB Npu ekcnepu-
MEHTa/IbHOMY rinep- Ta rinoTMpeosi.
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MIKPOCKOMIYHI 3MIHXU CEHCOMOTOPHOI AINAHKU KOPWU BE/IMKOrO MO3KY 3A YMOB EKCNEPUMEH-
TANbHOI FINEPTOMOLMCTEIHEMII, MNEP- TA FINOTUPEO3Y | IX NOEAHAHOMY BM/IUBI

Heuunopyk B. M., MNeHTioK J1. 0., Kopaa M. M.

Pe3tome. [OpMOHM LWMTONOAIOHOT 331031 MatoTb GyHAAMEHTaNbHE 3HAYEHHSA A1 PO3BUTKY MO3KY Ta 3abe3ne-
YyHOTb MOro GYHKLiOHYBAHHSA NPOTATOM YCbOTr0 }KUTTA. BcTaHOB/EHO, WO rinepromouncteiHemis (ML) € Baxkansum
$aKTOPOM PU3UKY 3aXBOPHOBAHHA CYAWMH MO3KY, LLO NPU3BOAUTL A0 iHCYNbTY, XBOpobu Anbureirimepa, CyaAnHHOT
AemeHLuii. HewoaaBHi eKcnepuMMeHTasibHI OCNIAMKEeHHSA NoKasanu Bnaums [TL, Ha Mo3KoBY cyaMHHY biosorito Ta Mo-
NEeKYNAPHI MEeXaHi3MU, AKI NOACHIOKOTb Lii 3MiHW.

Mema — BCTaHOBUTU peOpraHisaLlito CTPYKTYPHUX KOMMOHEHTIB KOPU MO3KYy 3a YMOB 3MoAenboBaHoi TL, Ha
¢doHi rinep- Ta rinoTnpeosy.
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06’ekm i MemoOu docnioxnceHHs. TionakToHoBy [TL, mogentoBanu BBeAEHHAM TBapUHam ek3oreHHoro I, y Bu-
rNAA4i TioNakToHy B A03i 100 Mr/Kr macu Tina oguH pas Ha o6y npotsarom 28 4i6. [inepTMpeos moaetoBanm LWAAXOM
LLOAEHHOIO BBEAEHHA L-TUpOKCUHY B A03i 200 MKr/Kr npoTtarom 21-ro AHs, rinoTMpeos — LWoAeHHOro BBeAEHHSA
MepKasoniny B A03i 10 mr/kr npotarom 21-ro gHA. OKpemum rpynam TBapwuH BBOAWAU L-TUPOKCUH i mepKasonin
napanensHo 3 'L,

Pe3ynemamu docnidxceHHA. TTLL cynpoBoaKyBanaca gereHepaTMBHUMM 3MiHAMM Y BCIX CKNAL0BUX KOMMOHEH-
Tax Kopu Mo3Ky. lnepTMpeos BUKANKAB AeCTPYKTUBHI 3MiHM CYZMH, TONIOBHUX HEMPOULMTIB Ta AOAATKOBUX MNiasibHUX
HenpouuTiB. KombiHauis rineptupeosy Ta ML, BUKAKKaAa 6inbl 3HaYHi anbTepaTUBHI Ta AereHepaTUBHI 3MiHU He-
MpoumTiB. Y TBAPWH 3 riNOTUPEO30M Y KOPi BE/IMKOFO MO3KY BUAB/IEHI FreTepOoreHHi 3MiHM HEMPOLUTIB, MPOCBITNEHHSA
i NOTOBLUEHHA BiAPOCTKiB HelipoHiB. KombiHauis rinoTupeosy Ta [TL, BUKAMKana HaibinbL rnboki HepoaereHepa-
TUBHI 3MiHM KOPW BEIMKUX MiBKY/Ib TO/IOBHOTO MO3KY.

BucHosku. ITL, rinep- Ta rinoTMpeos Ta 0co61MBO iX CUHEPTiYHMIA BNIWB NPU3BOAATL 40 HEMpoAereHepaTUBHUX
3MiH B KOpPi MO3Ky. Ha Tni 3HaYHMX reMoAnHaMIYHMX 3MiH B OpraHi Ta MOPYLUEHHSA CTPYKTYPU CTIHOK MiKPOCYAUH, BU-
ABNAOTHCA Finep- Ta rinepxpoMHi HEMPOLIMTK, a TAKOMK iX AereHepaTUBHI GopMU, Pi3KO rinep- i rinoXPoMHi HEMPOHMU,
a TaKOXK KNITUHU-TIHI.

KntouoBi cnoBa: rineptnpeos, rinoTMpeos, rinepromoumcTeiHemin, Kopa MO3KY.

MICROSCOPIC CHANGES OF THE CEREBRAL CORTEX SENSORIMOTOR AREA UNDER EXPERIMENTAL
HYPERHOMOCYSTEINEMIA, HYPER- AND HYPOTHYROIDISM AND THEIR COMBINED INFLUENCE

Nechiporuk V. M., Pentyuk L. O., 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 reorganization of the structural components of the cerebral cortex under conditions
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 degenerative changes in all components of the cerebral cortex.
Hyperthyroidism caused destructive changes in blood vessels, major neurons, and additional glial neurons. The
combination of hyperthyroidism and HHCy caused more significant alternative and degenerative changes in neurons.
In animals with hypothyroidism in the cerebral cortex found heterogeneous changes in neurons, enlightenment
and thickening of neuronal processes. The combination of hypothyroidism and HHCy caused the most profound
neurodegenerative changes in the cortex of the cerebral hemispheres.

Conclusions. HHCy, hyper- and hypothyroidism and especially their synergistic effects lead to neurodegenerative
changesinthe cerebral cortex. Against the background of significant hemodynamic changesin the body and disruption
of the structure of the walls of microvessels, hyper- and hyperchromic neurons, as well as their degenerative forms,
sharply hyper- and hypochromic neurons, as well as shadow cells.

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