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URINE FORMATION AND CONCENTRATION

Urine is a waste byproduct formed from excess water and metabolic waste 
molecules during the process of renal system filtration. The primary function of 
the renal system is to regulate blood volume and plasma osmolarity, and waste 
removal via urine is essentially a convenient way that the body performs many 
functions using one process.

Urine formation occurs during three processes:

⦁ Filtration

⦁ Reabsorption

⦁ Secretion

Filtration

During filtration, blood enters the afferent arteriole and flows into the 
glomerulus where filterable blood components, such as water and nitrogenous 
waste, will move towards the inside of the glomerulus, and nonfilterable 
components, such as cells and serum albumins, will exit via the efferent 
arteriole. These filterable components accumulate in the glomerulus to form 
the glomerular filtrate.

Normally, about 20% of the total blood pumped by the heart each minute will 
enter the kidneys to undergo filtration; this is called the filtration fraction. The 
remaining 80% of the blood flows through the rest of the body to facilitate 
tissue perfusion and gas exchange.

Reabsorption

The next step is reabsorption, during which molecules and ions will be 
reabsorbed into the circulatory system. The fluid passes through the 
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components of the nephron (the proximal/distal convoluted tubules, loop of 
Henle, the collecting duct) as water and ions are removed as the fluid 
osmolarity (ion concentration) changes. In the collecting duct, secretion will 
occur before the fluid leaves the ureter in the form of urine.

Secretion

During secretion some substances±such as hydrogen ions, creatinine, and 
drugs—will be removed from the blood through the peritubular capillary 
network into the collecting duct. The end product of all these processes is 
urine, which is essentially a collection of substances that has not been 
reabsorbed during glomerular filtration or tubular reabsorbtion.

Urine is mainly composed of water that has not been reabsorbed, which is the 
way in which the body lowers blood volume, by increasing the amount of water 
that becomes urine instead of becoming reabsorbed. The other main 
component of urine is urea, a highly soluble molecule composed of ammonia 
and carbon dioxide, and provides a way for nitrogen (found in ammonia) to be 
removed from the body. Urine also contains many salts and other waste 
components. Red blood cells and sugar are not normally found in urine but may 
indicate glomerulus injury and diabetes mellitus respectively

The concentration of urine

As already indicated, the loop of Henle is critical to the ability of the kidney to 
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concentrate urine. The high concentration of salt in the medullary fluid is 
believed to be achieved in the loop by a process known as countercurrent 
exchange multiplication. The principle of this process is analogous to the 
physical principle applied in the conduction of hot exhaust gases past cold 
incoming gas so as to warm it and conserve heat. That exchange is a passive 
one, but in the kidney the countercurrent multiplier system uses energy to 
“pump” sodium and chloride out of the ascending limb of the loop into the 
medullary fluid. From there it enters (by diffusion) the filtrate (isotonic with 
plasma) that is entering the descending limb from the proximal tubule, thus 
raising its concentration a little above that of plasma. As this luminal fluid in 
turn reaches the ascending limb, and subsequently the distal tubule, it in turn 
provides more sodium to be pumped out into the surrounding fluid or blood, if 
necessary, and transported (by diffusion) back into the descending limb; this 
concentrating process continues until the osmotic pressure of the fluid is 
sufficient to balance the resorptive power of the collecting ducts in the medulla, 
through which all of the final urine must pass. This resorptive capacity in the 
ducts is regulated by antidiuretic hormone (ADH), which is secreted by the 
hypothalamus and stored in the posterior pituitary gland at the base of the 
brain. In the presence of ADH, the medullary collecting ducts become freely 
permeable to solute and water. As a consequence, the fluid entering the ducts 
(en route to the renal pelvis and subsequent elimination) acquires the 
concentration of the interstitial fluid of the medulla; i.e., the urine becomes 
concentrated. On the other hand, in the absence of ADH, the collecting ducts 
are impermeable to solute and water, and, thus, the fluid in the lumen, from 
which some solute has been removed, remains less concentrated than plasma; 
i.e., the urine is dilute.

Composition of human urine

1. Water – 96%

2. Urea – 2%

3. Uric acids, creatinine, pigments- 0.3%

4. Inorganic salts – 2%

5. Bad smell is due to Urinoid

6. Pale yellow color due to urochrome or urobillin (which is a breakdown 
product of haemoglobin)
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