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Abstract  This study examines the morphological and morphometric characteristics of the thyroid gland in white rats 

under selenium deficiency. Key histological alterations, variations in follicular dimensions, colloid condition, and vascular 

responses were analyzed. The findings demonstrate that selenium deficiency results in significant structural and functional 

disturbances of the thyroid gland, indicating the high sensitivity of endocrine tissues to microelement imbalance.  
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1. Introduction 

The functional activity of the thyroid gland is essential for 

maintaining hormonal balance, metabolic processes, and 

tissue growth in the organism. Trace elements, particularly 

selenium (Se), serve as indispensable cofactors for the synthesis 

of thyroid hormones—thyroxine (T4) and triiodothyronine 

(T3)—and for the activity of deiodinase enzymes that 

activate these hormones. Recent scientific studies have 

demonstrated that selenium deficiency affects not only 

thyroid hormone metabolism, but also leads to pronounced 

alterations in the morphological structure of the gland. 

Vasiliu et al. (2020) reported degenerative changes in 

follicular structure, reduced colloid density, and morphologic 

remodeling of the epithelial layer in conditions of selenium 

deficiency [4]. Hofstee (2020) showed that maternal selenium 

deficiency in experimental animals caused disturbances in 

thyroid activity and hormone balance in offspring, with a 

pronounced sex-specific pattern [1]. Köhrle (2023) highlighted 

the interrelated mechanisms of selenium, iodine, and iron in 

thyroid hormone synthesis and demonstrated that deficiencies 

of these microelements destabilize morphological integrity 

[2]. 

Furthermore, Wang (2023) emphasized the protective role 

of selenium in the pathogenesis of thyroid disorders, noting 

that Se deficiency intensifies dystrophic processes in follicular 

epithelium [5]. According to Milanović et al. (2024), the 

combination of selenium deficiency and hypothyroidism  
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drastically reduces the activity of selenoproteins such as 

glutathione peroxidase, thereby increasing the susceptibility 

of thyroid tissue to oxidative stress [3]. 

Overall, these scientific data indicate that selenium is 

essential for maintaining the morphological stability of the 

thyroid gland, and that its deficiency can significantly alter 

follicular architecture, colloid quality, and endocrine function. 

Therefore, investigating the influence of selenium deficiency 

on morphological and morphometric parameters of the 

thyroid gland in an experimental white rat model remains a 

relevant scientific task. 

The aim of this study was to determine the 

histomorphometric characteristics of the thyroid gland in 

white outbred rats under conditions of selenium (Se) 

deficiency, including alterations in follicular structure, 

colloid density, epithelial layer morphology, and elements of 

the microcirculatory system. The study also sought to 

evaluate the impact of selenium deficiency on the functional 

activity and morphometric parameters of the thyroid gland 

and to provide a scientific basis for the main pathogenetic 

mechanisms underlying endocrine imbalance associated 

with Se deficiency. 

2. Materials and Methods 

Experimental studies were conducted on male white 

outbred rats weighing 150–170 g, maintained under standard 

vivarium conditions. The animals were divided into two 

main groups: 

Group I – Control: rats maintained on a standard diet. 

Group II – Selenium-deficient (Se–): rats fed a specialized 

diet with selenium content below physiological levels. 
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The experimental model used diets produced by 

ALTROMIN Spezialfutter GmbH & Co. KG (Germany): C 

1000, C 1035, C 1038, C 1040, C 1045, and a modified C 

1035 diet adapted for selenium deficiency. The duration of 

the experiment was set at 10 weeks. All procedures were 

performed according to ethical certificate No. 36/2024. 

Histological preparations of the thyroid gland were obtained. 

Standard hematoxylin–eosin (H&E) staining was performed, 

and PAS reaction along with additional staining methods 

were used to evaluate colloid homogeneity. Morphometric 

measurements were conducted using a calibrated micrometric 

scale, including parameters such as follicle diameter, epithelial 

height, colloid area, arteriolar diameter, and capillary density. 

Both parametric and nonparametric statistical methods 

were applied. Data collection, cleaning, and systematization 

were performed using Microsoft Excel 2016, while statistical 

analysis was conducted in IBM SPSS Statistics v.26 (IBM 

Corp., USA). The distribution of quantitative variables   

was assessed using the Shapiro–Wilk test (n < 50) or the 

Kolmogorov–Smirnov test (n > 50). The Mann–Whitney U-test 

was applied for non-normally distributed data, whereas the 

Student’s t-test was used for normally distributed variables. 

Graphical visualization was performed with STATGRAPHICS 

5.1. The mean (M), standard error (m), variance, and 

coefficient of variation were calculated, and percentage 

differences relative to the control group were evaluated.    

A significance level of p < 0.05 was accepted. 

3. Results 

Selenium (Se) is a crucial element for thyroid physiology. 

Approximately 14 mg of selenium is present in the human 

body, incorporated as selenocysteine in glutathione peroxidase 

(GPx) and iodothyronine deiodinase enzymes. GPx, a 

Se-dependent enzyme, catalyzes the breakdown of hydrogen 

peroxide (H₂O₂), thereby protecting tissues from oxidative 

stress and cellular damage. In the thyroid gland, H₂O₂ is 

produced in response to TSH stimulation and is required by 

thyroid peroxidase (TPO) for the iodination of thyroglobulin, 

which drives T4 synthesis. Excessive H₂O₂ has been shown 

to inactivate TPO in vitro, suggesting that its accumulation 

can impair thyroid hormone production. 

In regions where selenium and iodine deficiency coexist, 

reduced Se intake may decrease maternal T4 metabolism, 

potentially protecting the developing fetal brain from 

hypothyroidism. However, after birth, the hyperplastic and 

hyperstimulated iodine-deficient thyroid produces excessive 

reactive oxygen species, which—combined with decreased 

GPx activity—may contribute to thyroid tissue damage. 

Selenium deficiency is associated with various thyroid 

disorders, including hypothyroidism, subclinical hypothyroidism, 

thyroid cancer, and autoimmune thyroid diseases such as 

Hashimoto’s thyroiditis and Graves’ disease. In selenium- 

deficient white rats, several morphological and morphometric 

alterations of the thyroid gland were observed. In the central 

regions of the thyroid, follicular size appeared heterogeneous 

—some follicles were enlarged, while others were markedly 

reduced. 

The height of the epithelium was slightly reduced compared 

with the control group, and the cells predominantly acquired 

a flattened or cuboidal shape. The amount of colloid within 

the follicular lumen was decreased, and its consistency 

appeared denser. In hematoxylin–eosin–stained sections, the 

colloid demonstrated intense eosinophilic staining. A tendency 

toward thickening of the basal membrane forming the 

follicular wall was observed, and an increase in stromal 

connective tissue elements in the interfollicular areas was 

noted.  

In Van Gieson staining, an accumulation and densification 

of collagen fibers within the interstitial tissue were clearly 

evident. Morphometric evaluation showed that in 

selenium-deficient white rats, the length, width, and weight 

of the thyroid gland were reduced compared with the control 

group. Likewise, follicular diameter and follicular area were 

diminished, and the height of thyrocytes decreased. However, 

no significant alterations were found in the microcirculatory 

vessels supplying the gland, and their parameters remained 

close to those of the control animals. 

Table 1.  Microcirculatory vessel parameters and histomorphometric indicators of the thyroid gland in selenium-deficient white rats (M ± m) 

Indicators 

6-month-old rats from the selenium-deficient (Se-) 

experimental group 

Central region Peripheral region 

Capillary diameter (µm) 8.67 ± 0.13 10.24 ± 0.12* 

Capillary density (number per mm²) 101.52 ± 3.18 89.46 ± 3.27 

Total cross-sectional area of capillaries (×10³ µm²) 9.84 ± 0.15 8.12 ± 0.13* 

Relative vascular area (%) 7.36 ± 0.29 6.04 ± 0.33 

Thyroid epithelial height (µm) 4.68 ± 0.19 4.22 ± 0.15 

Follicle diameter (µm) 34.12 ± 0.27 38.03 ± 0.21* 

Follicle area (µm²) 1186.42 ± 16.83 1268.31 ± 15.94 

Thyroid epithelium (%) 33.87 ± 0.36 29.64 ± 0.39 

Colloid (%) 35.28 ± 0.31 45.73 ± 0.34 

Stroma (%) 14.83 ± 0.49 10.56 ± 0.29* 

Izоh: * - p<0,05 mаrkаziy qismgа nisbаtаn ishоnсhlilik dаrаjаsi kо‘rsаtilgаn.  
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Figure 1.  Microscopic changes in the thyroid gland of 6-month-old selenium-deficient white rats. Hematoxylin–eosin staining, ×200 magnification (10× 

ocular, 20× objective). 1 — uneven thickening of the gland capsule; 2 — edema and proliferation of connective tissue in the vascular wall and perivascular 

region; 3 — centrally located follicles are reduced in size, contain a small amount of colloid, and exhibit marked thickening of the follicular wall; 4 — 

follicles in the peripheral region are of moderate size, with decreased colloid content and thickened follicular epithelium 

 

 

Figure 2.  Microscopic changes in the thyroid gland of 6-month-old selenium-deficient white rats. Van Gieson staining, ×100 magnification (10× ocular, 

10× objective). 1 — densely arranged collagen fibers in the vascular wall and interstitial tissue; 2 — compact collagen accumulation in the gland capsule and 

trabeculae 
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Figure 3.  Morphometric parameters of the thyroid gland in 6-month-old selenium-deficient white rats. Hematoxylin–eosin staining, ×200 magnification 

 

4. Conclusions 

In selenium-deficient white laboratory rats, notable 

morphological and morphometric alterations of the thyroid 

gland were observed. Follicles in the peripheral regions of 

the gland were relatively larger compared with those in the 

central zones. A decrease in the height of the epithelial cells 

was detected, and thyrocytes predominantly exhibited 

cuboidal to flattened morphology. Selenium deficiency also 

led to a reduction in follicular diameter, accompanied by    

a decreased amount of colloid within the follicular lumen 

and an increase in the density of the colloid material. In 

hematoxylin–eosin–stained sections, the colloid demonstrated 

intense eosinophilic staining. Selenium deficiency resulted 

in impaired degradation of hydrogen peroxide, which led   

to its excessive accumulation. Consequently, the harmful 

effects of elevated H₂O₂ were evident throughout the 

organism, including in the thyroid gland, contributing to 

structural alterations and functional instability of the tissue. 
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