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Abstract  

The article reveals morphological changes in lymphoid structures of the rectal wall of mongrel rats 

with experimental pneumosclerosis. The study of the immune status of rats against the background 

of prolonged hypoxia in experimental pneumosclerosis revealed significant violations in the form 

of a sharp decrease in the number of lymphocytes. This served as a basis for comparative analysis 

of various morphological changes in lymphoid tissue and dynamics in rats, and also allowed to 

determine structural changes in intestinal tissues. 
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Introduction 

According to the World Health Organization, lung diseases are among the most serious global 

health concerns, accounting for 1 in 6 deaths worldwide. The term "pneumosclerosis" defines a 

pathological condition in which pulmonary parenchyma undergoes an irreversible process of 

excessive growth, sclerosis, and/or scarring, associated with the excessive deposition of 

extracellular matrix components, including collagen. Pulmonary fibrosis is an irreversible process 

that can only be prevented or halted at early stages [1, 2, 11].  

Interstitial lung diseases (ILDs) represent a heterogeneous group characterized by a variety of 

clinical, radiological, and pathological patterns that extensively affect the pulmonary parenchyma. 

Some ILDs are associated with varying degrees of pneumosclerosis, the most representative of 

which is idiopathic pneumosclerosis (idiopathic pulmonary fibrosis, IPF). IPF has a poor 

prognosis, with a median survival of 2–5 years after diagnosis, making it a serious and unresolved 

medical challenge. IPF is more common in older adults, affects men more frequently than women, 

and occurs without any specific provoking factors. Pneumosclerosis also represents the end stage 

of IPF [3, 4, 5, 13, 14].  

Fibroblasts play a crucial role in tissue repair by proliferating, differentiating into myofibroblasts, 

and modulating the extracellular matrix volume [7, 8, 9]. Myofibroblasts produce a denser 

extracellular matrix than fibroblasts, and the presence of smooth muscle actin leads to spatial 

reorganization of collagen fibrils. Thickening and densification of lung tissue impair gas exchange 

and ultimately result in reduced lung function. 
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The aim of the study 

Determine the dynamics of the state and characterization of lymphoid tissue in different parts of 

the intestinal wall in experimental pneumosclerosis. 

 

MATERIALS AND METHODS 

120 sexually mature white mongrel rats weighing 220-240 g at the age of 5-6 months were used 

in the experiment. All animals were divided into experimental and control groups. Prior to the 

experiment, the rats were acclimatized for 7 days in standard housing conditions corresponding to 

the sanitary norms of Uzbekistan. The housing conditions included temperature 20-24 °C, 

humidity was 50-70%, light regime was 12-hour cycle (day/night). Standard pelleted feed and free 

access to water were used in the diet. The experimental group included 96 animals; the control 

group - 24. Inhalation of nitric oxide (NO) was used to reproduce pneumosclerosis. The 

concentration of NO in air was 10 ppm for a long diapason. Exposure was carried out daily for 1 

hour in a sealed chamber with controlled gas composition. The exposure period was 6 days. It 

promoted induction of chronic inflammatory process in lung tissue, which is the key pathogenetic 

mechanism of pneumosclerosis development. After the end of the experiment, the animals were 

euthanized and lung tissue samples were taken for histologic study. 

 

RESULTS AND DISCUSSION 

Based on morphological indicators, the following morphometric data of the colon were obtained. 

In the morphological and morphometric study of colon tissue obtained from the autopsy of white 

outbred rats in the control group, the colon wall consisted of four layers, with the mucosal layer 

covered by a single-layered columnar epithelium. Within the field of view, tall columnar epithelial 

cells, goblet cells, and a large number of undifferentiated cells were observed. 

The mucosal layer was composed of thin layers of connective tissue between the crypts, with an 

average thickness of 3.1–5.3 µm in the control group of white rats. The crypts were deep with a 

slightly expanded apical part, and their diameter in control white rats averaged 9.4–9.7 µm. 

Microscopically, the crypts consisted of weakly oxyphilic cytoplasm and were composed of goblet 

cells. The number of goblet cells per crypt ranged from 7 to 19. 

 
Figure 1. In the mucosal tissues of the colon in the experimental group of rats, an increase and 

thickening of the connective tissue around the crypts were observed, indicating collagenization. 

Staining: Van Gieson; Magnification: 10x40. 
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The figure demonstrates the thickening of the connective tissue surrounding the crypts, indicating 

a process of collagenization, which reflects an increase in collagen content within the tissues. 

Thickening of the membrane surrounding the crypts was noted, reaching 5.12–5.55 µm. These 

changes suggest tissue adaptation and response to various pathomorphological factors in the 

experiment - specifically, a reaction to NO₂ exposure. The obtained data highlight the importance 

of studying the microscopic structure of the intestine to understand its functional state and potential 

pathologies. 

 
Figure 2. In the mucosal tissues of the colon in the experimental group of rats, goblet cell 

destruction was observed. In some crypts, the lumen was indistinct. Staining: Alcian blue; 

Magnification: 10x40. 

 

As a result of the study, it was found that the crypt diameter in cross-section was 7.2–7.8 µm in 

the control group and 17.98–19.31 µm in the experimental group of rats (Figure 2). In the lymph 

nodes, between the cortical and medullary layers, the paracortical zone was identified. Its thickness 

in the control group of white outbred rats ranged from 117 to 325 µm. Scattered T-lymphocytes 

were observed at different levels within this area. In this zone, T-lymphocytes undergo blast 

transformation and develop into effector T-lymphocytes, functioning through interactions with 

macrophages. 

Table No. 1 Morphometric Parameters of the Colon in White Outbred Rats from the 

Control and Experimental Groups 

Indicator (ICD) Control group Experimental group 

Crypt wall thickness 3,1-5,3 4,2-6,9 

Crypt diameter 9,4-9,7 2,5-4,3 

Thickness of the submucosal layer and 

muscularis mucosae measured together 

492,43 560,87 

Number of goblet cells per crypt (pcs) 7-19 6-8 

Number of leukocytes between crypts 57 117 
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These data indicate perfusion in the postcapillary venules of the cortical layer and the migration 

of macrophages along with a small number of lymphocytes into perivascular zones. In the 

medullary layer, intermediate edema and exposure of stromal structures were observed around the 

medullary cords.  

In the germinal center, developing secondary follicles were identified. The diameter of this center 

was 175.32 µm² in the control group of rats and 193.13 µm² in the experimental group. As a result, 

foci of diffuse hyperplasia developed in the lymphoid follicles of the cortical layer.  

Secondary lymphoid follicles consist of a lightly stained proliferative center (germinal center) 

surrounded by a darkly stained, corona-shaped aggregation of lymphocytes. It was established that 

the germinal center of the lymphoid follicles contains actively proliferating B-lymphocytes, 

lymphoblasts, macrophages, dendritic cells, and lymphocytes (Figure 3). 

 
Figure 3. In the mucosal tissues of the colon in the experimental group of rats, an increased number 

of goblet cells and a pronounced lymphohistiocytic infiltrate were observed. Stained: H-E. Size: 

10x40. 

  As a result, foci of diffuse hyperplasia develop in the lymphoid follicles of the cortical layer. 

Secondary lymphoid follicles consist of a light-colored center of cell proliferation (germinative) 

and surrounding dark-colored crown-shaped cluster of lymphocytes. It was found that the germinal 

center of lymphoid follicles contains intensively proliferating B-lymphocytes, lymphoblasts, 

macrophages, dendritic cells and lymphocytes. 

This indicates an increase in the proliferative activity of cells in response to nitrogen dioxide (NO₂) 

exposure used to model experimental pneumosclerosis. 

 

CONCLUSION 

Thus, we studied morphological changes in lymphoid structures of the colon wall in purebred rats 

with experimental pneumosclerosis. When studying the immune status of rats against the 

background of prolonged hypoxia, significant disorders in the form of a sharp decrease in the 
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number of lymphocytes were revealed. This served as a basis for comparative analysis of various 

morphological changes in lymphoid tissue and their dynamics in rats, and also allowed to 

determine structural changes in intestinal tissues. 
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