DOI: 10.31393/morphology-journal-2022-28(4)-10

Reports of Morphology, Vol. 28, Ne4, Pages 70-76

ISSN 1818-1295 eISSN 2616-6194

REPORTS OF MORPHOLOGY

Official Journal of the Scientific Society of Anatomists,
Histologists, Embryologists and Topographic Anatomists

journal homepage: https://morphology-journal.com

185N 18181295
eISSN 2616-6190

BICHMK MOPQOJIOTIL
REPORTS OF
MORPHOLOGY

of Ukraine

Rats' thyroid gland histological and ultrastructural changes 30 days
after the experimental thermal injury on the background of NaCl

injection
Tiron O. L.

Odesa National Medical University, Odesa, Ukraine

ARTICLE INFO
Received: 9 September 2022
Accepted: 7 October 2022

UDC: 616.441:599.323.4:615.459

CORRESPONDING AUTHOR
e-mail: chekina.o@ukr.net
Tiron O. I.

CONFLICT OF INTEREST
The authors have no conflicts of interest
to declare.

FUNDING
Not applicable.

Very frequent natural and man-made disasters as well as current military conflicts are
accompanied by injuries complicated by acute blood loss, burns and shock of different
degrees of severity. Thermal injuries are one of the world modern medicine most urgent
medical and social problems including the same in Ukraine. In response to a burn injury
a significant number of pathological processes develop in the body which manifestation
involves almost all organs and systems, leading to an expressed homeostasis disturbance
and adaptative processes disorder. Thyroid gland is the one of the first which receives
the alterative influence in conditions of both threshold and suprathreshold thermal
exposure. The purpose of the work is to establish histological and ultrastructural changes
in the thyroid gland of experimental animals 30 days after thermal skin injury. Experimental
studies were conducted on 90 white male rats. Skin thermal burns were simulated using
four copper plates application to previously depilated lateral surfaces of the rats' body for
10 s. Rats were injected with a 0.9 % saline into the vena cava inferior during the first 7 days
of the post-burn period. Thyroid gland pieces were fixed in a 10 % neutral formalin solution,
dehydrated in alcohols of increasing concentration and embedded in paraffin blocks. The
prepared sections of 5-6 ym thickness were stained with hematoxylin-eosin. In the rats'
thyroid gland the presence of complex changes of a destructive, adaptive-compensatory
and regenerative nature was established on the 30th day after a skin burn against the
background of 0.9 % NaCl administration. These changes indicate a relative organs
hemodynamics normalization together with the structure of various diameters vessels
walls which creates the basis for the follicular cells typical structure restoration and new
follicles synthesis. The expressed osmiophily and thyrocyte nuclei pyknotization, cytoplasm
vacuolization and follicle's lumen cells desquamation are revealed in the gland parenchyma.
These are signs of the organ fibrosis which are supported by connective tissue amount in
the stromal component increase. The thyroid gland parenchyma and the vessels surrounding
it micro- and ultrastructural changes caused by the thermal altering influence have a time-
dependent expression which transforms from predominantly destructive to predominantly
restorative throughout the 30-day post-burn period. The authors are sure that the detected
morphological changes of the gland have a time-dependent reversibility which is important
to consider from both the time-course and the quantitative aspects taking into account the
pathogenetically based scheme of pharmacocorrection. The 30th day of the post-burn
pathological process manifestation characterizes by a certain imbalance in the
compensatory, restorative and synthetic processes manifestation as well as in the
destructive and decompensatory processes manifestation which gives reason to hope
for the thyroid gland functioning restoration together with organs and systems in case of
pathogenetically determined pharmacological treatment administration. Taking into
account the thyroid gland morpho-functional changes wave-like dynamics the authors
believe that sanogenetic mechanisms activation might occurs which will allow to prescribe
the complex pathogenetically determined correction assuming the above-mentioned
patho- and sanogenetic mechanisms dynamics.

Keywords: thyroid gland, thermal burn, post-burn period, morphological changes,
restorative processes, pathogenetic mechanisms.
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Introduction

Very frequent natural and man-made disasters, as well
as current military conflicts, are accompanied by injuries
complicated by acute blood loss, burns and shock of varying
degrees of severity.

Thermal injuries are one of the most urgent medical and
social problems of modern medicine in the world, including
in Ukraine [4, 10]. In our country, more than 45,000 people
suffer from burns every year, they occupy the third place in
the structure of mortality, as a result of all received injuries,
inferior in frequency only to traffic injuries [13, 18]. The urgency
of the burn injury problem is determined by the frequent
damage to adults and children, the complexity and duration
of treatment, long-term disability and relatively high mortality.
Despite the significant progress achieved in the treatment
of this pathology, the mortality rate among severely burned
patients remains high, especially with critical (40-50% of
the body surface) and supercritical (over 50%) deep burns
[11, 20].

In response to a burn injury, a significant number of
pathological processes develop in the body, the
manifestation of which involves almost all organs and
systems, leading to a marked violation of homeostasis,
disruption of adaptation processes, etc. [9]. One of the most
important aspects of a burn injury, which directly affects the
severity of its pathogenetic mechanisms, is endocrine
dysregulation at the initial stages of the pathological process,
which manifests itself as significant metabolic disorders,
the direction and severity of which are directly related to the
level of endogenous hormones [1].

In this aspect, we were interested in the changes that
occur during thermal burns in the thyroid gland, since it plays
one of the leading roles in the endocrine regulation of most
body functions [2, 3, 14]. Secondly, this gland of internal
secretion occupies an important place in the structure of
hierarchical hypothalamic-pituitary regulation, and, thirdly,
taking into account the anatomical and morphological
features of the localization and structure of the thyroid gland,
it primarily "takes on" altering traumatic influences, thereby
modifying the most functional state of organs and tissues of
the human body [7, 9].

We traced the histological changes in the structure of the
thyroid gland and the periglandular environment, starting
from 24-72 hours post-thermal period [16, 17]. In the first
hours and days after a skin burn, the structural changes in
the thyroid gland affected mainly the structure of the vascular
component of the gland, its stroma and parenchyma and
had mainly the character of adaptation and/or compensation
[16]. In the urgent aspect, our research lasted 30 days, which
prompted us to carefully examine the volume of
morphological changes in the structure of the thyroid gland
during this time interval. On the other hand, we were guided
by a wide range of regulatory hormonal effects of the thyroid
gland on organs, organ systems, and regulatory systems of
the biological organism, which, in our opinion, determines
the primary reactions in response to thermal injuries [1-3, 5,

12, 14].

It is important to imagine that the thyroid gland under the
influence of temperature factors of threshold and
suprathreshold intensity, taking into account the large-scale
redundant feedback mechanisms, the wide spectrum of
physiological activity of thyroid hormones, the structural-
functional organization and morpho-functional features, is
one of the first to fall under thermal shock [12]. With structural
and functional changes in the organs of the affected and/or
burned organism, including the thyroid gland, dysfunctions
of many organs and systems are involved in the mediation
of the pathological process, in particular, the blood,
cardiovascular, respiratory, and other systems [1, 10, 20].
Pathogenetic mechanisms of the primary and related
pathological processes induced by burn damage to the
thyroid gland are insufficiently studied, which is a
consequence of, firstly, unexplained morpho-functional
dysfunctions of the parenchyma of the gland in the dynamics
of the burn effect and, secondly, unexplored chains of the
"vicious circle" pathological processes that are determined
by thyroid dysfunction and occur with the participation of other
organs and body systems.

However, studies of the structural reconstruction of the
vascular bed of the thyroid gland during burns, especially in
the time-delayed stages after the application of thermal
exposure, are insufficient and require further research,
especially with an emphasis on efforts to correct the morpho-
functional disorders formed during a burn injury.

The aim of the work is to determine histological and
ultrastructural changes in the thyroid gland of experimental
animals 30 days after simulated thermal skin injury.

Materials and methods

Experimental studies were conducted on 90 white male
rats weighing 160-180 g (obtained from the vivarium of the
Institute of Pharmacology and Toxicology of the National
Academy of Sciences of Ukraine) on the basis of the research
center of National Pirogov Memorial Medical University,
Vinnytsya. Keeping, processing and manipulation of animals
was carried out in accordance with the "General Ethical
Principles of Animal Experiments" adopted by the Fifth
National Congress on Bioethics (Kyiv, 2013), while being
guided by the recommendations of the European
Convention on the Protection of Vertebrate Animals for
Experimental and Other Scientific Purposes (Strasburg,
1985), methodological recommendations of the Ministry of
Health of Ukraine "Preclinical studies of drugs" (2001) and
the rules of humane treatment of experimental animals and
conditions approved by the Bioethics Committee of the
National Pirogov Memorial Medical University, Vinnytsya
(protocol No. 1 dated January 14, 2010).

Thermal skin burns of the 2nd-3rd degree were
simulated by pressing four copper plates (the surface area
of each was 13.86 cm?) to the prematurely depilated lateral
surfaces of the body of rats for 10 s. Experimental animals
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were heated in water with a temperature of 100°C for 6
minutes before the start of the experiment [6]. The total area
of skin damage was equal to 21-23 %. During the first 7
days of the post-burn period, rats were injected with 0.9 %
physiological NaCl solution into the inferior vena cava. Rats
were shaved, vein catheterized, skin burned, and decapitated
under propofol (i/v, 60 mg/kg) anesthesia.

Material collection for microscopic studies was carried
out according to generally accepted methods [8]. Pieces of
the thyroid gland were fixed in a 10 % neutral formalin
solution, dehydrated in alcohols of increasing concentration,
and embedded in paraffin blocks. The prepared sections,
5-6 pym thick, were stained with hematoxylin-eosin [8].

Histological preparations were studied with the help of a
light microscope MICROmed SEO SCAN ("Sumi Electron
Optics", Sumy, Ukraine) and photo-documented with the help
of a Vision CCD Camera with a system of image output from
histological preparations. For electron microscopic studies,
pieces of the thyroid gland were taken, fixed in a 2.5 %
glutaraldehyde solution, and postfixed with a 1 % osmium
tetroxide solution in a phosphate buffer. Further processing
was carried out according to the generally accepted
methodology [8]. Semi-thin sections were stained with
methylene blue. Ultrathin sections, made on an LKB-3
ultramicrotome, were contrasted with uranyl acetate, lead
citrate according to the Reynolds method and studied in a
PEM-125K electron microscope.

All morphological studies were carried out within the
scope of the Agreements on Scientific Cooperation between
the Department of Histology, Cytology and Embryology of
Odesa National Medical University and the Research Center
of National Pirogov Memorial Medical University, Vinnytsya
(from 01.01.2018), as well as the Department of Histology
and Embryology of I. Horbachevsky Ternopil National Medical
University (from 01.01.2019).

Results

Histologically, 30 days after a skin burn against the
background of the introduction of a 0.9 % NacCl solution in the
thyroid gland of experimental animals, we found destructive,
adaptive-compensatory and regenerative processes in the
follicle wall, vascular bed and stromal component.

In this period of the experiment, at the morphological
level between the lobes of the organ and in the interfollicular
space, wide layers of connective tissue were observed in
places, which is a consequence of the activation of fibroblasts
and the process of collagen formation in the previous
periods. Single neutrophils, basophils, and macrophages
were present among the collagen and elastic fibers of the
connective tissue framework (Fig. 1).

30 days after the skin burn, against the background of
administration of 0.9 % NaCl solution, moderate blood filling
and isolated stasis were noted in the vascular network of
the organ. The vessel walls were characterized by moderate
edema, which was mainly found in the adventitia. Arterioles,
hemocapillaries, and venules had a relatively preserved wall

. - )\)“m s v . I
Fig. 1. Histological changes in the thyroid gland of an animal 30
days after a skin burn against the background of administration of
a0.9% NaCl solution. 1 - thyrocytes with areas of light cytoplasm;
2 - colloid with resorption vacuoles, 3 - interfollicular island, 4 -
blood vessel, 5 - layers of connective tissue, 6 - adipocytes.
Staining with hematoxylin and eosin. Magnification x400.
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Fig. 2. Microscopic changes in the vessels of the thyroid gland of
an animal 30 days after a skin burn against the background of
administration of a 0.9 % NaCl solution. 1 - arteriole with 2 -
perivascular edema, 3 - venule, 4 - follicle. Staining with hematoxylin
and eosin. Magnification x400.

structure, with well-contoured endothelium and moderate
lumen width (Fig. 2).

At the microscopic level, 30 days after the skin burn,
follicles, mostly of medium size, filled with oxyphilic colloid
of a homogeneous structure and lined with low-prismatic
thyrocytes, were observed against the background of saline
injection. Their rounded-oval nuclei were intensely
basophilic, which indicates the predominance of
heterochromatin in the karyoplasm. The cytoplasm of many
follicular cells had areas of lightening (see Fig. 1). There
were also follicles in the composition of the lobes of the
organ, the wall of which was formed by flat epitheliocytes
with their desquamation into the lumen, and resorption
vacuoles were contained in the colloid. It should be noted
that interfollicular islands of various sizes were histologically
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Fig. 3. Histological changes in the thyroid gland of an animal 30
days after a skin burn against the background of administration of
a 0.9 % NaCl solution. 1 - follicle lined with flat thyrocytes and 2 -
interfollicular islands. Staining with hematoxylin and eosin.
Magnification x400.
M »

' i PR Voress L
i - N ‘% TR -y
B ¥ s P4 APty

Fig. 4. Microscopic changes in the thyroid gland of an animal 30
days after a skin burn against the background of administration of
a 0.9 % NaCl solution. 1 - homogeneous colloid, 2 - thyrocytes, 3 -
basophils. Semi-thin cut. Staining with methylene blue. Magnification
x400.

detected, the cells of which had moderately basophilic nuclei
and moderately oxyphilic cytoplasm. This may indicate
reparative processes in the organ (Fig. 3).

On semi-thin sections stained with methylene blue,
basophils, the cytoplasm of which contained numerous
intensively basophilic granules, were clearly visible in the
interfollicular lumens at this time of the experiment. There
were thyrocytes with a completely heterochromatin pattern
of the nucleus (Fig. 4).

The condition of the thyroid gland of the experimental
animals at the ultrastructural level 30 days after the skin
burn against the background of the introduction of 0.9 %
NacCl solution testified to the changes established by us
during microscopic analysis. The low-prismatic thyrocytes
of the middle follicles contained an osmiophilic nucleus with

numerous lumps of heterochromatin and intussusceptions
of karyolemma. A significant number of organelles of the
protein-synthesizing apparatus were observed in their
cytoplasm.

In particular, most mitochondria were hypertrophied, with
partially reduced cristae. The tubules of the granular
endoplasmic reticulum are locally significantly expanded,
and in some places they are vacuole-like, which could create
areas of illumination at the light-optical level. The
plasmalemma of the apical pole of thyrocytes formed a
moderate number of microvili. The basement membrane
was characterized by tortuosity and contouring (Fig. 5).

Flat thyrocytes contained a pyknotically altered nucleus
in the center of the cell. Damaged tubules of the granular
endoplasmic reticulum, mitochondria with indistinct cristae
and vacuole-like structures with homogeneous content
were observed in their cytoplasm, and clusters of
osmiophilic lysosomes were observed near the apex of
the cell. The plasmalemma at the apical pole contained
wide microvilli (Fig. 6).

The ultrastructure of the blood capillaries of the thyroid
gland of experimental animals 30 days after a skin burn
against the background of administration of a 0.9 % NaCl
solution was characterized by the preservation of the wall
and the moderate width of the lumen. Endotheliocyte nuclei
had shallow invaginations of the karyolemma and a
significant amount of heterochromatin in the karyoplasm. In
the cytoplasm, the main mass of pinocytotic vesicles is
concentrated near the lumenal surface, but the number of
microvilli on it is insignificant.

The basement membrane is slightly thickened. Single
cells of the leukocyte row and platelets were often observed
in the lumen (Fig. 7).

30 days after a skin burn against the background of the

Fig. 5. Ultrastructure of the wall of the follicle of the thyroid gland
of an animal 30 days after a skin burn against the background of
administration of a 0.9% NaCl solution. 1 - thyrocyte nucleus, 2 -
mitochondrion, 3 - tubules of the granular endoplasmic reticulum, 4
- vacuole-like structure, 5 - microvilli on the apical surface, 6 -
basement membrane. Electrogram. Magnification x14 000.
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Fig. 6. Ultrastructure of the wall of the follicle of the thyroid gland
of an animal 30 days after a skin burn against the background of
administration of a 0.9% NaCl solution. 1 - thyrocyte nucleus, 2 -
mitochondrion, 3 - tubules of granular endoplasmic reticulum, 4 -
Golgi complex, 5 - vacuole-like structure with homogeneous
content, 6 - microvilli on the apical surface, 7 - basement membrane.
Electrogram. Magnification x14 000.

Fig. 7. Ultrastructural organization of the hemocapillary of the
thyroid gland of an animal 30 days after a skin burn against the
background of administration of a 0.9 % NaCl solution. 1 - nucleus
and 2 - cytoplasm of endotheliocyte, 3 - basement membrane, 4 -
erythrocyte and aggregation of platelets in the capillary lumen.
Electrogram. Magnification x12 000.

introduction of a 0.9 % NaCl solution, a large number of thin
collagen fibrils and already well-formed collagen fibers were
noted in the stroma of the thyroid gland of experimental
animals. The ultrastructure of fibroblasts was characteristic
of the state of functional activity: euchromatin pattern of the
nucleus, expanded tubules of the granular endoplasmic
reticulum in the cytoplasm, with humerous mitochondria
between them.

Discussion
Thus, 30 days after skin burn against the background of
administration of 0.9 % physiological NaCl solution in the

thyroid gland of rats, the presence of complex changes of a
destructive, adaptive-compensatory and regenerative nature
was established. At the ultrastructural level, the relative
normalization of the hemodynamics of the organ and the
structure of the vessel walls of various calibers has been
proven, which, in our opinion, creates the basis for the
restoration of the typical structure of follicular cells and the
synthesis of new follicles, which is evidenced by a significant
number of interfollicular islands. Therefore, the obtained
data can be verified as intensifying synthetic processes in
the structural units of the endocrine gland.

However, along with optimistic intraglandular changes,
we note that during this period of the experiment, signs of
destructive changes are preserved directly in the
parenchyma of the gland, which are manifested by significant
osmiophily and pyknotization of thyrocyte nuclei, vacuolization
of the cytoplasm, and desquamation of cells into the lumen
of the follicle. The result of the active activity of fibroblasts in
the earlier periods of the experiment are signs of fibrosis of
the organ, as evidenced by an increase in the amount of
connective tissue in the stromal component.

Summarizing, we note that the 30th day of the course of
the post-burn pathological process is characterized by a
certain imbalance in the manifestation of both compensatory,
restorative and synthetic processes, on the one hand, and
destructive, decompensatory processes, on the one hand,
which in general gives us reason to hope that in the case of
assigning rats model conditions of pathogenetically
determined pharmacological treatment of the functioning of
the thyroid gland, as well as organs and systems in the
animal body will be not only in a compensated, but also in a
pronounced restorative state and in the presence of
stimulating hormonal and biochemical processes.

Tracking the course of the 30-day period after the skin
burn and analyzing the morpho-functional changes of the
thyroid gland, we note that they underwent a significant
reversal from the supposedly irreversible and degenerative
during the first 7 days of the experiment to those noted
according to the results of the reported studies and which
have a more pronounced restorative effect orientation We
will recall that micro- and sub-microscopic studies 1 day
after thermal damage revealed only primary and/or reactive
auxiliary-compensatory changes and initial manifestations
of destruction of the thyroid parenchyma [16]. At the same
time, only after 3 days, the initial signs of a heat-induced
"stress reaction” in the form of intrathyroidal parenchymal,
stromal, and vascular lesions were revealed [17]. Note that
the dependence of the morpho-functional changes of the
thyroid gland on time that we discovered is, firstly, inherent in
such changes during post-traumatic and post-stress periods
[19] and, secondly, in a certain way consistent with the
dynamics of the secretory activity of the gland and the anterior
lobe of the pituitary gland [1, 3, 5, 12, 15].

Logically connecting the obtained results with efforts to
develop a scheme for pathogenetically justified
pharmacocorrection of burn damage to the thyroid gland,
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the following should be stated: micro- and ultrastructural
changes in the parenchyma of the thyroid gland and the
vessels surrounding it due to the thermal altering effect have
a time-dependent severity, which within 30-day post-fire
period transforms from predominantly destructive to
predominantly restorative. Secondly, the morphological
changes of the gland traced by us have a time-dependent
reversibility, which is important to take into account from the
urgent aspect and from the quantitative aspect of the
composition of the scheme of pathogenetically justified
pharmacocorrection. Thirdly, we consider it probable, taking
into account the wave-like dynamics of changes in the
morpho-functional changes of the thyroid gland, to assume
the activation of sanogenetic mechanisms by the
mechanism of systemic-anti-systemic regulation, which will
make it possible, under the conditions of a thorough study
of the specified systemic-anti-systemic regulatory
mechanisms, to prescribe a complex pathogenetically
determined correction taking into account the above-
mentioned dynamics patho- and sanogenetic mechanisms.

Conclusions

1. 30 days after a skin burn against the background of
administration of a 0.9 % physiological solution of NaCl in
the thyroid gland of rats, the presence of complex changes
of a destructive, adaptive-compensatory and regenerative
nature was established.

2. The indicated changes indicate relative normalization
of the hemodynamics of the organ and the structure of the
vessel walls of various sizes, which creates the basis for
the restoration of the typical structure of follicular cells and
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the skin on the background of the introduction of 0.9% NaCl

MICTONOCYHI TA YNIbTPACTPYKTYPHI 3MIHU LLUMTOMOAIEHOI 3AN03U LUYPIB YEPE3 30 AI6 3A YMOB
EKCNEPUMEHTAJNbHOI TEPMIYHOI TPABMW HA ®OHI BBEOEHHS NaCl

TipoH O. I.

[yxe yacmi 8 daHuli Yac npupOOHi i MexHo2eHHi Kamacmpoghbu, @ MakoX MOMOYHI 8ilicbKO8I KOHGhIIKMU Cyrnpo8odXymbCs mpasmamu,
YCKIaOHEeHUMU 20CMpPOI0 Kpo808mMpamoio, OrliKOM | WOKOM PI3HO20 CmyrneHs MsKKocmi. TepMidHi ypaxeHHs1 € O0Hiet0 3 HallakmyarnbHilux
meduKo-coyianbHUX npobrem cy4YacHoi MeQuuyuHu y ceimi, 8 momy qucni, 8 Ykpairi. Y 8i0rnogidb Ha ornikogy mpasmy 8 opaaHi3mi
po38uBaEMbCS 3HaYHa KinbKicmb namoroaidHux rpouyecie, 00 MaHighecmauii SKUx 3anyyeHi npaKkmuy4yHO 8Ci opaaHu i cucmemu, Wo
npuszeodumsb 00 8UPaxXeHO20 MOopPyWeHHs eomeocma3sy, 3pugy adanmayiliHux npouecis. LLjumonodibHa 3ano3a 3a ymos 8nnusy
memrepamypHUX YUHHUKI8 ropo2oeoi ma Hadrnopo2080oi iHmeHcusHocmi 00HiE 3 nepwux nidnadae nid mepmiyHul ydap. Mema pobomu
- 8CMAaHOBIMEHHSI 2iCmOIo2iYHUX ma ynbmpacmpyKmypHUX 3MiH wumonoOibHOI 3amo3u ekcriepumeHmanbHux meapuH dyepe3 30 0i6
nicrisi 3ModenbogaHoi mepmiyHOi mpasmu wkipu. EkcriepumeHmarnbHi docrnioxeHHs1 npogodunu Ha 90 6inux wypax-camusix. TepmidHi
oniku WKipu Modentosanu WsiXoM nNPUMUCKaHHS H4omupboxX MIOHUX nnacmuH 00 3as4acHo OeninbosaHux GOKOBUX MOBEPXOHb mina
wypie npomsizom 10 c. [Npomsizom nepwux 7 4i6 nicriss0nikoeo20 nepiody wlypam y HUXHIO MOPOXHUCMY 8eHy 8soduru 0,9 % gbisionoaiyHuli
po3quH NaCl. LLimamoyku wumonodibHoi 3ano3u ¢pikcysanu e 10 % HelmpanbHOMy po34uHi ¢hopmariHy, nposodurnu dezidpamauiio 8
crnupmax 3pocmaroyoi KoHueHmpaduii, 3anueanu y napacgiHosi 6510ku. BuzomosneHi 3piau, moswuHow 5-6 mMkm, 3abapentosanu
2emamokcuriHom-eo3uHom. Ha 30 doby nicrist oniky wkipu Ha ¢hoHi 8eedeHHs1 0,9 % gbisionoaiyHoz2o posduHy NaCl y wumornodibHit 3ano3i
wypie 8CmaHoO8/I€HO Hasi@HICMb KOMIMIEKCHUX 3MiH, SIKi Malomb 0ecmpykmugHuUl, npucmocyeasnbHO-KOMIeHcamopHul ma
peaeHepamopHuUll xapakmep. Bka3aHi 3mMiHU ceid4amb rpo 8iOHOCHYy HopMarizauiito 2eMoOUHaMIiKu opa2aHy ma CmpyKmypu CMIHOK CyOUH
pi3Ho20 Oiamempa, Wo cmeopitoe nidrpyHMs 0715 8IOHOBMNEHHST MUIo8OI CMpyKMypU ¢hOIKYSPHUX KAIMUH ma CUHme3y HosuUX ¢horiKyIig.
B napeHximi 3a5103u 8usiensiembCsi 3Ha4Ha Oocmiohinisi ma nikHomu3auis s50ep mupouumig, eakyonizayis yumonnaasmu ma deckeamauisi
KnimuH y npoceim ¢ponikyna. HasieHi o3Haku ¢hibpo3y opzaHy, npo wo ceidyumsb 36inbWeHHST KillbKOCMI Crony4YHol mKaHuHu y
cmpomarbHOMy KoMnoHeHmi. O6yMoeieHi mepMidyHUM anbmepyoyuM 8rjiu8oM MIKpPO- ma ynbmpacmpyKmypHi 3MiHU napeHximu
wumonodibHoi 3ano3u ma cyOuH, sKi if omodytomb, Mamp 3anexHy 6i0 yacy eupaxeHicms i yrnpodosx 30-0eHHO20 Mics0MiKogo20
rnepiody mpaHcgopmMyombcs i3 nepesaxHo 0ecmpyKkmueHux 00 repesaxKHo 8iOHO8/08aNbHUX. ABMOPU BMNEBHEHI, W0 8USBNEHI
MopghoroziyHi 3MiHU 3a5103U Malompb 3anexHy 8i0 Yacy 380pOMHICMb, WO 8aX/1UB0 epaxosysamu 3 mMepMiHO8020 acriekmy ma 3
KirbKicHO20 acriekmy ckrady cxeMu namoeeHemuy4Ho obrpyHmoeaHoi ghapmakokopekuii. 30 doba repebiay mnicrsionikogoeo namosnoaivHo20
npouecy xapakmepu3syembcsi negHUM AucbanaHcoM y rnposiei KOMIEHCamMOpPHUX, 8I0HOBMI08aIbHUX | CUHMEMUYHUX Mpouecie, a makox
decmpykmugHuUX i 0ekoMmneHcamopHuUXx rpouecie, wjo dae nidcmasu crnodisamucsi Ha 8I0HOBMEHHS hYyHKUiOHY8aHHSA Wumonodi6Hol
3a/103u, @ MakKoX opeaHig | cucmem 8 pasi NPU3HaYEeHHsI Mamo2eHemuUYHO 0byMOo8/IeHo020 (hapMaKono2idHOZ0 JliKy8aHHS. 3 ypaxyeaHHIM
xeunenodibHoi duHamiku MopOo-pyHKUIOHaNIbHUX 3MiH wumomnodibHOl 3am03u, aemopu esaxarmb UMOBIPHUM akmueauyito
caHO2eHeMuUYHUX MexaHi3mig, Wo 0acmb MOX/IUGICMb Npu3Ha4amu KOMIMIIEKCHY namo2eHemu4yHo obyMoereHy KOPEeKUito 3 ypaxyeaHHsIM
suuesKkasaHoi OuHaMiku namo- ma caHo2eHemu4yHUX MexaHiamie.

KnrouoBi cnoBa: wumonodibHa 3anosa, mepmiyHUl onik, nicrsionikosul nepiod, MopghonoaiyHi 3miHuU, 8iOHO8/08asbHI rpoyecu,
rnamogeHemuyHi MexaHi3mu.
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