Urinary System
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Introduction

1. Did you know?

· You can live with only one kidney

· When your kidneys are malfunctioning, your skin turns a pale yellow.

· A dialysis machine can filter your blood if your kidneys are not working.

· When a kidney transplant is done, they do not remove the old kidney(s)

· Kidney transplants are therefore harder on the donor than the recipient.

· Your kidneys filter 180 litres of water per day and we usually excrete about 1.8 litres per day

· 10% of us will get a kidney stone once in our life.  Usually these calcium deposits in the kidney are not treated and must be passed naturally (painful process)

· Even water is toxic if you drink 25 litres per day or more.  Kidneys cannot manage the load.

2. The urinary system removes wastes through excretion
Defecation

· removal of feces (solid waste) by the digestive system.  This is not metabolic waste, but is merely undigestible food.

· The word elimination is mostly used as a synonym for defecation

Excretion

· removal of metabolic wastes (primarily H2O, CO2 , amino acids, nucleic acids).

· CO2 and some H2O are excreted at the lungs.

· Amino acids and nucleic acids (nitrogenous wastes) are changed into urea at the liver and then move through the bloodstream to the kidneys for excretion.

· Excess water and many other water-soluble compounds are also excreted at the kidneys.

3. In addition to Excretion the kidneys also do the following:

· Maintenance of Water-Salt Balance

· Maintenance of Acid-Base Balance

· Secretion of Hormones

Gross (Obvious macroscopic) Anatomy

	Part
	Structure
	Function

	kidney
	bean-shaped, reddish-brown organs covered by capusule of connective tissue, and then adipose tissue. Depressed side is where vessels enter/exit
	The kidneys remove excess water and water-soluble wastes from the blood (Excretion)

They produce urine.

	ureter
	small muscular tubes connecting kidneys to bladder
	Urine moves by peristalsis from the kidney to the bladder

	urethra - male
	averages 20 cm in length.  

Encircled by prostate gland just outside bladder.  

Joined by the ejaculatory duct in the prostate.
	Shared passageway for urine and sperm leaving the body.



	urethra – female
	about 4 cm long

separate from reproductive system
	Passageway for urine leaving the body

	urinary bladder
	hollow muscular organ that can expand to 600 mL volume.  There are two sphincters where the urethra exits bladder
	Stores urine.  Closed sphincters prevent urination.  Under voluntary control

	renal cortex
	granulated layer of the kidney that dips down between a radially striated inner layer.  

An internal region where we find the glomerulus, Bowman’s capsules, afferent & efferent arterioles, proximal and distal convoluted tubules. 
	encompasses the functions of all the parts in this region. (see internal anatomy)

	renal medulla
	an inner layer of cone-shaped tissue masses that are radially striated

An internal region where we find the loop of Henle, peritubular capillary network, collecting ducts
	encompasses the functions of all the parts in this region.  (see internal anatomy)

	renal pelvis
	a cavity on the depressed side of the kidney that has many ducts from the kidney joining into it.

Leads into the ureter.
	small collecting area for urine leaving the kidney.

No storage function.


4. Urinary reflex

· When bladder has about 250mL the stretch receptors in the muscular wall send sensory impulses to the spinal cord.

· Motor neurons send impulses back to contract the muscle layer in the bladder and relax the spinchters leading into the urethra.

· Urination results. 

· At 1 to 3 years old, the brain gains control of this reflex delaying urination until a suitable time.
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Formation of Urine

Urine is filtered blood.  To understand the process we will begin with blood flowing into the kidney through the renal artery.

The renal artery branches into about 1 million afferent arterioles, one for each nephron.

The glomerulus

· Blood in the afferent arterioles reaches the glomerulus where filtration occurs.  Large molecules and formed elements of blood don’t pass through the filter.  

· The initial filtrate contains all of the following.  They do cross into Bowman’s capsule:

· H2O

· urea

· uric acid

· nutrients (glucose)

· amino acids

· salts

· Filtrate moves on to proximal convoluted tubule

· Unfiltered components of blood leaves by efferent arteriole

· Efferent arteriole is narrower so that pressure for filtration is kept up in the glomerulus

· Both filtrate and blood are isotonic

The proximal convoluted tubule

· Glucose, amino acids AND sodium are taken up by active transport into the cells of the tubule and then carried away in the blood of the peritubular capillaries.

· This is called selective reabsorption because theses molecules are combining with specific carrier proteins.  67% of the sodium is taken out of the filtrate and all glucose and amino acids.

· The filtrate would be left hypotonic compared to the blood in the peritubular capillaries if only active transport occurred.  Water moves out of tubule into blood by osmosis – it follows the sodium and glucose.  Chlorine also follows.

· Filtrate leaving the proximal convoluted tubule is isotonic to blood & has:

· some H2O

· urea

· uric acid

· salts

The loop of Henle

· Filtrate leaves proximal convoluted tubule; enters descending limb of the loop of Henle.

· The tissue fluid of the kidney has an osmotic gradient.  It is very concentrated in the medulla and relatively dilute in the renal cortex.

· In the descending limb of the loop water moves passively out into the tissue fluid by osmosis.  Why?  Because tissue fluid is more and more hypertonic to the filtrate the further into the medulla it goes & the wall of loop is impermeable to solutes.

· Water is taken away by the peritubular capillary network

· Filtrate at bottom of loop is very concentrated.  In ascending limb, Na+ is actively taken out, Cl- follows.  Ascending limb is impermeable to water.

· Most Na+ is taken out at bottom of loop, not much left at top.  This helps maintain osmotic gradient in tissue fluid.

· At top of loop filtrate is hypotonic to cortex tissue fluid.

The distal convoluted tubule

· Reabsorption of Na+, Cl-, HCO3-, K+, and Ca2+ occurs but is regulated in this region of the tubule according to body needs.

· Na+ reabsorption here is regulated by aldosterone.  Aldosterone promotes K+ secretion and Na+ reabsorption at the distal convoluted tubule.  We will see later how this is a mechanism for controlling blood volume.

· Tubular secretion occurs:  H+ ions, K+ ions, penicillin, creatinine are moved by active transport into the distal convoluted tubule.  Also known as tubular excretion.

Urine = glomerular filtrate – reabsorbed substances + secreted substances.

· The distal convoluted tubule is rather impermeable to H2O except when anti-diuretic hormone (also known as vasopressin) is in blood.  The hormone increases the reabsorption of water in the distal convoluted tubule and the collecting duct by inserting water channels in the tubule wall.

The collecting duct

· Normally impermeable to water, however ADH presence increases permeability.

· As the duct exits through the renal medulla into the renal pelvis it passes through highly concentrated tissue fluid – water moves out of tubule to concentrate the filtrate (now urine) as a final step.  

· Urine is only concentrated therefore when there is ADH in blood.

· Collecting duct leaks some urea out into the tissue fluid as it descends into the medulla thereby contributing to maintenance of the osmotic gradient in the tissue fluid of the kidney.

Internal Anatomy of the Kidney OR
Anatomy of the nephron

	Part
	Structure
	Function

	nephron
	basic functioning unit of the kidney.

composed of the glomerulus, bowman’s capsule, afferent and efferent arteriole, peritubular capillary network,

proximal and distal convoluted tubule, loop of Henle & the collecting duct
	

	glomerulus
	a knot of capillaries inside of Bowman’s capsule
	

	afferent arteriole
	vessel coming from the renal artery to the glomerulus
	

	efferent arteriole
	vessel leaving the glomerulus to the peritubular capillary network.  Smaller in diameter than the afferent arteriole.
	

	Bowman’s capsule
	outer layer of squamous epithelial cells

inner layer of cells that cling to the capillary walls of the glomerulus.  The connection between the two is porous to small molecules from glomerular capillaries into the capsule.
	

	proximal convoluted tubule
	tube carrying filtrate leading away from Bowman’s capsule

cuboidal epithelial cells with many microvilli on the inside of the tube (brush border)

leads into the loop of Henle

located in the renal cortex
	


	Part
	Structure
	Function

	loop of Henle
	simple squamous epithelium follows the proximal convoluted tubule.

tube that dips down into the renal medulla (descending limb) and back up (ascending limb) to the renal cortex.

thinner tube
	

	distal convoluted tubule
	cells that make tube have many mitochondria

cells lack microvilli

Many of these tubules enter into one collecting duct

located in the renal cortex
	

	peritubular capillary network
	a network of capillaries that surrounds the proximal convoluted tubule, the loop of Henle, and the distal convoluted tubule

receives blood from efferent arteriole and drains into renal venules and then renal vein.
	

	collecting duct
	large diameter tubes

give the renal pyramids their striated look

begin in the renal cortex, pass through the medulla, and out into the renal pelvis.
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Composition of urine

· What’s left in the filtrate after travelling through the nephron is called urine.  Urine is mostly:

· urea – a by-product of amino acid metabolism at the liver.

· uric acid – breakdown product of nucleotides.  Uric acid is insoluble and if left to build up in blood will form crystals.  They can collect in joints (gout).

· water – always some, but more or less depending on how much water intake there has been.

· creatinine – a waste product of creatine phosphate breakdown.  creatine phosphate (CTP) is a high energy molecule that is used by cells (much like ATP).

· water-soluble vitamins:   ‘B complex’ and ‘C’

· salts

· drugs

· other metabolic end-products (ex. water-soluble steroid hormone metabolites)

Renal Artery Blood vs. Renal Vein Blood

· The blood entering the kidney been changed:  HOW?

· Some of the water has been removed.  Of the 180 litres of water that is filtered, 99% is recovered.  Some is needed to keep waste products in solution.  This will be vary depending on the hydration level of the body.

· Some of the urea has been removed.  In a single day 54 g of urea is filtered at the glomerulus; 30 g of that ends up in the urine.  So 56% of the urea that is filtered is excreted in the urine.  24 g or 44% ends up back in the blood of the renal vein.

· 180 g of glucose gets filtered each day, and in a normally functioning nephron, 100% of that glucose gets recovered.  The blood in the renal artery is identical in glucose composition to that of the renal vein.
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Hormonal control of reabsorption/secretion in the kidney.

· The nephron performs in a very standard way up until the distal convoluted tubule, where hormones affect reabsorption of certain ions (Na+, Cl-, HCO3-, K+, and Ca2+ ) or secretion of others (H+ ions, K+).  

· In doing so, this control of reabsorption and secretion can in turn control blood volume OR water/salt balance.

· The hormones involved and a summary of their regulation is below.  For details, see the notes to follow.

	Hormone
	Source gland
	Regulation

	Anti-diuretic Hormone(ADH)
	Posterior Pituitary
	

	Aldosterone
	Adrenal cortex
	


Control of Blood volume through water/salt balance

· The volume of the blood is closely associated with the total salt content of the blood.  Salts have the ability to cause osmosis.

( NaCl in the blood = ( blood volume = ( blood pressure

( NaCl in the blood = ( blood volume = ( blood pressure

· Aldosterone

· By controlling the reabsorption rate of Na+ in the distal convoluted tubule, the blood volume and pressure can be regulated.

· The juxtaglomerular apparatus ( contact point of afferent arteriole, distal convoluted tubule – see page 311) is a group of cells which are sensitive to pressure.

· Low blood volume = low blood pressure leads to juxtaglomerular apparatus to secrete renin.  Renin catalyzes the following reaction.

· angiotensinogen  (  angiotensin I  (  angiotensin II

· Angiotensin II causes release of aldosterone from the adrenal cortex.

· Aldosterone promotes Na+ reabsorption in the distal convoluted tubule; water follows by osmosis and blood volume does not decrease any further.

· Water intake restores blood volume and blood pressure to normal.

· Anti-diuretic Hormone (ADH or vasopressin)

The hypothalamus has neurosecretory cells that are connected to the posterior pituitary that can measure 

When blood has even slightly high osmotic pressure (ie. is concentrated; low blood volume) then ADH is released from the posterior pituitary.

ADH causes increased permeability to water in the distal convoluted tubule and collecting ducts

More water is recovered from filtrate, preventing further water loss AND maintaining blood solute concentration/blood volume.

Water intake restores blood concentration/volume to normal, ADH is no longer released.

Acid-Base Balance

· Blood pH needs to stay at about 7.4 and although there are buffering reactions to take care of immediate changes in pH, the long term regulation of blood pH is done at the kidneys through managing H+ and HCO3- secretion/reabsorption.

· Usually, because our diets tend towards acidic, there is less HCO3- in the blood and therefore in filtrate.  The kidney tubule cells are secreting H+ into the lumen and secreting HCO3- into the blood.

Other roles of the kidneys

· secrete hormone erythropoietin which stimulates red blood cell production.

· activate vitamin D in the skin.  Vitamin D gets turned into the hormone calcitrol which promotes Ca2+ absorption from the digestive tract.

