URINARY SYSTEM LECTURE

I. General Introduction

There are several organs that are involved in excreting wastes from the body. These organs include the lungs, livers, skin, and kidneys. 

The kidneys are the major excretory organs of the body and are part of the urinary system, which also has many other important functions.

II. Functions of the Urinary System

A. Filters Waste Products from Blood - The urinary system eliminates in the urine different waste products such as ammonia and urea (both formed when amino acids are broken down), and uric acid (formed when nucleic acids are broken down).

B. Regulates Ion Levels in the Plasma - The urinary system also regulates ion levels in the plasma by regulating the amount of sodium, potassium, chloride and other ions lost in the urine.

C. Regulates Blood pH - The urinary system regulates blood pH by regulating the number of H+ and bicarbonate ions (HCO3-) lost in the urine.

D. Conserves Valuable Nutrients - At the same time, the urinary system makes sure that glucose, amino acids and other valuable nutrients are not lost from the urine.

The blood is filtered by the kidney through 3 processes called filtration, reabsorption, and secretion. The wastes leave the body as urine.

E. Regulates Blood Volume - The urinary system regulates blood volume by: 

1) releasing renin, a hormone that after a series of reactions eventually restricts salt and water loss at the kidneys.

2) adjusting the volume of water lost in the urine

F. Regulates RBC Production - If oxygen levels in the blood are low, the kidneys release erythropoietin, a hormone that stimulates the hemocytoblasts (stem cells in the bone marrow) to increase red blood cell formation. Having more RBCs allows the blood to transport more oxygen.

G. Stores Urine - The bladder stores the urine until it is convenient to excrete it.

H. Excretes Urine - The urethra transports urine from the urinary bladder to the outside of the body.

III. Filtration and Urine Formation - The kidneys filter blood and produce urine. They filter out wastes and excess ions, which leave the body in the urine, and return any needed substances back to the blood.

In 1 day, the kidneys filter over 140 liters of blood (the body’s entire volume of blood is filtered every 40 minutes).

The kidneys produce urine through 3 processes:

A. Filtration - Water, solutes smaller than proteins, and most wastes passively pass out of the glomerulus capillaries into a cupped region called the Bowman’s capsule. This fluid is called filtrate.  Proteins and blood cells cannot pass through and so are not part of the filtrate.

B. Reabsorption - The filtrate moves into tubules that recover most of the nutrients, water, and essential ions from the filtrate and return it to the blood of capillaries in surrounding connective tissue.  What is left becomes “urine” and is eventually excreted out

C. Secretion - This process takes any wastes not filtered by the glomerulus (from the blood of surrounding capillaries) and adds them to the urine. 

IV. Kidneys

A. Location - The kidneys are retroperitoneal (i.e. behind the parietal peritoneum) against the posterior abdominal wall from about T11 or T12 to L3.

The right kidney is lower than the left kidney because the liver crowds the right kidney.

B. External Gross Anatomy

The kidney is surrounded by several layers of supportive tissue.

1. Renal Capsule (ren = kidney)

a. Structure/Location - This is a thin, transparent, tough coat of dense irregular connective tissue that encloses the kidney and lies directly on the kidney's surface.

b. Function - It maintains the kidney's shape and protects from trauma and infections.

2. Adipose Capsule (Perirenal  or Perinephric Fat) (peri = around; ren = kidney)

a. Structure/Location - External to the renal capsule is the adipose capsule

b. Function - This cushions and holds the kidneys in place to keep them from slumping. Also insulates the kidney.

3. Renal Fascia 
a. Structure/Location - External to the adipose capsule is the renal fascia. This is dense irregular connective tissue deep to the parietal peritoneum.

b. Function - Binds the kidneys to the posterior abdominal wall and the peritoneum.

4. Pararenal Fat (Paranephric Fat) (para = beside, near; ren = kidney)

a. Structure/Location - External and posterior to the renal fascia is the pararenal fat made of adipose tissues. 
b. Function - Padding for protection against outside wall.

C. Layers of the Kidney - When the kidney is cut with a frontal cut you can immediately see two layers:

1. Cortex - This is the layer immediately under the renal capsule.  
It is the outer region and is lighter in color. It contains renal corpuscles and extends inwards as renal columns.

2. Medulla - The medulla is below the cortex and is divided into pyramid-shaped structures called renal pyramids. The apex or point of the pyramid points internally.  Renal columns from the cortex extend down between the renal pyramids.

a. Renal Pyramids - The renal pyramids are made up of hundreds of collecting ducts. that are all arranged parallel.

Each collecting duct receives urine from many nephrons (I’ll discuss nephrons in a bit) and helps to concentrate the urine.

Each renal pyramid terminates as a renal papilla. The papilla is where the collecting ducts of the pyramids drain into the calyx.

D. Cavities and Associated Structures

1. Calyx (Major and Minor) (calyx = cup)

a. Structure/Location - A calyx is a short, cup-shaped tube that receives urine from the collecting ducts. Each renal papilla projectes into the space called the minor calyx. There is one for each pyramid. Several minor calyces merge to form larger spaces called major calyces. Each kidney has about 2-3 major calyces.

b. Function: Minor calyx collects urine from one renal papilla. Major calyx collects urine from the minor calyx and empties the urine into the renal pelvis. (From the pelvis the urine goes to the ureter and then bladder and then urethra)

2. Renal Pelvis (pelvis = basin)

a. Structure/Location

This is a flat, funnel-shaped tube and is the expanded superior part of the ureter. The renal pelvis is formed by the junction of all major calyces.

b. Function - It carries urine

3. Renal Sinus

a. Structure/Location - The renal sinus is a large space in the medial part of the kidney and opens to the exterior through the renal hilus.

b. Function: The sinus is contains the renal vessels, renal nerves, some fat, the renal pelvis and renal pelvis, and the calices (singular = calyx)

4. Renal Hilus 
a. Structure/Location - This is and indentation in the medial part of kidney. 

b. Function - This is where the ureter, renal blood vessels, and nerves, enter or exit the kidney

E. Microscopic Anatomy

1. Nephron (a urine-forming structure)  The main functional filtration unit of the kidney is the nephron. Each kidney has over 1 million nephrons separated by small amounts of a areolar connective tissue.

2. Collecting Ducts (Collecting Tubule) These structures are involved in concentrating urine. 
V. Nephrons - There are more than 1 million of these per kidney

A. Location

1. Cortical Nephrons - 85% of nephrons are located mostly in the cortex (called cortical nephrons).  They have short loops of Henle

2. Juxtamedullary nephrons - (juxta = next to) 15% of nephrons are located close to cortex-medulla junction (called juxtamedullary nephrons). They have long loops of Henle that dip into the medulla.

B. Structure - Each nephron consists of 3 main structures:

1. Glomerulus (Glomerular capillaries) (glomer = ball; ulus = little)

The glomerulus is a “knot” of capillaries. The endothelium of the glomerulus has fenestrations (pores) so these capillaries are very porous and allow large quantities of fluid and small molecules to pass from the capillary blood into the hollow interior of the Bowman's capsule.

This fluid is the filtrate that is later processed into urine.

20% of blood that passes through the glomerulus leaves the capillaries. 80% remains in the capillaries. 

2. Bowman’s capsule (glomerular capsule) This is an enlarged, cup-shaped closed end of the renal tubule that completely surrounds the glomerulus.  The capsule is double-walled and contains a parietal and visceral layer.

a. Parietal layer - This is the outer wall of the capsule. It is made of simple squamous epithelium. It does not play a part in the formation of filtrate, rather it just helps support the wall.

b. Visceral layer - This is the inner wall of the capsule. It adheres to the glomerulus.

1. Podocytes - The visceral layer is made of branching epithelial cells called podocytes (pod = foot; cyte = cell)  The branches of the podocytes end in structures called pedicels. (little feet). The pedicels interdigitate with one another as they surround the glomerular capillaries.

2. Filtration Slits - The filtrate passes into the capsular space through thin clefts between the foot processes called filtration slits. Filtration slits prevent filtration of proteins.

3. Renal Tubules – These are made of 3 parts:

a. Proximal convoluted tubule (PCT) These are the coiled portions of the renal tubules, proximal to Bowman’s capsule. They are the most active in reabsorption and secretion.  The walls of the tubule are made of cuboidal epithelial cells with dense microvilli (increased surface area for reabsorbing water, ions, and solutes from the filtrate)

b. Loop of Henle - This is a U-shaped loop found mostly in the medulla. Its primary function is to maintain a salty medulla (you’ll go into details in Human Physiology) Made of simple squamous or simple cuboidal epithelium

c. Distal Convoluted Tubule - This is the coiled portion of the tubule distal to the Bowman’s capsule.  It is made of simple cuboidal epithelialium but without many microvilli. The DCT is attached to a larger collecting duct.

Summary of flow of fluid from point where the glomerular filtrate is formed to the point where urine leaves the body:
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VI. Ureters

1. Location/Gross Structure - These are paired tubes about 10 inches (25 cm) long 

2. Function - Transport urine from the kidney to the urinary bladder by peristalsis and some help from gravity. 

3. Histology - Ureters, like most hollow organs are made of 3 layers: 

a. Mucosa - transitional epithelium that stretches when the ureters fill with urine and lamina propria (a layer of dense irregular connective tissue, no submucosa)

b. Muscularis - two layers of smooth muscle (three layers as ureters near bladder). Peristalsis propels urine to the bladder.

c. Adventitia - areolar with dispersed array of collagen and elastic fibers

VII. Urinary Bladder

A. Location/Gross Structure:  The bladder is posterior to public symphysis and anterior to the vagina and uterus (females) and rectum (males)  The interior has opening or ureters and the urethra.  The smooth triangular region of the base is outlined by these 3 openings. This triangular area is called the trigone. (trī-gōn) (tri = three; gon = angle)

Many bladder infections persist in this region

B. Function - Stores and expels urine. The bladder can hold about 1 pint ( about 500 mL.) of urine 

When about 300 mL of urine collect, stretch receptors initiates a reflex called micturition (emptying of the bladder or urinating). It causes the internal urethral sphincter to contract. This sphincter is a thickening of the detrusor smooth muscle at the junction of the bladder and urethra. This is involuntary, smooth muscle. It keeps urine from dribbling between voidings.

There is also another sphincter, the external urethral sphincter which surrounds the urethra as it passes through the urogenital diaphragm. This is voluntary skeletal muscle.

C. Histology - The bladder s a collapsible, muscular sac made of 3 layers:

a. Mucosa - The mucosa is made of transitional epithelium. It forms rugae (folds) when the bladder is empty. Also has lamina propria that supports the mucosa

b. Submucosa

c. Muscularis - This is made of 3 layers of smooth muscle layer collectively called the detrusor muscle. (de = down; trus = push) Contraction of this muscle squeezes urine from the bladder during urination.

c. Adventitia - Connective tissue and visceral peritoneum

VIII. Urethra

A.  Function - This is a tube that transports urine from the bladder to the outside of the body.

B. Histology:

a. mucosa - In males i s transitional epithelium near the urinary bladder and then this changes changes to stratified squamous near the orifice.  In females is stratified squamous

b. Muscularis - smooth muscle that helps propel the urine to the outside of the body.

c. Adventitia

C. Male vs. Female Urethra

The female urethra is 3-4 cm long and the opening is anterior to the vaginal opening.

The male urethra is about 18 cm long and has 3 regions: 

a. Prostatic urethra (inside prostate gland just inferior to urinary bladder)

b. Membranous urethra (just inside the urogenital diaphragm)

c. Spongy/penile urethra (inside the corpus spongiosum of the penis). 

The opening is at the end of the penis and is shared by urinary and reproductive systems.

V. Blood Flow through the Kidney
Renal fraction = 20 % of cardiac output at any one time.

Make sure you know the following sequence:

A. Aorta - Oxygenated blood pumped by the heart goes through the aorta.
B. Renal artery - From the abdominal aorta the blood goes to the renal arteries.

C. Segmental arteries - As each renal artery approaches a kidney it divides into five segmental arteries that enter the renal hilus.

D. Lobar arteries - Within the renal sinus, each segmental artery branches into several lobar arteries

E. Interlobar arteries - The lobar arteries then divide into interlobar arteries which lie in the renal columns between the medullary pyramids.

F. Arcuate arteries - At the medulla-cortex junciton, the interlobar arteries branch into arcuate arteries. 
These arch over the bases of the renal pyramids.

G. Interlobular arteries - The arcuate arteries radiate outward and form interlobular arteries. They divide the cortex into lobules.

H. Afferent arterioles - Interlobular arteries branch into afferent arterioles. These transports blood to the glomerulus

I. Glomerular capillaries (glomerulus) These produce the filtrate that moves through the uriniferous tubule and becomes urine. It is both fed and drained by arterioles.

J. Efferent arteriole - receives blood from the glomerulus)

K. Peritubular capillaries and vasa recta - The peritubular capillaries arise from the efferent arterioles draining the cortical glomeruli. They thread around the rental tubule of the nephron. They absorb solutes and water from the tubule cells after these substances are reabsorbed from the filtrate. 

The vasa recta arise from the efferent arterioles draining the juxtamedullary glomeruli. (vas= vessa; recta = straight) The vasa recta are part of the kidney's urine-concentrating mechanism.

The veins drain the blood in reverse of the arteries.

L Interlobular veins

M. Arcuate veins

N. Interlobar veins (goes from medulla cortex to hilus)

O. Renal vein

(There are no lobar or segmental veins)

P. Inferior vena cava
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