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Explain urine formation and concentration 

Urine Formation

Urine is the liquid waste product of the human body. It contains urea, uric acid, salts, water and other waste products that are the result of various metabolic processes occurring in the body. It is formed in the primary excretory organs– the kidneys. The structural and functional unit of the kidneys is called the nephrons. Millions of nephrons are involved in the process of urine formation.

The formation process occurs in 3 steps or phases:

Glomerular Filtration

Tubular Reabsorption

Tubular Secretion
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The anatomy of the nephron is important to understand the urine formation process. Each nephron is made up of two parts;

Renal Corpuscle

Renal Tubule

The renal corpuscle is divided into the glomerular capillaries or glomerulus and the Bowman’s capsule. It is in the renal corpuscle that the blood is filtered at high pressure. The arteriole that brings blood into the glomerulus is called the afferent arteriole whereas the artery that takes blood away from the glomerulus is known as the efferent arteriole.

Between these arterioles forms, a network of capillaries called the glomerular capillaries of the glomerulus. The Bowman’s capsule is a cup-shaped structure in which this glomerulus is located. The glomerulus along with the Bowman’s capsule achieve the filtration of blood to form urine. The renal tubule consists of :

The proximal convoluted Tubule(PCT)

The U-shaped Loop Of Henle

The Distal Convoluted Tubule(DCT)

Once the blood is filtered in the renal corpuscle, the resultant fluid is called the glomerular filtrate. This glomerular filtrate now passes into the PCT. In the PCT, substances like NaCl, K+, water, glucose, and bicarbonate are reabsorbed into the filtrate whereas urea, creatinine, uric acid are added to the filtrate.

From the PCT, the filtrate enters the U-shaped Loop of Henle where reabsorption and secretion of water and various metabolites occurs. The filtrate then passes into the DCT. From the DCT, the filtrate passes into the collecting tubules, into the renal pelvis and the ureters as urine to be stored int he urinary bladder
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Glomerular Filtration

This process occurs in the glomerular capillaries. The process of filtration leads to the formation of an ultrafiltrate. The blood gushes into these capillaries with high pressure and gets filtered across the thin capillary walls. Everything except the blood cells and proteins are pushed into the capsular space of the Bowman’s capsule to form the ultrafiltrate. The glomerular filtration rate (GFR) is 125ml/min or 180 Litres/day.

This takes place through the semipermeable walls of the glomerular capillaries and Bowman’s capsule.

The afferent arterioles supplying blood to glomerular capsule carries useful as well as harmful substances. The useful substances are glucose, aminoacids, vitamins, hormones, electrolytes, ions etc and the harmful substances are metabolic wastes such as urea, uric acids, creatinine, ions, etc.

The diameter of efferent arterioles is narrower than afferent arterioles. Due to this difference in diameter of arteries, blood leaving the glomerulus creates the pressure known as hydrostatic pressure.

The glomerular hydrostatic pressure forces the blood to leaves the glomerulus resulting in filtration of blood. A capillary hydrostatic pressure of about 7.3 kPa (55 mmHg) builds up in the glomerulus. However this pressure is opposed by the osmotic pressure of the blood, provided mainly by plasma proteins, about 4 kPa (30 mmHg), and by filtrate hydrostatic pressure of about 2 kPa (15 mmHg in the glomerular capsule.

The net filtration pressure is,

Therefore: 55-(30 +15) = 10mmHg.

By the net filtration pressure of 10mmHg, blood is filtered in the glomerular capsule.

Water and other small molecules readily pass through the filtration slits but Blood cells, plasma proteins and other large molecules are too large to filter through and therefore remain in the capillaries.

The filtrate containing large amount of water, glucose, aminoacids, uric acid, urea, electrolytes etc in the glomerular capsule is known as nephric filtrate of glomerular filtrate.

The volume of filtrate formed by both kidneys each minute is called the glomerular filtration rate (GFR). In a healthy adult the GFR is about 125 mL/min, i.e. 180 litres of filtrate are formed each day by the two kidneys

Selective Reabsorption

During glomerular filtration, all substances except blood cells and proteins are pushed through the capillaries at high pressure. At the level of the Proximal Convoluted Tubule(PCT), some of the substances from the filtrate are reabsorbed. These include sodium chloride, potassium, glucose, amino acids, bicarbonate, and 75% of water.

Absorption of some substances is passive, some substances are actively transported while others are co-transported. The absorption depends upon the permeability of different parts of the nephron. The distal convoluted tubule shows selective absorption. The substances and water which is reabsorbed are taken up by the peritubular capillaries to be returned to the blood.

As the filtrate passes to the renal tubules, useful substances including some water, electrolytes and organic nutrients such as glucose, aminoacids, vitamins hormones etc are selectively reabsorbed from the filtrate back into the blood in the proximal convoluted tubule.

Reabsorption of some substance is passive, while some substances are actively transported. Major portion of water is reabsorbed by Osmosis.

Only 60–70% of filtrate reaches the Henle loop. Much of this, especially water, sodium and chloride, is reabsorbed in the loop, so that only 15–20% of the original filtrate reaches the distal convoluted tubule, More electrolytes are reabsorbed here, especially sodium, so the filtrate entering the collecting ducts is actually quite dilute.

The main function of the collecting ducts is to reabsorb as much water as the body needs.

Nutrients such as glucose, amino acids, and vitamins are reabsorbed by active transport. Positive charged ions ions are also reabsorbed by active transport while negative charged ions are reabsorbed most often by passive transport. Water is reabsorbed by osmosis, and small proteins are reabsorbed by pinocytosis.

Tubular Secretion

The peritubular capillaries that help in transporting the reabsorbed substances into the bloodstream, also help in actively secreting substances like H+ ions, K+ ions. Whenever excess K+ is secreted into the filtrate, Na+ ions are actively reabsorbed to maintain the Na-K balance. Some drugs are not filtered in the glomerulus and so are actively secreted into the filtrate during the tubular secretion phase.

Tubular secretion takes place from the blood in the peritubular capillaries to the filtrate in the renal tubules and can ensure that wastes such as creatinine or excess H+ or excess K+ ions are actively secreted into the filtrate to be excreted.

Excess K+ ion is secreted in the tubules and in exchange Na+ ion is reabsorbed otherwise it causes a clinical condition called Hyperkalemia.

Tubular secretion of hydrogen ions (H+) is very important in maintaining normal blood pH.

Substances such as , e.g. drugs including penicillin and aspirin, may not be entirely filtered out of the blood because of the short time it remains in the glomerulus. Such substances are cleared by secretion from the peritubular capillaries into the filtrate within the convoluted tubules.

The tubular filtrate is finally known as urine. Human urine is usually hypertonic.

Key Points on Urine Formation and Osmoregulation

Urine is formed in three main steps- glomerular filtration, reabsorption and secretion.

It comprises 95 % water and 5% wastes such as ions of sodium, potassium and calcium, and nitrogenous wastes such as creatinine, urea and ammonia.

Osmoregulation is the process of maintaining homeostasis of the body.

It facilitates diffusion of solutes and water across the semi-permeable membrane thereby maintaining osmotic balance.

The kidney regulates the osmotic pressure of blood through filtration and purification by a process known as osmoregulation.
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Composition of human urine

Water – 96%

Urea – 2%

Uric acids, creatinine, pigments- 0.3%

Inorganic salts – 2%

Bad smell is due to Urinoid

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

Urine concentration 

The urine concentrating mechanism plays a fundamental role in regulating water and sodium excretion. When water intake is large enough to dilute blood plasma, a urine more dilute than blood plasma is produced; when water intake is so small that blood plasma is concentrated, a urine more concentrated than blood plasma is produced. In both cases, the total urinary solute excretion rate and the urinary sodium excretion rate are small and normally vary within narrow bounds.

In contrast to solute excretion, urine osmolality varies widely in response to changes in water intake. Following several hours without water intake, such as occurs overnight during sleep, human urine osmolality may rise to ∼1,200 mOsm/kg H2O, about 4-times plasma osmolality (∼290 mOsm/kg H2O). Conversely, urine osmolality may decrease rapidly following the ingestion of large quantities of water, such as commonly occurs at breakfast, human (and other mammals) urine osmolality may decrease to ∼50 mOsm/kg H2O. Most physiologic studies relevant to the urine concentrating mechanism have been conducted in species (rodents, rabbits) that can achieve higher maximum urine osmolalities than humans. For example, rabbits can concentrate to ∼1,400 mOsm/kg H2O, rats to ∼3,000 mOsm/kg H2O, mice and hamsters to ∼4,000 mOsm/kg H2O, and chinchillas to ∼7,600 mOsm/kg H2O 

All mammalian kidneys maintain an osmotic gradient that increases from the cortico-medullary boundary to the tip of the medulla (papillary tip). This osmotic gradient is sustained even in diuresis, although its magnitude is diminished relative to antidiuresis [2;3]. NaCl is the major constituent of the osmotic gradient in the outer medulla, while NaCl and urea are the major constituents in the inner medulla [2;3]. The cortex is nearly isotonic to plasma, while the inner medullary (papillary) tip is hypertonic to plasma, and has osmolality similar to urine during antidiuresis [4]. Sodium and potassium, accompanied by univalent anions, and urea are the major urinary solutes; urea is normally predominant urinary solute during a strong antidiuresis [2;3].

The mechanisms for the independent control of water and sodium excretion are mostly contained within the renal medulla. The medullary nephron segments and vasa recta are arranged in complex but specific anatomic relationships, both in terms of three-dimensional configuration and in terms of which segments connect to which segments. The production of concentrated urine involves complex interactions among the medullary nephron segments [5;6] and vasculature. In outer medulla, the thick ascending limbs of the loops of Henle actively reabsorb NaCl. This serves two vital functions: it dilutes the luminal fluid; and it provides NaCl to increase the osmolality of the medullary interstitium, pars recta, descending limbs, vasculature, and collecting ducts. Both the nephron segments and vessels are arranged in a countercurrent configuration, thereby facilitating the generation of a medullary osmolality gradient along the cortico-medullary axis. In inner medulla, osmolality continues to increase, although the source of the concentrating effect remains controversial. The most widely accepted mechanism remains the passive reabsorption of NaCl, in excess of solute secretion, from the thin ascending limbs of the loops of Henle 

Perfused tubule studies provided the basis for many of the theories of how concentrated urine is produced . The cloning of many of the proteins that mediate urea, sodium, and water transport in nephron segments that are important for urinary concentration and dilution have provided additional insights into the urine concentrating mechanism

A urine concentration test determines how well your kidneys are functioning. The test may be used to test your kidneys’ response to:

too much fluid intake (water loading)The urine concentrating mechanism plays a fundamental role in regulating water and sodium excretion. When water intake is large enough to dilute blood plasma, a urine more dilute than blood plasma is produced; when water intake is so small that blood plasma is concentrated, a urine more concentrated than blood plasma is produced. In both cases, the total urinary solute excretion rate and the urinary sodium excretion rate are small and normally vary within narrow bounds.

In contrast to solute excretion, urine osmolality varies widely in response to changes in water intake. Following several hours without water intake, such as occurs overnight during sleep, human urine osmolality may rise to ∼1,200 mOsm/kg H2O, about 4-times plasma osmolality (∼290 mOsm/kg H2O). Conversely, urine osmolality may decrease rapidly following the ingestion of large quantities of water, such as commonly occurs at breakfast, human (and other mammals) urine osmolality may decrease to ∼50 mOsm/kg H2O. Most physiologic studies relevant to the urine concentrating mechanism have been conducted in species (rodents, rabbits) that can achieve higher maximum urine osmolalities than humans. For example, rabbits can concentrate to ∼1,400 mOsm/kg H2O, rats to ∼3,000 mOsm/kg H2O, mice and hamsters to ∼4,000 mOsm/kg H2O, and chinchillas to ∼7,600 mOsm/kg H2O 

What is the Purpose of a Urine Concentration Test?

Your doctor may recommend urine concentration testing if you are urinating too much or too little. The test can help identify specific types of problems with your kidneys.

The main reason this test is ordered is to see if you are suffering from central diabetes insipidus — a disease that causes excessive urination. This form of diabetes can occur when a head injury affects how your brain releases antidiuretic hormone (ADH). ADH normally increases the amount of water the kidneys retain. In central diabetes insipidus, your brain does not release enough ADH.

A urine concentration test can also be used to evaluate:

dehydration

kidney failure

heart failure

other hormone problems

complications of a urinary tract infection

How Is the Test Performed?

The test is based on a lab analysis of your urine.

Preparing for the Test

Depending on how the lab plans to analyze your urine, before the test you may be asked to:

drink excess fluids

avoid fluids for a period of time

take ADH (which can be taken in either pill form or a nasal spray).

Taking a Clean-Catch Urine Sample

The urine concentration test requires a clean-catch urine sample. The goal of a clean catch is to avoid contaminating the urine sample with bacteria from your skin. You will be given a moist towelette and a specimen cup for the collection.

Wash your hands thoroughly with soap and warm water. Open the collection cup. Place the lid on a clean surface. Be careful not to touch the inside of the cup or the inside of the lid.

Use the moist towelette to clean the area around your urethra. Then begin to urinate into the toilet. After a few seconds, put the cup in your urine stream. Once you have collected enough urine, remove the cup. Finish urinating into the toilet. Then carefully recap the cup, being careful not to touch the inside of the container or lid.

Return the cup as instructed by your doctor. Your urine will be sent to a lab for testing.

Healthline.com uses cookies to improve your site experience and to show you personalized advertising. To learn more, please read our Privacy Policy

Interpreting the Results of Your Urine Concentration Test

The laboratory will test how concentrated your urine is. More concentrated urine means that there are more solutes and less water in the sample. Solutes are dissolved particles, such as sugars, salts, and proteins.

Normal values may vary based on the laboratory used. However, typically, your urine is measured in specific gravity — the ratio of the density of your urine to the density of water (1.000). Normal values tend to be in the range of at and slightly above the density of water (1.000 to 1.030). Your urine should be more concentrated after being given ADH.

Regulation of urine concentration 

The nephron loop of juxtamedullary nephrons is the apparatus that allows the nephron to concentrate urine. The loop is a countercurrent multiplier system in which fluids move in opposite directions through side‐by‐side, semi‐permeable tubes. Substances are transported horizontally, by passive or active mechanisms, from one tube to the other. The movement of the transported substances up and down the tubes results in a higher concentration of substances at the bottom of the tubes than at the top of the tubes.

The descending limb of the nephron loop is permeable to H 2O, so H 2O diffuses out into the surrounding fluids. Because the loop is impermeable to Na + and Cl – and because these ions are not pumped out by active transport, Na + and Cl – remain inside the loop.

As the fluid continues to travel down the descending limb of the loop, it becomes more and more concentrated, as water continues to diffuse out. Maximum concentration occurs at the bottom of the loop.

The ascending limb of the nephron loop is impermeable to water, but Na + and Cl – are pumped out into the surrounding fluids by active transport.

As fluid travels up the ascending limb, it becomes less and less concentrated because Na + and Cl – are pumped out. At the top of the ascending limb, the fluid is only slightly less concentrated than at the top of the descending limb. In other words, there is little change in the concentration of the fluid in the tubule as a result of traversing the nephron loop.

In the fluid surrounding the nephron loop, however, a gradient of salt (Na +, Cl –) is established, increasing in concentration from the top to the bottom of the loop.

Fluid at the top of the collecting duct has a concentration of salts about equal to that at the beginning of the nephron loop (some water is reabsorbed in the DCT). As the fluid descends the collecting duct, the fluid is exposed to the surrounding salt gradient established by the nephron loop. Without ADH, the collecting duct is impermeable to H 2O. Two outcomes are possible:>

If water conservation is necessary, ADH stimulates the opening of water channels in the collecting duct, allowing H 2O to diffuse out of the duct and into the surrounding fluids. The result is concentrated urine (refer to Figure 1).

If water conservation is not necessary, ADH is not secreted and the duct remains impermeable to H 2O. The result is dilute urine.

The vasa recta delivers O 2 and nutrients to cells of the nephron loop. The vasa recta, like other capillaries, is permeable to both H 2O and salts and could disrupt the salt gradient established by the nephron loop. To avoid this, the vasa recta acts as a countercurrent multiplier system as well. As the vasa recta descends into the renal medulla, water diffuses out into the surrounding fluids, and salts diffuse in. When the vasa recta ascends, the reverse occurs. As a result, the concentration of salts in the vasa recta is always about the same as that in the surrounding fluids, and the salt gradient established by the nephron loop remains in place.
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