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Anatomy & Physiology Lecture

Chapter 25 - Urinary System

I.  Overview

A.  Introduction to the Urinary System

B.  Kidneys

C.  Ureters, Urinary Bladder, & Urethra

II.  Introduction to the Urinary System

A.  The urinary system, along with the respiratory, digestive, & integumentary systems, ___________ wastes from the body

B.  Major Functions of the Urinary (renal) System are:

1.  _______ balance; blood volume is regulated by water and sodium retention or excretion

2.  _____________ balance; blood pH is regulated via excretion of H+ and HCO3- 

3.  ____________ of toxic nitrogenous compounds (e.g.: urea, uric acid, & creatinine), wastes, & drugs

4.  Regulates blood ____________; renin-angiotension pathway increases blood pressure

C.  Metabolic functions include:

1.  ____________ (vitamin D) production, with skin and liver
2.  Erythropoietin (_____) secretion stimulates RBC production

3.  ________neogenesis to increase blood glucose levels

D.  Major components of the urinary system are the ________, ureters, urinary bladder and urethra

1.  Blood enters the kidneys via the ______ artery, is filtered, then exits via the renal ______
2.  Kidney _________ intertwine with vascular networks to enable urine formation

3.  Urine moves through the _________ to the urinary bladder for storage

4.  _____________ is the voiding of urine from the bladder through the urethra

III. Kidneys
A.  Kidneys are _______________, not within the peritoneal cavity, between T12 & L3 vertebrae.  The right kidney is lower than the left (due to ______ displacement).  

1. Kidney structures from the outside in include:

a.  Renal _________ capsule - mass of adipose tissue that protects and holds the kidney in place; surrounds the
b.  Renal _________ - transparent, fibrous membrane attached to the kidney surface; continuous with the ureter.

c.  Renal _______ - indented medial region through which the ureter, nerves, blood, and lymphatic vessels enter kidney.

d.  Renal ______ – space in medial kidney, opening to the renal hilus; contains renal vessels, nerves, fat, pelvis, & calyces.

e.  Renal _______ - expanded portion of the ureter that enters at the hilus; branches into major and minor _________.

f.  Renal _______ – Light colored, outer area of kidney 

1.  Contains many _______ vessels.

2.  Portions extending between the medullary pyramids are renal __________
g.  Renal __________ – darker colored, inner region of kidney

1.  Contains 5-11 renal (medullary) _________
2.  Renal __________ are the tips of the pyramids that point inward toward the minor calyces.

h.  A kidney ______ includes a medullary pyramid & associated cortex

i.  Each kidney contains about 1 mil. _________, the functional units of the kidney.

B. Microscopic Structures of the Kidney
1. Kidney _____ Supply - One quarter of the body’s blood supply is circulating through the kidneys at a filtration rate of _____ ml of blood per minute.  Blood vessels include:

a.  Renal ________ (R. & L.) - enters at the hilus and branches into

b.  ____________ arteries that enter the hilus and branch into 

c.  ________ arteries, which divide into

d.  ____________ arteries that pass through renal columns between the renal pyramids, then branch into

e.  _________ arteries arch over the bases of the renal pyramids and branch into

f.  _____________ arteries that enter the cortex and divide into 

g.  ___________ arterioles, which lead into the glomerular capsule, and divide to form the

h.  ____________ (capillaries), that reunite to form the

i.  ____________ arterioles (narrower than afferent arterioles) drain blood out of the glomerulus, then divide to form the 

j.  ____________ capillaries (and vasa recta) that surround the proximal convoluted tubule and loop of Henle, then reunite to form the

k.  ______________ veins, which converge to form

l.  ___________ veins, which converge into

m.  ____________ veins, which converge to form

n.  ________ vein, which exits the kidney via the hilus and carries blood to the

o.  Inferior __________
2.  Two major ___________ beds are found in the kidneys:  glomerular and peritubular capillaries
a.  In ____________ capillaries 
1) Blood delivered by a wide ______ arteriole and drained by a narrow efferent arteriole establishes a ________ gradient 

2) Water, wastes and other small molecules and ions are __________ from the blood into the nephron tubules

b.  In _____________ capillaries (and vasa recta), water and substances needed by the body are __________ from the tubules back into the capillaries; waste products are ____________ from the capillaries into the tubules
3. ________ - functional unit of the sys.; forms urine; consists of two main portions:  the renal ________ and the renal _______; performs 3 functions:  filtration, reabsorption, and secretion.

a.  Renal ____________ - found in the cortex, consists of a ____________ surrounded by a glomerular (Bowman’s) _________; site of blood plasma __________.  The capsule has two epithelial layers 

1)  ____________ layer composed of simple squamous epithelium lines the capsule
2)  ____________ layer surrounding the glomerulus is a _____________ (porous) endothelial layer covered with podocyte cells, and ___________ to all plasma substances except proteins and blood cells

3)  A capsular ________ between these two layers is where the blood plasma _________ containing water, glucose, amino acids, salts, and nitrogenous wastes collects

b.  Renal __________ - collects blood plasma filtrate from Bowman’s capsule; filtered water, glucose, amino acids, salts are ____________, while excess H+, K+, and NH4+ are ____________ by peritubular capillaries.  The tubule is composed of 3 regions:  PCT, nephron loop, and DCT
1)  Proximal Convoluted Tubule (_____) - in the cortex;____________ substances needed by the body (i.e., glucose, amino acids, etc.), remaining filtrate goes to the

2)  Descending & ascending _____ of ______ (nephron loop) - located mostly in the medulla; descending portion reabsorbs _______, ascending part reabsorbs ________; filtrate then goes to the

3)  Distal Convoluted Tubule (____) - in the cortex; nitrogenous ______, drugs, and H+ are secreted from peritubular capillaries into the DCT, while _______ and water are reabsorbed (influenced by _________ & ADH); the remaining filtrate with wastes passes into the 
4)  _____________ duct, which is stimulated by _____ to reabsorb any more ______ needed by the body; urine then passes through the 
5)  ____________ duct to the minor calyx, to major ______, to renal ________, into the ureter.

C. Regulation of Urine Production
1. Glomerular filtration rate (____) is the amount of filtrate formed by both kidneys per minute, which averages about ____ ml filtrate/min., but about 99% of this is reabsorbed.  Several mechanisms regulate filtrate production
2. __________ arteriole vasoconstriction decreases blood flow into the __________, which decreases internal __________, and decreases filtrate formation

3. ___________ arteriole vasoconstriction __________ internal glomerular pressure, which increases filtrate formation

4. The ______________ apparatus regulates renal blood pressure, and consists of 2 parts:
a. Juxtaglomerular (___) cells in the __________ arteriole 
1) Dilate or ________ the afferent arteriole when stimulated by the macula densa.

2) JG cells also secrete _______, which activates the renin-angiotensin pathway to increase ______ when BP drops

b. Macula ______ cells in the distal convoluted tubule sense changes in filtrate flow and solute content.  
1) With slow flow or low solute, JG cells are signaled to __________ to allow more blood into the glomerulus

2) With fast flow or high solute, JG cells are signaled to ___________ to lessen blood flow into the glomerulus
IV.  Ureters, Urinary Bladder, & Urethra

A.  ________ - two tubular retroperitoneal organs that take urine from the renal pelvis down to the urinary bladder.  Features include:

1.  The ureter wall has 3 ______, which from inner to outer are:

a.  _________ - continuous with the renal tubules and urinary bladder, consists of transitional epithelium, cells secrete mucus

b.  ___________ - inner longitudinal & outer circular smooth muscle layers that promote peristalsis to move urine

c.  ___________ - composed of loose CT surrounds and protects the underlying layers and anchors the ureters in place

2.  Urinary ________ can form in the kidney and cause great pain as they attempt to pass through the ureter to the urinary bladder

B.  Urinary _________ - sac located between the pubic symphysis & rectum that receives and stores urine from the ureters.  Features:

1.  In females, the bladder is in contact with the _______ & vagina

2.  In males, the __________ gland is inferior to the bladder and surrounds the exiting urethra 
3.  The bladder wall consists of 4 ________
a.  Mucosa - composed of ____________ epithelium and _____ folds that stretch as the bladder fills.  The trigone is formed between the two ureter openings and the urethral opening

b.  __________ – CT that supports the mucosa

c.  ____________ consists of 3 interlaced smooth muscle layers called the __________ muscle, which forms the internal sphincter at the neck of the bladder

d.  ____________ - on the superior surface of the bladder is an extension of the parietal peritoneum

4.  Because a woman’s urethra is shorter than a man’s, she is more prone to urinary bladder infection (____________).  To reduce infections, women should wipe the anal area posteriorly

C.  ____________ - tubular organ that conveys urine from the urinary bladder to outside the body.  Features:

1.  Has urethral ________ embedded in the wall that secrete protective mucus into the urethral canal

2.  Two muscular __________ surround the urethra

a.  __________ sphincter formed by the detrusor muscle of the urinary bladder

b.  ____________ sphincter composed of skeletal muscle

3.  A female urethra is straight, about _____ in. long, and empties urine through the urethral orifice into the vestibule between the labia minora
4.  A male urethra is curved, about ___ in. long, and serves both the urinary & reproductive systems.  It’s 3 sections are:

a.  ___________ urethra - passes through the prostate near the urinary bladder; receives drainage from prostate ducts & 2 ejaculatory ducts

b.  _____________ urethra - passes through the urogenital diaphragm & proximal penis; the external urethral sphincter is found here

c.  _________ (penile) urethra - longest portion, extends from the urogenital diaphragm through the _______ to the external urethral orifice on the glans penis.

1)  It is surrounded by erectile tissue, passing through the corpus _____________ of the penis

2)  The ducts of the ___________ glands attach to the spongy urethra near the urogenital diaphragm

