ISSN 2079-8334. Ceim meouyunu ma oionocii. 2022. Ne 3 (81)

DOI 10.26724/2079-8334-2022-3-81-231-235
UDC 616.441:599.323.4:615.459

7

o

. Tiron /’4/;5'/,?‘/,,;/31,2? %% ,'mi‘w;',wi,.a/ ’zj‘a" Komievor

[dessa Natio / versity 7 7 tov ok £

=

N

Lo

.

“
oy

R

:

‘
\‘\X
L

:

‘

FEOH) Y1EeHICa AEECSSH 5 LEAEYAVEC BT AFICAE X ENter-1 27.5‘4/';"?:55'25-?/’/

N, Yhnistyy Uk 68 / stitnte, Ky

THYROID GLAND PARENCHYMA MORPHOLOGICAL ABNORMALITIES IN RATS
ON THE THIRD DAY AFTER SKIN THERMAL BURNING

e-mail: chekina.o@ukr.net

The purpose of the study was to establish thyroid gland histological and ultrastructural changes of experimental animals 3
days after the thermal skin injury under physiological 0.9 % NaCl solution administration. Intrathyroid hemodynamic changes, the
stromal component structure alterations and destructive processes in the thyroid gland morpho-functional unit - the follicle - were
detected on the microscopic level three days after the animals’ skin experimental thermal injury under the physiological 0.9 % NaCl
solution administration. Thyroid gland capsule and stroma throughout this period of the trials were characterized by collagen fibers
swelling and focal leukocyte infiltration with segmented neutrophils predominance. Thyroid hemodynamics disturbances were
manifested by arterial and venous plethora, stasis in the arterial vessels of the organ and components of the microcirculatory bed.
Follicular cells contained a small nucleus with shallow karyolema invaginations, marginally located heterochromatin and small
lumps of it dispersed throughout the karyoplasm. Experimental animals’ thyroid gland hemocapillaries were characterized by both
basement membrane components and the endothelial layer swelling as well as stasis of the lumen. Endotheliocytes contained nuclei
with heterochromatin peripheral localization. The third day after a skin burn under the physiological 0.9 % NaCl solution
administration resulted in certain alterations in the structure of the vascular component of the gland; its stroma and parenchyma were
established at the microscopic and submicroscopic level, which could lead to a violation of the secretory cycle of follicular cells and,
as a result, to an imbalance in the synthesis and excretion of thyroid hormones. These pathomorphological intrathyroid disorders
indicate these micro-changes possible reversibility which is important in terms of such a contingent of patients’ pharmacotherapy.

Key words: thyroid gland, parenchyma, burning injury, morphological disturbances, hematoxylin-eosin, follicle,
thyrocyte, capillary, stasis.
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MOP®OJOTTYHI MOPYHIEHHS MAPEHXIMU IIIUTONOAIEHOI 3AJI031 V II1YPIB
HA TPETIO JOBY HICJIA TEPMIYHOI'O OIIIKY HIKIPHA

Meroro fociipKeHHsT OyJI0 JOCTIIWTH TiCTOJIOTIYHI Ta YIBTPACTPYKTYPHi 3MIHH IIMTOMOIOHOI 3a031 MiIOCIIIHUX
TBapyH 4Yepe3 3 100U micis TepMiyHOT TpaBMHM IIKipu npu BBeAeHHI ¢isionoriunoro 0,9 % pozunny NaCl. Uepes tpu no6u micis
€KCIIEPUMEHTAILHOTO TEPMIYHOTO YPayKEHHs ILIKipU TBapHH NpH BBeAeHHI dizionoriunoro 0,9 % pozunny NaCl Ha MikpoCKOIYHOMY
piBHI BHSIBICHO BHYTPIIIHEOTHPEOIAHI FEMOAMHAMIUHI 3MIiHM, 3MIHM CTPYKTYpH CTPOMAIBHOTO KOMIIOHEHTAa Ta JCCTPYKTUBHI
nporiec B Mopho-pyHKIIOHANBHIN OIWHUII MUTOBUAHOI 3a1031 — ¢ouikyii. Karcyna Ta cTpoMa IUTOBHIHOI 3aJI03U TPOTSATOM
LBOT'O TIEPi0/Ty AOCIIIKEHb XapaKTEePHU3yBAIKCh HAOPSIKOM KOJIAr€HOBHX BOJIOKOH Ta BOTHHILIEBOIO JICHKOLUTAPHOO iH}INbTpaLiero
3 TIEpEeBAKAHHAM CErMEHTOsAepHUX HeHTpodiniB. [TopylieHHS reMOAMHAMIKH IIUTOBUIHOI 3aJI03H MPOSBISIIOCS apTepialbHUM i
BCHO3HHMM IIOBHOKPIB'SIM, CTa30M B apTepialbHUX CyIHHAX OpPraHy Ta CKJIAIOBUX MIKpPOLHMPKYJSITOpHOTo pycna. DomikymspHi
KJTITHHA MICTHJIM HEBEJIMKE SAPO 3 HEMTMOOKMMH KapioIeMHUMH iHBariHalissMH, MapriHaJbHO PO3TAIIOBAHUN TETEPOXPOMATHH 1
HEBEJHKI H0ro Ipy 0Ky, po3CistHi o Kapiomiasmi. Jlist reMOKamisIpiB IUTOBHHOT 3271031 XapaKTepHO HaOyXaHHS K KOMITIOHEHTIB
6a3anbpHOT MEeMOpaHH, TaK i eHIOTEMAIBHOTO LIapy, a TAKOXK CTa3 MPOCBiTY. EHAOTEMOUUTH MICTHIIH S1/Ipa 3 FETePOXPOMATHHOBOIO
nieprdepruaHoIo JoKai3arieto. Ha Tpetio 100y micis omiky mKipu npu BBeeHHi ¢izionorianoro 0,9 % poszunty NaCl BinOyBaroTbest
IIEBHI 3MiHH B CTPYKTYpi CYAWHHOTO KOMIIOHEHTA 3aJI03H, ii CTPOMH Ta MapeHXIMH Ha MIKPOCKOIIIYHOMY Ta CyOMIKpPOCKOIIYHOMY
PIBHSIX, SIKI MOXYTb IIPU3BECTH 10 MOPYIIEHHS CEKPETOPHOTO IUKITY (OJIKYIIPHUX KIITHH i, SIK HACJIIOK, IO ITOPYIIEHHS CHHTE3Y 1
CeKpelii THpeoiTHIX TOpMOHIB. BusiBnieHi natomopdosoriuni iHTpaTHpeoiHi MOPYIIEHHS BKa3yIOTh Ha MOXKIIUBY 3BOPOTHICTB IUX
MIKpO3MiH, 1[0 € BAYKJIMBHM 3 TOUKH 30py (hapMakoTeparrii TAKOro KOHTHHTCHTY HAaL[i€HTIB.

Kumrouogi ciioBa: muronoaioHa 3a03a, napeHxima, ormikoBa TpaBMa, MOpQOJIOTiYHi TOPYIISHHS, TeMaTOKCHITiH-€031H,
(boItiKy 1, THPEOLUT, KAMLISIp, CTa3.

The work is fragments of the research project “Peculiarities in micro-/ultramicroscopic structure and histochemical
properties of body tissues during the development of compensatory-adaptive reactions”, state registration No 0121U108204.

Natural and man-made disasters, modern military conflicts are accompanied now by injuries
complicated by burns, acute haemorrhages and at least resulting shock of varying severity [2]. Thermal
injuries are one of the most urgent both medical and social problems of world modern medicine including
the same in Ukraine [6]. Above 45,000 people suffer from burns every year in Ukraine, these data occupy
the third place in the structure of mortality as a result of all injuries, second only to traffic injuries in terms
of frequency [2].

The urgency of the problem of burn injury is determined by the frequent lesions of adults and
children, the complexity and prolonged character of treatment, long-term disability and relatively high
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mortality [7, 11]. Despite the significant progress achieved in this pathology treatment the mortality rate
among severely burned patients remains high, especially with critical (40-50 % of the body surface) and
supercritical (over 50 %) deep burns [10].

A large number of pathological processes develop in the body in response to a burn injury which
involves almost all organs and systems, leading to an expressed homeostasis disturbances and adaptation
processes disruption [12]. One of the most important burn injury aspects which directly affect its
pathogenetic mechanisms severity is endocrine dysregulation at the initial stages of the pathological
process, manifested by significant metabolic disorders which direction and severity are directly related with
the level of endogenous hormones [15].

Clarification of the mechanisms of damage, structural reconstruction and subsequent reparative
processes in the case of thyroid gland thermal damage is of great interest. It is clear that the endocrine
system, characterized by a wide range of regulatory hormonal influences on organs, organ systems and
regulatory systems of the biological organism, determines the primary reactions in response to thermal
damage [8]. It is known that thyroid gland under the influence of temperature factors of threshold and
suprathreshold intensity, taking into account large-scale duplicative feedback mechanisms, thyroid
hormones wide range of physiological activity, structural and functional organization and morpho-
functional peculiarities, is considered to be one of the leading subject to thermal shock [5]. Thyroid gland
was observed to be highly sensitive to the influence of adverse environmental factors, in particular burn
injuries [6].

In conditions of the affected and/or burned organism structural and functional changes in the
organs, including the thyroid gland, dysfunctions of many organs and systems are involved in mediating
the pathological process, in particular, the system of blood, cardiovascular, respiratory and other systems.
Pathogenetic mechanisms of primary and associated pathological processes induced by thyroid gland burn
damage were insufficiently studied. We suppose that this might be as the result of, firstly, unexplained
thyroid gland parenchyma morpho-functional dysfunctions in the dynamics of the burn effect and,
secondly, unexplored chains of the “vicious circle” pathological processes determined by thyroid
dysfunction and occur with other organs and body systems participation.

The purpose of the study was to establish thyroid gland histological and ultrastructural changes in
experimental animals 3 days after the thermal skin injury under physiological 0.9 % NaCl solution
administration.

Materials and methods. Experimental trials were performed 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 Medical Sciences of Ukraine) on the basis of the Research Center of N.I. Pirogov Vinnytsia
National Medical University. Animals keeping, handling and manipulation was carried out in accordance
with the “General Ethical Principles of Animal Experiments” adopted by the First National Congress on
Bioethics (Kyiv, 2001) and was guided by the recommendations of the European Convention for the
Protection of Vertebrate Animals for Experimental and Other Scientific Purposes (Strasbourg, 1985) and
guidelines of the State Pharmacological Center of the Ministry of Health of Ukraine on “Preclinical studies
of drugs” (2001) as well as rules of humane treatment of experimental animals and conditions approved by
the Committee on Bioethics of N.I. Pirogov Vinnytsia National Medical University (Prot. N1 from
14.01.2010).

Thermal skin burns of 2-3 degrees were modeled by four copper plates (each surface area equal to
13.86 cm?) applying to pre-depilated side surfaces of the rats body for 10 sec, these rats were preheated for
6 min in water with a temperature of 100°C [9]. The total area of skin lesions was 21-23 %. The first 7
days, rats were infused with 0.9 % NacCl solution into the inferior vena cava. Animals were euthanized by
decapitation (after 1, 3, 7, 14 and 21 days). Shaving, venous catheterization, skin burns and decapitation of
rats were performed under propofol (i.v., 60 mg/kg) anesthesia.

Biological material collection for microscopic examination was done according to used method
[3]- The thyroid gland samples were fixed with 10 % neutral formalin solution, then dehydrated by passing
through increasing concentrations of alcohol and embedded into paraffin blocks. The obtained sections, 5—
6 um thick, were stained with Hematoxylin-Eosin [3].

The histological sections were examined under the MIKROmed SEO SCAN light microscope
(“Sumy Electron Optics”, Sumy, Ukraine), the photomicrographs were taken with the Vision CCD Camera
with an image output system for histological specimens. The thyroid gland samples collected for electron
microscopic examination were fixed with 2.5 % glutaraldehyde solution, then post-fixed with 1 % osmium
tetroxide prepared with phosphate buffer. Further processing was done according to used method [3].
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Ultrathin sections made with ultramicrotome LKB-3 were contrasted with uranyl acetate, lead citrate
according to the Reynolds method [1] and examined under the electron microscope PEM—125K.

All morphological researches were performed under the Agreements on Scientific Cooperation
among the Histology, Cytology and Embryology Department of Odesa National Medical University and
Research Center of N.I. Pirogov Vinnytsia National Medical University (from 01.01.2018) and Histology
and Embryology Department of . Gorbachevsky Ternopil National Medical University (from 01.01.2019).

Results of the study and their discussion. Intrathyroid hemodynamic changes, the stromal
component structure alterations and destructive processes in the thyroid gland morpho-functional unit — the
follicle, were detected on the microscopic level three days after the animals’ skin experimental thermal
injury under the physiological 0.9 % NaCl solution administration. Thyroid gland capsule and stroma
throughout this period of the experimental trials were characterized by collagen fibers swelling and focal
leukocyte infiltration with segmented neutrophils predominance.

Thyroid hemodynamics disturbances were manifested by both arterial and venous plethora, stasis
in the arterial vessels of the organ and components of the microcirculatory bed (fig. 1 A). Arterial spasm
with perivascular edema was also detected (fig. 1 B).

3 days after skin thermal injury under the physiological 0.9 % NaCl solution administration most
of the follicles in the composition of the particles were overstretched by a dense homogeneous colloid and
lined with flat thyrocytes which may indicate a decrease in thyroid hormones levels secreted into the
bloodstream. A significant part of follicular cells had a cubic shape, oxyphilic cytoplasm and a rounded
nucleus with dense basophilic heterochromatin (Fig. 1 C). There are also locally swollen thyrocytes with
illuminated areas of the cytoplasm, which is clearly visible in semi-thin sections stained with methylene
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Fig. 1. Microscopic changes of the thyroid gland 3 days after skin experimental thermal injury under the physiological 0.9 % NaCl
solution administration. Hematoxylin-Eosin staining. x 400. A — 1 — stasis in capillaries; 2 - follicles. Hematoxylin-Eosin staining. x 400.
B — 1 — media of the artery; 2 — perivascular edema. Hematoxylin-Eosin staining. x 400. C — 1 — follicle, 2 — capillaries. Hematoxylin-
Eosin staining. x 200. D — 1 — thyrocytes with illuminated areas of cytoplasm, — colloid of follicles, 3 —interstitial connective tissue. Semi-
thin cut. Methylene blue staining. x 400.

Electron microscopic studies on the 3™ day after a skin thermal injury under the physiological
0.9 % NaCl solution administration confirm destructive changes detected in our histological analysis of the
thyroid gland samples in the used experimental conditions.

Follicular cells contained a small nucleus with shallow karyolem invaginations, marginally located
heterochromatin and small lumps of it dispersed throughout the karyoplasm. Swollen, damaged
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mitochondria, significantly expanded, and sometimes destroyed tubules of the granular endoplasmic
reticulum were observed in their cytoplasm. Such changes in general-purposed organelles gave the
cytoplasm a vacuolated appearance at the submicroscopic level. At the microscopic level they looked like
areas of illumination. Individual microvilli were recorded on the apical surface of thyrocytes which
indicates low functional activity of endocrinocytes. A homogeneous colloid was detected in the lumen of
the follicle (fig. 2).

Experimental animals’ thyroid gland hemocapillaries on the 3™ day after a skin thermal injury
under physiological 0.9 % NaCl solution administration were characterized by both basement membrane
components and the endothelial layer swelling as well as stasis of the lumen. Endotheliocytes contained
nuclei with heterochromatin peripheral localization. The swollen cytoplasm contained general-purposed
organelles and microbubbles formed in the process of pinocytosis.

Expansion of intercellular spaces was observed in areas of contact between neighboring
endotheliocytes (fig. 3).

*
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Fig. 2. Ultrastructure of the wall of the thyroid gland Fig. 3. Thyroid gland hemocapillary submicroscopic
follicle of an animal 3 days after a skin thermal injury organization of an animal 3 days after a skin thermal injury under
under physiological 0.9 % NaCl solution administration. physiological 0.9 % NaCl solution administration. Electrogram. x
Electrogram. x 12000. 1 — follicle lumen, 2 — nucleus and 12000. 1 — capillary lumen with an erythrocyte, 2 — endotheliocyte
3 — thyrocyte cytoplasm, 4 — basement membrane. cytoplasm, 3 — capillary basement membrane.

Our results on experimental animals’ thyroid gland morphologic changes 3 days after the skin
thermal injury in a certain way correspond to our ultrastructure investigations 24 hrs in the same modeled
pathologic condition [13] and do not contradict to other data [4—7]. The data obtained allowed us to trace
certain morphological disturbances in the thyroid parenchyma in the long-term dynamics of a thermal
injury [14].

Earlier data indicated that 1 day after the thermal injury micro- and submicroscopic studies could
show only primary and/or reactive adjunctive-compensatory changes and initial manifestations of thyroid
gland parenchyma destruction [13]. 3 days further we revealed the expressed manifestation of the initial
features of thermal-provoked “stress reaction” in the form of intrathyroid parenchymal, stromal and
vascular lesions.

It was shown that during the first 24 hours after the burn, the main pathological changes in the
thyroid gland correspond to the first phase of the lesion - the phase of post-traumatic depression. This phase
is characterized by an extensive increase in the follicles of the gland. 14 days after the burn we observed
the maximum degree of destructive changes in the thyroid gland and 21 days after the burn we detected the
signs of thyroid gland destruction together with compensatory-adaptive changes [14]. In other words, on
the 3" day of the course of the burn pathological process, the pathomorphological intraorganic disorders
identified by us indicate their reversibility, which is important to take into account in terms of
pharmacotherapy of such a contingent of patients in a clinical setting.

Our actual data showing more pronounced intrathyroid micro-pathology explains, from one side,
the ultrastructural phenomena developed 3 days after a skin thermal injury and, from the other side, give
an opportunity to follow the perspective discussion on three main areas. The first one - one should suppose
the emerging ultrastructural mechanism of the entire thyroid parenchyma approaching dysfunction in the
burn disease dynamics. This seems to us important in both the diagnostic and preventive aspects of these
results possible implementation in the clinic.
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The second - it is logical to assume that, knowing intracellular and intraorganic micro-disturbances
we are able to anticipate chain and/or sequential pathogenetic mechanisms mediated by thyroid gland
involvement. In this case, the sanogenetic mechanisms activation is extremely important; their achievement
will give us a significant array of fundamental knowledge about endocrine dysfunctions in burn disease
which is also important from a general theoretical and preventive point of view.

And, thirdly, it is extremely important for us to know the entire dynamics of intrathyroid
microdisorders during the entire period of burn disease, since in this case there is every chance to
successfully develop an effective pathogenetically determined pharmacological correction of thyroid
dysfunction in model conditions.

1. The third day after a skin burn under the physiological 0.9 % NaCl solution administration
resulted in the following intrathyroid pathomorphological changes — certain alterations in the structure of
the vascular component of the gland, its stroma and parenchyma were established at the microscopic and
submicroscopic level, which could lead to a violation of the secretory cycle of follicular cells and, as a
result, to an imbalance in the synthesis and excretion of thyroid hormones.

2. The pathomorphological intrathyroid disorders identified on the third day after a skin burn under
the physiological 0.9 % NacCl solution administration indicate this thyroid gland micro-changes possible
reversibility which is important in terms of such a contingent of patients’ clinical pharmacotherapy.

3. Important are knowledge of the entire dynamics of intrathyroid microdisorders during the whole
period of burn disease, since in this case there is every chance to successfully develop an effective
pathogenetically determined pharmacological correction of thyroid dysfunction in model conditions.

Prospects  for furthers research include a comprehensive experimental investigation of intraglandular
pathomorphological disorders in the burn disease dynamics to evaluate the thyroid dysfunction structural and hormonal
correlates. This will allow the developed pathogenetically substantiated therapy aimed to thyroid gland structure, function and
hormonal secretion restoring in the post-burn period.
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