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Introduction
Red blood cells (RBCs), also known as erythrocytes, are a 
crucial component of the circulatory system. Their primary 
function is to transport oxygen from the lungs to the body's 
tissues and return carbon dioxide from the tissues to the lungs 
for exhalation [1]. 

RBCs are uniquely adapted to this task, with their biconcave 
shape, lack of nucleus, and rich hemoglobin content. This 
article delves into the structure, function, lifecycle, and clinical 
significance of red blood cells, highlighting their essential role 
in human biology and health [2].

Red blood cells have a distinctive biconcave disc shape, 
which increases their surface area to volume ratio, facilitating 
efficient gas exchange. This shape also provides flexibility, 
allowing them to navigate through the narrow capillaries. The 
absence of a nucleus and organelles provides more space for 
hemoglobin, the protein responsible for oxygen binding and 
transport [3].

Hemoglobin is composed of four polypeptide chains, each 
with an iron-containing heme group that can bind one oxygen 
molecule. This enables each RBC to carry up to a billion 
oxygen molecules. The flexibility and deformability of RBCs 
are critical for their function and longevity in the circulatory 
system [4].

The production of red blood cells, known as erythropoiesis, 
occurs in the bone marrow. This process is regulated by 
erythropoietin, a hormone produced by the kidneys in response 
to hypoxia (low oxygen levels). During erythropoiesis, stem 
cells differentiate into erythroblasts, which undergo several 
stages of maturation before losing their nucleus and becoming 
reticulocytes. Reticulocytes enter the bloodstream and mature 
into fully functional erythrocytes within a day or two [5].

RBCs have a lifespan of approximately 120 days. As they 
age, their membrane becomes less flexible, and they are 
eventually sequestered and phagocytosed by macrophages in 
the spleen, liver, and bone marrow. The breakdown of RBCs 
releases iron, which is recycled for new hemoglobin synthesis, 
and bilirubin, a byproduct that is processed by the liver and 
excreted in bile [6].

Red blood cells play a vital role in maintaining tissue 
oxygenation and overall homeostasis. Disorders of RBCs 
can lead to significant health issues: Anemia: A condition 
characterized by a deficiency in the number or function of 

RBCs or hemoglobin. It can result from various causes, 
including nutritional deficiencies (iron, vitamin B12, folate), 
bone marrow disorders, chronic diseases, or genetic conditions 
like sickle cell disease and thalassemia [7].

Polycythemia: An excess of RBCs, which can increase blood 
viscosity and lead to complications such as hypertension, 
thrombosis, and stroke. It can be primary (polycythemia 
vera) or secondary to chronic hypoxia or tumors producing 
erythropoietin [8].

Hemolytic Anemias: A group of disorders where RBCs 
are destroyed prematurely, leading to anemia and related 
symptoms. Causes include autoimmune diseases, infections, 
certain medications, and inherited conditions like hereditary 
spherocytosis and G6PD deficiency [9].

Sickle Cell Disease: A genetic disorder where abnormal 
hemoglobin causes RBCs to assume a sickle shape, leading 
to vaso-occlusive crises, hemolysis, and organ damage. 
Thalassemia: A group of inherited disorders caused by 
mutations affecting hemoglobin production, resulting in 
ineffective erythropoiesis and hemolysis [10].

Conclusion
Red blood cells are essential for oxygen transport and overall 
physiological function. Understanding their biology, from 
production to destruction, provides insight into their critical 
role in health and disease. Advances in medical research 
continue to improve our knowledge of RBC disorders and 
enhance diagnostic and therapeutic approaches, ultimately 
improving patient outcomes.
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