Saladin, Human Anatomy 3e

Detailed Chapter Summary
Chapter 25, The Urinary System 
25.1 Functions of the Urinary System (p. 686)

1. The urinary system consists of two kidneys, two ureters, the urinary bladder, and the urethra.

2. The kidneys filter blood plasma; separate wastes from useful chemicals; regulate blood volume and pressure; control blood osmolarity; secrete renin, erythropoietin, and calcitriol; regulate blood pH; and carry out gluconeogenesis in times of starvation.

3. Excretion is the process of isolating wastes from the body fluids and eliminating them. 

4. The kidneys excrete nitrogenous wastes, among other waste products. The most abundant nitrogenous waste in the urine is urea. 

5. An elevated level of blood urea is called azotemia, and may progress to a life-threatening syndrome called uremia.

25.2 Anatomy of the Kidney (p. 687)

1. The kidneys are located retroperitoneally against the upper posterior abdominal wall. The adrenal glands lie against the superior to medial aspects of the kidneys.
2. Each kidney is surrounded by a fibrous renal fascia, an adipose perirenal fat capsule, and a fibrous renal capsule.
3. The glandular tissue of a kidney (parenchyma) is composed of about 1.2 million microscopic functional units called nephrons, which filter the blood and convert the filtrate to urine.

4. The parenchyma forms a cup- or C-shaped mass encircling a medial cavity, the renal sinus. The sinus contains blood vessels, adipose tissue, and urine-collecting structures—the minor and major calyces and renal pelvis. The medial slit that opens into the sinus is the hilum.
5. The parenchyma is divided into renal cortex and renal medulla. The renal medulla consists of about 6 to 10 conical renal pyramids whose apices face the renal sinus and are cupped in the minor calyces. The renal cortex consists of an outer layer covering the renal pyramids, as well as renal columns that project inward between the pyramids.

6. Each kidney is supplied by a renal artery that arises from the abdominal aorta. The renal artery branches shortly before or after entering the hilum into a few segmental arteries, and each of these further divides into a few interlobar arteries. These pass between the pyramids and then turn about 90( to arch over the pyramids as arcuate arteries. Each arcuate artery gives rise to several cortical radiate arteries which extend outward into the cortex, almost as far as the surface of the kidney.

7. The cortical radiate arteries give off a lateral branch called the afferent arteriole to each nephron. This arteriole feeds into a spheroidal mass of capillaries, the glomerulus, contained within a glomerular capsule of the nephron. An efferent arteriole leaves the glomerulus and then breaks up into a network of peritubular capillaries around the tubules of a nephron.

8. From the peritubular capillaries, blood exits the kidney along via a route that includes cortical radiate veins, arcuate veins, interlobar veins, and the renal vein, which empties into the inferior vena cava. 

9. Nephrons near the medulla give off small blood vessels called the vasa recta that supply tissues of the medulla.
10. Renal nerves follow the renal artery and innervate the afferent and efferent arterioles. They provide sympathetic control over blood flow to the glomerulus, and thus regulate the rate of glomerular filtration and urine formation. They also stimulate renin secretion.

11. A nephron produces urine in three stages: (1) glomerular filtration; (2) tubular reabsorption and secretion, which occur simultaneously; and (3) water conservation.
12. A nephron begins with a double-walled glomerular capsule enclosing the glomerulus; the glomerulus and capsule constitute the renal corpuscle. The capsule consists of a parietal layer with a simple squamous epithelium and a visceral layer composed of podocytes. Podocytes have numerous foot processes that wrap around the glomerular capillaries.

13. To leave the blood and enter the glomerular capsule, water and solutes must pass through a selective filtration membrane that includes the fenestrations of the capillary endothelium, the basement membrane, and the filtration slits between the podocyte foot processes. The small sizes and negative charges on these barriers prevent blood cells and most protein from leaving the capillaries.

14. Filtrate collects in the capsular space between the capsule layers and then flows into the renal tubule leading away from the capsule.

15. The renal tubule consists of a highly coiled proximal convoluted tubule (PCT), a U-shaped nephron loop, a coiled distal convoluted tubule (DCT), and a collecting duct. The first three of these belong to a single nephron; the collecting duct receives fluid from many nephrons.

16. The proximal convoluted tubule (PCT) is the longest part of the renal tubule, and has a brush border of prominent microvilli. It reabsorbs about 65% of the glomerular filtrate and returns it to the peritubular capillaries. Materials pass through its epithelium by both a transcellular route (through the plasma membrane and cytoplasm of the tubule cells) and a paracellular routes (through the gaps between tubule cells). 

17. The PCT reabsorbs electrolytes, glucose, amino acids, lactate, protein and other peptides, amino acids, urea, uric acid, and water. It secretes urea, uric acid, creatinine, ammonia, bile acids, H+, HCO3–, drugs, and other solutes into the tubular fluid.

18. The nephron loop reabsorbs Na+, K+, Cl–, and water, and serves mainly to maintain a gradient of osmolarity in the tissue fluid of the renal medulla. In conjunction with the collecting duct, this makes it possible to excrete hypertonic urine, thus to eliminate wastes without excessive water loss.
19. Nephrons relatively far from the medulla, called cortical nephrons, have very short nephron loops and sometimes none at all; the 15% of nephrons that are close to the medulla, called juxtamedullary nephrons, have very long nephron loops and bear most of the responsibility for maintaining the osmotic gradient of the medulla.
20. The ascending limb of the nephron loop ends in a juxtaglomerular apparatus where the loop meets the afferent and efferent arterioles near the glomerular capsule. It is a feedback device for monitoring the flow and composition of the tubular fluid and adjusting glomerular filtration. It includes a patch of cells in the loop called the macula densa, which monitors fluid flow; smooth muscle cells called juxtaglomerular cells, mainly in the afferent arteriole, which regulate blood flow into the glomerulus; and mesangial cells between the arterioles and amid the glomerular capillaries, which maintain the glomerulus and may constrict its capillaries to regulate blood flow.
21. The distal convoluted tubule (DCT) reabsorbs Na+, Ca2+, Cl–, phosphate, and water, and secretes K+ and H+ at variable rates depending on the influence of aldosterone, atrial natriuretic peptide, and parathyroid hormone.

22. The collecting duct receives filtrate from nephrons in the cortex and passes down through the medulla to the renal papilla.  It secretes variable amounts of H+, K+, and HCO3– into the tubular fluid and reabsorbs Na+. Most importantly, it reabsorbs variable amounts of water according to the influence of antidiuretic hormone, thus adjusting the osmolarity of the urine and regulating the body’s water balance.

25.3 Anatomy of the Ureters, Urinary Bladder, and Urethra (p. 696)

1. The ureter is a muscular tube from the renal pelvis to the floor of the urinary bladder. It drives urine to the bladder by means of peristalsis.

2. The urinary bladder has a smooth muscle layer called the detrusor muscle with a thickened ring, the internal urethral sphincter, around the origin of the urethra. Most of its mucosa exhibits folds called rugae when the bladder is empty. The trigone, a smooth triangular area between the openings of the ureters and urethra, is the most common site of bladder infections. 

3. The urethra is 3 to 4 cm long in the female, but in the male, it is 18 cm long and divided into prostatic, membranous, and spongy (penile) segments. A voluntary external urethral sphincter of skeletal muscle encircles the urethra in both sexes where it passes through the pelvic floor. 

25.4 Developmental and Clinical Perspectives (p. 698)

1. Temporary embryonic kidneys called the pronephros and mesonephros develop and degenerate before the permanent kidney, the metanephros, appears early in week 5. 

2. At this time, a pouch called the ureteric bud arises from the lower end of the mesonephric duct. It elongates and branches, eventually giving rise to the ureter, renal pelvis and calyces, and collecting ducts.

3. As the ureteric bud penetrates into the mesonephric kidney tissue, it induces the formation of nephrons. These start as S-shaped tubules that eventually enfold glomerular capillaries at one end, connect with the collecting duct at the other end, and differentiate into PCT, nephron loop, and DCT.

4. The embryonic urinary tract initially opens into a chamber, the cloaca, that also receives the digestive and reproductive tracts; in weeks 4 to 7, the cloaca divides into an anal canal and a urogenital sinus. The upper part of the urogenital sinus differentiates into the urinary bladder, and the lower end into the urethra.

5. In old age, the kidneys atrophy markedly and become less efficient at clearing wastes and drugs from the blood. Elderly women often experience urinary incontinence due to weakening of the pelvic muscles and urethral sphincters, whereas elderly men often experience urine retention and reduced flow during urination because of pressure on the urethra from an enlarged prostate gland.

6. Renal failure can have numerous causes ranging from atherosclerosis to poisoning and trauma. It presents a danger of azotemia or uremia, and may require hemodialysis or a kidney transplant.

