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 UNIT III: Part D  
Maintaining Dynamic Equilibrium I


Excretory System

Textbook Reference: Section 11.3

The excretory system plays a major role in homeostasis through the removal of the harmful by products of metabolism within the body. There are three systems important in excretion:

A. Respiratory System: The lungs remove carbon dioxide and water.

B. Integumentary System: This is the skin.
Temperature is regulated the following ways:

(i) The blood vessels will dilate or widen to increase the blood flow to the skin’s surface and release heat.  They will constrict to retain heat.

(ii) The sweat glands produce sweat (urea, salts and water).  Heat is drawn from the body to evaporate sweat.

Waste products are removed as:

(i) excess heat through pores

(ii) urea and salt through sweat glands and pores

C. Urinary System: The kidneys are a major organ and remove metabolic wastes through urine.  Urine is a combination of urea, salts and water.

Urinary System

The urinary system has two major functions:

A. Elimination: This is the removal of harmful wastes from the body.

(i) Urine :  Main components are urea, salts and water.  There are small amounts of other substances (eg. uric acid, creatinine, etc.)
(ii) Nitrogenous Wastes:
All contain nitrogen

a)
urea:
 from the break down of amino acids

b) uric acid: from the break down of nucleic acids (DNA & RNA)

c)
creatinine: from the break down of phosphocreatine in muscles



B. Regulation: This is the control and balance of several substances in the blood such as: water, acids and bases (pH balance), ions and salts (eg. sodium, potassium, bicarbonate and calcium).

The major organs of the urinary system include:

A. Kidneys: There are two kidneys that filter blood to produce urine.

B. Ureters: There are two ureters that carry urine from the kidneys to the urinary bladder

C. Urinary Bladder: Stores urine.

D. Urethra: Carries urine to the outside of the body.
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There are also some important blood vessels associated with the urinary system:

A. Renal Artery: Carries contaminated blood into the kidney.

B. Renal Vein: Carries purified blood from the kidney and returns it back into circulation. 
Kidneys

The kidneys are the main excretory organs of the body and are found on the back wall of the abdomen on either side of the spine and just below the ribs.

The basic filtering unit inside the kidney is the nephron unit.  Each kidney contains 1 to 1.25 million nephron units.  Parts of the nephron unit are found in both the cortex and the medulla of the kidney.

The kidney is divided into three major sections:

A. Cortex: This is the outer part of the kidney.  It contains the glomerulus, Bowman’s capsule and blood supply of the nephron unit.

B. Medulla: This is  the middle of the kidney.  It contains the loop of Henle and the collecting duct of the nephron unit.

C. Pelvis: This is the inner cavity of the kidney.  It is where the collecting ducts of all the nephrons terminate.

Define each of the following parts of the kidney:
1. Glomerulus:

2. Bowman`s Capsule:

3. Renal tubule:

4. Proximal tubule:
5. Loop of Henle:
6. Distal tubule:
7. Collecting duct:
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Nephron Function

The nephron unit carries out its filtering of the blood in two stages:

A. Filtration: Blood leaves the renal artery and enters the glomerulus.  Blood pressure forces the plasma of the blood, containing both waste and useful material, into the Bowman’s capsule.  This material is called the filtrate.  The filtrate will contain such things as: water, urea, salt, glucose, amino acids, vitamins, sodium, potassium and uric acid.

B. Re-absorption: The useful material contained within the filtrate are reabsorbed by the capillary network that surrounds the renal tubule.  Re-absorption occurs by osmosis in the case of water and by active transport in the case of potassium, glucose, sodium, amino acids and vitamins.

a) Begins in the proximal tubule
· occurs by osmosis, diffusion, and active transport 

· reabsorbed materials include water, glucose, amino acids, ions and vitamins
b)  The filtrate that enters the loop of Henle is isotonic with the surrounding cells

· Water is removed from the descending loop because of an increasing concentration of sodium ions in the surrounding tissue. 
· These ions are removed from the filtrate by active transport and water follows by osmosis. 
· At the bottom of the loop ions in the filtrate are at high concentration and therefore diffuse out of the tubule

· Positive sodium ions are followed by negative chloride ions 
· Water cannot reenter the ascending loop because this loop is impermeable to water

C. Secretion: This occurs in the distal tubule. It involves active transport of substances from the capillaries into the tubule.  These substances include hydrogen ions, creatinine and drugs.
D. Elimination:  The fluid that enters the collecting duct is urine.  It passes through the pelvis of the kidney into the ureter.   Most of the water and ions that entered the tubule has been reabsorbed as well as useful nutrients (glucose, amino acids)

Path of filtrate through nephron:

Bowman’s capsule ( proximal tubule ( loop of Henle ( distal tubule ( collecting duct
Homeostasis and the Urinary System

The kidney helps to regulate the following:

A. Water Balance: The hypothalamus of the brain directs the pituitary gland of the endocrine system to control the levels of a hormone called  vasopressin or ADH  (antidiuretic hormone) in the blood. This hormone travels to the kidney where it directs the rate of water re-absorption by controlling the permeability of the distal tubule and collecting duct.

 When water levels are too low:

1.
Hypothalamus stimulates the pituitary to secrete more vasopressin, which travels through the blood to the kidneys

2.
Vasopressin increases the permeability of the tubules and collecting ducts 

3.
More water is reabsorbed into the blood so the urine is more concentrated

When water levels are too high:
1. Hypothalamus doesn’t stimulate vasopressin secretion

2.
Little water is reabsorbed into the blood so the urine is more dilute.

B.  Blood Pressure: Blood volume is regulated by the hormone aldosterone.  This hormone affect the rate re-absorption of sodium ions that will in turn affect the rate of water reabsorption.

	Increased Aldosterone
	Increased water reabsorption
	Higher blood pressure

	Decreases Aldosterone
	Decreased water reabsorption
	Lower blood pressure


C. Blood Composition:  The useful materials contained in the filtrate (ie. sodium ions, potassium ions, amino acids etc.)  are reabsorbed until the threshold level of the given material is reached.  Threshold is the maximum amount of material that can be moved across the nephron back into the blood.  When a threshold level is reached for a given material, the remaining material is removed as waste.  Example: glucose in diabetes.

D. Blood pH: Blood pH should be close to 7.  The kidney removes excessively acidic or excessively alkaline (basic) substances from the blood.

E. Waste Removal: Urea is the major waste product removed from the kidneys.  It is placed into the blood by the liver through the detoxification process.  In this process, excess amino acids are broken down in the liver.  The amino group is removed and converted into ammonia.  The ammonia is quickly converted into urea which is transported to the kidney.
Liver

The liver is the largest organ in the body and it is located high and to the right in the abdomen.  It is also just below the diaphragm.  The gall bladder and the common bile duct are associated with the liver. The liver carries out a variety of functions associated with homeostasis as follows:

A. Warehouse:  The liver stores excess glucose in the form of glucogen.  It also stores vitamins A, B and D.

B. Factory:  The liver produces valuable substances such as the following:

(i) Bile is produced for the emulsification of lipids in the digestive system.  This bile is stored in the gall bladder.
(ii) Production of plasma proteins.  Example: Fibrinogen is made for blood clotting.

(iii) Protein synthesis, in addition, to plasma proteins

(iv) Fat and carbohydrate metabolism

C. Detoxification Center:  The liver is responsible for the breakdown and inactivation of the following:

(i) Destruction of worn out red blood cells.  The broken down red blood cells are used for bile production.

(ii) The breakdown of excess amino acids.  The ammonia resulting from the process is converted to urea.

(iii) Inactivates bacteria, certain drugs and hormones in the blood  Example: alcohol
Diseases of the Liver

A. Cirrhosis:  This is caused by overloading the liver with toxins such as alcohol.  This causes the liver cells to die and be replaced with fat and connective tissue that can not carry out the multitude of function of the liver.

B. Jaundice:  This is caused when bile is not excreted properly and becomes reabsorbed by the blood.  The skin and the whites of the eyes will appear yellow.

C. Hepatitis:  This is produced by a viral infection of two major forms:

(i) Hepatitis A or infectious hepatitis can be spread in food or water that is unsanitary.

(ii) Hepatitis B or serum hepatitis is spread by contaminated blood supplies, unsterile needles or contaminated objects that puncture the skin, and it is also sexually transmitted.

Both types of hepatitis will cause moderate liver damage, fever and jaundice.
Disorders of the Excretory System

1. Urinary Tract Infections (UTI)

	Type of UTI
	Site of Infection

	Cystitis
	Urinary Bladder

	Urethritis
	Urethra

	Pyelenephritis
	Kidney


Occurrence:

· Most occur in the lower urinary tract 

· More common in women than men 

Causes:
· Bacteria (E. coli) that enter from the bowels

· main cause in women because the urethral & anal openings are closer together in females

· Blockage of urine flow

·   Due to enlarged prostate or presence of kidney stones

·   main cause in men

· Weakness of valves between ureters & bladder 

·   results in a backflow of urine & bacteria into ureters 

·   main cause in children

Symptoms:

· painful urination & frequent urging to urinate

· bloody or brown, smelly urine

· tender abdomen or lower back

· chills, fever, nausea, vomiting

Treatment:

· Antibiotics - most

· Surgery – serious cases

Prevention:

· Good personal hygiene

· Drinking lots of water

2. Kidney Stones

· Crystals that form when chemicals (calcium oxalate, uric acid, cystine)  precipitate out of urine

· More common in men than women

Causes of stone formation:

· Recurrent UTI

· Insufficient water consumption

· Low physical activity

· Excess intact of vitamin C, vitamin D or Calcium

Symptoms:

· Similar to UTI

· Severe pain in abdomen or lower back

Treatment:

· Drinking lots of fluid and modifying diet

· Medications to break down crystals

· Lithotripsy: ultrasound (shock waves) to break down stones < 2 cm in diameter

· Surgery to remove stones > 2 cm

Prevention:

· Increased water intake, exercise & a balanced diet

3. Renal failure:  
This is when the kidneys fail to work properly.  It results in an accumulation of wastes in the blood called uremia.  It can eventually lead to unconsciousness and heart failure.  Treatments are as follows:
Hemodialysis:  Blood is pumped from an artery through dialysis tubing that is submerged in a dialysate solution.  Wastes, which are more highly concentrated in the blood, diffuse out into the dialysate, therby purifying the blood.  Vital substances can be added to the dialysate which then diffuse into the blood.  For example, bicarbonate ions are added to reduce the acidity of the blood and restore pH balance.

Kidney Transplant:  Transplant organs come from either deceased (cadaveric) or live donors.  Canada has one of the lowest organ donation rates in the world because of its “opting in” policy when permission must be obtained and not assumed.  There are ethical issues arising from live donations such as risk of surgery, pressure from relatives, or paid donors. There are also ethical issues associated with using pig organs.
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