Anatomy and Physiology: The Urinary
System

Al-Generated Study Guide

(Based on lectures delivered by Dr. Ty C.M. Hoffman)

l. Overview of the Urinary System

e Primary Function: To filter blood, produce urine, store urine, and eliminate urine. Plays
a crucial role in maintaining fluid balance, electrolyte balance, and removing waste
products from the body.

e Key Organs (Macroscopic Anatomy):Kidneys: Two bean-shaped organs, the most
conspicuous and important organs of the system. Responsible for urine formation.
Located in the abdominopelvic cavity, retroperitoneal (behind the peritoneum). The right
kidney is slightly lower than the left due to the liver. Partially protected by the lower ribs.

e Ureters: Two tubes (one from each kidney) that transport urine from the kidneys to the
urinary bladder.

e Urinary Bladder: A muscular, expandable storage organ for urine. Allows for intermittent
voiding (micturition).

e Urethra: A tube that carries urine from the urinary bladder out of the body during
micturition. In males, it also serves as a passageway for semen.

Il. Anatomy of the Kidney

e Hilum: The medial indentation of the kidney where the ureter, renal artery, and renal
vein connect.

e Fibrous Capsule: A protective layer of fibrous connective tissue enclosing the entire
kidney.

e Internal Structure (Coronal Section):Renal Cortex: The superficial, lighter-colored

reddish-pink layer, just deep to the fibrous capsule.

Renal Medulla: The deeper, darker layer, composed of:

Renal Pyramids: Triangular-shaped structures that are part of the medulla.

Renal Columns: Extensions of the renal cortex that separate the renal pyramids.

Collecting System (Funnel-shaped structures):Minor Calyx (plural: calyces):

Goblet-shaped structures that collect urine from individual renal pyramids.

e Major Calyx: Formed by the convergence of two or more minor calyces.
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Renal Pelvis: A large, bowl-shaped structure formed by the combination of major
calyces. It narrows to become the ureter.

lll. Blood Supply to the Kidney
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Renal Artery: Branches off the abdominal aorta, carrying a large volume of blood to
each kidney.

. Arterial Pathway (from largest to smallest):Renal Artery

Segmental Arteries: Branches within the kidney.

Interlobar Arteries: Run between the renal pyramids (lobes) from the medulla towards
the cortex.

Arcuate Arteries: Arch over the base of the renal pyramids, at the border between the
cortex and medulla.

Cortical Radiate Arteries (or Radial Arteries): Branch radially into the renal cortex.
Afferent Arterioles: Small arteries branching from cortical radiate arteries, leading
directly into the nephron's functional unit.

Venous Pathway (largely the reverse of arterial):Cortical Radiate Veins

Arcuate Veins

Interlobar Veins

0. Renal Vein: Empties into the inferior vena cava, returning blood to the heart.

IV. The Nephron: Functional Unit of the Kidney

Definition: The functional unit of the kidney, responsible for filtering blood and forming
urine. Each kidney contains 1-1.5 million nephrons.

Two Categories of Nephrons:

Cortical Nephrons: Located almost entirely within the renal cortex. Have shorter
nephron loops.

Juxtamedullary Nephrons: Have renal corpuscles near the cortex-medulla junction and
long nephron loops that extend deep into the renal medulla. Crucial for producing highly
concentrated urine.

Two Main Parts of Every Nephron:

Renal Corpuscle: The site of blood filtration.

Glomerulus: A ball-like capillary bed, where filtration occurs. Blood enters via the
afferent arteriole and exits via the efferent arteriole (which is smaller, indicating material
has left the blood). Glomerular capillaries are especially leaky.

Bowman's Capsule (or Glomerular Capsule/Nephric Capsule): A sack-like structure
that surrounds the glomerulus. It collects the filtrate. The space within the capsule is the
capsular space.

Podocytes: Specialized cells that cover the glomerular capillaries. They have foot-like
processes with filtration slits, forming part of the filtration barrier.

Renal Tubule: The long, convoluted tube where reabsorption and secretion occur,
modifying the filtrate into urine.



Proximal Convoluted Tubule (PCT): First segment of the tubule, convoluted (twisted).
Nephron Loop (or Loop of Henle): A U-shaped segment extending into the medulla
(especially long in juxtamedullary nephrons).
Descending Limb: Permeable to water, allowing water to leave the filtrate.
Ascending Limb: Impermeable to water; actively and passively transports salts (sodium
and chloride) out of the filtrate, contributing to the medullary concentration gradient.

e Distal Convoluted Tubule (DCT): Last segment of the tubule, also convoluted. Empties
into a collecting duct.

e Collecting Ducts: Not strictly part of a single nephron, but collect filtrate (pre-urine) from
several nephrons. They pass through the renal medulla. Multiple collecting ducts
eventually empty into a minor calyx.

V. Three Major Renal Processes

e Glomerular Filtration:Location: Occurs exclusively at the glomerulus within the renal
corpuscle.

e Mechanism: Driven by blood pressure (hydrostatic pressure). Anything small enough to
pass through the leaky glomerular capillaries and the filtration slits of the podocytes is
forced out of the blood and into the capsular space. This fluid is called filtrate.

e Key Characteristic: Non-selective based on molecular size; not based on whether the
body needs the substance. Large molecules like proteins generally do not filter.

e Tubular Reabsorption:Location: Occurs along various segments of the renal tubule
(PCT, nephron loop, DCT, collecting duct).

e Mechanism: Moves substances (e.g., water, glucose, amino acids, necessary ions) from
the filtrate back into the bloodstream (specifically into the peritubular capillaries
surrounding the tubules).

e Purpose: To reclaim useful substances that were filtered out of the blood but are needed
by the body.

e Tubular Secretion:Location: Occurs along various segments of the renal tubule (PCT,
DCT, collecting duct).

e Mechanism: Moves substances (e.g., certain waste products, drugs, excess ions that
didn't filter adequately) from the bloodstream into the filtrate.

e Purpose: To eliminate substances from the body that were not efficiently filtered or that
need to be actively removed.

e Urine Formation: Filtrate undergoes continuous modification through reabsorption and
secretion as it travels through the renal tubule and collecting ducts. Once its composition
no longer changes, it is officially called urine. This final form of urine does not change
after leaving the kidneys.

VI. Urine Concentration and Fluid Balance

e Concentration Gradient in Medulla: Juxtamedullary nephrons and the collecting ducts
are crucial for urine concentration. The long loops of Henle create and maintain a



concentration gradient in the renal medulla, making it increasingly salty from cortex to
deeper medulla (primarily due to sodium, chloride, and urea).

Role of Nephron Loop:Descending Limb: Water leaves the filtrate passively,
concentrating the filtrate.

Ascending Limb: Salt leaves the filtrate (actively and passively), but water does not.
This is critical for maintaining the medullary gradient.

Role of Collecting Duct: The final adjustment of urine wateriness occurs here. As
collecting ducts pass through the salty medulla:

Antidiuretic Hormone (ADH): Causes the insertion of aquaporins (water channels)
into the collecting duct walls. This allows water to leave the filtrate and be reabsorbed
back into the body, producing concentrated urine (antidiuresis).

Absence of ADH: Aquaporins remain closed, water stays in the filtrate, leading to dilute
urine (diuresis).

Fluid Balance: Kidneys play a major role in maintaining overall total body water and
blood volume/pressure by adjusting urine output.

Dilute Urine: Produced when the body has excess fluid (e.g., after drinking a lot of
water) to excrete water and reduce blood volume/pressure.

Concentrated Urine: Produced when the body is dehydrated to conserve water and
maintain blood volume/pressure.

VIl. Anatomy of the Bladder and Urethra

VIII.

Trigone: A triangular region on the posterior wall of the urinary bladder. It has three
openings:

Two ureteral orifices (where the ureters enter).

One internal urethral orifice (where the urethra exits).

Micturition: The process of voiding or emptying the urinary bladder (urination).
Transitional Epithelium: Special type of stratified epithelium that lines the urinary
bladder. It can stretch significantly without damage, accommodating large changes in
bladder volume. Cells appear columnar when unstretched and squamous when
stretched.

Urethra Differences (Male vs. Female):Female Urethra: Shorter and dedicated solely
to urine transport.

Male Urethra: Longer and serves a dual purpose: transporting urine and semen
(urogenital diaphragm is a landmark for the membranous urethra).

Fluid Compartments and Water Balance

Total Body Water: Approximately 40 liters in an average adult. Divided into two major
compartments:

Intracellular Fluid (ICF): Fluid inside cells (about 25 liters, 40% of body weight).
Extracellular Fluid (ECF): Fluid outside cells (about 15 liters).

Interstitial Fluid: Fluid found between cells in tissues, outside of blood vessels.



Blood Plasma: The extracellular matrix of blood, contained within blood vessels.
Interactions between Compartments: Fluids and solutes continuously exchange
between plasma, interstitial fluid, and intracellular fluid, facilitated by various organ
systems (respiratory, digestive, urinary).

Urine Origin: Urine is essentially modified blood filtrate. It originates from blood, with
waste products (like nitrogenous wastes from protein breakdown, e.g., urea) being
removed and essential substances reabsorbed.

Water Intake & Output: Homeostasis requires a balance between daily water intake
and output.

Intake: Metabolism (byproduct of cellular respiration), food (water in foods), beverages
(drinking).

Output: Feces, sweat, insensible losses (evaporation from skin, water vapor in breath),
and urine. Urine output is the most variable and adaptable to maintain water balance.

IX. Nitrogenous Wastes
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Source: Primarily from the breakdown of proteins (amino acids), which contain nitrogen.
Carbohydrates and lipids do not contain nitrogen.

Process:Proteins used as fuel produce ammonia (toxic).

The liver converts ammonia to less toxic urea.

Urea travels to the kidneys and is excreted in the urine.

Quiz: Urinary System Short Answer Questions

Answer each question in 2-3 sentences.

1.

2.

Describe the primary function of the urinary bladder and how its structure supports this
function.

Explain the anatomical difference in vertical placement between the right and left
kidneys.

What are the three main components of the renal collecting system, from the pyramids to
the ureter?

Trace the path of blood flow through the major arteries of the kidney, starting from the
renal artery and ending at the afferent arteriole.

Distinguish between cortical nephrons and juxtamedullary nephrons in terms of their
location and importance.

Briefly explain the role of podocytes in glomerular filtration.

Define filtrate and explain how its composition differs from urine.

What is the fundamental difference in direction of movement between tubular
reabsorption and tubular secretion?

Explain how the concentration gradient in the renal medulla is established and
maintained.

10. Describe the dual function of the urethra in males.



Quiz Answer Key

10.

The urinary bladder's primary function is to store urine until it is convenient to void it. Its
structure, particularly the presence of transitional epithelium, allows it to significantly
distend and hold a large volume of urine without damage, supporting this storage
capacity.

The right kidney is positioned slightly lower than the left kidney. This asymmetrical
placement is due to the large size and inferior displacement caused by the liver, which
occupies a significant space in the upper right abdominal quadrant.

The three main components of the renal collecting system are the minor calyces, which
collect urine from individual renal pyramids; the major calyces, formed by the
convergence of minor calyces; and the renal pelvis, a large bowl-shaped structure
formed by major calyces that narrows to become the ureter.

Blood enters the kidney via the renal artery, which branches into segmental arteries,
then interlobar arteries (between pyramids), arcuate arteries (arching over pyramids),
cortical radiate arteries, and finally afferent arterioles, which deliver blood to the
glomerulus.

Cortical nephrons are located almost entirely in the renal cortex and have shorter
nephron loops, while juxtamedullary nephrons have renal corpuscles near the
cortex-medulla junction and long nephron loops extending deep into the medulla.
Juxtamedullary nephrons are crucial for establishing the medullary concentration
gradient, enabling the production of highly concentrated urine.

Podocytes are specialized cells that cover the glomerular capillaries. Their foot-like
processes create tiny filtration slits, which are an essential part of the filtration barrier,
allowing small substances from the blood to pass into the capsular space while retaining
larger components like proteins.

Filtrate is the fluid that results directly from blood being filtered in the glomerulus; it
contains water, solutes, and waste but is not yet modified. Urine is the final form of this
fluid after it has undergone extensive modification through reabsorption and secretion in
the renal tubules and collecting ducts, removing useful substances and adding more
wastes.

Tubular reabsorption involves moving substances from the filtrate back into the
bloodstream, reclaiming useful components. In contrast, tubular secretion involves
moving substances from the bloodstream into the filtrate, primarily to excrete wastes that
were not adequately filtered or need active removal.

The concentration gradient in the renal medulla is established and maintained primarily
by the long loops of Henle in juxtamedullary nephrons. The descending limb reabsorbs
water, and the ascending limb actively and passively reabsorbs salt, creating a
progressively saltier environment from the cortex to the deeper medulla.

In males, the urethra serves a dual function. It provides a passageway for urine to exit
the urinary bladder during micturition, and it also acts as a conduit for semen during
ejaculation, receiving contributions from reproductive glands like the prostate.



Essay Format Questions

1.

Discuss the retroperitoneal location of the kidneys and its anatomical significance.
Include how surrounding structures like the liver and ribs influence kidney placement and
protection.

Elaborate on the three major processes of urine formation (filtration, reabsorption, and
secretion). For each process, describe where it occurs within the nephron, its driving
force or mechanism, and its overall purpose in modifying blood into urine.

Explain how the unique structure of juxtamedullary nephrons and the collecting ducts
contribute to the kidney's ability to produce highly concentrated or dilute urine,
particularly in response to antidiuretic hormone (ADH).

Compare and contrast the three major fluid compartments of the body (intracellular fluid,
interstitial fluid, and blood plasma). Discuss how the urinary system, in conjunction with
other organ systems, plays a role in maintaining the balance and exchange of
substances within these compartments.

Describe the journey of urine from its initial formation in the renal corpuscle to its
elimination from the body. Include all major anatomical structures it passes through and
highlight the changes in its composition and naming along this pathway.

Glossary of Key Terms

Afferent Arteriole: A small artery that carries blood into the glomerulus of a nephron.
Antidiuretic Hormone (ADH): A hormone that regulates water reabsorption in the
collecting ducts, promoting the formation of concentrated urine.

Aquaporins: Water channel proteins inserted into the collecting duct membranes in
response to ADH, allowing water to be reabsorbed.

Arcuate Arteries: Arteries that arch over the bases of the renal pyramids, marking the
boundary between the renal cortex and medulla.

Ascending Limb (of Nephron Loop): The segment of the nephron loop that ascends
towards the cortex; it is impermeable to water but actively and passively transports salts
out of the filtrate.

Blood Plasma: The liquid extracellular matrix of blood, part of the extracellular fluid
compartment.

Bowman's Capsule (Glomerular Capsule/Nephric Capsule): A cup-shaped sack that
surrounds the glomerulus and collects the filtrate.

Capsular Space: The space between the inner and outer layers of Bowman's capsule,
where filtrate collects after being filtered from the glomerulus.

Collecting Duct: A tube that receives filtrate from several nephrons and carries it
through the renal medulla to the minor calyces, playing a crucial role in final urine
concentration.

Cortical Nephrons: Nephrons located almost entirely within the renal cortex,
characterized by shorter nephron loops.



Cortical Radiate Arteries (Radial Arteries): Arteries that branch from the arcuate
arteries and extend radially into the renal cortex.

Cortex: The outer, more superficial layer of an organ, often distinct from the deeper
medulla (e.g., renal cortex).

Descending Limb (of Nephron Loop): The segment of the nephron loop that descends
into the medulla; it is permeable to water, allowing water to leave the filtrate.

Diuresis: The production of a large volume of dilute urine.

Distal Convoluted Tubule (DCT): The segment of the renal tubule following the
nephron loop, involved in further reabsorption and secretion.

Efferent Arteriole: A small artery that carries blood away from the glomerulus.
Extracellular Fluid (ECF): All body fluid outside of cells, including interstitial fluid and
blood plasma.

Filtrate: The fluid produced by glomerular filtration, which contains water, solutes, and
wastes but is not yet urine.

Filtration Slits: Tiny openings between the foot processes of podocytes that allow
filtrate to pass from the glomerulus into Bowman's capsule.

Fibrous Capsule: The tough, fibrous connective tissue layer that surrounds and
protects the external surface of the kidney.

Glomerular Filtration: The first step in urine formation, where blood plasma is filtered
from the glomerulus into Bowman's capsule.

Glomerulus: A ball-like network of capillaries within Bowman's capsule, where blood
filtration occurs.

Hilum (Renal Hilum): The concave medial border of the kidney where the renal artery,
renal vein, and ureter enter or exit.

Interlobar Arteries: Arteries that run between the renal pyramids.

Interstitial Fluid: Extracellular fluid that surrounds cells in tissues, distinct from blood
plasma.

Intracellular Fluid (ICF): All fluid contained within the cells of the body.
Juxtamedullary Nephrons: Nephrons with long nephron loops that extend deep into
the renal medulla, crucial for concentrating urine.

Major Calyx: A large, funnel-shaped structure formed by the convergence of two or
more minor calyces, collecting urine.

Medulla: The inner, deeper layer of an organ, often distinct from the more superficial
cortex (e.g., renal medulla).

Micturition: The act of urinating; the voiding or emptying of the urinary bladder.
Minor Calyx: A cup-shaped structure that collects urine from the renal papilla of a single
renal pyramid.

Nephron: The functional unit of the kidney, responsible for filtering blood and forming
urine.

Nephron Loop (Loop of Henle): A U-shaped segment of the renal tubule that extends
into the renal medulla, important for creating the medullary concentration gradient.
Nitrogenous Waste: Waste products containing nitrogen, primarily urea, derived from
the breakdown of proteins.



Peritoneum: A serous membrane lining the abdominal cavity. Kidneys are
retroperitoneal, meaning they are located behind this membrane.

Podocytes: Specialized epithelial cells with foot-like processes that surround the
glomerular capillaries, forming part of the filtration barrier.

Proximal Convoluted Tubule (PCT): The first and longest segment of the renal tubule,
where most reabsorption occurs.

Reabsorption (Tubular): The process by which substances are moved from the filirate
in the renal tubule back into the bloodstream.

Renal Artery: The artery that supplies blood to the kidney from the abdominal aorta.
Renal Corpuscle: The part of the nephron consisting of the glomerulus and Bowman's
capsule, where filtration occurs.

Renal Cortex: The outer region of the kidney, containing the renal corpuscles and
convoluted tubules.

Renal Medulla: The inner region of the kidney, containing the renal pyramids and the
loops of Henle and collecting ducts of juxtamedullary nephrons.

Renal Pelvis: The large, funnel-shaped chamber in the kidney that receives urine from
the major calyces and narrows to form the ureter.

Renal Pyramids: Cone-shaped tissue masses in the renal medulla, containing collecting
ducts and loops of Henle.

Renal Tubule: The long, convoluted tube of a nephron where filtrate is modified through
reabsorption and secretion to form urine.

Retroperitoneal: Located behind the peritoneum. The kidneys are retroperitoneal.
Secretion (Tubular): The process by which substances are moved from the
bloodstream into the filtrate within the renal tubule for excretion.

Segmental Arteries: Branches of the renal artery within the kidney.

Transitional Epithelium: A specialized stratified epithelium that lines the urinary bladder
and ureters, capable of stretching and recoiling without damage.

Trigone: A smooth, triangular region on the floor of the urinary bladder, defined by the
openings of the two ureters and the urethra.

Urea: The main nitrogenous waste product in mammals, formed in the liver from
ammonia and excreted by the kidneys.

Ureters: Tubes that transport urine from the kidneys to the urinary bladder.

Urethra: The tube that carries urine from the urinary bladder to the outside of the body.
In males, it also carries semen.

Urinary Bladder: A muscular sac that stores urine temporarily before urination.
Urinary System: The organ system responsible for filtering blood, producing, storing,
and eliminating urine, and maintaining fluid, electrolyte, and acid-base balance.

Urine: The final product of kidney filtration, reabsorption, and secretion, containing
metabolic wastes and excess substances for excretion.
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