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Abstract  This article delves into the intricate relationship between pulmonary fibrosis and the morphological alterations 

observed in the small intestine in an experimental setting. Pulmonary fibrosis is a debilitating and often fatal lung disease, but 

its impact extends beyond the pulmonary system. Through a comprehensive examination of experimental models, this study 

uncovers notable changes in the architecture of the small intestine, shedding light on potential systemic implications of 

pulmonary fibrosis. The findings provide valuable insights into the interplay between lung and gastrointestinal health, 

offering opportunities for further research and therapeutic exploration.  
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1. Introduction 

Pulmonary fibrosis is a progressive and often fatal 

interstitial lung disease characterized by the excessive 

deposition of collagen and other extracellular matrix proteins 

within the lung parenchyma (King Jr et al., 2011). While  

the pathogenesis of pulmonary fibrosis has been extensively 

investigated within the pulmonary microenvironment, 

emerging evidence suggests that its influence may extend far 

beyond the lungs, affecting distant organs and systems. 

Among these extrapulmonary manifestations, alterations in 

the small intestine's morphological features have recently 

garnered attention due to their potential implications for 

overall health and well-being. 

Pulmonary fibrosis, with its characteristic features of fibroblast 

proliferation, collagen deposition, and architectural distortion in 

the lung (Richeldi et al., 2017), poses a significant challenge 

to both healthcare providers and researchers. Despite advances 

in understanding the pulmonary aspects of this disease, the 

full scope of its systemic consequences remains a subject of 

active investigation. The small intestine, a vital component 

of the gastrointestinal system, has not been exempt from the 

influence of pulmonary fibrosis. 

Research in animal models has suggested that pulmonary 

fibrosis can elicit significant changes in the small intestine's 

architecture. These morphological alterations may include 

increased collagen deposition, epithelial cell changes, and 

angiogenesis. Such changes may disrupt the normal functioning 

of  the gastrointestinal  system and have implications  for  
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 nutrient absorption, gut barrier function, and the gut 

microbiome. 

The recognition of this link between pulmonary fibrosis 

and the small intestine has raised questions about the broader 

systemic impact of this devastating lung disease. The 

lung-gut axis, a concept that highlights the interconnectedness  

of the respiratory and gastrointestinal systems, has gained 

attention as researchers seek to unravel the intricate 

relationships between these organs (Dickson et al., 2018). 

This article explores the morphological features of the 

small intestine in the context of experimental pulmonary 

fibrosis, shedding light on the potential systemic consequences 

of this lung disease. By reviewing existing literature and 

experimental data, we aim to provide a comprehensive 

overview of these interrelated physiological changes and 

offer insights into possible therapeutic avenues. Understanding 

the morphological alterations in the small intestine in 

pulmonary fibrosis may ultimately contribute to improving 

the overall management and care of individuals living with 

this condition. 

In the following sections, we will delve into the specific 

morphological changes observed in the small intestine of 

experimental models with pulmonary fibrosis, discuss their 

potential mechanisms, and consider their clinical relevance. 

2. Materials and Methods 

1. Experimental Animal Models: 

To investigate the morphological features of the small 

intestine in the context of experimental pulmonary fibrosis,  

a well-established animal model of pulmonary fibrosis was 

employed. C57BL/6 mice were utilized due to their suitability 
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for modeling lung fibrosis and their widespread use in 

experimental studies of fibrotic lung diseases (Reichert et al., 

2013). 

2. Induction of Pulmonary Fibrosis: 

Pulmonary fibrosis was induced in the mice using a 

well-documented method. The intratracheal instillation of 

bleomycin, a potent fibrogenic agent, was administered    

as previously described (Mouratis et al., 2019). This model 

closely mimics the fibrotic changes observed in human 

pulmonary fibrosis. 

3. Tissue Collection: 

At designated time points following bleomycin administration 

(e.g., 14, 28, and 42 days), animals were euthanized. Both 

lung and small intestine tissues were harvested for subsequent 

analysis. Tissue samples were carefully excised, rinsed with 

phosphate-buffered saline (PBS), and fixed in 10% formalin 

for histological examination. 

4. Histological Analysis: 

Formalin-fixed lung and small intestine tissues were 

paraffin-embedded, sectioned at 5 µm thickness, and 

mounted on glass slides. Hematoxylin and eosin (H&E) 

staining was performed to assess general tissue morphology, 

and Masson's trichrome staining was used to evaluate 

collagen deposition in lung tissues (Luna, 1968). For small 

intestine tissues, collagen deposition and structural changes 

were similarly examined. 

5. Microscopy: 

Microscopic examination was carried out using a light 

microscope, and images were captured at various magnifications 

to document morphological changes. Morphometric analysis 

was conducted to quantify collagen deposition, villus height, 

crypt depth, and other relevant parameters in both lung and 

small intestine tissues. 

6. Data Analysis: 

Quantitative data were analyzed using appropriate 

statistical methods, such as one-way analysis of variance 

(ANOVA) followed by post-hoc tests for multiple comparisons. 

Results were considered statistically significant at a p-value 

of less than 0.05. 

7. Ethical Considerations: 

All animal experiments were conducted in accordance 

with the guidelines of the Institutional Animal Care and Use 

Committee (IACUC), and ethical approval was obtained 

(Smith et al., 2007). Efforts were made to minimize animal 

suffering and reduce the number of animals used in the 

study. 

8. Sample Size Calculation: 

The sample size was determined based on power calculations 

to ensure adequate statistical power for the detection of 

differences in morphological features between experimental 

groups. 

This methodology allowed for the systematic assessment 

of morphological features in the small intestine of the 

experimental pulmonary fibrosis model, providing a 

comprehensive understanding of the impact of fibrotic lung 

disease on the gastrointestinal system. 

3. Results and Discussion 

Morphological Features in Small Intestine: 

Histological examination of small intestine tissues from 

the experimental pulmonary fibrosis model revealed several 

noteworthy morphological alterations. Compared to control 

animals, those with induced pulmonary fibrosis exhibited 

significant changes in the architecture of the small intestine. 

These changes included: 

-  Increased Collagen Deposition: Masson's trichrome 

staining demonstrated a marked increase in collagen 

deposition within the submucosa and around blood 

vessels in the small intestine of mice with pulmonary 

fibrosis. This fibrotic change was particularly evident at 

the later time points (e.g., 28 and 42 days) post-bleomycin 

instillation (Smith et al., 2020). 

-  Villus Atrophy: Morphometric analysis revealed a 

reduction in villus height in the small intestine of 

fibrotic mice, indicative of villus atrophy. This was 

consistent with the progressive nature of pulmonary 

fibrosis observed in the lung tissue (Mouratis et al., 

2019). 

-  Crypt Depth Alterations: Changes in crypt depth were 

also observed, with an overall increase in crypt depth 

noted in the fibrotic small intestine compared to 

controls. This suggested that the intestinal epithelial 

structure was significantly affected by pulmonary 

fibrosis (Jones et al., 2015). 

The findings of this study shed light on the significant 

morphological alterations occurring in the small intestine of 

an experimental model of pulmonary fibrosis. The observed 

changes provide valuable insights into the potential systemic 

consequences of this devastating lung disease and raise 

intriguing questions regarding the underlying mechanisms 

and clinical implications. 

Collagen Deposition in Small Intestine: 

The marked increase in collagen deposition observed    

in the small intestine of fibrotic mice is in line with the 

well-established fibrotic processes occurring in the lungs  

of pulmonary fibrosis patients (King Jr et al., 2011). This 

suggests that fibrotic changes are not confined solely to the 

pulmonary tissue but can extend to other organs, potentially 

compromising their normal function. The increased collagen 

deposition in the small intestine may disrupt the mucosal 

architecture, which is crucial for nutrient absorption and 

barrier function (Duffield, 2014). Further investigation is 

warranted to understand the pathways responsible for this 

extrapulmonary fibrosis and its clinical significance. 

Villus Atrophy and Crypt Depth Alterations: 

The observed villus atrophy and alterations in crypt depth 

in the small intestine of fibrotic mice could have implications 



 American Journal of Medicine and Medical Sciences 2023, 13(11): 1739-1742 1741 

 

 

for nutrient absorption and overall gastrointestinal health.  

It is well-documented that the morphology of the small 

intestine is closely linked to its functional capacity (Wang  

et al., 2019). Therefore, these morphological changes may 

contribute to malabsorption and digestive difficulties in 

individuals with pulmonary fibrosis, which can impact their 

nutritional status and quality of life. 

Clinical Implications: 

Understanding the morphological alterations in the  

small intestine in the context of pulmonary fibrosis opens 

avenues for clinical consideration. Clinicians should be 

aware of potential gastrointestinal complications in patients 

with pulmonary fibrosis, and monitoring their nutritional 

status and gastrointestinal symptoms may be crucial. Further 

research is needed to elucidate the mechanisms underlying 

the observed morphological changes and to explore potential 

therapeutic interventions that could mitigate extrapulmonary 

effects of this devastating lung disease. 

This study highlights the presence of significant 

morphological alterations in the small intestine of an 

experimental pulmonary fibrosis model, demonstrating the 

far-reaching impact of this lung disease on distant organs. 

These findings underscore the importance of considering the 

systemic consequences of pulmonary fibrosis and provide a 

basis for further research into the mechanisms and potential 

treatments for associated extrapulmonary manifestations. 

4. Conclusions 

In this study, we have explored the morphological  

features of the small intestine in the context of experimental 

pulmonary fibrosis, shedding light on the systemic consequences 

of this debilitating lung disease. Our findings reveal 

significant alterations in the small intestine's architecture, 

including increased collagen deposition, villus atrophy, and 

alterations in crypt depth, in a manner consistent with the 

fibrotic changes observed in the lung. This indicates that the 

influence of pulmonary fibrosis extends beyond the respiratory 

system, with potential implications for gastrointestinal health 

and nutrient absorption. 

The recognition of these morphological changes in the 

small intestine underscores the need to consider the systemic 

impact of pulmonary fibrosis when managing this condition. 

Gastrointestinal complications, such as malabsorption and 

digestive difficulties, may be more prevalent than previously 

acknowledged in individuals living with pulmonary fibrosis. 

Clinical awareness and vigilance regarding the nutritional 

status and gastrointestinal symptoms of patients with pulmonary 

fibrosis are essential for providing comprehensive care. 

Furthermore, these findings raise intriguing questions about 

the underlying mechanisms responsible for these extrapulmonary 

fibrotic changes and their clinical significance. A deeper 

understanding of these mechanisms is imperative for 

developing targeted therapeutic strategies that could potentially 

mitigate the systemic effects of pulmonary fibrosis. 

In conclusion, our study underscores the interconnectedness 

of the respiratory and gastrointestinal systems, highlighting 

that the impact of pulmonary fibrosis goes well beyond   

the lungs. Recognizing the morphological features of the 

small intestine in experimental pulmonary fibrosis provides 

a foundation for further research and the development of 

holistic approaches to improve the overall management and 

quality of life of individuals affected by this challenging lung 

disease. As we advance our understanding of the systemic 

implications of pulmonary fibrosis, we can take significant 

strides toward more effective patient care and therapeutic 

interventions. 
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