Urinary System

Lecture Notes

[image: image1]Major Functions

· Excretion

· Blood Volume Control

· Ion concentration regulation

· pH regulation

· Erythrocyte concentration

· Vitamin D synthesis

Structure of the Kidneys

· Bean-shaped organs

· Surrounded by Renal Capsule and Renal Fat Pad

· Filtration membrane is formed by the Glomerulus, the basement membrane, and the podocytes

Kidney Anatomy
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Structure: Outer cortex and Inner medulla

· Cortex: the renal corpuscle, the proximal tubule, and the distal tubule

· Medulla: loops of Henle and the collecting ducts

· Ureter: A tube connecting to the urinary bladder

· The functional unit of the kidneys is nephron

 The Nephron

· Consists of an enlarged ending called a renal corpuscle, a proximal tubule, a loop of Henle, and a distal tubule.

· Descending limb

· Ascending limb

· Collecting duct

· Renal Corpuscle: Bowman’s capsule and the glomerulus

Filtration
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· Most filtration occurs in the glomerulus.  

· Blood pressure forces water, salt, glucose, amino acids, and urea into Bowman’s capsule.  

· Proteins and blood cells are too large to cross the membrane; they remain in the blood

· The fluid that enters the renal tubules is called the filtrate.

Reabsorption


· As the filtrate flows through the renal tubule, most of the water and nutrients are reabsorbed into the blood. 

· 99% of the filtrate is reabsorbed; 1% becomes urine

· Proteins, amino acids, glucose, fructose, Sodium, Potassium, Calcium, bicarbonate, and chloride ions are reabsorbed
Secretion

· Hydrogen ions, some by-products of metabolism, and some drugs are actively secreted into the nephron

· The secretion of Hydrogen ions plays an important role in the regulation of body fluid pH

· Hydrogen ions, some by-products of metabolism, and some drugs are actively secreted into the nephron

· The secretion of Hydrogen ions plays an important role in the regulation of body fluid pH

Acidosis

· Acidosis occurs when the pH of the blood falls below 7.35
· Respiratory Acidosis results when the respiratory system is unable to eliminate adequate amounts of CO2

· Metabolic Acidosis results from excess production of acidic substances such as Lactic acid and Ketone bodies because of increased metabolism

Alkalosis

· Alkalosis occurs when the blood pH increases above 7.45

· Respiratory Alkalosis results from hyperventilation

· Metabolic alkalosis results from rapid elimination of Hydrogen ions from the body

Ions

The kidneys and other organ systems function to regulate the composition of the extra-cellular fluid.
Regulating the concentrations of positively charged ions (sodium, potassium, and calcium) in the body fluids is particularly important. Normal ranges of concentrations are required for action potential conduction, muscle contraction, and normal cell membrane permeability. When the positively charged ions are transported, negatively charged ions move with them to balance the charges.

Sodium ions




Sodium ions are the major ions in the extra-cellular fluid.

90-95% of the osmotic pressure of the EC fluid is due to sodium ions and the associated negatively charged ions.

Recommended intake of Sodium =2.4-3.0 grams/day

Most people consume much more than this and kidneys get rid of the excess sodium ions.

When aldosterone is present, Sodium is absorbed from the nephrons efficiently.

· Potassium ions

· Electrically excitable tissues (muscle and nerve) are highly sensitive to slight changes in extra-cellular potassium concentration. 

· Aldosterone plays a major role in regulating the concentration of potassium in the EC fluid.

· Calcium ions

· The EC concentration of calcium ions is maintained within a narrow range.

· Decreased EC calcium ions make cell membranes more permeable to sodium ions, thus making them more electrically excitable. 

· Increased EC calcium ions inhibit potentials in nerve and muscle cells (reduced excitability, muscle weakness or paralysis).

Thirst

Water intake is controlled by neurons in the hypothalamus (the thirst center)

When concentration of blood increases, the thirst center responds by initiating the sensation of thirst. When water is consumed, the concentration of blood decreases, and the sensation of thirst also decreases. 
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