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Description
The human body operates as an intricate system of 

interdependent organs, with each playing a critical role in 
maintaining overall health and homeostasis. Among these, the 
kidneys stand out for their extraordinary ability to filter blood, 
regulate essential processes and maintain internal equilibrium. 
Renal biology, the scientific study of kidney structure and 
function, provides insights into these vital organs and their role 
in health and disease. Each kidney is a bean-shaped organ 
located on either side of the spine, just below the ribcage. 
Despite their small size-approximately the size of a fist-the 
kidneys process around 50 gallons of blood daily. Structurally, 
the kidney comprises three main regions: The cortex, medulla 
and pelvis. The cortex, the outer layer, houses nephrons, the 
functional units of the kidney, while the medulla contains 
pyramids that channel urine into the renal pelvis, which 
connects to the ureter.

Functional unit of the kidney
A nephron is the microscopic powerhouse of the kidney, with 

each kidney containing approximately one million nephrons. 
These units consist of a glomerulus and a tubular system, 
working together to filter blood and regulate the body's fluid 
and electrolyte balance.

The filtration process begins in the glomerulus, a network of 
capillaries surrounded by bowman’s capsule. Here, blood plasma 
is filtered based on molecular size and charge, allowing water, 
electrolytes, glucose and waste products to pass through while 
retaining larger proteins and cells. The filtered fluid, termed 
filtrate, then enters the tubular system, which reabsorbs 
essential substances back into the bloodstream and secretes 
waste products into the urine.

Filtration and excretion: The primary role of the kidneys is to 
remove waste products such as urea, creatinine and excess salts, 
which are excreted in urine. This prevents the accumulation of 
harmful substances in the body.

Regulation of luid and electrolyte balance: By adjusting the 
reabsorption of water and electrolytes like sodium, potassium 
and calcium, the kidneys maintain fluid balance and electrolyte 
homeostasis. This regulation is vital for nerve function, muscle 
contraction and overall cellular activity.

Acid-base balance: The kidneys help regulate blood pH by 
reabsorbing bicarbonate and excreting hydrogen ions, ensuring 
that the body’s internal environment remains within the narrow 
pH range necessary for enzymatic activity.

Disorders of the kidney: Renal biology also encompasses the 
study of kidney-related diseases, which can significantly impact 
overall health.

Chronic kidney disease: A progressive loss of kidney function 
over time, often caused by diabetes, hypertension, or 
glomerulonephritis. Chronic kidney disease (CKD) can lead to 
end-stage renal disease, necessitating dialysis or 
transplantation.

Acute kidney injury: A sudden decline in kidney function due 
to factors like dehydration, infections, or exposure to 
nephrotoxic substances. Acute kidney injury (AKI) is often 
reversible with prompt treatment.

Advances in renal biology
Recent research in renal biology has focused on 

understanding disease mechanisms and developing innovative 
treatments. Stem cell therapy and regenerative medicine hold 
promise for repairing damaged kidney tissue. Additionally, 
advancements in bioartificial kidneys aim to provide alternatives 
to traditional dialysis for patients with end-stage renal disease.

Precision medicine, driven by genetic research, is also 
revolutionizing nephrology. Genetic testing can identify 
individuals at risk for kidney diseases and guide personalized 
treatment strategies. Understanding the molecular pathways 
involved in kidney function and pathology is critical to these 
advancements.
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