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Chapter 26:  URINARY SYSTEM

Kidneys are:

1. Paired.  (right is slightly lower than left because of liver).

2. Retroperitoneal.  (behind the parietal peritoneum of the abdominal cavity).

3. Adult size = ~ 4 1/2 inches long, 2 1/2 inches wide, 1 inch thick.

Nephroptosis = floating kidney.  May cause kink in ureter, block urine flow and damage kidney.

Three layers of tissue surround each kidney:

1. Renal capsule (innermost layer)

2. Adipose capsule

3. Renal fascia (outer layer)

Kidneys are only 1% of body mass but get 25% of blood flow (1200 mls per minute).

Our entire 5 liter blood supply is filtered by the kidneys 60 times per day (300 liters per day).

GROSS ANATOMY OF INTERNAL KIDNEY:

Renal cortex  (cortical nephrons)

Renal medulla (juxtamedullary nephrons)

Renal pyramids

Renal columns

Renal papilla

Papillary ducts

Minor calyces (calyx)

Major calyces

Renal pelvis

Renal sinus

Hilus 

Urethra lengths:

Female = 4 cm (1 1/2 inches)

Male = 15-20 cm ( (6-8 inches)

Kidneys>>>Ureters>>>Bladder>>>Urethra

Urinary bladder has rugae for expansion, except in the trigone area of the bladder.

Detrusor muscle = smooth muscle of bladder.  It has three smooth muscle layers,

(longitudinal>>>circular>>>longitudinal), which contract so urinary bladder can be emptied.

The bladder also has transitional epithelium which is able to change shape for bladder contraction or distension.

PATH OF URINE FLOW IN MALE:

Collecting duct

Papillary duct

Minor calyx

Major calyx

Renal pelvis

Ureter

Urinary bladder

Internal urethral sphincter

Prostatic urethra (passes through prostate gland)

External urethral sphincter (in urogenital diaphragm)

Membranous urethra (passes through urogenital diaphragm and is the shortest section of the male urethra)

Spongy urethra (passes through penis and is the longest section of male urethra)

External urethral meatus (orifice)

________________________________________________________________________

Primary Function of the Urinary System = control volume, composition and pressure of blood to maintain homeostasis.

Functional unit = Nephron

Nephron functions:

1. glomerular filtration

2. tubular secretion

3. tubular reabsorption

Normal glomerular filtration rate (GFR) = 125 mls per minute (180 liters per day).

99% of the filtrate is reabsorbed (178 1/2 liters per day).

1% is excreted as urine (1 1/2 liters per day).

1200 mls, (1.2 liters, and 1/4 of the total blood supply of the body), flows into the kidneys every minute, through the renal artery and is filtered by kidney nephrons.

TWO PARTS OF A NEPHRON:

1. Renal corpuscle (filters fluid):

    a)  glomerulus

    b)  glomerular (Bowman's) capsule

2. Renal tubule (passage of filtered fluid):

    a)  proximal convoluted tubule (PCT), see page 999.

The PCT reabsorbs 65% of filtered water and ALL filtered glucose and amino acids.

    b)  Loop of Henle (Nephron loop) = reabsorbs 15% of filtered water, 30% filtered K+, 20% filtered Na+, and 35% filtered Cl-.

    c) distal convoluted tubule (DCT).  Two hormones regulate reabsorption in the DCT and collecting ducts:

       1) Aldosterone = adrenal hormone that increases Na+ and water reabsorption.

       2) Antidiuretic hormone (ADH) = a hormone produced by the hypothalamus that affects DCT cell permeability to water. (increased ADH = more cell permeability and more water is reabsorbed, and less is exreted in the urine).

Normally, 99% of glomerular filtrate is reabsorbed, retaining substances needed by the body such as water, glucose, amino acids, and ions (Ca++, Na+, K+, Cl-).

90% of water reabsorption occurs by osmosis and is called OBLIGATORY WATER REABSORPTION.

10% of water reabsorption is regulated by ADH and is called FACULTATIVE WATER REABSORPTION.

***Note:  The fluid inside the capsule (renal corpuscle) is similar to blood plasma except it contains no blood cells or large plasma proteins.

Functions of Tubular Secretion:

1. Rids body of certain substances such as drugs or wastes (urea, creatinine, H+, NH4+).

2. Control blood pH by secreting H+ and increasing or decreasing HCO3-.

***Note:  Excess Hydrogen ions (H+) may be combined with ammonia (NH3) and excreted in the urine as ammonium (NH4).
Normal Blood pH = 7.35 to 7.45.

BLOOD SUPPLY TO KIDNEYS:

(Path of Blood Flow)

Renal artery

Segmental arteries

Interlobar arteries

Arcuate arteries

Interlobular arteries

Afferent arterioles

NEPHRONS (Glomerular capillaries)

Efferent arterioles

Peritubular capillaries and/or vasa recta

Venules 

Interlobular veins

Arcuate veins

Interlobar veins

Renal vein

________________________________________________________________________

DILUTE vs CONCENTRATED URINE:

Depends on ADH which controls water permeability in the last portion of DCT and collecting duct.

Decreased ADH = dilute urine.  Excess water is excreted.  Solute concentration is low.

Increased ADH = concentrated urine.  Most water is reabsorbed.  Solute concentration is high.

Note:  diuretics are drugs that INCREASE urine output and produce dilute urine.

________________________________________________________________________

TWO TYPES OF NEPHRONS:  (about 1 million in each kidney)

1. Cortical Nephrons = 80-85% of total number.  They have SHORT loops of Henle which only penetrate the superficial region of the renal medulla.

2.  Juxtamedullary Nephron = 15-20% of total number.  They have a LONG loop of Henle which stretches through the medulla almost to the renal papilla in the renal pyramid.  See page 1000 in text.

________________________________________________________________________

JUXTAGLOMERULAR APPARATUS (JGA):

.

JGA = Juxtaglomerular cells of the afferent arteriole AND the macula densa at the juncture of the final portion of the ascending loop of Henle and beginning of the DCT.

Cells of the macula densa monitor blood pressure (Na+/Cl-).  JG cells secrete RENIN when blood pressure falls.

Low blood pressure>>>Renin (enzyme release by kidney)>>>Angiotensinogen (a plasma protein produced by the liver) is converted by renin into>>>Angiotensin I, which is then converted by angiotensin converting enzyme (ACE) into>>>Angiotensin II (an active hormone) which causes the adrenal cortex to secrete>>>Aldosterone (adrenal hormone that increases reabsorption of Na+ and water.  This causes blood volume to increase and blood pressure returns to normal.

________________________________________________________________________

TRANSPORT OF MATERIALS ACROSS THE PLASMA MEMBRANE:

In facilitated transport, an integral membrane protein assists a substance to cross the membrane.

Types of Transporters:

Uniporter = move a single substance across the membrane.

Symporter = moves TWO substances across the membrane in the SAME direction.

Antiporter = moves TWO substances across the membrane in DIFFERENT directions.

Note:  urine can be 1000 times more acidic than blood due to H+ primary active transport pumps.  
________________________________________________________________________

GLOMERULAR FILTRATION:

Glomerular (blood) hydrostatic pressure (GHP) = pressure inside glomerular capillaries = 55mm mercury (Hg).

GBHP promotes filtration by forcing fluid into capsular space.  The fluid resembles blood except it lacks blood cells and plasma protiens since these are too large to be filtered (normally....if kidney is damaged large proteins and cells may pass into capsular space).

Pressures that Oppose Glomerular Filtration:

1. capsular hydrostatic pressure (CsHP) = 15mm Hg.

2. blood colloid osmotic pressure (BCOP) = 30mm Hg.

So, Net Filtration Pressure (NFP) = GBHP (55) minus [CHP (15) + BCOP (30)]

= Net Filtration Pressure of 10mm Hg.

This produces a glomerular filtration rate of 125 mls per minute or 180 liters per day.  Remember, 99% of this is reabsorbed and 1% is exreted as urine.

________________________________________________________________________

The Filtration Membrane consists of:

1. glomerular capillary epithelium (which has endothelial fenestrations)

2. basal lamina (lamina densa of basement membrane)

3. filtration slits between pedicels of podocytes

The End

