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Physiology of Urinary System 
 

The Urinary System is a group of organs in the body concerned with 

filtering out excess fluid and other substances from the bloodstream. The 

substances are filtered out from the body in the form of urine. Urine is a 

liquid produced by the kidneys, collected in the bladder and excreted 

through the urethra. Urine is used to extract excess minerals or vitamins 

as well as blood corpuscles from the body. The Urinary organs include 

the kidneys, ureters, bladder, and urethra. The Urinary system works with 

the other systems of the body to help maintain homeostasis. The kidneys 

are the main organs of homeostasis because they maintain the acid base 

balance and the water salt balance of the blood. 

Functions of the Urinary System 

One of the major functions of the Urinary system is the process of 

excretion. Excretion is the process of eliminating, from an organism, 

waste products of metabolism and other materials that are of no use. The 

urinary system maintains an appropriate fluid volume by regulating the 

amount of water that is excreted in the urine. Other aspects of its function 

include regulating the concentrations of various electrolytes in the body 

fluids and maintaining normal pH of the blood. Several body organs carry 

out excretion, but the kidneys are the most important excretory organ. 

The primary function of the kidneys is to maintain a stable internal 

environment (homeostasis) for optimal cell and tissue metabolism. They 

do this by separating urea, mineral salts, toxins, and other waste products 

from the blood. They also do the job of conserving water, salts, and 

electrolytes. At least one kidney must function properly for life to be 

maintained. Six important roles of the kidneys are: 

Regulation of plasma ionic composition. Ions such as sodium, 

potassium, calcium, magnesium, chloride, bicarbonate, and phosphates 

are regulated by the amount that the kidney excretes. 

Regulation of plasma osmolarity. The kidneys regulate osmolarity 

because they have direct control over how many ions and how much 

water a person excretes. 

Regulation of plasma volume. Your kidneys are so important they even 

have an effect on your blood pressure. The kidneys control plasma 

volume by controlling how much water a person excretes. The plasma 

volume has a direct effect on the total blood volume, which has a direct 

effect on your blood pressure. Salt(NaCl)will cause osmosis to happen; 

the diffusion of water into the blood. 

Regulation of plasma hydrogen ion concentration (pH). The kidneys 

partner up with the lungs and they together control the pH. The kidneys 

have a major role because they control the amount of bicarbonate 
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excreted or held onto. The kidneys help maintain the blood PH mainly by 

excreting hydrogen ions and reabsorbing bicarbonate ions as needed. 

Removal of metabolic waste products and foreign substances from 

the plasma. One of the most important things the kidneys excrete is 

nitrogenous waste. As the liver breaks down amino acids it also releases 

ammonia. The liver then quickly combines that ammonia with carbon 

dioxide, creating urea which is the primary nitrogenous end product of 

metabolism in humans. The liver turns the ammonia into urea because it 

is much less toxic. We can also excrete some ammonia, creatinine and 

uric acid. The creatinine comes from the metabolic breakdown of 

creatine phospate (a high-energy phosphate in muscles). Uric acid comes 

from the break down of nucleotides. Uric acid is insoluble and too much 

uric acid in the blood will build up and form crystals that can collect in 

the joints and cause gout. 

Secretion of Hormones The endocrine system has assistance from the 

kidney's when releasing hormones. Renin is released by the kidneys. 

Renin leads to the secretion of aldosterone which is released from the 

adrenal cortex. Aldosterone promotes the kidneys to reabsorb the sodium 

(Na+) ions. The kidneys also secrete erythropoietin when the blood 

doesn't have the capacity to carry oxygen. Erythropoietin stimulates red 

blood cell production. The Vitamin D from the skin is also activated with 

help from the kidneys. Calcium (Ca+) absorption from the digestive tract 

is promoted by vitamin D. 

Physiologic Anatomy of the Kidney 

The two kidneys lie on the posterior wall of the abdomen, outside the 

peritoneal cavity. Each kidney of the adult human weighs about 150 

grams and is about the size of a clenched fist. The medial side of each 

kidney contains an indented region called the hilum through which pass 

the renal artery and vein, lymphatic, nerve supply, and ureter, which 

carries the final urine from the kidney to the bladder، where it is stored 

until emptied. The kidney is surrounded by a tough, fibrous capsule that 

protects its delicate inner structures. 

If the kidney is bisected from top to bottom, the two major regions that 

can be visualized are the outer cortex and the inner region referred to as 

the medulla. The medulla is divided into multiple cone-shaped masses of 

tissue called renal pyramids. The base of each pyramid originates at the 

border between the cortex and medulla and terminates in the papilla، 

which projects into the space of the renal pelvis, a funnel-shaped 

continuation of the upper end of the ureter. The outer border of the pelvis 

is divided into open-ended pouches called major calyces that extend 

downward and divide into minor calyces, which collect urine from the 

tubules of each papilla. The walls of the calyces, pelvis, and ureter 
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contain contractile elements that propel the urine toward the bladder, 

where urine is stored until it is emptied by micturition. 

 

 

The Nephron Is the Structural and Functional Unit of the Kidney. Each 

kidney has about 800,000 to 1,000,000 nephrons, each of which is 

capable of forming urine. 

A nephron is comprised of a tuft of glomerular capillaries called the 

glomerulus in which large amounts of fluid are filtered from the blood, a 

capsule around the glomerulus called Bowman's capsule, and a long 

tubule in which the filtered fluid is converted to urine on its way to the 

renal pelvis, which receives urine from all of the nephrons. 

The renal tubule is subdivided into the following major sections, each of 

which has different structural and functional characteristics: 

(1) The proximal tubule، which lies in the outer portion of the 

kidney (cortex). 

(2) The loop of Henle, which includes descending and ascending limbs 

that dip into the inner part of the kidney (medulla) 

(3) The distal tubule, which lies in the renal cortex. 

(4) The connecting tubule, the cortical collecting tubule, and the cortical 

collecting duct, which begin in the cortex and run downward into the 

medulla to become (5) the medullary collecting duct. Urine passes from 

the renal pelvis to the bladder, where it is stored until it is eventually 

expelled from the body through the process of micturition، or urination. 
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Urine Formation Results from Glomerular Filtration, Tubular 

Reabsorption, and Tubular Secretion 

I . Glomerular Filtration Is the First Step in Urine Formation 

Urine formation begins with filtration of large amounts of fluid through 

the glomerular capillaries into Bowman’s capsule. Like most capillaries, 

the glomerular capillaries are relatively impermeable to proteins, so that 

the filtered fluid (called the glomerular filtrate) is essentially protein-free 

and devoid of cellular elements, including red blood cells. 

The glomerular capillary membrane is similar to that of other 

capillaries, except that it has three (instead of the usual two) major layers: 

(1) the endothelium of the capillary, (2) a basement membrane, and (3) a 

layer of epithelial cells (podocytes) surrounding the outer surface of the 

capillary basement membrane. Together, these layers make up the 

filtration barrier, which, despite the three layers, filters several hundred 

times as much water and solutes as the usual capillary membrane. Even 

with this high rate of filtration، the glomerular capillary membrane 

normally prevents filtration of plasma proteins. 

The glomerular filtrate rate (GFR ) is determined by (1) the sum of the 

hydrostatic and colloid osmotic forces across the glomerular membrane, 

which gives the net filtration pressure, and (2 )the glomerular capillary 

filtration coefficient Kf. 

GFR = Kf × Net filtration pressure 
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The net filtration pressure represents the sum of the hydrostatic and 

colloid osmotic forces that either favor or oppose filtration across the 

glomerular capillaries. These forces known as starling forces include: 

(1) Hydrostatic pressure inside the glomerular capillaries (PG), which 

promotes filtration. 

(2) The hydrostatic pressure in Bowman’s capsule (PB) which opposes 

filtration. 

(3) The colloid osmotic pressure of the glomerular capillary plasma 

proteins (πG), which opposes filtration. 

(4) The colloid osmotic pressure of the proteins in Bowman’s capsule 

(πB), which promotes filtration. 

Under normal conditions, the concentration of protein in the glomerular 

filtrate is so low that the colloid osmotic pressure of the Bowman’s 

capsule fluid is considered to be zero. 

The GFR can therefore be expressed as: GFR = Kf × (PG – PB – πG + 

πB) 

 

 

GFR and renal blood flow are controlled by Neurohumoral Systems 

and Intrarenal Mechanisms: 
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The determinants of the GFR that are most variable and subject to 

physiologic control include the glomerular hydrostatic pressure and 

glomerular capillary colloid osmotic pressure. These pressures, in turn, 

are influenced by the sympathetic nervous system, hormones، autacoids 

(vasoactive substances released in the kidneys) and other intrarenal 

feedback control mechanisms 

 Nervous System Activation Decreases GFR: Strong activation of 

the sympathetic nervous system constricts the renal arterioles and 

decreases renal blood flow and the GFR. This effect is most 

important in reducing the GFR during brain ischemia, or severe 

hemorrhage Hormones and Autacoids Control the GFR and 

Renal Blood Flow Several hormones and autacoids can also 

influence the GFR and renal blood flow: 

• Norepinephrine and epinephrine, which are released from the adrenal 

medulla, constrict afferent and efferent arterioles and decrease the GFR 

and renal blood flow. 

• Endothelin, a peptide released from damaged vascular endothelial cells 

of the kidneys and other tissues, constricts renal arterioles and decreases 

the GFR and renal blood flow. 

• Angiotensin II constricts efferent arterioles to a greater extent than 

afferent arterioles and therefore tends to increase glomerular hydrostatic 

pressure while decreasing renal blood flow. Increased angiotensin II 

formation usually occurs with decreased arterial pressure or volume 

depletion, both of which tend to reduce the GFR. 

• Endothelium-derived nitric oxide (EDNO) decreases renal vascular 

resistance and increases the GFR and renal blood flow. EDNO, an 

autacoid released from vascular endothelial cells throughout the body, is 

important in preventing excessive vasoconstriction of the kidneys. 

 Prostaglandins (especially PGE2 and PGI2) are not of major 

importance in the regulation of the GFR and renal blood flow 

under normal conditions. Prostaglandins, however, may dampen 

the renal vasoconstrictor  
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Autoregulation: GFR and Renal Blood Flow Are Autoregulated During 

Changes in Arterial Pressure, In normal kidneys, a fall in arterial pressure 

to as low as 75 mm Hg or a rise to as high as 160 mm Hg changes the 

GFR by only a few percentage points; this relative constancy of the GFR 

and renal blood flow is referred to as autoregulation. Although 

autoregulation of GFR and renal blood flow is not perfect it prevents 

potentially marked changes in the GFR and therefore in renal excretion of 

water and solutes that would otherwise occur with changes in blood 

pressure. 

1. Tubuloglomerular Feedback Is a Key Component of Renal 

Autoregulation: This feedback has two parts an afferent arteriolar 

mechanism and an efferent arteriolar mechanism both of which depend 

on the special anatomic arrangement of the juxtaglomerular complex. 

The juxtaglomerular complex consists of macula densa cells in the 

initial portion of the distal tubule and juxtaglomerular cells in the walls 

of the afferent and efferent arterioles. When blood pressure is decreased, 

delivery of sodium chloride is decreased to the macula densa cells, which 

are capable of sensing this change (due to osmoreceptors). The decrease 

in sodium chloride concentration at the macula densa, in turn, causes two 

main effects: (1) a decrease in the resistance of the afferent arterioles, 

which increases glomerular hydrostatic pressure and the GFR toward 

normal levels, and (2) an increase in renin release from the 

juxtaglomerular cells of the afferent and efferent arterioles, which causes 

increased angiotensin II formation. Angiotensin II then constricts 

efferent arterioles, increases arterial pressure, and increases glomerular 

hydrostatic pressure and the GFR toward normal levels. 

2. Myogenic Mechanism Contributes to Autoregulation of Renal Blood 

Flow and the GFR. This mechanism refers to the intrinsic capability of 

blood vessels to constrict when blood pressure is increased. The 

constriction prevents the vessel from being overstretched and, by 

increasing vascular resistance, helps prevent excessive increases in renal 

blood flow and the GFR when blood pressure rises. Conversely, with 

decreased blood pressure, the myogenic mechanism contributes to 

decreased vascular resistance. 

II. Tubular Reabsorption and Secretion 

After the glomerular filtrate enters the renal tubules, it flows sequentially 

through the proximal tubules, loops of Henle, distal tubules, collecting 
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tubules, and collecting ducts before it is excreted as urine. Along this 

course، some substances are reabsorbed from the tubules into the 

peritubular capillary blood, whereas others are secreted from the blood 

into the tubules. 

 

 

Tubular Secretion: The Net Movement of Solutes from Peritubular 

Capillaries into the Tubules 

Some substances enter the tubules not only by glomerular filtration but 

also by secretion from the peritubular capillaries into the tubules via two 

steps: (1) simple diffusion of the substance from the peritubular 

capillaries into the renal interstitium and (2) movement of the substance 

across the tubular epithelium into the lumen through active or passive 

transport. Substances that are actively secreted into the tubules include K+ 

and H + ions as well as certain organic acids and organic bases. 

Reabsorption of Solutes and Water from the Tubules into the 

Peritubular Capillaries 

For a substance to be reabsorbed, it must first be transported across the 

renal tubular epithelial membrane into the interstitial fluid and then 

through the peritubular capillary membrane back into the blood. Solutes 

can be transported either through the cell membranes(transcellular 

route) by active or passive transport or through the junctional spaces 

between the cells (paracellular route) by passive transport; water is 

transported through and between the epithelial cells by osmosis. 

After absorption into the interstitial fluids, water and solutes are 

transported through the peritubular capillary walls by ultrafiltration, 

which is mediated by hydrostatic and colloid osmotic forces. 

The peritubular capillaries have a large reabsorptive force that rapidly 

moves fluid and solutes from the interstitium into the blood. 

Some substances that are filtered, such as glucose and amino acids, are 

almost completely reabsorbed by the tubules, so the urinary excretion rate 

is essentially zero. 

Most of the ions in the plasma, such as sodium، chloride, and 

bicarbonate, are also highly reabsorbed from the tubules, but their rates of 

reabsorption and urinary excretion vary depending on the needs of the 

body. The metabolic waste products, such as urea and creatinine, are 

poorly reabsorbed and are excreted in relatively large amounts. Tubular 

reabsorption is highly selective, allowing the kidneys to regulate 

excretion of substances independent of one another. 

Factors affecting tubular reabsorption 



Dr. Takea sh Ahmed                                                Lec. 15&16&17 
Collage of dentistry                                                        2nd class  
Tikrit university 

11 
 

The same previously mentioned Starling forces affect tubular 

reabsorption in addition to other factors. The following equation 

summarizes some of these factors. 

TR = Kf × (net reabsorption pressure) 

TR = Kf × (Pc – Pif - πc + πif) 

Where Kf is a constant that depends on the effective reabsorption surface 

area, distance of reabsorption and tubular capillary permeability Pif is 

interstitial fluid hydrostatic pressure Pc is peritubular capillaries' 

hydrostatic pressure 

π c is peritubular capillaries' osmotic pressure of colloids 

Regulation (Control) of tubular reabsorption 

Because it is essential to maintain precise balance between tubular 

reabsorption and glomerular filtration، multiple nervous, hormonal, and 

local control mechanisms regulate the tubular reabsorption rate as well as 

the GFR. An important f eature of tubular reabsorption is that excretion 

of water and solutes can be independently regulated, especially through 

hormonal control. 

1. Sympathetic control: sympathetic activation directly increases sodium 

reabsorption in the proximal tubule, ascending loop of Henle, and distal 

tubule. 

2. Hormonal activity : 

a. Aldosterone Increases Na+ Reabsorption and K+ Secretion. 

Aldosterone, which is secreted by the adrenal cortex, act on the principal 

cells of the cortical collecting tubule to stimulate the sodium-potassium 

ATPase pump, which increases sodium reabsorption from the tubule and 

potassium secretion into the tubule. In the absence of aldosterone, as 

occurs with destruction or malfunction of the adrenals (Addison's 

disease), there is marked loss of sodium from the body and accumulation 

of potassium. Conversely, excess aldosterone secretion, as occurs in 

patients with adrenal tumors (Conn's syndrome), is associated with 

sodium retention and potassium depletion. 

b. Angiotensin II Increases Sodium and Water Reabsorption. 

Angiotensin II, the most powerful sodium retaining hormone of the body, 

increases sodium and water reabsorption through three main effects: 

1. Angiotensin II stimulates aldosterone secretion, which in turn increases 

sodium reabsorption. 

2. Angiotensin II constricts the efferent arterioles, which reduces 

peritubular capillary hydrostatic pressure and increases filtration fraction 

by reducing renal blood flow; both of these effects tend to increase the 

reabsorptive force at the peritubular capillaries and tubular reabsorption 

of sodium and water. 

3. Angiotensin II directly stimulates sodium reabsorption, 
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in most tubular segments. 

These multiple actions of angiotensin II cause marked sodium and water 

retention by the kidneys in circumstances associated with low blood 

pressure, low extracellular fluid volume, or both, such as during 

hemorrhage or loss of salt and water from body fluids Antidiuretic. 

c. ADH Increases Water Reabsorption. ADH, secreted by the posterior 

pituitary gland, increases water permeability of the distal tubules, 

collecting tubules, and collecting ducts. These portions of the nephron 

then reabsorb water avidly and form highly concentrated urine. These 

effects help the body conserve water during circumstances such as 

dehydration, which greatly 

stimulates ADH secretion. In the absence of ADH, these 

portions of the nephrons are virtually impermeable to water, 

causing the kidneys to excrete large amounts of dilute urine 

d. Atrial Natriuretic Peptide Decreases Sodium and Water 

Reabsorption. Specific cells of the cardiac atria, when distended as a 

result of plasma volume expansion, secrete a peptide called atrial 

natriuretic peptide. Greater levels of this peptide inhibit reabsorption of 

sodium and water by the renal tubules, thereby increasing the excretion of 

sodium and water. 

e. Parathyroid Hormone Increases Calcium Reabsorption and 

Decreases Phosphate Reabsorption. Parathyroid hormone is one of the 

most important calcium- and phosphate-regulating hormones of the body. 

Its principal action in the kidneys is to increase reabsorption of calcium, 

especially in the distal tubules. Another action of parathyroid hormone is 

inhibition of phosphate reabsorption by the proximal tubule. 

regulation of acid-base balance 

Any change in hydrogen ions concentration [H+] will affect all cellular 

and body functions due to its effects on many reactions. Normal [H+] in 

ECF is only 0.00000004 mol\L. 

Nobody can survive more than hours when pH raises to 8.0 or falls to 6.8 

(more or less than normal by 0.6). Regulation of [H+] is by one or more 

of the following systems: Chemical acid-base buffer systems in body 

fluids, respiratory and renal regulation of acid-base balance. 

a. Buffer systems are: 

1. Bicarbonate buffer system: It is the most important buffer system in 

ECF. The following reaction occurs when [H+] is increased: 

H+ + HCO3¯ → H2CO3 → H2O + CO2 (CO2 to be expired by the 

lungs) 

While when [OH-] is increased, the following reaction occurs: 

OH¯ + H2CO3 → H2O + HCO3¯ (HCO3¯ to be excreted by kidneys) 



Dr. Takea sh Ahmed                                                Lec. 15&16&17 
Collage of dentistry                                                        2nd class  
Tikrit university 

12 
 

2. Phosphate buffer system: It is important buffer system in intracellular 

and renal tubular fluids. when [H+] increases: 

H+ + HPO4 2¯ → H2 PO4¯ 

When [OH¯] is increased the following reaction occurs: 

OH¯ + H2PO4¯ → HPO4 2¯ + H2O 

3. Protein buffer systems: Are the most available intracellular buffer 

systems but also work extracellularly. One of the most important protein 

buffers is hemoglobin in red blood cells. 

4. Ammonium buffer system: Is the last choice buffer system in renal 

tubules when bicarbonate and phosphate buffer systems are saturated. 

Ammonium is formed from metabolism of glutamine inside renal tubular 

cells. The following reaction occurs when [H+] increases: 

H+ + NH3 → NH4+ 

When [OH-] is increased the following reaction occurs: 

OH¯ + NH4+ → NH4OH b. Respiratory regulation Respiratory 

regulation of acid-base balance is via stimulation or inhibition of the 

respiratory center in the brain stem by the central chemosensitive areas 

which are bilateral aggregations of neurons beneath the ventral surface of 

medulla that are sensitive to changes in H+ and PCO2. The result is 

hyper- or hypo- ventilation respectively . 

Double normal alveolar ventilation reduces PCO2 and raises pH from 7.4 

to 7.63 while 1\4th normal alveolar ventilation raises PCO2 and reduces 

pH to 6.95 because pH is inversely related to PCO2 . 

c. Renal regulation: 

Occurs by excretion of acidic or alkaline urine . Normally, daily renal 

secretion of H+ is about 4400 mmol. Bicarbonates system buffers 4320 

mmol in renal tubules and the other 80 mmol are buffered by phosphates 

and then ammonium buffer systems. Most of renal tubular cells utilize 

secondary active transport to secrete H+ like Na+, H+ antiport, but the 

intercalated cells of distal tubules utilize primary active transport called 

proton pump. 


