Urinary system:
The urinary system consists of the kidneys, ureters, urinary bladder and
the urethra. It is the main excretory route in the body since it is
concerned with the formation and excretion of urine. The kidneys excrete
most of the end products of metabolism as well as many foreign substances
and toxins. They also control the concentrations of most constituents of
the body fluids particularly the extracellular fluid (ECF), so they are essential
for homeostasis. For this reason, severe bilateral renal disease or bilateral
nephrectomy is rapidly fatal However, there is normally a considerable
renal reserve, so one can survive with only one half of a healthy kidney.
kidney mass which normally contains about 1/2 million nephrons.
Nephrons work independently to produce urine. Each nephron consists of 2 main parts (glomerulus and along tubule) the glomerulus is about 200 microns in diameter and is formed of a tuft of about 50 capillaries that are parallel. branching or anastomosing. It invigilates the upper blind end of the renal tubule forming bowman’s capsule and the capillaries are covered by a thin membrane of epithelial cells from that capsule. Both the glomerulus and Bowman's capsule are called the Malpighian corpuscle. Blood enters the glomerulus via an afferent arteriole, and leaves it via efferent arteriole. Accordingly, the glomerular capillary bed is a high pressure bed, which facilitates filtration of plasma (see later). The average capillary area in each glomerulus is about 0.4 mm2.
Urinary system consist of:

Kidneys.
Ureters.
Urinary bladder.
Urethra.


Kidneys
There are two kidneys, one on each side of the spinal column. They are approximately 11 cm long, 5–6 cm wide and 3–4 cm thick. They are bean- shaped organs. The renal artery carries blood to the kidneys and once the blood is filtered the renal vein takes the blood away from the kidney. 
Renal cortex
The renal cortex is the outer portion of the kidney between the renal capsule and the renal medulla. The renal cortex is reddish in colour and has a granular appearance, which is due to the capillaries and the structures of the nephron.
Renal medulla
The renal medulla is the inner portion of the kidney. The renal medulla is composed of cone – shaped masses of tissue called renal pyramids. The medulla is lighter in colour and has an abundance of blood vessels and tubules of the nephrons.
Renal.pelvis
the renal pelvis forms the expanded upper portion of the ureter, which is funnel, shaped, in which urine collects before it flows on into the urinary bladder through the ureter.

Nephrons
These are small structures and they form the functional units of the kidney. There are approximately over one million nephrons per kidney and it is in these structures that urine is formed. The nephron consists of: 

1. Glomerulus. 
1. Renal tubule, the renal tubule can be further divided into:
1. Bowman’s capsule.
1. Proximal convoluted tubule.
1. Loop of Henle.
1. Distal convoluted tubule.
1. The collecting ducts. 

The main function of the kidneys: 
1. [image: C:\Users\ALI\Downloads\n.png]The kidneys remove wastes from the body.
1. Kidneys maintain the body’s fluid balance by removing just the right amount of excess fluid.
1. Kidneys synthesize hormones such as renin and angiotensin, which in turn helps control blood pressure.
1. Kidneys produce a hormone known as erythropoeitin (EPO), which stimulates the production of red blood cells by the bone marrow.
1. Kidneys keep bones strong by producing the hormone calcitriol, Calcitriol maintains the right levels of calcium and phosphate in the blood and bones.
1. Kidneys control levels of electrolytes and regulates blood pH (acid-base balance).
Ureters
The ureters transport urine from the pelvis of the kidney to the bladder. The flow of urine is as a result of peristaltic contraction of the muscular walls of the ureter.
Urinary bladder
The urinary bladder is a hollow muscular organ; it is a smooth muscular sac which stores urine. The bladder normally distends and holds approximately 300–350 ml of urine. In females the bladder is slightly smaller because the uterus occupies the space above the bladder.
Urethra
The urethra is a muscular tube that drains urine from the bladder and conveys it out of the body. The urethra is encompassed by two separate urethral sphincter muscles.
 Sphincters keep the urethra closed when urine is not being passed. 
· The internal urethral sphincter is under involuntary control and lies at the bladder–urethra junction.
· The external urethral sphincter is under voluntary control.
Urine formation


Three processes are involved in the formation of urine and they are:
1. Filtration      2) Selective reabsorption      3) Secretion.
Filtration
Glomerular filtration involves the ultrafiltration of plasma in the glomerulus. The filtrate enters the urinary space of the Bowman capsule and then flows downstream through the tubule lumen. The glomerular filtrate consists primarily of water, excess salts (sodium and potassium), glucose, and a waste product of the body called urea. 
Selective reabsorption
Tubular reabsorption involves the transport of substances out of tubular lumen. These substances are then returned to the capillary blood, which surrounds the kidney tubules. Reabsorbed substances include many important ions (e.g., Na+, K+, Ca2+, Mg2+, Cl−, HCO3−, and phosphate), water and important metabolites (e.g., glucose and amino acids). 
Only 1% of the glomerular filtrate actually leaves the body and 99% is reabsorbed back into the blood stream.

Secretion
Any substances not removed through filtration are secreted into the renal tubules from the peritubular capillaries of the nephron. Substances secreted are hydrogen ions (H+), potassium ions (K+), ammonia (NH 3) and certain drugs. 
Composition of urine
Urine is a sterile and clear fluid of nitrogenous wastes and salts. It is translucent with a light - yellow colour. Its colour is due to the pigments from the breakdown of hemoglobin. Concentrated urine tends to be darker in colour than normal urine. However, other factors such as diet, medications and certain diseases may affect the colour of the urine. Urine is 96% water and approximately 4% solutes derived from cellular metabolism. Normally there is no protein or blood.
Solutes in the urine

Inorganic solutes:
1. Sodium
1. Potassium
1. Calcium
1. Magnesium
1. Iron

1. Chloride
1. Sulphate
1. Phosphate
1. Bicarbonate
1. Ammonia
Organic solutes:
1. Urea
1. Creatinine
1. Uric acid

Casts & Stones


Urine casts
Casts are the result of solidification of material (protein) in the lumen of the kidney tubules. Once formed, these molds (or casts) of the tubule are eliminated via the urine and may be seen in the urine sediment.
1. Hyaline Casts: they may be present without significance. They may be seen in increased numbers after strenuous exercise and in some renal diseases.
1. RBC Casts: are most often associated with diseases that affect the glomerulus.
1. WBC Casts: they are generally associated with tubulointerstitial disease such as acute pyelonephritis.
1. Epithelial Casts: are associated with acute tubular necrosis, viral disease such as infection with cytomegalovirus, and exposure to nephrotoxic substances such as mercury and various drugs.
1. Granular Casts: The casts are associated with tubulointerstitial disease.
1. Waxy Casts: They suggest renal stasis or nephron obstruction and associated with severe chronic renal disease.
Kidney Stones
A kidney stone is a hard, crystalline mineral material formed within the kidney or urinary tract. A stone is formed in a kidney when substances that are normally found in the urine become highly concentrated. Kidney stones are a common cause of blood in the urine (hematuria) and often severe pain in the abdomen or flank.
Causes of kidney stones
1. Hypercalciuria, a condition that runs in families in which urine contains unusually large amounts of calcium.
1. A family history of kidney stones.
1. Cystic kidney diseases.
1. Hyperparathyroidism.
1. Hyperuricosuria, hyperoxaluria and cystinuria.
Types of kidney stones
1. Calcium stones are the most common type of kidney stone and occur in two major forms: calcium oxalate and calcium phosphate.
1. Uric acid stones form when the urine is persistently acidic. A diet rich in urines—substances found in animal protein such as meats and fish may increase uric acid in urine.
1. Struvite stones result from kidney infections.
1. Cystine stones result from a genetic disorder that causes cystine to leak through the kidneys and into the urine, forming crystals that tend to accumulate into stones.
ENDOCRINAL FUNCTION OF THE v\IDNEY
The kidneys are endocrine organs; they secrete renin and erythropoietin,
make kinas (unknown function) and form prostaglandins and 1-25
dihydroxychole calciferol.
THE RENAL CIRCULATION:
The kidney receives arterial blood via the renal artery (figure 1) which
arises directly from the aorta. It breaks into interlobar arteries in the medulla
which unite again at the corticomedullary junction forming arcuate arteries.
The later break into interlobular arteries which enter the cortex and from
them the wide afferent arterioles arise. The later break into the glomerular
capillaries from which blood is drained via the narrowo;, efferent arterioles
(page 3). The course of the circulation then differs as follows (figure 5):
(1) In the cortical nephrons, the efferent arterioles break into a network
of peritubular capillaries that supply the whole tubules.
(2) In the juxtamedullary nephrons, the efferent arterioles break into 2
types of peritubular capillaries (a) A capillary network that supplies the
PCT & DCT (b) The vasa recta that dip into the medulla alongside the LH.
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