
 1 

Chapter 23 – The Urinary System 
 

I.  Functions of the Urinary System:  The Urinary System consists of six organs:  
two kidneys, two ureters, the urinary bladder, and the urethra. 
 A.  Functions of the Kidney – the most fundamental role of the kidneys  
  is to eliminate wastes and regulate the volume and composition of  
  body fluids through homeostasis.  The following are aspects of  
  kidney function: 
  1.  Filter blood plasma, separate, and eliminate wastes while  
   returning the useful chemicals to the bloodstream. 
  2.  Regulate blood volume & pressure by eliminating or conserving 
   water as necessary. 
  3.  Regulate osmolarity of body fluids. 
  4.  Secrete renin, an enzyme that activates hormones that control  
   blood pressure and electrolyte balance. 
  5.  Secrete erythropoietin, a hormone that controls RBC count. 
  6.  Function with the lungs to regulate CO2 pressure and acid-base  
   balance of the body fluids. 
  7.  Contribute to calcium homeostasis through their role in   
   synthesizing calcitrol (Vitamin D). 
  8.  Detoxify free radicals and drugs. 
  9.  In times of starvation, they carry out gluconeogenesis (remove  
   the amine group from amino acids, excrete it as ammonia,  
   and make glucose from the rest of the molecule). 
 
 B.  Nitrogenous Wastes 
  1.  Waste – any substance that is useless to the body or present in  
   excess of the body’s needs. 
  2.  Metabolic waste – produced by the body. 
  3.  Nitrogenous waste – compounds containing nitrogen that are  
   toxic to cells.  Examples include: 
   a.  Urea – a by-product of protein breakdown; found in  
    blood, sweat & urine 
   b.  Uric acid – produced by the breakdown of nucleic acids;  
    found in urine. 
   c.  Creatinine – produced by the breakdown of creatine  
    phosphate; found in urine. 
  4.  Blood Urea Nitrogen (BUN) – level of nitrogenous waste in the  
   blood; the urea concentration is normally 10-20 mg/dL. 
   a.  Azotemia – abnormally elevated BUN; may indicate renal  
    insufficiency. 
    1.  Azotemia may progress to uremia, a syndrome of  
    diarrhea, vomiting, dyspnea, and cardiac arrhythmia. 
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 C.  Excretion – process of separating wastes from the body fluids and  
  eliminating them.  It is carried out by four organ systems: 
    1.  Respiratory system   3.  Digestive System 
  2.  Integumentary system   4.  Urinary System 
 
II.  Anatomy of the Kidney 
 A.  Position and Associated Structures 
  1.  Location – against the dorsal abdominal wall at the level of T12  
   to L3.  The right kidney is slightly lower than the left   
   because of the liver on the right side. 
  2.  Description – each kidney weighs about 160g and measures  
   about 10 cm long, 5 cm wide, and 2.5 cm thick.  They are  
   about the size of a bar of bath soap. 
  
 B.  Gross Anatomy 
  1.  Hilum – slit where the kidney receives the renal nerves, blood  
   vessels, lymphatics, and ureters. 
  2.  The kidney is protected by three layers of connective tissue: 
   a.  renal fascia – immediately deep to the parietal   
   peritoneum; binds the kidney to the abdominal wall. 
   b.  perirenal fat capsule – layer of adipose tissue; cushions  
   the kidney & holds it in place. 
   c.  fibrous capsule – encloses the kidney and protects it  
   from trauma and infection. 
  3.  Renal parenchyma – glandular tissue that forms the urine. 
   a.  renal sinus – cavity occupied by blood & lymphatic  
   vessels, nerves, & urine collecting structures. 
   b.  The parenchyma is divided into two zones: 
    (1)  Renal cortex – outer portion; extends into renal  
     columns. 
    (2)  Renal medulla – inner portion; divided into 6-10  
     renal pyramids. 
     a.  renal papilla – blunt point of a renal   
     pyramid that faces the sinus. 
  4.  Minor calyx – collects the urine from each renal papilla. 
  5.  Major calyx – two or three minor calyces form one major calyx. 
  6.  Renal pelvis – two or three major calyces form the renal pelvis. 
 
 ***C.  Renal Circulation – see Figure 23.5 on page ____________.  
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 D.  Nephrons – 1.2 million functional excretory units in each   
  kidney.  Each is composed of a renal corpuscle and a renal tubule. 
  1.  Renal Corpuscle – consists of the glomerulus (ball of capillaries) 
   and a two-layered glomerular (Bowman’s) capsule. 
     a.  vascular pole – the afferent arteriole (much larger vessel)  
    brings blood to the  capsule and the efferent arteriole 
    (smaller vessel) carries blood away from the capsule. 
   b.  urinary pole – parietal wall gives rise to the renal tubule. 
  2.  Renal Tubule – leads away from the glomerular capsule and  
  ends at the tip of a medullary pyramid.  It is divided into 4 regions: 
   a.  proximal convoluted tubule (PCT) – longest and most  
    coiled of the four regions.  It arises from the   
    glomerular capsule. 
   b.  nephron loop (loop of Henle) – long U-shaped portion of  
    the renal tubule. 
    (1)  descending limb – where the PCT straightens out  
     & dips toward or into the medulla. 
    (2)  ascending limb – returns to the cortex. 
   c.  distal convoluted tubule (DCT) – shorter and less coiled  
    than the PCT; begins shortly after the ascending limb 
    reenters the cortex; this is the end of the nephron. 
   d.  collecting duct – receives fluid from the DCTs as they  
    pass back into the medulla. 
 
III.  Urine and Renal Function Tests (Page _________) 

• Urinalysis – examination of the physical & chemical properties of urine. 
 A.  Composition and Properties of Urine    
  1.  Appearance – urine varies from almost colorless to deep amber. 
   a.  urochrome – pigment produced by the breakdown of  
   hemoglobin from expired RBCs; gives urine its yellow color. 
   b.  pyuria – pus in the urine that makes it cloudy and   
   suggests kidney infection. 
  2.  Odor – fresh urine has a distinctive but not repellent odor.  As  
   it stands, however, bacteria multiply, degrade urea to  
   ammonia, and produce the foul odor.  Different odors are  
   often diagnostic. 
  3.  Specific gravity – ratio of the density of urine to the density of  
   distilled water.  Urine ranges from 1.001 to 1.030. 
  4.  Osmolarity – urine can be either hypotonic or hypertonic under  
   different conditions. 
  5.  pH – urine ranges from 4.5 to 8.2, but is usually about 6.0  
   (mildly acidic). 
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  6.  Chemical composition – urine averages 95% water and 5%  
   solutes by volume.  It is abnormal to find glucose, free  
   hemoglobin, albumin, ketones, or bile pigments in the  
   urine; their presence is indicative of disease. 
 B.  Urine Volume – an average adult produces 1-2 L of urine per day. 

1.  Polyuria – output in excess of 2L/day.  This could be due to 
increased fluid intake, some drugs, and chronic diseases                             
(diabetes). 

  2.  Oliguria – output of less than 500 mL/day. 
  3.  Anuria – output of 0 to 100 mL/day. 
  4.  Diabetes – metabolic disorder resulting in chronic    
   polyuria, glycosuria. 
  5.  Diuretics – any chemical that increases urine volume.  
 
 
IV.  Urine Storage and Elimination – see Figure 23.23 (pg. ___________) 
 A.  The Ureters – retroperitoneal, muscular tubes that extend to the  
  urinary bladder.  The renal pelvis funnels into these structures. 
  It has three layers: 
  1.  adventitia – connective tissue layer that binds it to the   
   surrounding tissues.   
  2.  muscularis – consists of 2 – 3 layers of smooth muscle; it  
   contracts and initiates a peristaltic wave that milks the urine 
   from the renal pelvis down to the bladder. 
  3.  mucosa – has a transitional epithelium that begins in the minor  
   calyces and extends from there through the bladder. 
  
 B.  The Urinary Bladder – muscular sac on the floor of the pelvic cavity,  
  inferior to the peritoneum and posterior to the pubic symphysis. 
  1.  It is covered by a fibrous adventitia. 
  2.  Its muscularis, the detrusor muscle, consists of three layers of  
   smooth muscle. 
  3.  Its mucosa has a transitional epithelium.  The relaxed bladder  
   has wrinkles called rugae.  
  4.  trigone – smooth, triangular surface on the bladder floor;  
   openings of the two ureters and the urethra; common site  
   of bladder infection. 
  
 C.  The Urethra – conveys urine out of the body.   
  1.  In the female, it is a tube 3-4 cm long, bound to the anterior  
   wall of the vagina.  Its opening, the external urethral orifice, 
   lies between the vaginal orifice and clitoris. 
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  2.  In the male, it is about 18 cm long and has three regions: 
   a.  prostatic urethra – begins at the urinary bladder & passes 
    through the prostate gland.  It receives semen from  
    the reproductive glands during orgasm. 
   b.  membraneous urethra – where the urethra passes   
    through the muscular floor of the pelvic cavity. 
   c.  spongy (penile) urethra – passes through the penis to the 
    external urethral orifice. 
  3.  In both sexes, the detrusor muscle is thickened near the   
   urethra to form an internal urethral sphincter, which   
   compresses the urethra and retains urine in the bladder. 
  4.  Where the urethra passes through the pelvic floor, it is   
   encircled by an external urethral sphincter, which provides  
   voluntary control over the voiding of urine. 
 D.  Voiding Urine – the act of urinating (micturition) is under two   
  different types of neural control. 
  1.  It is controlled partly by a spinal micturition reflex, which is  
   involuntary. 
  2.  It is also voluntarily controlled by the micturition center,   
   located in the pons. 
   

***Please see and know Table 23.3 (page _________):   
Some Disorders of the Urinary System  

(but NOT Disorders described elsewhere).*** 
 
 


