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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 karyolemа 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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МОРФОЛОГІЧНІ ПОРУШЕННЯ ПАРЕНХІМИ ЩИТОПОДІБНОЇ ЗАЛОЗИ У ЩУРІВ 
НА ТРЕТЮ ДОБУ ПІСЛЯ ТЕРМІЧНОГО ОПІКУ ШКІРИ 

 

Метою дослідження було дослідити гістологічні та ультраструктурні зміни щитоподібної залози піддослідних 
тварин через 3 доби після термічної травми шкіри при введенні фізіологічного 0,9 % розчину NaCl. Через три доби після 
експериментального термічного ураження шкіри тварин при введенні фізіологічного 0,9 % розчину NaCl на мікроскопічному 
рівні виявлено внутрішньотиреоїдні гемодинамічні зміни, зміни структури стромального компонента та деструктивні 
процеси в морфо-функціональній одиниці щитовидної залози – фолікулі. Капсула та строма щитовидної залози протягом 
цього періоду досліджень характеризувались набряком колагенових волокон та вогнищевою лейкоцитарною інфільтрацією 
з переважанням сегментоядерних нейтрофілів. Порушення гемодинаміки щитовидної залози проявлялося артеріальним і 
венозним повнокрів'ям, стазом в артеріальних судинах органу та складових мікроциркуляторного русла. Фолікулярні 
клітини містили невелике ядро з неглибокими каріолемними інвагінаціями, маргінально розташований гетерохроматин і 
невеликі його грудочки, розсіяні по каріоплазмі. Для гемокапілярів щитовидної залози характерно набухання як компонентів 
базальної мембрани, так і ендотеліального шару, а також стаз просвіту. Ендотеліоцити містили ядра з гетерохроматиновою 
периферичною локалізацією. На третю добу після опіку шкіри при введенні фізіологічного 0,9 % розчину NaCl відбуваються 
певні зміни в структурі судинного компонента залози, її строми та паренхіми на мікроскопічному та субмікроскопічному 
рівнях, які можуть призвести до порушення секреторного циклу фолікулярних клітин і, як наслідок, до порушення синтезу і 
секреції тиреоїдних гормонів. Виявлені патоморфологічні інтратиреоїдні порушення вказують на можливу зворотність цих 
мікрозмін, що є важливим з точки зору фармакотерапії такого контингенту пацієнтів. 

Ключові слова: щитоподібна залоза, паренхіма, опікова травма, морфологічні порушення, гематоксилін-еозин, 
фолікул, тиреоцит, капіляр, стаз. 
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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 cm2) 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 % NaCl 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 μm 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–125К. 

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 I. 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 
blue (fig. 1 D). 

 

 А  B 

 C  D 
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. х 400. A – 1 – stasis in capillaries; 2 - follicles. Hematoxylin-Eosin staining. х 400. 
B – 1 – media of the artery; 2 – perivascular edema. Hematoxylin-Eosin staining. х 400. C – 1 – follicle, 2 – capillaries. Hematoxylin-
Eosin staining. х 200. D – 1 – thyrocytes with illuminated areas of cytoplasm, – colloid of follicles, 3 –interstitial connective tissue. Semi-
thin cut. Methylene blue staining. х 400. 

 

Electron microscopic studies on the 3rd 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 3rd 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). 

 

 
 

Fig. 2. Ultrastructure of the wall of the thyroid gland 
follicle of an animal 3 days after a skin thermal injury 
under physiological 0.9 % NaCl solution administration. 
Electrogram. x 12000. 1 – follicle lumen, 2 – nucleus and 
3 – thyrocyte cytoplasm, 4 – basement membrane. 

Fig. 3. Thyroid gland hemocapillary submicroscopic 
organization of an animal 3 days after a skin thermal injury under 
physiological 0.9 % NaCl solution administration. Electrogram. x 
12000. 1 – capillary lumen with an erythrocyte, 2 – endotheliocyte 
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 3rd 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. 

 

Conclusions 

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 % NaCl 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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