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Despite the fact that the main pathogenetic factor in the development of burn disease is
the alteration of the skin, the severity of the condition of patients in the acute period of
the disease is due to systemic changes in the body caused by thermal factor. Being a
powerful stress factor, severe burns are accompanied by activation of the hypothalamic-
pituitary system. Although thyroid hormones are not considered typical "stress
hormones”, they also play a role in maintaining vasomotor function under stress. The
question of thyroid dysfunction on the background of burn injury remains debatable,
and scientific data on its morphological and ultramicroscopic changes are quite limited.
The aim of the work is to establish microscopic and submicroscopic changes of the
thyroid gland of experimental animals in the stage of shock after thermal trauma of the
skin. Experimental studies were performed on 12 white adult male rats, which received
a thermal burn of the skin of 2-3 degrees with a lesion area of 21-23 % of the skin. An
infusion of 0.9 % NaCl solution at a dose of 10 mil/kg was performed into the inferior
vena cava. Collection of material for histological and electron microscopic examinations
was performed according to generally accepted methods. Histological specimens were
examined using a MIKROmed SEO SCAN light microscope and photo-documented
using a Vision CCD Camera with an image output system from histological specimens.
Ultrathin sections made on an ultramicrotome UMPT-7 were contrasted with uranyl!
acetate, lead citrate according to the Reynolds method and studied under an electron
microscope PEM-125K. Conducted micro- and submicroscopic studies of the structural
components of the thyroid gland a day after the reproduction of thermal trauma to the
skin on the background of the introduction of 0.9 % NaCl solution revealed reactive
adjunctive-compensatory changes and initial manifestations of destruction. Vascular,
stromal and parenchymal components of the organ in the stage of shock after burns
correspond to the state of "stress" as a reaction to pathological exogenous exposure,
and the intensification of metabolic processes in the affected organism of experimental
animals.

Keywords: thyroid gland, thermal skin burn, light microscopy, electron microscopy,
rats.

Introduction

Despite the fact that the main pathogenetic factor in the
development of burns is the alteration of the skin, the
severity of patients in the acute period of the disease is
due to systemic changes in the body caused by thermal
factor [14, 15, 16]. Systemic changes in the body due to
severe burn injuries develop due to the massive release of
inflammatory mediators, which cause a widespread
increase in the permeability of blood vessels. In addition,
the activation of complement components and intravascular
stimulation of neutrophils leads to the formation of a large

number of cytotoxic free radicals [6, 12, 19].

The increase in blood vessel permeability occurs not
only in the burn area, but also in distant organs and tissues
due to the release of blood cytokines and inflammatory
mediators such as thrombin, bradykinin, histamine, reactive
oxygen species, vascular endothelial growth factor (VEGF),
necrosis factor tumors - a (TNF-a), lipopolysaccharide (LP),
etc. [12, 16].

Being a powerful stress factor, severe burns are
accompanied by activation of the hypothalamic-pituitary
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system. Although thyroid hormones are not considered
typical "stress hormones", they also play a role in
maintaining vasomotor function under stress. Decreased
levels of thyroxine in the blood are associated with
decreased contractile activity of the myocardium,
hemodynamic instability, and electrolyte imbalance [4, 5,
17, 20, 23].

It is known that the level of thyroid-stimulating hormone
adenohypophysis may increase on the background of burn
injury, but the question of thyroid dysfunction remains
debatable, and scientific data on its morphological and
ultramicroscopic changes are quite limited [1, 7, 8].

The aim of the work is to establish microscopic and
submicroscopic changes of the thyroid gland of
experimental animals in the stage of shock after thermal
trauma of the skin.

Materials and methods

Experimental studies were performed on 12 white adult
male rats. The keeping and manipulation of animals was
carried out in accordance with the "General Ethical
Principles of Animal Experiments", adopted by the First
National Congress on Bioethics (Kyiv, 2001), also guided
by the recommendations of the "European Convention for
the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes" (Strasbourg, 1985),
guidelines of the State Pharmacological Center of the
Ministry of Health of Ukraine on "Preclinical studies of
medicinal products" (2001).

Thermal burn of the skin of 2-3 degrees was carried out
by applying to the pre-depilated side surfaces of the body
of rats four copper plates for 10 seconds, which were pre-
heated for 6 minutes in water with a temperature of 100°C
[11]. The area of skin lesions was 21-23 %.

Infusion of 0.9 % NaCl solution at a dose of 10 ml/kg
was performed in the inferior vena cava after catheterization
under aseptic conditions through the femoral vein.

Catheterization of the main vessels, staging of skin
burns and decapitation of animals was performed under
propofol anesthesia (60 mg/kg i/v).

Collection of material for microscopic examinations was
performed according to conventional methods [10]. Pieces
of the thyroid gland were fixed in 10 % neutral formalin
solution, dehydrated in alcohols of increasing
concentration, poured into paraffin blocks. The sections
made, 5-6 pm thick, were stained with hematoxylin-eosin
[10]. Histological specimens were examined using a
MIKROmed SEO SCAN light microscope and photo-
documented using a Vision CCD Camera with an image
output system from histological specimens.

For electron microscopic examinations, pieces of the
thyroid gland were removed, fixed in 2.5 % glutaraldehyde
solution, and postfixed with 1 % osmium tetroxide solution
on phosphate buffer. Further processing was performed
according to the generally accepted method [10]. Ultrathin
sections made on an ultramicrotome UMPT-7 were

contrasted with uranyl acetate, lead citrate according to the
Reynolds method and studied under an electron
microscope PEM-125K.

Results

Histological examinations of the thyroid gland of
experimental animals showed that a day after the burn
injury revealed reorganization of blood vessels, stroma and
parenchyma of the organ. There is a violation of
hemodynamics of the body, for most vessels, especially
veins and venules are characterized by plethora, wall
edema, especially adventitia. There is an increase in the
permeability of the walls of the vessels of the
hemomicrocirculatory tract, especially capillaries, which
tightly surround the follicles, which contributes to edema of
vascular walls, components of stromal loose connective
tissue, intercellular edema (Fig. 1). Histo- and leukocyte
cells are found in the perivascular space.

The parenchyma of the organ is formed by follicles of
mostly medium size, in which the thyrocytes lining the wall
of low prismatic shape, the colloid is moderately oxyphilic,
there are vacuoles of resorption (Fig. 2). Also, in this period
of observation, single large follicles with dense, intensely
oxyphilic colloid, squamous thyroid epithelium are observed
mainly subcapsularly. In the central parts of the lobe there
are small follicles in which thyrocytes are highly prismatic,
there is little or no colloid enlightened and there are
vacuoles of resorption due to the intensification of
metabolic processes after burn injury (see Fig. 1, Fig. 2).

At the submicroscopic level, thyrocytes of most follicles
had a cubic, low-prismatic shape, round-oval,

hypertrophied with moderately electron-dense nucleus,
slight intussusception of the nucleolus, karyoplasm of such
cells contained euchromatin, however, marginally placed
lumps of heterochromatin were detected. Large nucleoli
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Fig. 1. Microscopic changes of the thyroid gland 1 day after the
experimental burn injury on the background of the introduction of
0.9 % NaCl solution. Staining with hematoxylin and eosin. x200.
Symbols: 1 - follicles, 2 - colloid resorption vacuoles, 3 - perifollicular
swollen connective tissue, 4 - blood-filled vein, 5 - artery.
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Fig. 2. Histological changes of the thyroid gland 1 day after the
experimental burn injury on the background of the introduction of
0.9 % NaCl solution. Staining with hematoxylin and eosin. x200.
Symbols: 1 - small follicles, 2 - enlightened colloid, 3 - swollen
interstitium, 4 - blood-filled vessels of the hemomicrocirculatory
tract.
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Fig. 3. Submicroscopic changes of thyroid thyrocyte 1 day after
experimental burn injury on the background of the introduction of
0.9 % NaCl solution. x13 000. Designation: 1 - nucleus, 2 - tubules
of granular endoplasmic reticulum in the cytoplasm, 3 - lysosomes,
4 - basement membrane, 5 - microvilli on the apical surface of
cells.

were determined. In the moderately electron-transparent
cytoplasm, there are dilated tubules of the endoplasmic
reticulum and the Golgi complex, numerous vacuoles and
microbubbles are located mainly below the apical part of
the cells (Fig. 3). Mitochondria are hypertrophied, swollen
with a moderate electron-transparent matrix, there is a
discomplexation of the cristae, they are few. In the cytoplasm
of the apical part of the cells are identified vacuoles filled
with colloid and lysosomes and phagosomes involved in
the breakdown of colloid and the release of hormones into
the hemomicrocirculatory tract of the gland. Also, apical
surface of the cells contains a significant number of
microvilli, some of which are deformed (Fig. 4, Fig. 5).

At this time of the experiment also detected
hemocapillaries without signs of excessive blood supply,
they had single shaped elements of blood. The nuclei of
endothelial cells are oval, the karyoplasm was dominated
by euchromatin, the karyolemma formed shallow
intussusception. Cytoplasmic areas without signs of
edema, there are numerous micropinocytic vesicles,
caveolae, fenestrae are detected. Organelles of cells
without pronounced signs of destruction. The basement
membrane is swollen in some areas. This condition of
hemocapillaries indicates the presence of relatively
structurally unchanged hemocapillaries in the body in the
shock stage after thermal injury.
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Fig. 4. Submicroscopic changes of the thyroid gland 1 day after
the experimental burn injury on the background of the introduction
of 0.9 % NaCl solution. x10 000. Designation: 1 - thyrocyte nucleus,
2 - thyrocyte cytoplasm, 3 - microvilli on the apical surface of cells,
4 - endothelial cell nucleus, 5 - endothelial cell cytoplasm, 6 -
erythrocytes in the lumen, 7 - basement membrane.
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Fig. 5. Submicroscopic changes of the thyroid gland 1 day after
the experimental burn injury on the background of the introduction
of 0.9 % NaCl solution. x10 000. Designation: 1 - blood-filled capillary
lumen with erythrocyte stasis, 2 - endothelial cell nucleus, 3 -
pericyte, 4 - basement membrane, 5 - interstitial connective tissue,
6 - thyrocyte nucleus, 7 - thyrocyte cytoplasm.
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Discussion

Our results on microscopic and submicroscopic
changes in the thyroid gland of experimental animals 24 h
after thermal trauma to the skin generally do not contradict
those obtained in other studies [2, 3, 9, 13, 18, 21]. Thus,
according to other authors at 2, 12, 24 hours after the burn
there was a widespread expansion of follicles. The lumen
of the follicles was filled with a large amount of eosinophilic
colloid. The cells of the follicular epithelium were markedly
flattened, had a cubic or flat shape. In the apical part of the
follicular cells there was a meager amount of cytoplasm
with a significantly reduced number of PAS-positive granules,
drops of colloid were almost completely absent. The main
ultrastructural changes of the thyroid gland on the 2nd, 12th,
24th hour after the burn were presented as marked
expansion and degranulation of the granular endoplasmic
reticulum, reduction of the Golgi complex, while the Golgi
complex tanks were expanded, the number of vacuoles was
reduced. In the apical part of the follicle there was a scanty
number of microvilli and vacuoles. Drops of colloid and
pseudopodia were also not observed. Lysosomes were rare.
Mitochondria were also solitary and small in size with signs
of focal vacuolation and pyknosis. There was an increased
electron density of the cytoplasm. The nucleus had an
irregular shape, the perinuclear space was expanded, the
amount of heterochromatin was increased. 24 hours after
the burn, pseudo-inclusions were often observed in the
nucleus, and a significant part of the cytoplasm was rarefied.
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depression of myocardial contractile function and

OCOBIMBOCTI MOP®ONOMNYHUX 3MIH LLMTONOAIBEHOI 3AN0O3U BINUX LLYPIB-CAMUIB YEPE3 1 OOBY Nicnsa
TEPMIYHOI TPABMU LUKIPU HA ®OHI BBELEHHS 0,9 % PO3YUHY NACL

TipoH O. I

Hesgaxaro4u Ha me, W0 OCHOBHUM flamo2eHemuyHUM YUHHUKOM PO38UMKY OMiKkosoi X8opobu € anbmepauisi WKiPHO20 MOKPO8Y, MsKKICMb
cmaHy nauieHmie y eocmputi nepiod xeopobu 0bymMoentoemscsi cUCMeMHUMU 3MiHaMU 8 OpaaHi3Mi, sSIKi 8UKITUKae mepMiYHUL ghakmop.
SHensrodu coboro nomyxHUl ¢ghakmop cmpecy, eenuKkull orik cyrnpogodXyembCs akmuegauieto ainomarnamo-ainogisapHoi cucmemu. Xoda
20pMOHU WumMornodibHOI 3a103uU He 88aXkaloMbCS MUMOBUMU "20pMOHaMu cmpecy”, 80HU MaKoxX eidizpatomb nesHy posib y Midmpumuyi
8a30MOMOPHOI hyHKUii y cmaHi cmpecy. TumaHHs CMOCOBHO MOPYWeHb hYHKUIOHaNbHOI akmueHocmi wumonodibHoi 3arn03u Ha miii
onikogoi mpasmu 3anuwaemscs OuckymabesibHUM, a Haykosi OaHi cmocoeHO ii MopghoioeiyHUX ma yrnbmpamiKpOCKOMYHUX 3MiH €
dososi obmexeHumu. Mema pobomu - 8cmaHO8/E€HHS MIKPOCKOMIYHUX | CyOMIKpOCKOMIYHUX 3MiH wumonodibHoi 3anosu
eKcriepuMeHmarnbHUX meapuH 8 cmadii WoKy nicis mepMiyHOi mpasmu wkipu. EkcriepumeHmarbHi 0ocrnioxeHHs1 npogedeHi Ha 12 binux
CmMameeo3pinux wypax-camusix, sKum 6yro HaHeceHo MepMiYHUU oK WKipu 2-3 cmyneHs nnower ypaxeHHs 21-23 % wkipu. IHQy3ito
0,9 % pos34yuHy NaCl y do3i 10 mn/k2 npogodunu y HUXHIO MOPOXHUCMYy eeHy. 3abip mamepiany 0ns eicmosoeiyHUX ma
e/1eKMPOHHOMIKPOCKOMIYHUX O0CidXeHb nposodunu 32i0HO 3asanbHonpuliHAMuUX memoduk. [icmonoaiyHi npenapamu eusdyanu 3a
doromoeoro ceimmnosoeo mikpockorna MIKROmed SEO SCAN ma ¢gomodokymeHmysanu 3a doriomoeor sideokamepu Vision CCD
Camera 3 cucmemoro 8ugody 306paxkeHHsI 3 2icmoroaidyHuUX rnpenapamis. YbmpamoHKi 3pi3u, 8u20moerieHi Ha yrnbmpamikpomomi
YMIIT-7, KoHmpacmysanu ypaHinauemamoM, UUmpamomM CeUuHUro 32i0Ho Memody PeliHonbOca ma eugdariu 8 efieKmpoHHOMY MIKPOCKOTTi
TEM-125K. lNposedeHi Mikpo- ma cyOMiKpOCKOMidHi OOCIOXEHHSI CmpyKmMypPHUX KOMIOHeHmI8 wumorodibHoI 3aro3u Yepes 0oby ricns
8i0meopeHHs1 mepmidHoOi mpasmu wikipu Ha mni esedeHHs 0,9 % posduHy NaCl ecrmaHosuiu peakmueHi npucmosyeasibHO-KOMIEHCaMmOpPHi
3MiHU ma no4Yamkosi rposisu 0ecmpykuii. CyOUHHI, cmpoMaribHi i napeHxiMamo3sHi KOMIOHeHmMuU opeaHy 8 cmadii WoKy nicrs oniky
sidnoeidarome cmaHy "HanpyxeHHs", K peakuyii Ha namorioeiqyHull ek302eHHUU erue, ma iHmeHcugikauii 0bMIHHUX NMPOUECi8 ypaxeHo20
opeaHiaMy eKcriepuMeHmarsbHUX meapuH.

KntoyoBi cnoBa: wjumonodibHa 3ano3a, mepmidHUl OMiK WKipu, ceimmnosa MIKpOCKOIis, efleKmpPOHHa MIKPOCKOIis, Wwypu.

OCOBEHHOCTU MOP®ONIOMMYECKUX UBMEHEHUIA LUUTOBUAHOM XKENE3bl BENbIX KPbIC-CAMLIOB YEPE3 1 CYTKU
MOCINE TEPMUYECKOW TPABMbI KOXXU HA ®OHE BBEJEHUS 0,9 % PACTBOPA NACL

Tupon O. U.

Hecmompsi Ha mo, Ymo OCHOBHbIM Mamo2eHemu4YeckuM ¢hakmopoMm pazgumusi 0020800 60ne3HU sienssemcsi anbmepauyusi KOXHO20
10Kpo8a, MsXXecmb COCMOSHUSI nayueHmos 8 ocmpbil nepuod b6one3Hu obycrosrneHa cucCmMeMHbIMU U3MEHEHUSIMU 8 opaaHu3Me,
8bI38aHHbIMU MEPMUYECKUM (haKmopoM. 518/sisiCb MOWHbIM ¢hakmopoMm cmpecca, 0bWUPHBbIL 0xoe conposoxdaemcsi akmusayuel
a2urnomanamo-aurogusapHol cucmembl. [OpMOHbI WUMOBUOHOU Xefle3bl, XOmb U He S8MSI0MCS MunuyHbIMU "20pMOHamMu cmpecca”,
uepatom onpederieHHyo porib 8 ModdepxaHuU 8a30MOMOPHOU ¢hyHKUUU. Borpoc kacameribHO HapyweHUl (oyHKUUOHanbHOU akmueHoCmu
wumosudHol xerne3bl Ha ¢hoHe 0x02080U bone3Hu ocmaemcsi OuckymaberibHbIM, a Hay4YHble 0aHHble O ee MOP@OI02UYecKUX U
ybmpPamMuKpOCKOMUYECKUX U3BMEHeHUsIX 0oCmamoyYHO ogpaHuyeHsbl. Llenb pabomsbl - ycmaHo8UMb MUKPOCKOMNUYECKUE U
YIbMpaMUuKpOCKONUYECKUe U3MEeHEeHUsT uUmo8UOHOU eresbl 9KCrepUMeHmarbHbIX XUBOMHbIX 8 cmaduu wWoKa rocsie mepmu4eckol
mpasMbl KOXU. SKcriepumeHmaribHble uccriedosaHusi nposedeHnbl Ha 12 berbix Mono8o3peribix Kpbicax-camuyax, KomopbiM Obll HaHECEeH
mepmuYeckull oxoe Koxu 2-3 cmeneHu nnowadbro nopaxeHus 21-23 % koxu. MHeysuro 0,9 % pacmeopa NaCl e doze 10 min/ke
1po8oOUITU 8 HUXKHIOHO M011Yt0 8eHy. 3abop mamepuara 0718 2UCmMOonoau4ecKuX U 31eKMPOHHOMUKPOCKONUYECKUX uccredosaHull rnposodurnu
coenacHo obujernpuHsambIx MemoOuk. [ucmoroaudeckue rpernapamsl udydanu ¢ rnoMowbio ceemosoz2o mMukpockona MIKROmed SEO
SCAN u gpomodokymeHmuposaru ¢ nomouwbto sudeokamepn! Vision CCD Camera ¢ cucmemoli 8bi800a U306paxkeHusi C 2ucmooau4ecKux
npenapamos. YnbmpamoHKue cpe3bl, U320moerieHHble Ha ynbmpamukpomome YMIIT-7, koHmpacmuposanu ypaHuiauyemarnmom,
yumpamom ceuHua rno memody PeliHonbAca u u3ydasnu 8 3/1eKmpoHHOM mukpockone NOM-125K. [posedeHHbie MUKpo- U
cybmMuKpocKonuyeckue uccriedosaHusi CmpyKmypHbIX KOMIOHEHMO8 WUMmoeuOHOU Xerne3bl Yepes CymKu rocrie 80Crpou3eedeHus
mepmuyeckol mpasmbl KoXu Ha ¢poHe ssedeHusi 0,9 % pacmeopa NaCl ycmaHosuru peakmusHbie npucrnocobumeribHo-KOMIeHcamopHbie
U3MEHEHUS U HadarbHble rposisreHusi decmpykyuu. Cocyducmsie, cmpoMarbHble U napeHxumMamo3Hble KOMIMOHeHMbI opeaHa 8 cmaduu
woKa coomeemcmayrom COCMOSIHUK "HarnpsiXeHUs1", Kak peakyuu Ha rnamosio2audecKoe 3K302eHHOe 8rusiHue, U UHmeHcugukayuu
06MeHHbIX MPoUEeccos8 MopaxxeHHo20 OpeaHuU3Ma 3KCrepuMeHmarbHbIX XUSOMHbIX.

KnioueBble cnoBa: wumosudHas xenesa, mepMUYecKull 002 KOXU, c8emoasasi MUKPOCKOIMUS, 3NIEKIMPOHHAs MUKPOCKOMUSI, KPbICHI.
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