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Abstract

The immune system consists of complex structures that protect the body from
external and internal pathogenic factors. This article provides a comprehensive
analysis of the histological structure of immune system organs, their functional
characteristics, and their role in the formation of immunity. Special attention is
given to the microscopic structure of central immune organs (thymus and bone
marrow) and peripheral immune organs (spleen, lymph nodes, Peyer's patches,
and tonsils).
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Introduction

The Immune System: Structure and Function

The immune system is a complex biological network that protects the body from
infections, viruses, and foreign cells. It is responsible for generating immune
responses and clearing antigens from the body. The organs of the immune system
are divided into two main groups:

1. Central (Primary) Immune Organs:

o Thymus and Bone Marrow — Sites where lymphoid cells mature and
differentiate.
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2. Peripheral (Secondary) Immune Organs:

o Spleen, Lymph Nodes, Peyer's Patches, and Tonsils — Organs that facilitate
the interaction of mature immune cells with antigens, triggering targeted immune
responses.

Materials and Methods

To investigate the histological structure of immune system organs, an
experimental study was conducted using the following methods:

« Histological Sample Preparation: Tissue sections from immune organs were
collected and stained using standard histological dyes, including hematoxylin and
eosin (H&E).

o Microscopic Analysis: The microscopic architecture of the prepared
histological samples was examined.

o Statistical Analysis: Samples from organisms of different age groups were
compared to observe age-related changes in immune organ structure.

Results

The study i1dentified the histological structures and functional characteristics of
key immune organs:

1. Thymus

o Samples from individuals aged 1 to 20 years showed dense lymphocyte
populations in the cortex and prominent Hassall's corpuscles (clusters of
epithelial cells).

o After the age of 40, thymic involution was observed, with partial replacement
of lymphoid tissue by adipose tissue, indicating reduced functional activity.

2. Bone Marrow

o Active in young organisms, with clearly visible differentiation of lymphoid
cells.

o In older samples, an increase in adipose tissue within the bone marrow was
noted, reflecting decreased hematopoietic function.
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3. Spleen

o In younger organisms, the white pulp contained numerous lymphoid follicles,
with high counts of T and B lymphocytes.

o The red pulp showed active erythrocyte breakdown, indicating ongoing blood
filtration and immune response.

4. Lymph Nodes

o Inyoung samples, the cortical zones had high B-lymphocyte activity, while the
paracortical zones were rich in T-lymphocytes.

o In older individuals, a decrease in the number of follicles was observed,
suggesting reduced immune response.

5. Peyer's Patches

o Located in the intestinal wall, these structures exhibited increased lymphoid
tissue with higher antigen exposure.

o After age 50, a decline in Peyer's patch activity was noted, indicating reduced
gut immune function.

The analysis confirmed that the structure and function of immune system organs
change significantly with age, emphasizing their critical role in maintaining the
body's defense mechanisms.

Conclusion

The histology of immune system organs is fundamental to understanding the
mechanisms of immunity and the body's ability to defend against infections,
pathogens, and foreign cells. Central immune organs, such as the thymus and
bone marrow, play a crucial role in the maturation and differentiation of lymphoid
cells, while peripheral organs like the spleen, lymph nodes, Peyer's patches, and
tonsils facilitate the activation and proliferation of mature immune cells in
response to antigens.

Age-related changes significantly impact the structure and function of these
organs, affecting overall immune competence. For instance, thymic involution
and increased adipose tissue in bone marrow reduce lymphocyte production,
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while alterations in spleen architecture and Peyer's patch activity can compromise
immune surveillance and response. Understanding these histological changes is
essential for diagnosing immunodeficiency disorders and developing effective
treatment strategies.

Overall, detailed histological analysis provides valuable insights into the dynamic
nature of the immune system and its critical role in maintaining health throughout
the lifespan.
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