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Module 24.1 Overview of the Urinary System (Figure 24.1)
A. Overview of the Urinary System Structures (Figure 24.1): The urinary system, organs of excretion, is composed of a pair of kidneys and the urinary tract.
1. The kidneys filter blood to remove metabolic waste products and modifies the resulting fluid, or to maintain fluid and electrolyte homeostasis and acid-base and blood pressure homeostasis.
2. Both kidneys are found outside and posterior to the peritoneal membrane, known as retroperitoneal. An adrenal gland, a component of the endocrine system, is found on the superior pole of each kidney 
3. The urinary tract is composed of a pair of ureters, the urinary bladder, and a single urethra. Urine exits the kidneys through the ureters found on the posterior body wall. Each ureter empties into the urinary bladder on the floor of the pelvic cavity where urine is stored. Urine exits from the urinary bladder through the urethra which allows urine to exit the body.
B. Overview of Kidney Function: The kidneys are the site where the urinary system regulates homeostatic processes. Outline the functions the kidneys perform:
1. The kidneys filter blood to remove metabolic wastes which are then eliminated when urine exits the body.
2. The kidneys regulate fluid and electrolyte balance by regulating osmolarity, the blood solute concentration, by either conserving or eliminating water and electrolytes.
3. The kidneys regulate acid-base balance and blood pH by conserving or eliminating hydrogen ions (H+) and bicarbonate ions (HCO3-).
4. Directly influence blood pressure by controlling blood volume and by secreting an enzyme that influences blood volume and peripheral vascular resistance.
5. Regulate red blood cell production, erythropoiesis, by releasing the hormone erythropoietin. 
6. The kidneys are vital to many other metabolic functions including: detoxifying substances in the blood, activating vitamin D, and making new glucose or gluconeogenesis.
Module 24.2 Anatomy of the Kidneys (Figures 24.2–24.10)
A. External Anatomy of the Kidneys (Figure 24.2)
1. Each kidney is held in place and protected by three external layers of connective tissue found from superficial to deep: renal fascia, adipose capsule, renal capsule.
2. The hilum is an opening on the medial surface of the kidney where the renal artery, vein, nerves, and ureters enter and exit.
3. The hilum opens into the renal sinus, a cavity lined by the renal capsule and filled with urine-draining structures and adipose tissue.
B. Internal Anatomy of the Kidneys (Figure 23.3)
1. Three distinct regions can be seen microscopically on a frontal section of the entire kidney: the outermost renal cortex, the middle renal medulla, and the innermost renal pelvis. The renal cortex and the renal medulla make up the urine-forming portion of the kidney while the renal pelvis and its associated structures drain urine formed in cortex and medulla.
2. The renal cortex is reddish-brown due to its rich blood supply. Renal columns, extensions of renal cortex, that pass through the renal medulla toward the renal pelvis that house branches of the renal artery travelling to the outer cortex.
3. Over one million nephrons, the filtering apparatus, are found within the cortex and medulla of each kidney. What are the two main components of a nephron?
a. A globe-shaped renal corpuscle found in the renal cortex.
b. A long renal tubule found mostly in the cortex with some tubules dipping into the medulla.
4. Cone-shaped renal pyramids are found within the renal medulla separated by renal columns on either side.
5. Each renal pyramid tapers into a slender papilla. Each papilla borders on a cup-shaped tube the minor calyx, the first urine-draining structure. Three to four minor calyces drain into a larger urine-draining structure, the major calyx. Two to three major calyces drain into a large urine-collecting chamber, the renal pelvis, which leads to the ureter. The calyces and renal pelvis are found in the renal sinus.
C. Blood Supply of the Kidneys (Figure 24.4)
1. The left and right renal arteries are branches of the abdominal aorta. The kidneys receive about one-fourth of the total cardiac output or about 1200 ml of blood per minute. Trace the path of blood flow from largest to smallest arteries: renal artery; segmental artery; interlobar artery; arcuate artery; and interlobular or cortical radiate artery.
2. The kidney contains unusual capillary bed system where arterioles fed the capillaries and drain them as well, normally the function of a venule. Each interlobular artery leads to the afferent arterioles that feds a ball-shaped capillary bed, the glomerulus. The glomerulus and its capillaries drain into the efferent arteriole. The efferent arteriole feeds into a second capillary bed, the peritubular capillaries. The peritubular capillaries form a network, or plexus, surrounding the renal tubule of each nephron. Trace the path of blood flow: afferent arteriole; glomerulus; efferent arteriole; and peritubular capillaries.
3. Venous blood exits the kidney parallel to the arterial pathway beginning with the peritubular venules that drain the peritubular capillary beds. Trace the path of blood flow exiting the kidney from the smallest to largest veins: interlobular veins; arcuate veins; interlobar veins; and renal vein. Note the absence of segmental veins. The renal vein exits the kidney from the hilum to drain into the inferior vena cava.
D. Microanatomy of the Kidney: The Nephron and the Collecting System (Figures 24.5–24.9): The nephron has two main divisions, the renal corpuscle and renal tubule and their collective subdivisions (Figure 24.5).
1. The renal corpuscle, responsible for filtering blood, is composed of two parts: (1) the glomerulus and (2) the glomerular capsule (Bowman’s capsule) (Figure 24.6a).
a. Describe the glomerulus. The glomerulus is a group of looping fenestrated, extremely permeable, or leaky capillaries.
b. Describe the glomerular capsule. The glomerular capsule is a double-layered outer sheath of epithelial tissue, consists of an outer parietal and an inner visceral layer. The visceral layer is made of modified epithelial cells called podocytes whose special extensions called foot processes, or pedicels, surround the glomerular capillaries to form filtration slits. The capsular space is the hollow region between the parietal and visceral layers that is continuous with the entrance to of the renal tubule lumen. Podocytes and fenestrated glomerular capillaries form a complex membrane that filters blood flowing through the glomerulus. Filtered fluid known as filtrate exits the glomerular capillaries into the capsular space and then enters the lumen of the renal tubule.
2. Newly formed filtrate enters the renal tubule where it can be further modified in three structurally and functionally distinct regions: the proximal tubule, the nephron loop, and the distal tubule (Figure 24.7).
3. The proximal tubule, the first and longest segment of the renal tubule, has both straight and coiled or convoluted sections. The proximal tubule is made of simple cuboidal epithelial cells with prominent microvilli. What function do the microvilli serve? Microvilli project into the tubule lumen to form the brush border that greatly increases the surface area of this region.
4. The nephron loop (loop of Henle), the next segment that filtrate enters, and the only part of the renal tubule to dip into the renal medulla, consists of a descending and an ascending limb.
a. The descending limb, sometimes known as the thin descending limb because it is made of simple squamous epithelial cells, travels toward the renal medulla.
b. Once the descending limb turns 180o it is known as the ascending limb which is sometimes called the thick ascending limb because it is made of simple cuboidal epithelial cells.
5. The distal tubule, both straight and convoluted sections, is the last segment of the renal tubule that filtrate passes through, is made of simple cuboidal epithelium without a brush border.
6. The juxtaglomerular apparatus (JGA), composed of both the macula densa and the juxtaglomerular (JG) cells, is found at the transition point between the ascending limb of the nephron loop and distal tubule. The JGA regulates blood pressure and glomerular filtration rate (Figure 24.8).
7. The collecting system, a series of functionally and structurally distinct tubules, consists of the cortical duct and medullary collecting system (both the medullary collecting duct and papillary duct) that further modify filtrate before it exits the kidney (Figure 24.9).
E. Types of Nephrons (Figure 24.10)
1. The kidney contains two structurally and functionally distinct nephrons, cortical and juxtamedullary, based on differences between their nephron loops and the organization of their peritubular capillaries.
2. Cortical nephrons make up about 80% of the nephrons in the kidneys and are found in the renal cortex. The renal corpuscles are found in the outer renal cortex and have short nephron loops that barely enter the renal medulla if at all.
3. Juxtamedullary nephrons function as a component of a system that controls the volume and concentration of urine. The cortical portion of the nephron is surrounded by peritubular capillaries branches from neighboring cortical nephrons while the nephron loop is surrounded by a ladder-like network of capillaries called the vasa recta that arise from the efferent arteriole, both which drain into interlobular veins. 
Module 24.3 Overview of Renal Physiology (Figure 24.11)
A. Glomerular filtration is the initial process of the nephrons: to filter blood.
1. The glomerular capillary membranes filter blood selectively based on size so cells and large proteins are not filtered and remain in the circulating blood.
2. Smaller substances such as water, electrolytes (sodium and potassium ions), acids and bases (hydrogen and bicarbonate ions), organic molecules, and metabolic waste exit the blood to enter the capsular space as filtrate or tubular fluid.
B. Tubular reabsorption is next process that the nephron performs after filtration. The function of tubular reabsorption is to modify the filtrate as it flows through the tubules.
1. Reclaiming or reabsorbing substances such as water, glucose, amino acids, and electrolytes from the tubular fluid to return them into circulating blood is a priority.
2. The nephron is able to reabsorb the majority of filtered water and solutes from the proximal tubule and nephron loop.
3. Reabsorption in the distal tubule and collecting is more precise allowing the nephron to vary the amounts of different substances that are reabsorbed to maintain homeostasis as the needs of the body changes.
C. Tubular secretion is the process where substances are added into the filtrate from the peritubular capillaries for excretion from the body.
1. This may occur along the entire tubule, but some substances are secreted more from one region than another.
2. This modification process helps maintain electrolyte and acid-base homeostasis and removes toxins from the blood that did not enter the tubular fluid by filtration.
Module 24.4 Renal Physiology I: Glomerular Filtration (Figures 24.12–24.14; Table 24.1)
A. The Filtration Membrane and the Filtrate (Figure 24.12): The filtration membrane consists of three layers found at the inner part of the glomerular capsule that collectively create a barrier and includes the following, from deep to superficial structures, based on the direction of filtrate flow: the fenestrated glomerular capillary endothelial cells, a basal lamina, and the podocytes.
1. Fenestrated glomerular capillary endothelial cells make up the deepest first layer of the filtration barrier that filtrate must pass. Fenestrations are large pores between endothelial cells that make them “leaky,” but prevent large substances like blood cells, platelets, and large proteins from exiting the capillary blood flow.
2. A basal lamina is a thin layer of extracellular matrix gel that makes up the second layer that separates the glomerular endothelial cells from the podocytes.
3. The visceral layer of the glomerular capsule or the podocytes make up the final barrier before filtered substances become filtrate in the capsular space.
B. The Glomerular Filtration Rate (GFR) (Figure 24.13): The amount of filtrate formed by both kidneys in 1 minute is known as the glomerular filtration rate which is quite rapid at 125 ml/min or the equivalent of filtering all 3 liters of blood plasma about 60 times per day,
1. Two forces that generate filtration pressures that drive fluid movement in the typical capillary bed include hydrostatic and colloid osmotic pressure. Describe these pressures.
a. Hydrostatic pressure is equal to blood pressure and the force of fluid on the capillary walls that pushes water out of the capillary into the interstitial space.
b. Colloid osmotic pressure (COP) is the pressure created by proteins, mostly albumin in the plasma, whose osmotic gradient favors pulls water into the capillaries by osmosis.
c. The interaction between these two pressures determines the net filtration pressure (NFP) and the direction that water will flow.
2. Net filtration pressure at the glomerulus includes glomerular hydrostatic pressure, glomerular colloid osmotic pressure, and a third driving force, the capsular hydrostatic pressure. Explain the following pressures.
a. The glomerular hydrostatic pressure (GHP) is determined mostly by the systemic blood pressure. It is about 50 mm Hg which is higher than the average capillary bed hydrostatic pressure (17–35 mm Hg) and favors filtration of substances through the filtration membrane into the capsular space.
b. The glomerular colloid osmotic pressure (GCOP) is similar to COP and is created mostly by albumin. This pressure is only slightly higher (30 mm Hg) than the typical capillary bed and opposes filtration by pulling water back into the glomerular capillaries.
c. The capsular hydrostatic pressure CHP) is generated as the capsular space rapidly fills with new filtrate (10 mm Hg) as fluid can only move so quickly into the renal tubule which opposes filtration.
d. The net filtration pressure (NFP) is the combination of these 3 forces: 
NFP = GHP – (GCOP + CHP)
which favors filtration as GHP is greater than the sum of the forces that oppose filtration, GCOP + CHP.
C. Factors that Affect the Glomerular Filtration Rate (Figure 24.14; Table 24.1): Autoregulation within the kidneys are internal mechanisms that work together to maintain GFR within a normal range and include the myogenic mechanism and tubuloglomerular feedback.
1. Summarize the myogenic mechanism. This mechanism is similar to the constriction of smooth muscle in blood vessel walls in response to increases in blood pressure.
2. Summarize tubuloglomerular feedback. This second autoregulation mechanism involves the macula densa of the distal renal tubule where a negative feedback loop controls pressure in the glomerulus in response to the NaCl concentration of the filtrate.
3. Hormonal effects on the GFR are part of a larger system that involves regulation of the systemic blood pressure and includes angiotensin-II and the natriuretic peptides.
4. The renin-angiotensin-aldosterone system (RAAS) is a complex system that maintains systemic blood pressure primarily and GFR secondarily, responding to a combination of the following 3 conditions: stimulation by the sympathetic nervous system, low glomerular hydrostatic pressure, and stimulation from the macula densa. 
a. When blood pressure drops so does the GFR, and the reduction in blood flow through the afferent arteriole triggers the JG cells to release renin into the bloodstream.
b. Renin converts angiotensinogen to angiotensin I that can be further converted to the more active form, angiotensin II, by the angiotensin converting enzyme (ACE) produced by endothelial cells in the lungs.
c. Angiotensin II promotes vasoconstriction of efferent arterioles and systemic blood vessels, promotes reabsorption of sodium ions, chloride ions, and water from the proximal tubule; promotes aldosterone release further promoting sodium and water reabsorption; and increases thirst, all of which increase systemic blood pressure and subsequently GFR.
5. Atrial natriuretic peptide (ANP) is a hormone released by heart cells in the atria in response to increasing fluid volume that lowers blood volume and blood pressure to reduce the workload of the heart. ANP increases GFR by dilating afferent arterioles and constricting efferent arterioles which increases glomerular hydrostatic pressure. 
6. Neural regulation of GFR primarily involves the sympathetic division of the autonomic nervous system and its hormone norepinephrine as it works with a larger system to control systemic blood pressure. Increased sympathetic activity causes constriction of afferent arterioles, which increases systemic blood pressure. The effect on GFR depends on the level of stimulation.
D. Renal Failure 
1. If GFR decreases due to a long list of reasons, the kidneys may not be able to carry out their vital functions, a condition called renal failure.
2. Uremia is a condition that can develop when the GFR is less than 50% of normal, which leads to a buildup of waste products, fluid, electrolytes, as well as acid-base imbalances; all of which can lead to coma, seizures and death if left untreated.
3. Dialysis can be used to treat the signs and symptoms of uremia.
Module 24.5 Renal Physiology II: Tubular Reabsorption and Secretion (Figures 24.15–24.19)
A. Principles of Tubular Reabsorption and Secretion (Figure 24.15)
1. In tubular reabsorption substances move from filtrate across or between tubule wall cells, back into the interstitial fluid, then between or across the endothelial cells of the peritubular capillaries.
2. In peritubular secretion, substances move from blood across or between endothelial cells of the peritubular capillaries, into the interstitial fluid, then across or between the tubule wall cells into the filtrate.
3. Most substances either reabsorbed or secreted via the transcellular route do so by carrier-mediated transport that requires a carrier protein in one of the following processes: Facilitated diffusion is a passive process while both primary active transport and secondary active transport require the input of energy.
4. Active transport carriers move two or more substances in either the same direction (antiport pumps) or in opposite directions (symport pumps). Pumps can become saturated, where all binding sites are filled with substances for and have reached their transport maximum (TM) 
B. Reabsorption and Secretion in the Proximal Tubule (Figures 24.16–24.18)
1. The main roles of the proximal tubule in reabsorption from filtrate back to blood include the following:
a. What ions are reabsorbed in the proximal tubule? Sodium, potassium, chloride, sulfate, and phosphate ions.
b. What are some nutrients reabsorbed in the proximal tubule? Glucose, amino acids, water-soluble vitamins, and lactic acid.
c. The reabsorption of bicarbonate ions critical to acid-base homeostasis.
d. The reabsorption of about 65% of filtered water vital to maintenance of fluid homeostasis.
2. Sodium ion reabsorption occurs mostly by facilitated diffusion through ion leak channels of tubule cells apical surface, and is vital to the reabsorption of many other substances from the proximal tubule. Two other carrier proteins are also found on the apical surface for transcellular transport of sodium ions.
3. Reabsorption of organic solutes and ions occurs in the first half of the proximal tubule.
4. Bicarbonate ion reabsorption (Figure 24.17) occurs as a result of Na+/H+ antiporter activity and the following reversible chemical reaction:
CO2 + H2O ↔ H2CO3 ↔ H+ + HCO3-
a. Hydrogen ions secreted into the filtrate combine with bicarbonate ions forming carbonic acid. Carbonic acid is converted to CO2 and H2O by the enzyme carbonic anhydrase found on the apical tubule cell membrane.
b. Carbon dioxide diffuses into the cytosol where it is again combined with water to form bicarbonate and hydrogen ions catalyzed by carbonic anhydrase.
c. The process is continual as hydrogen ions are again secreted back into the tubular lumen.
5. Obligatory water reabsorption occurs in the second half of the proximal tubule where sodium ions, glucose, and other organic molecules have already been reabsorbed. Water is “obliged” to follow the reabsorbed substances.
a. A concentration gradient is established that favors the passive movement of water out of the filtrate by osmosis by both paracellular and transcellular routes.
b. Aquaporins are water channels found in both apical and basolateral cell membranes that greatly increases the reabsorption of water.
c. As water is reabsorbed the concentration of magnesium, calcium, and potassium ions increases in the filtrate that favors reabsorption of these ions by diffusion into or between tubule cells.
6. Secretion in the proximal tubule includes hydrogen ions, many drugs, and various nitrogenous wastes.
C. Reabsorption in the Nephron Loop
1. Once filtrate reaches the nephron loop 60-70% of water and electrolytes and most organic solutes have been reabsorbed returned to the blood.
2. About 20% of water and 25% of sodium and chloride ions are reabsorbed here.
D. Reabsorption and Secretion in the Distal Tubule and Collecting System: By the time filtrate reaches the first segment of the distal tubule about 85% of water and 90% of the sodium ions have been reabsorbed.
1. The late distal tubule and the collecting duct have hormone receptors that regulate water, electrolyte, and acid-base balance.
2. Facultative water reabsorption is where water is reabsorbed based on the bodies needs and involves the following hormones:
a. Aldosterone is a steroid hormone made by and released from the adrenal cortex. What effect does aldosterone have on sodium and potassium ions? Aldosterone increases the reabsorption of sodium ions from the filtrate and secretion of potassium ions into the filtrate.
b. Antidiuretic hormone (ADH) is made by the hypothalamus and secreted by the posterior pituitary that causes water reabsorption and reduces urine output.
c. Atrial natriuretic peptide (ANP) stimulates urinary excretion of sodium ions while it also inhibits the release of both aldosterone and ADH resulting in more water and sodium excretion. 
3. The medullary collecting system is the last chance for regulation of fluid, electrolyte, and acid-base balance before filtrate becomes urine. The cells of this system are (1) impermeable to water in the absence of ADH, and (2) permeable to urea, which allows urea to be reabsorbed passively into the interstitial fluid. Local intercalated cells secrete hydrogen ions into the filtrate against a steep concentration gradient increasing the H + concentration in the filtrate.
E. How Tubular Reabsorption and Secretion Maintain Acid-Base Balance: Cells of the proximal tubule secrete hydrogen ions as a mechanism for reabsorbing bicarbonate ions while cells of the distal tubule secrete hydrogen ions under the direction of aldosterone.
1. Summarize the mechanism that ensues in the tubule cells when blood pH decreases or becomes too acidic.
a. Enzymes in the tubule cells remove the amino group (-NH2) from the amino acid glutamine.
b. This reaction generates 2 ammonia (NH3) and 2 bicarbonate molecules where the ammonia is secreted into the filtrate and bicarbonate is reabsorbed into blood.
c. Ammonia in the filtrate acts as a buffer that binds to hydrogen ions forming ammonium ion (NH4+) while bicarbonate performs the same function in the blood which together brings the pH back up towards the normal range.
2. If the blood pH increases, becoming too alkaline, tubule cells reabsorb less bicarbonate ions from the filtrate which lowers blood pH as these ions are excreted in the urine.
Module 24.6 Renal Physiology III: Regulation of Urine Concentration and Volume (Figures 24.20–24.23)
A. Osmolarity of Filtrate: 85% of water reabsorption is obligatory, leaving behind 15% of water that can be adjusted according to the needs of the body. It is this facultative water reabsorption that determines the final urine concentration.
1. Trace the changes in osmolarity of filtrate through the different regions of a nephron until urine is formed.
a. New filtrate entering the renal tubule has the same, iso-osmotic, osmolarity as blood 300 milliosmoles (mOsm).
b. In the thin descending limb of the nephron loop, permeable to water but not solutes, filtrate becomes more concentrated reaching about 900 mOsm at the bottom of the loop, as water is allowed to diffuse into the interstitial fluid.
c. In the thick ascending loop sodium and other ions are pumped out of the filtrate into the interstitial fluid. Water movement is restricted and stays in the filtrate reducing the osmolarity which eventually reaches about 100 mOsm by the time filtrate reaches the early distal tubule.
2. In the late distal tubule and collecting ducts facultative water reabsorption begins which changes the osmolarity of the filtrate depending on the needs of the body.
a. If less water is reabsorbed by the time filtrate reaches the late distal tubule and collecting duct the filtrate concentration remains low, less than 300 mOsm, and results in the elimination of dilute urine.
b. If more water is reabsorbed by the time filtrate reaches the late distal tubule and collecting duct the filtrate concentration remains high, greater than 300 mOsm, and results in the elimination of more concentrated urine.
B. Production of Dilute Urine (Figure 24.20): The kidneys produce dilute urine when the solute concentration of the extracellular fluid is too low because, in other words, it contains too much water. Facultative water reabsorption is turned off as ADH hormone is suppressed, rendering late distal tubule and collecting duct impermeable to water.
C. The Countercurrent Mechanism and the Production of Concentrated Urine (Figures 24.21, 24.22, 24.23):
1. The kidneys effectively conserve water by producing very concentrated urine reaching nearly 1200 mOsm using the following 2 mechanisms: (1) The release of ADH turns on facultative water reabsorption, and (2) the medullary osmotic gradient which creates an osmotic gradient within the renal medulla that allows for the continued reabsorption of water out of the filtrate.
2. The countercurrent mechanism creates and maintains the medullary osmotic gradient by exchanging materials in opposite directions between the filtrate and interstitial fluids. It involves the following factors: (1) A countercurrent multiplier system in the nephron loops of juxtamedullary nephrons and (2) The recycling of urea in the medullary collecting ducts. A countercurrent exchanger in the vasa recta.
3. Outline the following steps of the countercurrent multiplier (24.21a):
a. NaCl is actively transported from thick ascending limb filtrate into the interstitial fluid raising the NaCl concentration outside the nephron.
b. The NaCl in the interstitial fluid pulls water out of the filtrate in the thin descending limb by osmosis.
c. As NaCl continues to be removed from filtrate, water continues to follow making filtrate more concentrated.
d. The high NaCl concentration in filtrate allows for continued NaCl reabsorption into the interstitial fluid.
4. The permeability of the medullary collecting system to urea is another important factor in the establishment of the medullary osmotic gradient.
5. The medullary osmotic gradient created by the countercurrent multiplier and urea recycling is maintained by the vasa recta acting as countercurrent exchanger. (Figure 24.22)
6. Outline the steps through which the countercurrent mechanism produces concentrated urine (Figure 24.23):
a. When ADH is present, the concentrated medullary interstitial fluid creates a gradient for water reabsorption from the filtrate in the medullary collecting duct.
b. Deeper into the medulla, interstitial fluid is more concentrated so water reabsorption continues from the medullary collecting duct.
c. Concentrated urine is produced when most of the water in the filtrate is removed.
Module 24.8 Urine and Renal Clearance 
A. Urine Composition and Urinalysis
1. What does urine normally contain? Water; sodium, potassium, chloride, and hydrogen ions; phosphates, sulfates, and metabolic wastes such as urea, creatinine, ammonia, and uric acid. Small amounts of bicarbonate, calcium, and magnesium may also be present.
2. Urinalysis is used to analyze the urine composition as a diagnostic tool for detecting disease. These factors can be examined: urine color, odor, pH, and specific gravity.
B. Renal Clearance
1. Renal clearance is a measurement of the rate at which the kidneys remove a substance from the blood. This value can be used to estimate the glomerular filtration rate; both measured in milliliters of plasma per minute.
2. Creatinine is a waste product that is used to measure renal clearance. The measure level of creatinine is elevated when the kidneys are impaired.
Module 24.9 Urine Transport, Storage, and Elimination (Figures 24.25–24.27)
A. Anatomy of the Urinary Tract (Figures 24.25, 24.26): The urinary tract consists of 2 ureters, the urinary bladder, and the urethra.
1. An adult ureter is 25–30 cm long with a diameter of 3–4 mm that begins at the level of the second lumbar vertebra, travels behind the peritoneum and empties into the urinary bladder. The walls of this hollow tube are composed of the following 3 layers: adventitia, muscularis, and mucosa. 
2. The urinary bladder is a hollow, distensible organ found on the pelvic cavity floor and held in place by the parietal peritoneum. The bladder collapses when empty but becomes pear-shaped when full, holding 700–800 ml of urine in males and slightly less in females. The walls are made the following 3 layers: adventitia, detrusor muscle, and mucosa. The trigone is a triangular-shaped region on the bladder floor. The openings of the two ureters are found at each posterior corner. 
3. The urethra, the last segment of the urinary tract, drains urine from the urinary bladder to the outside of the body. The walls of the urinary bladder are similar to the ureters with the following exceptions:
a. The opening is the urinary bladder is surrounded by an internal urethral sphincter that only opens when urine is passing through.
b. A second external urethral sphincter is formed by the levator ani muscle, a skeletal muscle on the pelvic floor that allows for voluntary control of urination.
4. The male and female urethra differ structurally (Figure 24.26) and functionally. The female urethra is shorter, about 4 cm in length, which opens at the external urethral orifice between the vagina and clitoris and serves primarily as an exit for urine. The longer male urethra, about 20 cm, consists of the following 3 regions: prostatic, membranous, and spongy urethra.
B. Micturition (Figure 24.27)
1. Micturition, also known as urination or voiding, is the discharge of urine from the urinary bladder to the outside of the body.
2. The micturition reflex is a reflex arc mediated by the parasympathetic nervous system when urine fills the bladder and stretches the walls. Summarize the reflex:
a. Stretch receptors send a signal to the sacral region of the spinal cord via sensory afferent fibers.
b. Parasympathetic efferent fibers stimulate the detrusor muscle to contract and the internal urethral sphincter to relax which allows for micturition.
3. The micturition center is found in the pons of the central nervous system that given time and training makes micturition a voluntary process.
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