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In modern conditions in Ukraine, the consequences of blast waves and shock injuries are increasingly recorded,
which have a significant impact on the human body as a whole. Special attention in the scientific literature is paid to
the study of the organ of vision and its membranes in the norm, as well as the analysis of structural changes under
the influence of external and internal pathogenic factors. An important place is also occupied by the study of the
diencephalon sections, where the subcortical centers of the visual analyzer are located. The aim of this study was to
clarify the changes in the ultrastructural organization of the components of the visual analyzer based on the experi-
mental model of shock wave exposure, which reproduces the action of the pathogenic factor in the acute period. The
results showed that after the action of the shock wave in the acute period, significant differences in tissue and cellular
reactions occur. A pronounced reactivity of cells of the visual area of the thalamic, metathalamic and hypothalamic
sections of the diencephalon was established. Special changes were noted in mitochondria: they changed shape and
size, and also underwent destruction of cristae, which indicates deep disturbances of intracellular metabolism.

We also observed a pronounced reaction of neurons of the occipital cortex, in particular edema around the ves-
sels, thickening of their membranes and signs of demyelination of axons in the extracellular space. These changes
may serve as a morphological basis for the development of various neurological symptoms and diseases associated
with the impact of blast trauma. The obtained data confirm the importance of further study of structural and func-
tional changes of the visual analyzer under conditions of traumatic injury and may become the basis for the devel-

opment of new diagnostic and therapeutic approaches.
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Connection of the publication with planned re-
search works.

The research was carried out within the framework
of the scientific topic of the Department of Clinical Anat-
omy, Anatomy and Operative Surgery “Morphofunc-
tional state of organs and tissues under the influence of
external and internal factors”, state registration number
0120U105219.

Introduction.

In recent years, the experimental direction of re-
search has been the most relevant in morphology in
order to study the dynamics of changes that occur in
various nosologies after the influence of various endog-
enous and exogenous factors, and especially at the pres-
ent time, when in Ukraine, the consequences of blast
waves and shock trauma on the body as a whole are
increasingly common [1, 2, 3]. The literature pays great
attention to the organ of vision and its membranes in
the norm and the processes of changing their structural
organization under the influence of internal and exter-
nal environmental factors, as well as separately to the
departments of the diencephalon, where the subcorti-
cal centers of the visual analyzer are located [4, 5]. The
sources highlight the issues of the consequences of the
impact of the shock wave on various organs and systems
[6]. In particular, the issue of possible stabilization at the
ultracellular and tissue level of the consequences of the
negative impact of the shock wave and eye trauma on
the structural components of the subcortical and cor-
tical ends of the visual analyzer remains unclear [7, 8].
Foreign sources cover the issues of eye trauma separate-

ly to the membranes of the eyeball and more often to
the retina [9]. Despite these works, the problem of the
impact of the shock wave on the central and peripheral
parts of the visual analyzer, as well as the possible cor-
rection of these changes, remains relevant. The organ
of vision and the brain react to the explosion as a het-
erogeneous tissue, therefore, due to the equal impact
of inertia, the blast wave causes a displacement on the
interface between their structures [10]. However, the
issue of stabilization of pathomorphological changes
at the ultramicroscopic level in the visual areas of the
visual analyzer after neurotrauma remains unclear. Tak-
ing into account the above, we believe that this study is
relevant, both from the point of view of experimental
morphology and from the point of view of practical oph-
thalmology and surgery.

The aim of the study.

Establishing changes in the ultrastructural organiza-
tion of the components of the visual analyzer using an
experimental model of shock wave exposure to generate
a pathogenic factor in the acute period.

Object and research methods.

A total of 42 rats participated in the experiment,
which were divided into control and experimental
groups — in the acute period (n=21). During the work,
as a result of the impact of the shock wave, no animal
died. In our experiment, we investigated the impact of
the shock wave using a second experimental model,
but with additional features, in accordance with the
received patent of Ukraine (Pat. 146858 Ukraine, MPK
G09B23/28). When working with experimental animals,
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we adhered to the principles of the International Code of
Medical Ethics (1983) and the laws of Ukraine, the “Gen-
eral Ethical Principles of Experiments on Animals”, which
were approved by the First National Congress on Bioeth-
ics (Kyiv, 2001) in accordance with the provisions of the
“European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Pur-
poses” (Strasbourg, 1987). The animals were removed
from the experiment at the end of the experiment by
administering a lethal dose of sodium thiopental.

For ultrastructural analysis of the occipital lobe,
thalamus, and hypothalamus of the control and exper-
imental groups, fragments were removed from the cor-
responding brain areas after euthanasia and subsequent
craniotomy and the samples were fixed for 2 hours at
+ 2°C in a 2.5% solution of glutaraldehyde prepared in
0.1 M phosphate buffer (pH 7.3). The material was trans-
ferred for post-fixation in a 1% buffered (pH 7.4) solution
of osmium tetroxide (“SPI”, USA) for 1 hour. The samples
were dehydrated using alcohols of increasing concentra-
tion and propylene oxide. For the manufacture of epoxy
blocks, the composition of eponaraldite — Epon-812 (“SPI
— Pon tm 812 Epoxy Embedding Kit”, USA) was used. Ul-
trathin sections with a thickness of 60-80 nm were made
using an ultramicrotome UMTP-6M (“SELMI”, Ukraine)
and placed on supporting copper grids (Mesh Regular
Grid 200). Double Reynolds contrast was performed
with a 5% aqueous solution of uranyl acetate for 10 min-
utes at a temperature of +37°C, followed by impregna-
tion with a solution of lead citrate according to the Reyn-
olds method for 15 minutes. The study was performed
using a transmission electron microscope NEM-100-01
(“SELMI”, Ukraine) at an acceleration voltage of 70-75 kV
and primary magnifications from 1500 to 20000 accord-
ing to the standard scheme. All fields of view were exam-
ined and significant changes were photographed using a
digital system SEO-SCAN image output topics. 2 hours
before brain collection, rats in the experimental group
were exposed to a shock wave.

Research results and their discussion.

Conducted studies of the visual area of the thalamus,
metathalamus, hypothalamus of the diencephalon and
occipital lobe of the cortex of rats using electron mi-
croscopy showed that the use of this method makes it
possible to assess the restructuring of the ultrastructural
components of the visual analyzer after shock wave expo-
sure on the first day of the experiment, when the effects
have an acute degree of manifestation. Special changes
occurred in mitochondria, the so-called “cellular power
plants”. In rats in the control group, no damage was ob-
served in the structure of the outer mitochondrial mem-
brane, the mitochondria had a small size and a rounded
shape with ordered cristae, i.e. membranes formed by
folds of the inner membrane, which increase the surface
of the inner membrane and a matrix that was uniform.
In the occipital cortex, thalamus and hypothalamus of
rats, the neuropil surrounding the bodies of neurons in
the gray matter consisted of densely intertwined thin
axons and dendrites and glial processes that contacted
each other and formed synapses, i.e., places of trans-
mission of nerve impulses between neurons. Endothelial
cells did not show signs of activation. The thickness of
the basement membrane of hemocapillaries was evenly
distributed along its length and did not have significant
differences in comparison with the hemocapillaries of

the occipital cortex and the hypothalamic, metathalam-
ic and thalamic areas of the diencephalon in rats of the
control group; it had clear contours. Also, ultrastructural
study of cells of the visual area of the thalamus, metath-
alamus, and hypothalamus of rats in the control group
showed the absence of edema, clear visualization of
mitochondria with preserved structure, and well-visu-
alized cristae and organelles that had no signs of dam-
age: cellular architecture and membrane integrity were
preserved, indicating the absence of oxidative stress and
preservation of energy production (fig. 1).

Figure 1 — Neuropil of the hypothalamic area of the brain of a rat of

the control group. Electron micrograph. Scale bar = 500 nm. Desig-

nations: 1* — hemocapillary, 2* — mitochondria, 3* — microvesicular
bodies, 4* — basement membrane.

During the study of the structures of the subcortical
centers of the visual analyzer after the impact of a shock
wave in rats of the experimental group, it was noted
that the neurons of the subcortical region contained
numerous mitochondria, which were damaged under
overload conditions. In the change in the structure of
mitochondria under the conditions of their compensa-
tory hyperfunction after neurotrauma, homogenization,
vacuolization and matrix leaching were observed. That
is, mitochondria with signs of structural and functional
overvoltage prevailed: small in size with areas of uneven
sharp clarification of the matrix and disordered cristae
with phenomena of their destruction with elements
of crystallolysis. A small number of intermitochondrial
contacts were found between such mitochondria, cracks
and microruptures were observed in the outer mem-
brane of some of them (fig. 2).

Thus, the experimental impact of a shock wave in rats
in the acute period is accompanied by an increase in mi-
tochondrial heteromorphism, crystallolysis of intermyo-
fibrillar mitochondria, the appearance of organelles with
a sharp swelling of the matrix. That is, the mitochondrial
apparatus underwent acute reactive transformations in
the form of polymorphic swollen mitochondria, mosaic
structural disorders of cristae and the transformation of
these organelles from a rounded to a giant shape.

Compared to the control group, significant changes
were found on the electron micrographs of the occipital
cortex of the experimental animals: perivascular, peri-
neuronal edema and edema of neuronal organelles, es-
pecially mitochondria with partial destruction of cristae,
as well as edema of the neuropil as a whole (fig. 3).
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Figure 2 — Neuropil of the hypothalamic area of the rat brain of the
experimental group. Electron micrograph. Scale bar = 500 nm. Des-
ignations: 1* — mitochondria, 2* — edema, 3* — astrocyte nucleus,
4* — microvesicular bodies.

Special changes occurred in endothelial cells of the
subcortical and cortical centers of the visual analyzer
after exposure to a shock wave in the acute period. The
electron micrograph of the occipital cortex of rats of the
experimental group showed signs of endothelial cell ac-
tivation — the number of gaps increased, which led to
increased permeability, the content of vesicles and vacu-
oles and the content of fluid were suspended, which led
to the formation of edema, which was clearly visualized
around the vessels. Thickening of vascular membranes
due to edema was observed, and concentrations of
myelinated axons were determined in the extracellular
space, and an important feature of the reactive conse-
quences of the injury was the delamination of myelin,
i.e. demyelination — a fatty substance that surrounds and
insulates nerve fibers and ensures rapid and efficient
transmission of nerve impulses (fig. 4).

But in the hypothalamic, metathalamic area and thal-
amus in the neuropil, pericellular, i.e. around the cells,
edema, the appearance of microvesicular corpuscles,
thickening of axonal synaptic connections, a decrease in
the number of synaptic vesicles, thickening of the post-
synaptic membrane and an increase in the intersynaptic
gap were observed. Ultrastructural changes in structural
components also occurred at the level of hemocapillar-
ies in the visual areas of the experimental group rats.
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Figure 4 — Myelin delamination of the visual area of the occipital
cortex of the experimental group rat. Electron micrograph. Scale
bar = 500 nm. Desinations: 1* — mitochondria, 2* — endotheliocyte
nucleus, 3* — myelin delamination, 4* — myelin corpuscles.

Figure 3 — Occipital cortex of the rat brain of the experimental

group. Electron micrograph. Scale bar = 500 nm. Designations:

1* — mitochondria, 2* — neuron, 3* — myelin delamination.

An increase in the size of hemocapillaries was observed,
in which the basement membrane was uneven through-
out compared to the cortical vessels of the occipital lobe
(fig. 5).

Thus, the ultrastructural changes detected after the
shock wave in neurons and neuropil of the occipital cor-
tex, thalamus, hypothalamus and metathalamus are
characterized by reactive manifestations of damage: in
the form of myelin delamination, damage to organelle
membranes, their transformation, especially mitochon-
dria with destruction of cristae and uneven matrix illu-
mination, changes in the walls of hemocapillaries and
swelling of the neuropil as a whole.

In our study to establish the patterns of changes in
the ultrastructural organization of cellular components
of the visual analyzer under experimental conditions,
we examined the visual areas of the thalamus, metath-
alamus and hypothalamus of the diencephalon and the
occipital lobe of the cortex of rats in the acute period.
To achieve the goal and to further study the effects of
shock-wave effects on the structures of the visual ana-
lyzer of its subcortical and cortical centers at the ultra-
microscopic level and the possible restoration of struc-
tures in the post-traumatic period after the experiment,
we used electron microscopic research. The use of this
method made it possible to assess the restructuring of
the ultrastructural components of the visual analyzer
i ol g - T

Figure 5 — Hemocapillaries of the hypothalamic area of rats of the
experimental group. Electron micrograph. Scale bar = 500 nm.
Designations: 1* — erythrocytes in the lumen of the capillary, 2* -
endotheliocyte nucleus, 3* — basement membrane.
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after shock-wave effects on the first day of the experi-
ment, when the effects have an acute degree of manifes-
tations, which we observed in neurons and neuropil of
the subcortex and the cortical end of the visual analyz-
er — in the occipital lobe. During the study of the struc-
tures of the visual analyzer in rats of the experimental
group, it was noted that after the impact of the shock
wave, ultrastructural changes were observed with signs
of overload of neurons and neuropil of the occipital cor-
tex, thalamus, hypothalamus and metathalamus, which
were characterized by reactive manifestations of dam-
age in the form of myelin delamination, mitochondrial
damage with destruction of cristae and uneven matrix
lightening. Individual morphologists, histologists and
pathomorphologists studied the effect of the blast wave
on the structures of the visual analyzer in experimental
studies, but this concerned more the organ of vision and
in remote periods after the impact. Thus, the works as-
sessed the effect of the primary blast wave on the initial
neurons in the afferent visual system on photoreceptors
and associated retinal cells and the visual tract of the
brain. Histopathological results of the right and left ret-
ina and both visual tracts were assessed fourteen days
after the explosion [11]. Other works were devoted to
diseases of the visual analyzer departments, such as
glaucoma. The authors presented in the work an analysis
of changes in the functional state of the visual analyzer
when using multipotent stem cells — neural crest deriv-
atives in the treatment of glaucoma induced by adrena-
line stress using visual evoked potentials on a flash [12].

It is these results of our study and the data of other
scientists that make it possible to correct the damage
to the structures of the visual analyzer, especially after
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the impact of a shock wave, its consequences that arise
at the level of the subcortical and cortical centers of
the conductive path of the visual analyzer and after the
evidence at the ultramicroscopic level make it possible
to consider and further assist in the restoration of the
structures of the visual sensory system in the post-trau-
matic period and influence the restorative processes
and develop measures to reduce the level of disability
in cases of damage of varying severity of these parts of
the brain.

Conclusions.

1. Under the conditions of experimental shock wave
exposure, significant differences in tissue and cellular re-
actions were determined in the acute period after neu-
rotrauma.

2. The presence of a pronounced reactive reaction
of cells of the visual area of the thalamic, metathalamic
and hypothalamic sections of the diencephalon to the
impact of the shock wave with a special reaction among
organelles — mitochondria, which not only changed the
size and shape, but also the structure of the cristae in
which destruction occurred.

3. A pronounced reaction of neurons of the occipital
cortex: visualization of edema around the vessels, thick-
ening of their membranes, and in the extracellular space
demyelination of axons, which is the cause of various
neurological symptoms and diseases.

Prospects for further research.

In the future, it is necessary to identify and thorough-
ly investigate post-traumatic structural changes in the
visual areas of the visual analyzer after the shock wave
at different periods of time using immunohistochemical
research methods.

3AKOHOMIPHOCTI 3MIH Y/IbTPACTPYKTYPHOI OPTAHIBALIT KNITUHHUX
KOMIOHEHTIB 30POBOIO AHA/I3ATOPY B YMOBAX EKCMEPUMEHTY

OHINPOBCbKUIA Aep>KaBHUIT meguuHuii yHiBepcuteT (M. OHinpo, YKpaiHa)
abdul-ogly@ukr.net

Y cyyacHux ymoeax 8 YkpaiHi 0edasni yacmiwe ¢hikcyromoca HACAIOKU 8ubyxo8ux Xeusab ma yoOapHUX MPasm,
Wo crnpasnaloms cymmesuli 8naue Ha op2aHiam aAduHU 8 yinomy. Ocobnusy yeazy y Haykoegili nimepamypi
npuodinaome 00Cni0OHeHHIO opaaHy 30py ma (io2o 060/10HOK y HOPMI, 0 MAKOMC AHAI3Y CMPYKMYPHUX 3MiH 1i0 Oi€to
308HIWHIX | BHYMPIWHIX NaMo2eHHUX YUHHUKI8. Baxciuse micye nocidae U sus4eHHA 8i00inie MpominH0O20 MO3KY,
O0e po3mawoesaHi MiOKOPKosi yeHmMpu 30p08020 aHanizamopa. Memor 0aHo20 00cnidxceHHA byao 3’Acy8aHHSA
3MIH ynbmpacmpyKkmypHOI op2aHi3ayii KOMINOHEHMI8 30p08020 AHANI3AMOPA HA OCHOBI eKCrnepuMeHmMasnbHoi
moOderi yOapHO-X8U1608020 BAUBY, WO 8i0MEOoPIOE Oito Namo2eHHo20 hakmopa y 20cmpuli nepiod. Peaynsmamu
noKa3anu, wo nicaa 0ii yoapHoi xeuni'y 2ocmpuli nepiod 8UHUKAOMb iCMOMHI 8iOMiIHHOCMi 8 MKAHUHHO-KAIMUHHUX
peakyiax. BcmaHosneHo supaxeHy peakmusHicme KaimuH 30po8oi 0inAHKU manamiyHo2o, MemamasnamiyHo20
ma einomanamiyHoeo 8i00inie npomincHo2o Mo3Ky. Ocobnugi 3MiHU 8i03HQYEHO 8 MIMmOXOHOPIAX: B0HU
3MIHI08AAU hOpMy ma po3Mipu, A MAKOXC 3a3HABAAU OeCmpyKUii Kpucm, w0 8Ka3ye Ha 2aubOKi nopyuweHHs
BHYMPIWHbOKAIMUHHO20 Memabosizmy.

Takoxc criocmepieanu supaxceHy peakyito HelipoHi8 MoOMusaU4YHOI Kopu, 30KpemMa HABPAK HABKOAO CYyOuH,
MomosuwjeHHs ix MemMbpaH Mma 03HAKU OeMiEniHi3ayii aKCoHi8 y Mo3aKaimuHHoOMYy rpocmopi. Lli 3miHuU moxcyme
sucmynamu mMmopgos02i4HUM NiOrpyHMAM pO38UMKY PI3HOMAHIMHUX HEBPO102iYHUX CUMITMOMI8 ma 3aX80PHBAHS,
1o8’sa3aHux i3 8naueom subyxoeoi mpasmu. OmpumaHi OaHi NidmeepoOXyromb 8aH/1UBICMb M00AbUIO20 8UBYEHHS
CMPYKMYypPHUX i hyHKYIOHANbHUX 3MiH 30008020 AHANI3AMOPA 30 YMO8 MPABMAMUYHO20 YPAHEHHA MA MOXYMb
cmamu niorpyHmMam 018 po3pobKu Ho8UX 0id2HOCMUYHUX | mepanesmuyHuUx nioxodis.

Knro4oei cnoea: cimkiska, yoapHa xsusns, Helipompasma, 30posull aHAni3amop, manaamyc, 2inomanamyc,
MoMuaUYHA KOpa, eKcriepumeHm.
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3B’A30K ny6aiKauii 3 nnaHOBMMM HAayKOBO-AOCAIg-
HUMK poboTamu.

LocnigKeHHA npoBegeHi B pamKax HayKOBOI TemMu
Kabeapw KNiHiYHOI aHaTOMii, aHaTOMIi Ta onepaTUBHOI
xipyprii «MopdodyHKLIOHANbHUI CTaH OpraHiB Ta TKa-
HWH Nig BNAMBOM 30BHILHIX i BHYTPIWHIX YNHHUKIBY,
HOMep AeprKaBHOI peecTpay,ii 0120U105219.

Bcryn.

YNpoaoBX OCTaHHIX POKIB eKcnepumeHTasbHUM
HanNPAMOK [OCAIAXEHHA € HalbinbWw aKkTyaNbHUM B
mopdoorii 3 MeToro BUBYEHHS AMHAMIKM 3MiH, sIKi Big-
OyBalOTbCA Y Pi3HUX HO30/10TIAX NiCAA BMNAMBY Pi3HUX €H-
OOreHHMX Ta eK30reHHUX YMHHMKIB, @ 0cobmBO y Tene-
PilWHIN yac, Konn B YKpaiHi, Bce YacTile 3ycTpivatoTbea
HaCnNiAKM BUOYXOBMX XBU/b Ta YAAPHOI TPaBMM Ha opra-
Hi3m y uinomy [1, 2, 3]. Y nitepaTypi npuainaeTbca Benu-
Ke 3HAYEeHHs opraHy 30py Ta Moro 060/0HKaM Yy HOpMI
Ta Npouecam 3MiHM iX CTPYKTYPHOI opraHi3auii 3a ymos
BM/IMBY YMHHMKIB BHYTPILHbOIO Ta 30BHILIHBLOIO cepe-
[0BMULLA, @ TAKOXK OKPEMO Bigginam NpoMiXKHOro MO3KY,
e pOo3TalloBaHi MiAKOPKOBI LLEHTPU 30pOBOro aHasi3a-
Topy [4, 5]. Y Akepenax BUCBITNOOTLCA MUTAHHA HACAI4-
KiB BNAMBY YAaPHOI XBWAI Ha Pi3HI OpraHn Ta cUcTemmu
[6]. 30Kkpema He3’'ssIcOBaHUM NULIAETLCA MUTAHHA MOX-
nuBoi cTabinisauii Ha ynbTPaKNITUHHOMY Ta TKAHUHHOMY
piBHi HacnigKiB HEraTMBHOMO BMNJ/IMBY YAAPHOI XBWAI Ta
OYHOI TPAaBMM Ha CTPYKTYPHi KOMMOHEHTW MifKiPKOBOTO
Ta KipKOBOrO KiHLiB 30p0oBOro aHanisatopy [7, 8]. Y 3apy-
BiXHUX ArKepenax BUCBITAHOKTLCA NMUTaHHA OYHOI TpaB-
MW OKpemo 060N0HOK OYHOro AGAYyKa i YacTilwe CiTKiB-
K1 [9]. HesBarkatoum Ha Ui npaLi i Hagani 3aAnLWAETbCA
aKTyanbHMM npobnema BNAWBY YAAPHOT XBUAI Ha LLEeH-
TpanbHWU Ta NnepudepuYHN BigaiNnn 30p0BOro aHanisa-
TOPA, a TAaKOXX MOXJIMBOI KOpeKL,ii Lmx 3miH. OpraH 3opy
Ta FO/IOBHUM MO30OK pearye Ha BMOyX AK HeogHopigHa
TKaHWHA, TOMY BHACNiA0K PiBHOrO BMMBY iHepLii, BUDY-
XOBa XBUNA CMPUYUHAE 3MILLEHHA HA NOBEPXHi po3ainy
MiX ix cTpykTypamu [10]. Ane, He3’AcOBaHMM NULLAETL-
CA NUTaHHA cTabinisauii natomopdonoriyHMx 3miH Ha
YAbTPaMiKPOCKONIYHOMY PiBHI B 30pOBUX AiNAHKAX 30-
pPOBOro aHanisatopy nicna HelMpoTpasmu. Bpaxosyroumn
BULLE3a3HAYEHE, BBAYKAEMO, LLO JaHe AOCNIAKEHHA €
AKTYya/IbHUM, fIK 3 TOYKKN 30py eKCNEePUMEHTANbHOI MOp-
¢donorii, TaK i 3 TOYKM 30py NPAKTUYHOT ODTANIbMONOTIT i
Xipyprii.

MeTta gocnig)eHHs.

BcTaHOBNEHHA 3MiH y/NIBTPACTPYKTYPHOI OpraHisau,i
KOMMOHEHTIB 30pOBOro aHani3aTopy 3a AOMOMOrOH eKC-
nepMMeHTaNbHOI MoAeni yaapHO XBW/bOBOrO BM/UBY
ONA reHepauii naToreHHoro pakTopy B rocTpuii nepios,

O6’eKT i meTOaM AoCNiAXKeHHA.

Bcboro B ekcrnepumeHTi 6pano yyactb 42 wypa, AKi
6ynu po3noaineHi Ha KOHTPOJIbHY Ta eKCnepuMeHTasb-
Hy rpyny — y rocTpuit nepiog (n=21). 3a yac nposeaeH-
HA pob0oTK, BHACNIAOK BNAMBY YAAPHOI XBUAI, Hi oAHa
TBapuHa He 3arnbna. B Hawomy eKcnepuMeHTi Mn [o-
cnignnn BNAMB yAAPHOI XBUAI 3a JONOMOroK Apyroi
eKcnepumeHTanbHOi moaeni, ane 3 JONOBHEHUMU OCO-
6AnBOCTAMMK, BiAMOBIAHO OTPMMAaHOMY MnaTeHTy YKpa-
iHn (Mat. 146858 YkpaiHa, MIMK G09B23/28). Mig uyac
pob0oTH 3 eKCcnepumMeHTaNbHUMU TBAPUHAMU JOTPUMY-
Bannca npuHumniea MiKHapOAHOIro KogeKcy meanyvHol
eTuKM (1983 p.) Ta 3aKOHam YKpaiHK, «3arasbHUM eTuy-
HUM MPUHUMNAM E€KCMEPUMEHTIB HaZ TBapMHaMU», AKi
3atBepaKeHi | HauioHanbHUM KoHrpecom 3 6ioeTuku

(Kvis, 2001p.) 3rigHO 3 NO/IOXKEHHAM «EBpoONnencbKoi
KOHBEHLLT i3 3aX1CTy XpebeTHUX TBApWH, AKi BUKOPUCTO-
BYIOTbCA B EKCMEPMMEHTAJIbHUX Ta iHLWMUX HAyKOBWUX
uinax» (Crpacbypr, 1987). BuBeaeHHsA TBapuH 3 eKcne-
PUMEHTY NO MOro 3aKiHYEeHHIO NPOBOAUIN BBEAEHHAM
NeTanbHOI J03M TIONEHTaNy HaTpito.

[Ona ynbTpacTpyKTYpHOro aHanisy noTMAWYHOI A0Ni
KOpMW, Tanamyca, rinotasnamyca KOHTPONbHOI Ta eKc-
nepMMeHTaNbHOI rpynu nicaa esBTaHasil Ta noganblloil
KpaHioTOMIl BWay4Yanu 3 BiANOBIAHUX AiNAHOK ronoBs-
HOro MO3Ky dparmeHTV Ta GiKcyBanm 3pasKu NPOTArOM
2 roanH ¢ikcyBann npu + 2°C B 2,5% — HOMYy PO34MHI
rN0TapoBoOro anbaerigy, surotosneHomy Ha 0,1 M ¢oc-
datHomy byodepi (pH 7,3). MaTtepian nepeHocuan gns
noctoikcauii 8 1% — Huit 3abydepennit (pH 7,4) posumH
TeTpoKcuay ocmito (“SPI1”, CLUA) Ha 1 rogmHy. 3HEBOAH!O-
Ba/IM 3pa3KM 32 OMNOMOTOH CNMPTIB BUCXiAHOT 3poCcTato-
YOi KOHUEeHTpaLi Ta nponineH okcuay. [Ana BUroToB/eH-
HS eNOKCUMAHUX GNIOKIB BUKOPUCTOBYBA/IM KOMMO3MULLiO
enoHapangit — EnoH-812 («SPlI — Pon ™m 812 Epoxy
Embedding Kit», CLLUA). YnbTpaTOHKi 3pi3v 3aBTOBLLKM
60 — 80 HM BMrOTOBAANN 32 AONOMOTOR YABTPAMIKPOTO-
My YMTI — 6M (“SELMI”, YKkpaiHa) Ta po3milyyBanu Ha
ONopHMX MigHUX ciToukax (Mesh Regular Grid 200). Mo-
OBillHE KOHTpacTyBaHHA 3a PeilHONbACOM MPOBOAMAM
5% - BUM BOAHMM PO34YMHOM ypaHin aueTaty npoTArom
10 xBuAnH npu Temnepatypi + 37 ragycos 3 HaCTYMNHOO
iMnperHawieo po3YMHOM LUTPATy CBUHLIO NO MeToay
PeltHonbaca npotarom 15 xBuauH. [locnigKeHHA npo-
BOAMAN 32 AOMOMOTIO TPAHCMICIMHOIMO eneKkTPOHHOro
Mikpockona MEM-100-01 (“SELMI”, YkpaiHa) npu Hanpy-
3i npuckopeHHs 70-75 KB i nepBUHHMX 36inblUEHHAX Bif,
1500 po 20000 3a cTaHA4apTHOK cxeMoto. [JocniarKeHo
yCi nons 3opy Ta nposegeHo ¢oTodikcauito 3HaYYLMX
3MiH 3a gonomorot undpoBoi cuctemmn Busoay 306pa-
»eHb SEO — SCAN. 3a 2 roguHu o 3abopy rosoBHOro
MO3KY, LWYypiB eKcnepMMeHTanbHOI rpynu nigaasanu
BMNAMBY YAAPHOI XBUAI.

Pe3ynbTart gocnigrKeHHA Ta ix 06roBopeHHs.

MNpoBeaeHi focnigXeHHA 30pOBOI AiINAHKM Tanamy-
ca, MeTa TaJlamyca, rinoTasamyca NPoOMiKHOro MO3Ky Ta
NOTU/INYHOT A0NI KOPWU LLYpPIB i3 BUKOPUCTAHHAM enek-
TPOHHOT MiKPOCKOMIi, MOKa3a iy, WO 3aCTOCYBAHHA LbOro
MeToAy LA€E 3MOTy OUiHMTWM nepebynoBy yAbTPaCTPyK-
TYPHMX KOMMOHEHTIB 30p0OBOr0O aHani3aTopy nicna yaap-
HO - XBU/IbOBOFO BMN/IMBY HA NepLly A00y eKCNepumMeHTy,
KOJIN HACNiAKM MatoTb roCcTpy CTyniHb NposBiB. OcobauBi
3MiHM BigbyBanuCb y MITOXOHAPIAX, TaK HAa3BaHUX K-
TUHHUX eNEeKTPOCTaHLIAXY». Y LWypPiB KOHTPOAbLHOI rpynu
Yy CTPYKTYpi 30BHIlIHbOI MiTOXOHAPiaNbHOI MembpaHu
NOLLKOAXKEHb HE CMOCTepPiranoca, MiTOXoHApii manu He-
BE/IMKMI pPO3Mip Ta OKpyrny Gopmy 3 ynopaaKkoBaHUMM
KpucTamu, TO6TO nepeTuHKamu, Aki cdopmoBaHi cknag-
KaMW BHYTPiWHbOI MeMbpaHy, Lo 36inbluyoTb NOBepX-
HIO BHYTPILWHbOT MeMbBpaHu i MaTpiKc, AKKIA ByB piBHO-
MipHUM. B NOTMAOYHOI KOpi, Tanamyci Ta rinoTasnamyci
LypiB Herponinb, AKWI OTOYYE TiNa HEMpOHIB B Cipil
PEeYOBMHI, CKNaZaBCA 3 TyCTO MepensieTeHUX TOHKUX
AKCOHIB Ta AeHAPUTIB Ta riaNbHUX BiAPOCTKIB, AKI MiX
cob0ot0 KOHTaKTyBanW Ta YTBOPIOBAAM CMHAMNCK, TOb6TO
MicuA nepegadvi HEPBOBUX IMMYNbCIB MiXK HEMPOHAMM.
KniTMHM eHaoTenito He Maau 03HAKWM akTuBaLii. ToBLUM-
Ha 6a3anbHOI MembpaHu remoKaninapis byna pisBHOMip-
HO pO3nogineHa ynpogoBK CBOEI JOBXMHW Ta HE mana
CYTTEBMX BigMiIHHOCTEW Y NMOPIBHAHHI MiX coboto remo-

ISSN 2077-4214. Bichuk npo6nem 6ionorii i megnuunn — 2025 — Bun. 3 (178) / Bulletin of problems in biology and medicine — 2025 — Issue 3 (178)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

373



MOP®ONOrIA / MORPHOLOGY

KaninApiB NOTUAOYHOI KOpPM Ta rinoTasamivyecKkoi, me-
TaTaNaMIYHOI | TalAaMIYHOI AINAHKM NPOMIXKHOTO MO3KY
Y LWypiB KOHTPOAbLHOI FPYynn, BOHA Mana YiTKi KOHTYypHU.
TaKoX, YNbTPACTPYKTYPHE AOCAIAMXKEHHA KNITUH 30po-
BOI AiNAHKM Tanamyca, meTatanamyca Ta rinotasamyca
LLypiB KOHTPOJIbHOI FPYNMX NOKasano BiACyTHICTb HAabpsa-
Ky, YiTKy Bi3yanisauito MiToxoHApili 3i 36epereHHAM
CTPYKTYpM Ta obpe Bi3yanizoBaHi KpUCTU | opraHenu,
AKi HE MaIM O3HAK YpaXKeHHA: KNITUHHA apXiTeKTypa, ui-
NicHicTb membpaH byna 36eperkeHa, Wo cBig4nao npo
BiACYTHICTb OKCMAATUBHOIO CTPecy Ta 36epekeHHs nNpo-
AyKuii eHeprii (puc. 1).
g v ‘ J \

(1

PucyHoK 1 — Heiiponinb rinotanamiyHoi AiNAHKN rOIOBHOrO MO3KY
Lypa KOHTPObHOI rpynu. EnektpoHHa mikpodororpadis. Macw-
TabHa niHilika = 500 HM. No3HauyeHHsA: 1* - remoKaninap, 2* - mi-

TOXOHAPII, 3* - MmiKpoBe3ikynapHi Tinbua, 4* - 6azanbHa membpaHa.

Mig vac pocniaKeHHA CTPYKTYP NiAKIPKOBMX LIEHTPIB
30pOBOr0 aHani3aTopy nicnA BNAMBY YAAPHOI XBWUAI Y
LLypiB eKcnepuMeHTanbHOI rpynu 6y/o BiA3HAYeHo, Wwo
HENPOHU MIAKIPKM MICTUAM YMCAEHHI MITOXOHAPIT, AKi
6yNN NOLIKOAMKEHI B YMOBaxX nepeBaHTaXKEHHsA. B 3MmiHi
CTPYKTYPM MITOXOHAPIM B yMOBaX iX KOMNEHCAaTOPHOI ri-
nepdyHKLii nicns HeMpoTpaBMKM crocTepiranacb - romo-
reHisauis, BaKyonisaujia Ta BUMMBAHHA maTpikcy. TobTo
nepesaXkaam MiTOXOHAPIT 3 03HaKaMM CTPYKTYPHO-DYHK-
LiOHaNbHOI MepeHanpyru: HeBeIMKOro PO3Mipy 3 AinAH-
KaMW HEePiBHOMIPHOTO Pi3KOro NPOCBITIEHHA MaTPUKCY i

PucyHoK 2 — Heiiponinb rinotanamiuHoi AiNAHKN rOIOBHOrO MO3KY
Lypa eKcnepumeHTanbHoi rpynu. EnektpoHHa mikpodotorpadis.
MacwrabHa niHiiika = 500 HM. Mo3HayeHHsA: 1* - miToxoHApIT,
2* — HabpsK, 3* — agpo actpoumty, 4* — miKpoBe3iKyNAPHI TinbuA.

HA 3 efleMeHTaMM1 KpuUctonisncy. Mix TaKMMU MITOXOH-
OPIAMW BUABMIACA HE3HAYHA KiNIbKICTb MiXKMITOXOHAPI-
a/IbHUX KOHTAKTIB, B 30BHILLHIN MeMbpaHi AeAKMX 3 HUX
crnocTepiranuncs TPIWWHN 11 mikpopospusu (puc. 2).

OTKe, eKcnepuMeHTabHUIA BNAUB YAAPHOT XBUAT Y
LLYpiB Y rOCTPUI Nepios, CyNnPOBOAKYETLCA NOCUNEHHAM
retepomopodii MITOXOHAPIN, KPUCTONI3UCOM MiKMiodi-
BpPUNAPHUX MITOXOHAPIA, NOSBOK OpraHen i3 piskum
Habpskom maTpukcy. Tob6To miToOXoHApianbHUX anapat
3a3HaBaB rOCTPUX PEAKTUBHUX MEPEeTBOPEHb Yy BUIMA-
Ai nonimopdHUX HabpPAKAUX MITOXOHAPIN, MO3AiYHUX
CTPYKTYPHUX MOpYyLWeEHb KPUCT Ta TpaHcdhopmauii Lmx
opraHen 3 OKPYMI0t0 A0 FiraHTCbKoo Gopmu.

B nopiBHAHHI 3 KOHTPO/ILHOO TPYMNOIO, HAa E/IeKTPO-
HOrpamax rosI0BHOrO MO3Ky MOTUMYHOI KOpWU eKcre-
PUMEHTANbHUX TBAapUH BUABUAM 3HAYHI 3MIHW: nepwu-
BaCKY/NAPHUI, NepuUHENpPoHanbHUN HabpaK Ta Habpsk
opraHen HeMpoHiB, 0c061MBO MITOXOHAPIN 3 YAaCTKOBOIO
OECTPYKLIEI KPUCT, a TAaKOXK HabpsK Helponiato B Lino-
my (pwmc. 3).

Ocobnu1Bi 3MiHM BigbyBannUCb y KAITUHaX eHAoTe-
Nito NiAKOPKOBUX Ta KiPKOBWUX LLEHTPAxX 30pOBOro aHasi-
3aTopy nicns BNAMBY YAAPHOI XBUAI y TOCTPUI nepioa,
Ha enekTpoHorpamme nOTU/IOYHOI KOPU LUYpiB eKcne-
PUMEHTaNbHOI FPynu Masv NPOABU aKTUBALIT KAITUHMK
eHA0TeNito — 3pOCTaNno KiNbKiCTb NPOMIXKIB, WO Beno
40 NigBULWEHHA NPOHMKHOCTI, NigBilyBaBCA BMICT Be-
3MKYN Ta BaKyosiel Ta BMICT piguHu, Yomy i dopmyBaBs-
€A HabpsAK, AKWM YiTKO Bi3yanizyBaBCA HABKOMO CYAMH.
CnocTepiraniocb MOTOBLUEHHA MembpaH CcyauH 4vepes
HabpsK, a B MO3aKNITMHHOMY MPOCTOPi BU3HAYANUCH
KOHUEHTpaLii MieniHi30BaHUX aKCOHIB Ta BaXK/IMBOO
0COBMMBICTIO PEAaKTUBHMX HaCAiAKiB TpaBmKu 6yno pos-
LIapyBaHHA MieniHy, TO6TO AemieniHisauii — xuponogai6-
HOI pe4YOBMHMU, AKA OTOYYE Ta i30/1H0€ HEPBOBI BO/IOKHA Ta
3abesneuvye WBMAKY Ta epEKTUBHY Nnepesady HePBOBMUX
imnynbcis (puc. 4).

Ane y rinoTanamivyHoi, meTaTanamivyHoi AinAaHui Ta
Tanamycy y Hemponini cnoctepirasca NepULLENONAPHUNA,
TO6TO HAaBKOMO KAITUH, HAbPAK, NoABa MiKpPoBE3iKyNAp-
HUX Tifieub, MOTOBLUEHHA AKCOHA/IbHUX CUHANTUYHUX
3’€eHaHb, 3MEHLEHHA KiIbKOCTi CUHANTUYHUX NMYXUPL,IB,
NOTOBLLEHHA MOCTCUHANTUYHOT MeMbpaHu Ta 36i/blueH-
HA MIXXCUHANTUYHOI WiAVHW. YNBTPACTPYKTYPHI 3MiHM
CTPYKTYPHUX KOMMOHEHTIB BifbyBanuch i Ha pisHi re-

Al A‘ ‘ % T8 -y ‘ !w’

PucyHok 3 — MoTunnyHa Kopa roJIoBHOro MO3KYy Lypa eKcnepumeH-

TanbHoI rpynu. EnektpoHHa mikpodorTorpadia. MacwrabHa niHika

=500 HM. Mo3HaueHHsA: 1* - miToxoHApii, 2* - HellpoH, 3* - po3iwa-
PYBaHHA MieniHy.
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PucyHoK 4 — Po3wwiapyBaHHA Mi€NiHy 30pOBOi AiNAHKN NOTUNOYHOT
KOpM Lypa eKcnepuMeHTaNbHOI rpynu. EnektpoHHa mikpodoTtorpa-
$ia. MacwrabHa niHilika = 500 Hm. Mo3HauyeHHs: 1* - miToxoHApil,
2* — appo eHpgoTeniounta, 3* — posLwapyBaHHA MieNiHy,

4* — mieniHoBi TinbuAa.

MOKaniNApiB y 30p0OBUX AiNAHKAX LLYPiB eKCnepumeH-
TanbHOi rpynu. CnocTepiranocb 36inblieHHA pPo3Mmipis
remokaninapis, B Akux 6asanbHa membpaHa byna He-
PiBHOMIPHOIO Ha BCbOMY MPOTA3i Y MOPIBHAHHI 3 KOPTU-

KanbHUMW CyaAnHaMK NOTUAMUYHOI Aoni (puc. 5).

TakKUM YMHOM, BUABANEHI NicAa Aji yaapHOI XBWUAi yNb-
TPACTPYKTYPHI 3MiHW B HEMPOHAX i HeMpoNini NOTUANY-
HOI KOpW rOI0BHOIO MO3KY, TaJlaMycy, rinotanamycy Ta
MeTa TaslaMyCy XapaKTepU3ylTbCA PeaKTUBHUMMU MpPo-
ABAMM YLUKOAKEHHA: Y BUINAAI PO3LIAPYBaHHA MIENIHY,
NOLWKOAKEHHA MembpaH opraHen, ix TpaHchopmalLieto,
0C06/1IMBO MITOXOHAPIM C AECTPYKLIE KPUCT Ta Hepis-
HOMIPHOrO NPOCBITAEHHA MATPUKCY, 3MIHOO CTiHOK re-
MOKaninAapis Ta HabpAKy Helponinto B Linomy.

Y Hawomy AOCNiAMKEeHHI MO BCTAHOBJIEHHIO 3aKO-
HOMIpPHOCTElM 3MiH Y/bTPACTPYKTYPHOI opraHisauii Kii-
TUHHUX KOMMNOHEHTIB 30pPOBOro aHani3atopy B ymoOBax
eKCNepumMeHTy MU A0CNIAUAN 30POBI AINAHKM Tanamy-
Ca, MeTaTasiamyca Ta rinoTasiamyca NPOMIKHOFO MO3KY i
NOTUAMYHOI AOANI KOPW LLYpPiB y rocTpuin nepiod. Ana no-
CAFHEeHHA MEeTW i ANA NOAANbLLIOTO BUBYEHHA HACNIAKIB
YAAPHO — XBWU/IbOBOTFO BMJ/IMBY Ha CTPYKTYpWU 30pOBOro
aHanisaTtopy NigKipKOBMX Ta KipKOBUX MOTO LLEHTPIB Ha
YAbTPaMiKpPOCKONIYHOMY PiBHA Nepiogm Ta MOXKINBOrO
Bi4HOB/IEHHA CTPYKTYP Y MOCTTPaBMATUYHOMY nepiogi
nicna npoBefeHHA eKCNepMMeEHTY MK 3aCTOCOBYBa/U
€/1eKTPOHOMIKPOCKOMIYHE AOC/iIAKEHHA. 3aCTOCYBaHHA
LLbOro MeToAy Aano 3MOry OuiHMTK NepebyaoBy yabTpa-
CTPYKTYPHUX KOMMOHEHTIB 30pOBOro aHani3aTtopy nican
YAAPHO - XBUIBOBOTO BMN/IMBY Ha nepuy oby ekcnepu-
MEHTY, KOJIN HaCNiAKN MatoTb FOCTPY CTyMiHb NpPOABIB,
AKi MK crnocTepirann y HelMpoHax Ta Helponini nigkip-
KM Ta KipKOBOrO KiHLA 30pPOBOro aHasisaTopy — B NOTU-
NnyHoi poni. Mig Yac focniaXKeHHA CTPYKTYp 30pOBOro
aHanisaTopy y LWypiB eKcnepumeHTanbHoi rpynu 6yno
Bif43HayeHo, WO nicna BNAMBY YAAPHOI XBUAI cnocTepi-
ratoTbCA YNAbTPACTPYKTYPHI 3MiHM 3 03HaKaMuM nepeBaH-
TaXKEHHA HEMPOHIB i HEMPONIiNi NOTUNYHOI KOPW FOI0B-
HOro MO3Ky, TaslaMycy, rinoTasamycy Ta meTaTanamycy,
AKI XapaKTepusyBaancb PeakTMBHMMM NPOABAMM YLLIKO-
OXEeHHA Y BUrNAAi po3LapyBaHHA MIENIHY, MOLIKOAMKEH-
HA MITOXOHAPIN € AECTPYKLEIO KPUCT Ta HEPIBHOMIPHUM
NPOCBITAEHHAM MaTpuKcy. Okpemi mopdonoru, rictono-
' Ta NaTomMop¢dOoaorM BMBYAIM B EKCMEPUMEHTANIbHUX
[OCNIAXKEHHAX BNAUB BUOYXOBOT XBUAI HA CTPYKTYpU 30-

PUcyHOK 5 — femokaninaAp rinotanamiyHoi 4inaHKM wypis ekcnepum-
MeHTanbHoiI rpynu. EnektpoHHa mikpodortorpadia. MacwrabHa ni-
HiliKa = 500 Hm. Mo3HaueHHA: 1* - epUTpPOLUTU B NPOCBITI Kaninapa,
2* — appo eHgoteniouuta, 3* — 6asanbHa membpaHa.
poBOro aHani3aTopy, afe ue CTocyBanoch Hinblu opraHy
30py i y BiaganeHi nepiogn nicna Bnamey. Tak, B pobo-
Tax 6yn0 oujiHeHo BN/MB NepBUHHO BUBYXOBOT XBUI Ha
NoYyaTKOBi HEMPOHM B adepeHTHI 30poBii cucTemi Ha
¢doTopeLenTopu Ta NOB’A3aHI 3 HUMW KNITUHM CiTKIBKM
Ta 30pOBUI TPAKT MO3KY. [icTONaTONOriYHI pe3ynbTaTi
npasoi Ta NiBOI CiTKIBKM Ta 060X 30pOBMX TPaKTIB ByAM
OUiHEeHi Yepes 4YOoTMpPHaAUATb AHIB nicns Bubyxy [11].
IHWi poboTn Bynn nNpucesaYeHi 3axBOPIOBaHHAM Biaai-
NiB 30pOBOro aHani3aTopy, TakMX AK rMaykoma. ABTopU
B poboTi NpeacTaBMAM aHani3 3MiH QyHKLIOHa/NbHOIO
CTaHy 30pOBOrO aHasi3aTopa NPU BUKOPUCTAHHI MyNbTU-
NMOTEHTHUX CTOBOYPOBUX KAITUH — NOXiAHUX HEPBOBOIO
rpebHs B NiKyBaHHI iHAYKOBaHOI afpeHaniHOBUM CTpe-
COM F1ayKOMM 33 AOMOMOTrOH 30POBUX BUKIMKAHMX MO-
TeHUuianis Ha cnanax [12].

Came Ui pe3ynbTaTy HAWOro AOCAIAMKEHHA Ta AaHi
iHWWX BYEHUX [al0Tb MOMKJ/IMBICTb KOPEKTyBaTW ypa-
YKEHHS CTPYKTYP 30pOBOro aHanizaTopy, 0cobamBo nicns
BM/IMBY YAAPHOI XBWAI, 1i HACNIAKM, AKI BUHMKAIOTb Ha
PiBHi MiAKOPKOBMX Ta KipKOBUX LLEHTPIB MpPOBIAHOIO
L/AXY 30POBOrO aHani3aTopy i NicnA AOKa30BMX JAHUX
Ha YNbTPAMIKPOCKONIYHOMY PiBHI 4al0Tb MOMK/IUBICTb
po3rnafaTv Ta Hajani 4oNoMaraTu y BiAHOBAEHHI CTPYK-
TYP 30POBOI CEHCOPHOI CMCTEMM Y NOCTTPABMATUYHOMY
nepioAai Ta BNAMBATM Ha BiAHOBAKOOYM NpoLEcH i pos-
pobnATU 3axoaM ANA 3MEHLWIEHHs PiBHA CTyneHs iHBa-
nigisauii Npy yparKeHHi pisHOro CTyneHt TAXKKOCTI LMX
BiAZiNiB rOJIOBHOIO MO3KY.

BucHoBKM.

1. 3a yMOB eKcnepuMMeHTasIbHOro BMNAMBY YAAPHOI
XBWUANI BU3HAYUAM iCTOTHI BiAMIHHOCTI TKAHMHO — KAITUH-
HUWX peakLiin B rocTpuii nepiog nicna HeMpoTpasmu.

2. [loBefeHO MPUCYTHICTb BUPAXKEHOI PeakTUBHOI
peakKLii KNiTMH 30pOBOI AiNAHKM TanamiyHOro, metaTa-
JIaMiYHOro Ta rinoTanamiyHoro BiAAINIB NMPOMIXKHOIO
MO3KY Ha BMN/IMB yAapHOI XBMAI 3 0COBNINBOIO peakLieto
cepen, opraHes — MiTOXOHAPIN, AKI He TiNbKKW 3MiHIOBaNN
po3mip i dopmy, a TaKoXK Bya0BY KPUCT, B AKMX BigbyBa-
Nacb AecTpykuia.

3. BuparkeHy peakLito HeMpoHiB NOTUIOYHOI Kopu:
Bisyanisauis HabpsaKy HaBKONO CyAuH, MOTOBLUEHHA iX
membpaH, a B NO3aKAiTMHHOMY MPOCTOPi AeMieniHiza-
L0 QKCOHIB, WO € MPUUYMHOK PI3HUX HEBPONOTIYHUX
CMMMNTOMIB Ta 3aXBOPOBAHb.
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MepcneKkTMBM NOAaNbLINX [OCAIAKEHD. OinAHKax 30pOBOro aHasi3aTopy Micnsa yaapHOi XBUAi y
Y NoaanblOMy HaNeXUTb BUABUTU Ta LOCKOHANO0 A0-  Pi3Hi nepiogm Yacy 3a 4ONOMOToK iMMYHOFICTOXIMIYHMX
CNigUTU NOCTTPAaBMATUYHI CTPYKTYPHI 3MiHM Yy 30POBUX  METOAIB AOCAIAXKEHHS.
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3AKOHOMIPHOCTI 3MIH YNbTPACTPYKTYPHOT OPTAHI3ALLIT KNITUHHUX KOMMNOHEHTIB 30POBOrO AHA/I-
3ATOPY B YMOBAX EKCMEPUMEHTY

A6ayn-Ornu N. B., OniitHuk K. A., KowapHuii B. B.

Pestome. MposeaeHi AOCNiAXKEHHA 30pOBOI AiNAHKM Tasnamyca, MeTaTasamyca Ta FinoTasiamyca NPOMIXKHOIO
MO3KY i MOTUANYHOT JONI KOPU LLYPIB i3 BUKOPUCTAHHAM €/1€KTPOHHOI MiKPOCKONIi, NOKa3anu, Wo 3acToCyBaHHA
LbOro MeToAy AA€ 3MOTY OLHUTU NepebyfoBY YAbTPACTPYKTYPHUX KOMMNOHEHTIB 30pOBOro aHani3aTopy nicasa yaap-
HO — XBM/1IbOBOTO BM/IMBY Ha neplly 406y eKCNepuMeHTY, KoM HACcNiAKM MatoTb rOCTPY CTyniHb npossis. Mig yac
[OCNIAMKEHHA CTPYKTYP NiAKIPKOBMX LEHTPIB 30pOBOr0 aHaMi3aTopy y LWypiB eKcrnepumeHTanbHoi rpynu 6yno Bia-
3HAYEHO, LLLO HEMPOHU MiAKIPKN MICTUAM YNCAEHHI MITOXOHAPIT, AKI ByNM NOWKOAKEHI B yMOBaX NepeBaHTAXKEHHSA:
HEBE/IMKOro pPo3Mipy 3 AiNAHKAMM HEPIBHOMIPHOrO Pi3KOro MPOCBITAEHHA MAaTPUKCY i HEYNOpPAAKOBAHMMWU Kpu-
CTaMM 3 ABULLLAMM iX PYMHYBAHHSA 3 eleMeHTaMMN KPUCTONI3UCY, MiXK HUMKW BUABAAIACL HE3HAUYHA KiNbKICTb MiXKMi-
TOXOHAPiIa/IbHUX KOHTAKTIB, @ B 30BHILLIHI MeMbpaHi AeAKMX 3 HUX cnocTepirannca TPILLMHM K Mikpopo3pusK. OTKe,
eKCnepMMeHTabHUI BNNB yAAPHOT XBUAI Y LLYPIB Y FOCTPUI Nepios CynpoBOAKYETbCA MOCUNEHHAM reTepomopdii
MITOXOHZAPIN, KPUCTONIZUCOM MiXKMIODIBPUNAPHUX MITOXOHAPIN, NOSABOKO OpraHesn i3 PisKMM HabpsAKOM MaTpPUKCY.
B MOpiBHAHHI 3 KOHTPOZILHOIO TPYMOIO, HA €/IeKTPOHOrpamax NOTUNYHOI KOPU eKCNepUMEHTANIbHUX TBApWUH BU-
ABNANNCH 3HAYHI 3MiHW: NEPUBACKYNAPHUI, NEPUHENPOHANbHUIA HabpAK Ta HabpAK opraHen HelpoHis, ocobanso
MITOXOHZAPIM 3 YaCTKOBOM AECTPYKLLEID KPUCT, @ TaKOXK HabpsK Helponinto B Lwinomy. Cnoctepirasocb NOTOBLLEHHSA
MembpaH cyauH Yyepes HabpAK, a B NO3aKNITMHHOMY MPOCTOPi BM3HAYa/IMCb KOHUEHTPALIT MieNiHi30BaHUX aKco-
HiB Ta BaX/IMBOK OCOBNMBICTIO PEAKTUBHMX HACNIAKIB TPaBMU Byno po3lwapyBaHHA MieniHy, TO6TO gemieniHisa-
Lii. TaKMM YMHOM, BUABNEHI MicaA Ail yaapHOT XBUAI yNIbTPACTPYKTYPHI 3MiHM B HEMPOHAX i HerMponini NOTUANYHOI
KOPW rONI0OBHOTO MO3KY, Tanamycy, rinotasamycy Ta MeTaTasiaMyCy XapaKTepu3yloTbCA PeakTUBHUMU NPOABaMMU
YWKOAKEHHSA: Y BUTNALI po3LWapyBaHHA MIENIHY, NOWKOAXKEHHA MeMbpaH opraHen, ix TpaHchopmaLiero, ocobanso
MITOXOHAPIN C AECTPYKLIED KPUCT Ta HEPIBHOMIPHOrO MPOCBITNIEHHA MATPUKCY, 3MiHOIO CTIHOK reMOoKaninApis Ta
HabpAKy Helponinto B Lisomy.

Kntouosi cnoBa: CiTKiBKa, yAapHa XBMAA, HEMPOTPaBMa, 30P0BUIA aHaNi3aTop, TasaMyc, rinoTanamyc, NoTUAMYHA
KOpa, eKCNepPUMEHT.

REGULARITIES OF CHANGES IN THE ULTRASTRUCTURAL ORGANIZATION OF CELLULAR COMPONENTS OF THE
VISUAL ANALYZER IN EXPERIMENTAL CONDITIONS

Abdul-Ogly L. V., Oliynyk K. A., Kosharnyi V. V.

Abstract. Conducted studies of the visual area of the thalamus, metathalamus and hypothalamus of the
diencephalon and the occipital lobe of the cortex of rats using electron microscopy showed that the use of this
method makes it possible to assess the restructuring of the ultrastructural components of the visual analyzer after
shock-wave exposure on the first day of the experiment, when the effects have an acute degree of manifestation.
During the study of the structures of the subcortical centers of the visual analyzer in rats of the experimental group,
it was noted that the neurons of the subcortical region contained numerous mitochondria that were damaged in
overload conditions: smallin size with areas of uneven sharp matrix lightening and disordered cristae with phenomena
of their destruction with elements of crystallolysis, a small number of intermitochondrial contacts were detected
between them, and cracks and microruptures were observed in the outer membrane of some of them. Thus, the
experimental impact of a shock wave in rats in the acute period is accompanied by increased heteromorphism of
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mitochondria, crystallolysis of intermyofibrillar mitochondria, the appearance of organelles with sharp swelling of
the matrix. Compared with the control group, significant changes were detected on the electron micrographs of
the occipital cortex of experimental animals: perivascular, perineuronal edema and edema of neuronal organelles,
especially mitochondria with partial destruction of cristae, as well as edema of the neuropil as a whole. Thickening
of vascular membranes due to edema was observed, and in the extracellular space concentrations of myelinated
axons and an important feature reactive consequences of the injury was myelin delamination, i.e. demyelination.
Thus, the ultrastructural changes in neurons and neuropil of the occipital cortex, thalamus, hypothalamus and
metathalamus detected after the action of the shock wave are characterized by reactive manifestations of damage:
in the form of myelin delamination, damage to organelle membranes, their transformation, especially mitochondria
with destruction of cristae and uneven illumination of the matrix, changes in the walls of hemocapillaries and
swelling of the neuropil as a whole.

Key words: retina, explosive wave, neurotrauma, visual analyzer, thalamus, hypothalamus, occipital cortex,
experiment.
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MORPHOMETRIC ASPECTS OF THE STUDY OF THE DIAPHRAGM IN THE CONDITIONS

OF POSTOPERATIVE HYPERTENSION IN THE PULMONARY ARTERY SYSTEM
I. Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine
(Ternopil, Ukraine)
hnatjuk@tdmu.edu.ua

The diaphragm is considered the primary muscle responsible for breathing. This organ often undergoes structural
and functional changes during various pathological processes. Most researchers believe that blood flow disorders
in the large and small circulatory systems, as well as the portal system, also affect the morphological and functional
changes and dysfunction of the diaphragm. Today, there are controversial and unclear issues in the pathogenesis of
diaphragmatic dysfunction, among which its remodelling in conditions of post-resection arterial pulmonary hyper-
tension and pulmonary heart disease remains unexplored. Thus, a detailed and comprehensive study of the patterns
of diaphragmatic remodelling in various haemodynamic disorders is essential.

The costal part of the diaphragm of 62 white male rats was morphologically studied. The rats were divided into
three groups: 15 animals were controls, 35 rats with arterial post-resection pulmonary hypertension and compen-
sated pulmonary heart disease were included in the second group, and the third group consisted of 12 animals
with post-resection pulmonary hypertension and decompensated pulmonary heart. The rats were euthanised by
bloodletting under thiopental anaesthesia. Massometry and planimetry of the heart chambers were performed. On
histological sections of the diaphragm, the cross-sectional area of the muscle fibre, the area of its nuclei, the nucle-
ar-cytoplasmic index, the volume of muscle fibres, stroma, damaged muscle fibres, and stromal-myocyte ratios were
determined. The obtained digital data were statistically processed. It was established that right-sided pneumonec-
tomy led to post-resection pulmonary hypertension, development of pulmonary heart and its decompensation, and
pronounced remodelling of the diaphragm. The examined organ showed disorders of lymphatic circulation, hyper-
trophy, dystrophy, necrosis of muscle fibres, cellular infiltration, and stromal proliferation. The volume of damaged
muscle fibres in pulmonary hypertension with compensated pulmonary heart disease increased statistically signifi-
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