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The thyroid gland plays a crucial role in regulation of metabolic, 

endocrine, and developmental processes within the mammalian 

organism. Thyroid hormones significantly influence tissue 

differentiation, cellular proliferation, hormonal balance, and 

morphofunctional maturation of reproductive organs, including 

mammary glands. Disturbances in thyroid functional activity 

during early ontogenesis may lead to structural and developmental 

abnormalities in hormonally dependent tissues. 

The present study investigates morphological features of mammary 

gland differentiation in rat offspring under conditions of impaired 

thyroid gland functional activity. Particular attention was devoted 

to histological organization, epithelial differentiation, stromal 

development, and morphometric characteristics of mammary gland 

structures under hypothyroid conditions. 

The obtained results demonstrated that thyroid dysfunction 

significantly affects structural maturation and differentiation 

processes of mammary gland tissues. Histological analysis 

revealed delayed epithelial development, reduced alveolar 

formation, stromal disorganization, vascular alterations, and 

decreased proliferative activity in experimental animals with 

impaired thyroid function. 

Morphometric investigations additionally demonstrated significant 

differences in glandular tissue development, ductal organization, 

and epithelial thickness between experimental and control groups. 
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Structural abnormalities observed in mammary gland tissues 

indicate the important regulatory role of thyroid hormones in 

postnatal morphogenesis and endocrine-dependent tissue 

differentiation. 

The study confirms that thyroid functional disorders may 

significantly influence mammary gland development during early 

ontogenesis and contribute to long-term morphofunctional 

alterations in reproductive tissues. 
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Introduction 

The thyroid gland is one of the most important endocrine organs regulating 

metabolic activity, tissue differentiation, growth processes, and hormonal 

homeostasis in mammals. Thyroid hormones participate in numerous physiological 

mechanisms associated with cellular proliferation, protein synthesis, energy 

metabolism, and morphofunctional maturation of organs during prenatal and 

postnatal development. 

Disturbances of thyroid functional activity may significantly influence the 

development of hormonally dependent tissues, particularly reproductive organs and 

mammary glands. Thyroid dysfunction is accompanied by complex endocrine and 

metabolic alterations that affect cellular differentiation, vascularization, stromal 

organization, and secretory activity of glandular tissues. 

The mammary gland represents a highly hormone-sensitive organ whose 

development depends on coordinated interactions between thyroid hormones, 

estrogens, progesterone, prolactin, and growth factors. Normal differentiation of 

mammary gland structures requires balanced endocrine regulation during all stages 

of ontogenesis. 

Experimental and clinical investigations have demonstrated that hypothyroidism 

may negatively affect mammary gland development by altering epithelial 

proliferation, ductal branching, stromal maturation, and morphogenetic activity. 

Hormonal imbalance associated with thyroid dysfunction may contribute to delayed 

differentiation and structural disorganization of mammary tissues. 

During early postnatal development, mammary gland morphogenesis is 

characterized by intensive cellular proliferation, formation of epithelial ducts, 

differentiation of alveolar structures, and maturation of connective tissue 
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components. These processes are highly sensitive to endocrine disturbances and 

metabolic disorders. 

Recent advances in experimental morphology and endocrine pathology have 

increased scientific interest in studying structural alterations of mammary glands 

under conditions of thyroid dysfunction. Investigation of morphogenetic changes 

associated with endocrine imbalance is important for understanding mechanisms of 

tissue differentiation and hormonal regulation. 

Previous studies have shown that thyroid hormone deficiency may impair vascular 

supply, reduce proliferative activity, alter collagen organization, and suppress 

secretory differentiation within mammary gland tissues. However, many aspects 

related to morphological differentiation of mammary glands in offspring under 

conditions of maternal thyroid dysfunction remain insufficiently investigated. 

The study of mammary gland differentiation in experimental hypothyroidism is 

particularly important because endocrine disorders occurring during early 

developmental periods may produce long-term structural and functional 

consequences in reproductive tissues. 

Therefore, the aim of the present study is to investigate the morphological basis of 

mammary gland differentiation in rat offspring under conditions of impaired thyroid 

functional activity and to evaluate histological and morphometric alterations 

associated with endocrine imbalance during postnatal development. 

Materials and Methods 

The experimental study was conducted on laboratory rat offspring under controlled 

vivarium conditions in accordance with international ethical principles for 

biomedical research involving animals. Experimental animals were maintained 

under standard environmental conditions with regulated temperature, humidity, and 

light–dark cycle, while food and water were provided ad libitum. 

To investigate the influence of thyroid dysfunction on mammary gland 

differentiation, experimental hypothyroid conditions were induced in maternal 

animals during the gestational and postnatal periods. Functional impairment of the 

thyroid gland was achieved through administration of antithyroid agents leading to 

suppression of thyroid hormone synthesis and reduction of endocrine activity. 

The experimental animals were divided into two groups: 

• control group with normal thyroid functional activity;  

• experimental group with induced hypothyroid conditions.  

Rat offspring from both groups were observed during the postnatal developmental 

period. Mammary gland tissues were collected at selected stages of postnatal 

ontogenesis for morphological and histological investigations. 
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Tissue samples were fixed in buffered formalin solution, dehydrated in graded 

alcohol concentrations, and embedded in paraffin blocks according to standard 

histological protocols. Serial histological sections were prepared using a rotary 

microtome and stained with hematoxylin and eosin for general morphological 

evaluation. 

Microscopic analysis was performed to assess: 

• epithelial differentiation;  

• ductal development;  

• alveolar formation;  

• stromal organization;  

• vascularization;  

• cellular density;  

• connective tissue structure.  

Morphometric investigations included measurement of epithelial thickness, 

glandular area, ductal diameter, and stromal proportion within mammary gland 

tissues. Comparative analysis between experimental and control groups was carried 

out to evaluate structural differences associated with impaired thyroid function. 

The proliferative activity of mammary gland tissues was additionally evaluated 

through comparative histological assessment of epithelial cellularity and 

morphogenetic activity. 

Morphometric data were statistically analyzed using standard biomedical statistical 

methods. Mean values and standard deviations were calculated to determine the 

significance of structural differences between experimental groups. 

The obtained experimental results were comparatively analyzed to determine the 

influence of thyroid functional impairment on mammary gland differentiation and 

morphogenesis in rat offspring. 

Results 

Histological and morphometric analysis revealed substantial structural differences 

in mammary gland development between the control and hypothyroid experimental 

groups. Impaired thyroid functional activity significantly affected epithelial 

differentiation, glandular organization, stromal maturation, and morphogenetic 

activity of mammary tissues in rat offspring. 

In the control group, mammary gland structures demonstrated normal postnatal 

differentiation characterized by intensive epithelial proliferation, active ductal 

branching, and formation of early alveolar components. The glandular tissue was 

represented by well-organized epithelial ducts surrounded by compact connective 

tissue stroma with adequate vascularization. 
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In contrast, mammary glands of rat offspring subjected to thyroid hormone 

deficiency demonstrated delayed structural maturation and pronounced 

morphofunctional disturbances. Histological examination revealed insufficient 

development of epithelial ducts, decreased proliferative activity, and suppression of 

alveolar differentiation. 

The epithelial lining in hypothyroid animals appeared thinner and less differentiated 

compared with the control group. Ductal structures demonstrated irregular 

arrangement and reduced branching activity. In several histological sections, partial 

deformation of ductal lumens and stromal edema were observed. 

Figure 1. Histological Structure of Mammary Glands in the Control Group 

 

 

https://biomedglobe.com/index.php/gibmr


Global Insights in Biomedical & Multidisciplinary Research (GIBMR)  
Volume 01, Issue 03, May-2026 

Available Online at: https://biomedglobe.com/index.php/gibmr 

ISSN (Online): 3054-5900 

90 | P a g e  

 
 

Note. Normal histological organization of mammary gland tissues demonstrating 

active epithelial differentiation, ductal development, and compact stromal 

organization in the control group. 

 

Morphometric investigations demonstrated a statistically significant reduction in 

epithelial thickness and glandular tissue area in the experimental hypothyroid group. 

Connective tissue components occupied a relatively larger proportion of the 

mammary gland due to suppression of glandular differentiation and reduced 

epithelial proliferation. 

The vascular component of mammary gland tissues also demonstrated structural 

alterations under hypothyroid conditions. Reduced vascular density and moderate 

circulatory disturbances were identified in experimental animals with impaired 

thyroid function. 

Table 1. Morphometric Characteristics of Mammary Glands in Rat Offspring 

Morphological Parameter Control Group Hypothyroid Group 

Epithelial differentiation Well developed Delayed 

Ductal branching Active Reduced 

Alveolar formation Moderate Weak 

Stromal organization Compact Disorganized 

Vascularization Normal Reduced 

Epithelial thickness Higher Significantly decreased 
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Morphological Parameter Control Group Hypothyroid Group 

Cellular proliferative activity Active Suppressed 

Note. Comparative morphometric characteristics of mammary gland tissues under 

normal and impaired thyroid functional activity. 

 

Microscopic examination additionally revealed increased stromal connective tissue 

accumulation and decreased secretory differentiation in mammary glands of 

hypothyroid offspring. Structural disorganization of epithelial components indicates 

suppression of normal morphogenetic processes associated with thyroid hormone 

deficiency. 

Figure 2. Histological Alterations of Mammary Glands Under Hypothyroid 

Conditions 

  

Note. Histological alterations of mammary gland tissues under conditions of 

thyroid hormone deficiency demonstrating reduced epithelial differentiation, 

stromal disorganization, and suppressed ductal development. 

The obtained results indicate that thyroid hormone deficiency significantly 

suppresses morphogenetic activity and postnatal differentiation of mammary gland 

tissues. Reduced epithelial proliferation and impaired ductal organization confirm 

the important regulatory role of thyroid hormones in mammary gland development 

during early ontogenesis. 

The relationship between thyroid hormone activity and tissue differentiation may be 

represented as: 

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑡𝑖𝑜𝑛 ∝ 𝑇ℎ𝑦𝑟𝑜𝑖𝑑 𝐻𝑜𝑟𝑚𝑜𝑛𝑒 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 

https://biomedglobe.com/index.php/gibmr


Global Insights in Biomedical & Multidisciplinary Research (GIBMR)  
Volume 01, Issue 03, May-2026 

Available Online at: https://biomedglobe.com/index.php/gibmr 

ISSN (Online): 3054-5900 

92 | P a g e  

The obtained findings confirm that endocrine imbalance caused by impaired thyroid 

function significantly affects structural maturation and morphofunctional 

organization of mammary glands in rat offspring. 

Discussion 

The results obtained in the present study demonstrate that impairment of thyroid 

functional activity significantly influences the morphogenesis and differentiation of 

mammary gland tissues in rat offspring. Histological and morphometric alterations 

observed in the experimental group confirm the essential regulatory role of thyroid 

hormones in postnatal development of endocrine-dependent organs. 

One of the most important findings of the investigation was the suppression of 

epithelial differentiation and ductal development under hypothyroid conditions. 

Reduced epithelial thickness, insufficient ductal branching, and weak alveolar 

formation indicate delayed morphofunctional maturation of mammary gland 

structures in experimental animals. 

The histological abnormalities identified in hypothyroid offspring may be associated 

with decreased metabolic activity and impaired hormonal regulation caused by 

thyroid hormone deficiency. Thyroid hormones are known to regulate cellular 

proliferation, protein synthesis, tissue metabolism, and differentiation processes 

during ontogenesis. Their deficiency may therefore suppress morphogenetic activity 

within mammary gland tissues. 

The observed reduction in proliferative activity of epithelial components confirms 

the inhibitory influence of hypothyroidism on glandular tissue development. 

Reduced epithelial cellularity and impaired ductal organization indicate decreased 

regenerative and differentiation capacity under endocrine imbalance conditions. 

Another important morphological feature identified in the study was stromal 

disorganization accompanied by increased connective tissue accumulation and 

vascular disturbances. Enlargement of stromal components relative to glandular 

tissue suggests delayed secretory differentiation and impaired structural maturation 

of mammary glands. 

The vascular alterations observed in experimental animals may additionally 

contribute to suppression of tissue differentiation by reducing trophic support and 

oxygen supply to developing glandular structures. Microcirculatory disturbances are 

considered one of the important pathogenic mechanisms associated with endocrine 

dysfunction and tissue hypoxia. 

The obtained results are consistent with previous experimental studies 

demonstrating that hypothyroidism negatively affects development of reproductive 

and hormone-dependent tissues. Thyroid hormone deficiency may alter endocrine 
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interactions between prolactin, estrogens, progesterone, and growth factors involved 

in mammary gland morphogenesis. 

The relationship between thyroid functional activity and mammary gland 

differentiation identified in the present study confirms the importance of endocrine 

homeostasis during early postnatal development. Hormonal imbalance occurring 

during critical developmental periods may produce long-term structural and 

functional consequences in reproductive tissues. 

Another significant aspect of the study is the potential clinical relevance of the 

obtained findings. Structural disturbances associated with thyroid dysfunction may 

contribute to impaired secretory activity, altered reproductive physiology, and 

increased susceptibility of mammary tissues to pathological processes later in life. 

Despite the significant morphological findings, several limitations should be 

considered. Additional immunohistochemical and ultrastructural investigations may 

provide more detailed information regarding proliferative activity, apoptosis 

mechanisms, and endocrine receptor expression within mammary gland tissues 

under hypothyroid conditions. 

Future investigations involving molecular and hormonal analysis may contribute to 

deeper understanding of endocrine regulation mechanisms responsible for mammary 

gland differentiation during thyroid dysfunction. 

In conclusion, the present study confirms that impaired thyroid functional activity 

significantly suppresses morphogenesis and differentiation of mammary glands in 

rat offspring. Thyroid hormone deficiency negatively affects epithelial proliferation, 

stromal organization, vascularization, and glandular maturation, highlighting the 

essential role of thyroid hormones in postnatal development of mammary tissues. 

Conclusion 

The present study demonstrated that impaired thyroid functional activity 

significantly influences the differentiation and morphogenesis of mammary gland 

tissues in rat offspring. Histological and morphometric investigations confirmed that 

thyroid hormone deficiency suppresses epithelial proliferation, delays ductal 

development, disrupts stromal organization, and impairs glandular maturation 

during postnatal ontogenesis. 

The obtained results revealed that hypothyroid conditions lead to reduced epithelial 

thickness, decreased alveolar differentiation, weakened vascularization, and 

increased connective tissue accumulation within mammary gland structures. These 

alterations indicate suppression of normal morphogenetic activity and delayed 

functional maturation of endocrine-dependent tissues. 
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The study additionally confirmed the important regulatory role of thyroid hormones 

in maintaining structural organization and proliferative activity of mammary glands 

during early developmental stages. Endocrine imbalance caused by impaired thyroid 

function negatively affects hormonal interactions necessary for normal glandular 

differentiation. 

The identified morphological disturbances suggest that thyroid dysfunction during 

ontogenesis may contribute to long-term structural and functional alterations in 

reproductive tissues. Suppression of epithelial differentiation and vascular trophic 

support may influence future secretory activity and physiological stability of 

mammary glands. 

The obtained findings emphasize the importance of endocrine homeostasis in 

postnatal tissue development and provide additional experimental evidence 

regarding the relationship between thyroid hormone activity and morphogenesis of 

hormonally dependent organs. 

Further investigations involving immunohistochemical, ultrastructural, and 

molecular biological methods may contribute to deeper understanding of 

proliferative mechanisms, hormonal receptor activity, and endocrine regulation 

processes associated with mammary gland differentiation under hypothyroid 

conditions. 
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