The Urinary System

‘CHAPTER OBJECTIVES

Aft studying this chapter, you should be able to:
1. Deflnethe functions of the urinary system.

7 2. N g_fﬁeté_xternal layers of the kidney.

ine the fbllowing internal parts of the kidneys: cortex,
;d la, medullary pyramids, renal papillae, renal
ind major and minor calyces.

e the parts of a nephron and describe the flow
urine through this renal tubule.

. List the functions of the nephrons.
6. Explain how urine flows down the ureters.

7. Describe micturition and the role of stretch receptors in the
bladder.

8. Compare the length and course of the male urethra to the
female urethra.

9. Name the normal constituents of urine.
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INTRODUCTION

As the body metabolizes the various foods and nutri-
ents taken in through the digestive tract, body cells
produce metabolic wastes in the form of carbon
dioxide gas, heat, and water. The breakdown of pro-
teins into amino acids and the subsequent metabolism
of the amino acids produces nitrogenous wastes like
ammonia, The harmful ammonia is converted by liver
enzymes into less harmful urea. In addition, the body
accumulates excess ions of sodium, chloride, potas-
sium, hydrogen, sulfate, and phosphate.

It is the fole of the urinary system to maintain a bal-
ance of these products and to remove excesses from the

blood. This system helps to keep the body in homeostasis
by both removing and restoring selected amounts of sol-
utes and water from the blood. See Concept Maps 18-1
and 18-2: The Urinary System. The urinary (YOO-rih-
nair-ee) system consists of two kidneys, two ureters, the
urinary bladder, and the urethra (Figure 18-1). The kid-
neys regulate the composition and volume of the blood
and remove wastes from the blood in the form of urine.
The urine consists of the metabolic waste urea, excess
water, excess ions, and toxic wastes that may have been
consumed with food. Urine is excreted from each kidney
through the kidney ureter. It is then stored in the urinary
bladder, until it is expelled from the body through the
urethra.
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CONCEPT MAP 18-1. The Urinary System. (© Cengage Learning 2012)




CHAPTER 18 The Urinary Sys;temfs 433

Urinary System

See Concept

Kidneys Map

Nephrons

Vascular
component

includes includes

Y.

convoluted | ; capillaries || capillaries |-~ | filtration [ | reabsorption [ ti
tubule, loop [ - plion | | secrefion
of Henle, | =11 s T oy
and distal [ ‘ L :
convoluted !
tubule

- Ty
Proximal | - ' . :
— , Glomerular |- | Peritubular | Glomerular i Glomerular Tubutar k| Tubular

capsule

CONCEPT MAP 18-2. The Urinary System. (© Cengage Learning 2012)

The kidneys are extremely efficient organs and are family members. In fact, as long as at least one-third of
crucial in maintaining homeostasis in the body. A per- the kidney is functional, a person can survive. However, if
son can function very well with only one kidney, as we kidney failure occurs, death is inevitable without medical

know from hearing about kidney donations among treatment through kidney dialysis. Other systems of the
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FIGURE 18-1. The organs of the urinary system of a female. {© Cengage Learning 2012)

body also participate in waste excretion. The respiratory
system excretes carbon dioxide gas and water vapor. The
integumentary system excretes dissolved wastes (e.g.,
urea) in perspiration. The digestive system excretes indi-
gestible materials, like plant fiber, and ‘some bacteria.

FUNCTIONS OF
THE URINARY SYSTEM

The major role of maintaining homeostasis with
respect to the composition and volume of blood and
body fluids is controlled by the kidneys, which perform
various functions:

@® Excretion: The kidneys filter large amounts of fluid
from the bloodstream. They are the major excretory

organs of the body because they eliminate nitrogenous
wastes, drugs, and toxins from the body. Although the
skin, liver, intestines, and lungs also eliminate wastes,
they cannot compensate if the kidneys fail. In addi-
tion, the kidneys can reabsorb needed substances and
return them to the blood.

® Maintain blood volume and concentration: The
kidneys control blood volume by regulating the
proper balance in the blood between salts and water.
They regulate the volume of urine produced. They also
regulate the concentration of ions in body fluids and
blood, so the proper balance of sodium, chloride, po-
tassium, calcium, and phosphate ions is maintained.

@ pH regulation: The kidneys control the proper
balance of hydrogen ions in the blood, thus helping




to regulate the proper pH levels in the body along
with buffers in the blood and the respiratory
system.

® Blood pressufe: The kidneys produce the enzyme
renin (REN-in), which helps adjust filtration pressure.

@ Erythrocyte concentration: The kidneys produce
erythropoietin (eh-rith-roh-POY-eh-tin), a hor-
mone that stimulates red blood cell production in red
bone marrow. They help regulate the concentration of
erythrocytes in the blood in cases of chronic hypoxia
(inadequate oxygen in tissue cells).

® Vitamin D production: The kidneys convert vitamin
D to its active form (calciferol). Vitamin D is important
for normal bone and teeth development. It also helps
control calcium and phosphorus metabolism. The
kidneys participate, along with the liver and the skin,
in vitamin D synthesis.

THE EXTERNAL ANATOMY
OF THE KIDNEYS

The kidneys are paired organs that are reddish in
color and resemble kidney beans in shape. They are
about the size of a closed fist. They are located just
- above the waist between the parietal peritoneum and
the posterior wall of the abdomen. This placement
of the kidneys is also referred to as retroperitoneal.
The right kidney is slightly lower than the left
because of the large area occupied by the liver (see
Figure 18-1).

The average adult kidney measures about 11.25 cm
(4 inches) long, 5.0 to 7.5 cm (2-3 inches) wide and
2.5 cm (1 inch) thick. Near the center of the concave bor-
der of the kidney is a notch called the hilum {HIGH-lum)
through which the ureter leaves the kidney. Blood vessels,
nerves, and lymph vessels also enter and exit the kidney
through this hilum. The hilum is the entrance to a cav-
ity in the kidney called the renal sinus, which consists of
connective tissue and fat.

Three layers of tissue surround each kidney. The
innermost layer is the renal capsule. It is a smooth,
transparent, fibrous connective tissue membrane that
connects with the outermost covering of the ureter at
the hilum. It functions as a barrier against infection
and trauma to the kidney. The second layer, on top of
the renal capsule, is the adipose capsule. It is a mass
of fatty tissue that protects the kidney from blows. It
also firmly holds the kidney in place in the abdominal
cavity. The outermost layer is the renal fascia (REE-nal
FASH-ee-ah), which consists of a thin layer of fibrous
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connective tissue that also anchors the kidneys to their
surrounding structures and to the abdominal wall.

THE INTERNAL ANATOMY
OF THE KIDNEYS

A frontal section through a kidney will reveal an outer
area called the cortex and an inner area known as the
medulla (Figure 18-2). In a freshly dissected kidney,
the cortex would be reddish in color and the medulla
reddish-brown. Within the medulla are 8 to 18 stri-
ated, triangular structures called the renal pyramids.
The striated appearance is caused by an aggregation
of straight tubules and blood vessels. The bases of the
pyramids face the cortex and their tips, called the renal
papillae (REE-nal pah-PILL-ee), point toward the

- center of the kidney.

The cortex is the smooth textured area that
extends from the renal capsule to the bases of the renal
pyramids. It also extends into the spaces between
the pyramids. This cortical substance in between
the renal pyramids is called the renal columns.
Together, the cortex and the renal pyramids make
up the parenchyma (par-EN-kih-mah) of the kidney.
Structurally, this parenchyma consists of millions
of microscopic collecting tubules called nephrons
(NEFE-ronz). The nephrons are the functional units of
the kidney. They regulate the composition and volume
of blood and form the urine.

A funnel-shaped structure called the minor calyx
(MYE-nohr KAY-liks) surrounds the tip of each renal
pyramid. There can be 8 to 18 minor calyces. Each
minor calyx collects urine from the ducts of the pyra-
mids. Minor calycés join to form major calyces. There
are two or three major calyces in the kidney. The major
calyces join together to form the large collecting fun-
nel called the renal pelvis, which is found in the renal
sinus. It is the renal pelvis that eventually narrows to
form the ureter (YOO-reh-ter). Urine drains from the
tips of the renal pyramids into the calyces. It then col-
lects in the renal pelvis and leaves the kidney through
the ureter.

THE ANATOMY
OF THE NEPHRONS

The functional units of the kidney are the nephrons.

There are two types of nephrons: Juxtamedullary.

nephrons have loops of Henle that extend deep into
the medulla; cortical nephrons have loops of Henle
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FIGURE 18-2. The internal anatomy of a kidney. (© Cengage Learning 2012)

that do not extend deep into the medulla. Basically, a
nephron is a microscopic renal tubule, which functions
as a filter, and its vascular (surrounding blood vessels)
component (Figure 18-3). The nephron begins as a
double-walled globe known as Bowman'’s glomerular
capsule. This is located in the cortex of the kidney. The
innermost layer of the capsule is known as the visceral
layer and consists of epithelial cells called podocytes
(POH-doh-sightz). This visceral layer of podocytes sur-
rounds a capillary network known as the glomerulus
(glom-AIR-you-lus). The outer wall of Bowman’s
glomerular capsule is known as the parietal layer.
-A collecting space separates the inner visceral layer
from the outer parietal layer of the capsule. Together,
Bowman's glomerular capsule and the enclosed glom-
erulus make up what is called a renal corpuscle.

The visceral layer of Bowman’s capsule and the
endothelial capillary network of the glomerulus
form an endothelial-capsular membrane, which
is the site of filtration of water and solutes from
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the blood. This filtered fluid now moves into the
renal tubule.

Bowman’s capsule opens into the first part of the
renal tubule, called the proximal convoluted tubule,
located in the cortex. The next section of the tubule is
called the descending limb of Henle, which narrows in
diameter as it dips into the medulla of the kidney. The
tubule then bends into a U-shaped structure known as
the loop of Henle. As the tubule straightens, it increases
in diameter and ascends toward the cortex of the kid-

~ ney. Here it is called the ascending limb of Henle. In

the cortex, the tubule again becomes convoluted and
is now called the distal convoluted tubule. The distal
convoluted tubule ends by merging with a large straight
collecting duct. In the medulla, collecting ducts con-
nect with the distal tubules of other nephrons. The col-
lecting ducts now pass through the renal pyramids and
open into the calyces of the pelvis through a number
of larger papillary ducts, which empty urine into the
renal pelvis. -
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FIGURE 18-3. The anatomy of a nephron, the functional unit of a kidney. (© Cengage Learning 2012)

To facilitate filtration, most of the descending
limb has thin walls of simple squamous epithelium,
and the rest of the nephron and collecting duct
is composed of simple cuboidal epithelium. The
proximal tubule, ascending limb of Henle, and the
collecting duct transport molecules and ions across
the wall of the nephron. The descending limb of
Henle is highly permeable to water and solutes
(Figure 18-4).

BLOOD AND NERVE SUPPLY
TO THE NEPHRONS

Because the nephrons are mainly responsible for remov-
ing wastes from the blood and regulating its electrolytes
(which are responsible for the acid or alkaline compo-
nents of blood) and fluid content, they are richly supplied
with blood vessels. The right and left renal arteries (see
Figure 18-1) transport one-quarter of the total cardiac
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FIGURE 18-4. The flow of materials from the filtered blood in the kidney. (© Cengage Learning 2012)

output directly to the kidneys. About 1200 mL of blood
passes through the kidneys every minute. This amounts to
blood being filtered of wastes approximately 60 times a day.

Just before or immediately after entering the hilum,
the renal artery divides into several branches that enter
the parenchyma of the kidney in between the renal pyra-
mids. In the renal columns, these branches are called the
interlobar arteries (Figure 18-5). At the base of the pyra-
mids, the interlobar arteries arch between the cortex and
the medulla. Here they are called the arcuate arteries.
Branches of the arcuate arteries produce a series of in-

terlobular arteries (see Figure 18-3) that enter the cortex -

and divide into afferent arterioles. Each afferent arteriole
takes blood from the renal artery to Bowman’s glomeru-
lar capsule, where the arteriole divides into the tangled
capillary network known as the glomerulus. _
The glomerular capillaries then reunite to form
an efferent arteriole that carries blood away from

the glomerular capsule. Each efferent arteriole fur-
ther divides to form a network of capillaries called the
peritubular capillaries, which surround the convo-
luted tubules of the nephron. Eventually, the peritu-
bular capillaries reunite to form an interlobular vein.
The filtered blood then drains into the arcuate vein at
the base of the pyramid. From the arcuate veins, the
blood travels through the interlobar veins that run
between the pyramids in the renal columns. The in-
terlobar veins unite at the single right and left renal
vein that leave the right and left kidney at the hilum.
The nerve supply to the kidney comes from the renal
plexus of the autonomic nervous system. Sympathetic
neurons, using norepinephrine, innervate the blood ves-
sels of the kidneys. This stimulation causes constriction
of the arteries, resulting in a decrease in blood flow and
a decrease in filtrate formation. Thus, there is a decrease
in urine formation. Urine volume production increases in
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FIGURE 18-5. Blood flow through the kidney.
(© Cengage Learning 2012)

response to a decrease in sympathetic innervation to the
renal arteries. '

Trauma or increased physical activity causes an
increase in sympathetic stimulation, resulting in low
levels of urine production.
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PHYSIOLOGY OF
THE NEPHRONS

The nephrons carry out a number of important functions.
They control blood concentration and volume by remov-
ing selected amounts of water and solutes, they help reg-
ulate blood pH, they remove toxic wastes from the blood,

‘and they stimulate red blood cell production in red bone

marrow by producing a hormone called erythropoietin.
The eliminated materials are collectively called urine.
Urine is formed by three processes in the nephrons:
glomerular filtration, tubular reabsorption, and tubular
secretion (see Figure 18-6).

In glomerular filtration, the glomerulus filters water
and certain dissolved substances from the plasma of
blood. This process of glomerular filtration results in in-
creased blood pressure. This increased pressure forces
the fluid to filter from the blood. The dissolved substances
include: positively charged ions of sodium, potassium,
calcium, and magnesium; negatively charged ions of chlo-
ride, bicarbonate, sulfate, and phosphate; and glucose,
urea, and uric acid. This filtrate is mainly water with some
of the same components as the blood plasma. No large
proteins are filtered. Both kidneys filter about 45 gallons of
blood plasma per day. Yet only a small portion of the glo-
merular filtrate leaves the kidneys as urine. Most fluid gets
reabsorbed in the renal tubules and reenters the plasma.

Bowman'’s
capsule

Reabsorption to blood

Filtration

Secretion from blood

Renal tubule

FIGURE 18-6. The main functions of the nephrons: filtration, reabsofption, and secretion. (© Cengage Learning 2012)
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The tubular reabsorption process transports sub-
stances out of the tubular fluid and back into the blood
of the peritubular capillary. This reabsorption occurs
throughout the renal tubule, but the majority of reab-
~ sorption occurs in the proximal convoluted tubule.
Active transport reabsorbs glucose while osmosis rapidly
reabsorbs water. Active transport reabsorbs amino acids,

creatine, lactic acid, uric acid, citric acid, and ascorbic -

acid. Active transport also reabsorbs phosphate, calcium,
sulfate, sodium, and potassium ions. Chloride ions and
other negatively charged ions are reabsorbed by electro-
chemical attraction. The descending limb of Henle reab-
sorbs water by osmosis. The ascending limb reabsorbs
sodium, potassium, and chloride ions by active trans-
port. The distal convoluted tubule reabsorbs sodium ions
by active transport and water by osmosis. The collecting
ducts of the nephrons also will reabsorb water by osmo-
sis. About 95% of water is reabsorbed back into the blood-
stream. Hormones, such as vasopressin and aldosterone,
are essential to help control this process.

In tubular secretion, substances will move from
the plasma in the peritubular capillary into the fluid of
the renal tubule. The amount of a certain substance ex-
creted into the urine may eventually exceed the amount

-originally filtered from the blood plasma in the glom-

erulus. The proximal convoluted tubule actively secretes
penicillin, creatinine, and histamine into the tubular
fluid. The entire renal tubule actively secretes hydrogen
ions (H+), thus helping to regulate the pH of the body

. fluids. The distal convoluted tubule and the collecting .

duct secrete potassium ions (K+).
Urine consists of water and solutes that the kidneys
either eliminate or retain in the body to maintain homeo-

* stasis. Urine is about 95% water with urea, uric acid, some

amino acids, and electrolytes. The daily production of urine
is between 0.6 and 2.5 liters per day. This depends on a per-
son’s fluid intake, environmental temperature and humid-
ity, respiratory rates, body temperature, and emotional
conditions. Urine production of 56 mL an hour is considered
normal; 30 mL an hour indicates possible kidney failure.

| Stu“‘ Connecion

Watch an animation on the formation
of urine on your StudyWARE™ CD-ROM.

PREVENTING URINARY TRACT
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FIGURE 18-7. The two ureters and the urinary bladder in a female. {© Cengage Learning 2012)

THE URETERS: ANATOMY
AND FUNCTION

The body has two ureters (YOO-reh-terz), each one
descending from a kidney. Each ureter is basically an
extension of the pelvis of a kidney and extends about
25 to 30 cm_ (10 to 12 inches) down to the urinary blad-
der (Figure 18-7). Each begins as the funnel-shaped renal

“pelvis and descends parallel on each side of the vertebral
column to the bladder. They connect to the urinary blad-
der posteriorly.

The principal function of the ureters is to transport
urine from the renal pelvis into the urinary bladder.
The ureters are lined with a mucous coat of transitional
epithelium that can stretch. Connective tissue binds the
epithelium to a layer of smooth muscle. The urine is car-
ried through the ureters primarily by peristaltic contrac-
tions of the smooth muscular walls of the ureters, but
gravity and hydrostatic pressure also ‘contribute. The
outermost layer of the ureter is composed of connective
tissue called the adventitia. Peristaltic waves pass from
the kidney to the urinary bladder varying from one to five
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- waves per minute, depending on the amount of urine for-
mation. Consuming excess liquids will cause more urine
formation per unit of time.

THE URINARY BLADDER
AND THE MICTURITION REFLEX

The urinary bladder is a hollow muscular organ located
in the pelvic cavity posterior to the pubic symphysis. It
consists of the same tissue layers as the ureters. It is a
movable organ held in position by folds of peritoneum
(see Figure 18-7). When empty, it resembles a deflated
balloon. It assumes a spherical shape when slightly full
of urine. As urine volume increases, it becomes pear-
shaped and ascends into the abdominal cavity.

The interior of the bladder has three openings, the
two openings from the two ureters and the single open-

ing to the urethra that will drain the bladder. A smooth

triangular region of the bladder outlined by these open-
ings is called the trigone (TRY-gohn) (Figure 18-8).
Bladder infections tend to develop in this region. The
bladder wall contains three layers of smooth muscle
collectively known as the detrusor (dee-TRUE-sohr)
muscle, At the junction of the urinary bladder and ure-
thra, smooth muscle of the bladder wall forms the intemal
urinary sphincter, which is under involuntary control.

Detrusor muscle
in wall of bladder

Openings of
ureters
into bladder

Trigone

Opening into

urethra Prostate gland

External urethral

sphincter sphincter

&5

FIGURE 18-8. The anatomy of the urinary bladder in a
male. (© Cengage Learning 2012)

Internal urethral

Urine is expelled from the bladder by an act known
as micturition (milk-tyoo-RIH-shun), commonly re-
ferred to as urination or voiding. This response is
caused by a combination of involuntary and voluntary
nerve impulses. The average capacity of the bladder
is approximately 500 mL. When the amount of urine
reaches 200 to 400 mL, stretch receptors in the bladder
wall transmit nerve impulses to the lower portion of the
spinal cord. It is these impulses that initiate a conscious
desire to expel urine and an unconscious reflex called
the micturition reflex. During urination, the detrusor
muscle of the bladder contracts as do the muscles of the
pelvic floor and abdominal wall. The external urinary
sphincter, formed of skeletal muscle that surrounds the
urethra as it leaves the bladder, must relax and urine
then leaves the bladder and moves through the urethra
to the outside.

StyWAR““ Coeion

Play an interactive game labeling
structures of the urinary system
on your StudyWARE™ CD-ROM. .

THE URETHRA: MALE
AND FEMALE POSITIONS

The urethra (yoo-REE-thrah) is a small thin-walled
tube leading from the floor of the urinary bladder to
the outside of the body. It transports urine by peristal-
sis. Its position in the two sexes differs slightly as does
its function.

In females, it lies directly posterior to the pubic sym-
physis and is located in the wall of the vagina in an an-
terior position just above the vaginal opening. Its length
is about 3.8 ¢cm (1.5 inches). Its opening to the outside
is called the urethral orifice and is located between the
clitoris and the vaginal opening.

In males, the urethra is 20 cm (8 inches) long. Di-
rectly below the bladder, it passes vertically through
the prostate gland. It then passes through the urogen-
ital diaphragm and enters the penis. It opens at the
tip of the penis at the urethral orifice. In the male, the
urethra has a dual function as part of both the urinary
and reproductive systems. It carries urine out of the
body and functions as a passageway for semen to be
discharged from the body.
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KIDNEY STONES

Kidney stones, also known as renal calculi; are

sium or calcium phosphate, or calcium oxalate.

ducts. When a stone passes through the ureter, it c
The pain radiates from the area of the kidney, abdorme'
thelr own. Today, larger ones are pulverized by a pro

and easily passed in the urine. °

CYSTITIS S

Cystitis is-an inflammation of the urihary bl' in v

tion causes a frequent urge to urinéte wit accompanylng burnmg sensation durin
a‘rIy tr atment WI" prevent the bacterla fro

il e»»can result from acute glomerulonephrltls 5
aused by damage to so many nephrons that .

; or Iack of blood supply to the
te et b' ,|:IC waste prod- :
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~ OLIGURIA

Ohguna (ol{ig-YOO-ree-ah) is a condition in wh ,
less than 500 mL per day. This results in an |nab|l1ty'

__blood. It can be caused by urinary tract obstructions
electrolytes and fluids. e s

 POLYURIA

Polyuria (pall-ee-YOO-ree- -ah) is the productlon of 2
both dlabetes mellitus and dlabetes |nS|p|dus It

- ,‘PYURIA
Pyuria (pye-YOO-ree-ah) is a condltlon in wt
the urine (pus) [t results from a bactenal lnfec

UREMlA
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BODY SYSTEMS
WORKING TOGETHER

TO MAINTAIN HOMEOSTASIS:
THE URINARY SYSTEM

Integumentary System

® 'The skin and the kidneys are involved in vitamin D
production. _

@ The skin is a protective barrier and a site for water
loss via perspiration.

® The urinary system compensates for water loss
caused by perspiration.

Skeletal System

@ The lower ribs provide some protection to the kidneys.

@® Both the kidneys and bones help maintain calcium
levels in the blood. :

Muscular System

@ Muscles control elimination of urine from the
bladder in the voluntary action of micturition.

@ Muscle cells produce creatinine as a nitrogenous

waste product of metabolism that the kidneys excrete.

Nervous System
@ The nervous system controls urine production and
micturition.

~ Endocrine System

@ Antidiuretic hormone (ADH) and aldosterone help
regulate urine production by influencing renal reab-
sorption of electrolytes and water.

Cardiovascular System

@ Blood volume is controlled by the urinary system.

@ Blood pressure controls glomerular filtration.

® Blood carries nutrients and oxygen to and eliminates
waste from the urinary tissues.

Lymphatic System

@ The kidney helps maintain extracellular fluid compo-
sition and volume. '

@ Lymphatic vessels help maintain blood pressure by
returning lymph to the plasma of blood.

@ The lymphocytes help protect the urinary structures
from infection and cancer.

Digestive System

® The liver transforms toxic ammonia (a by-product of
amino acid metabolism) into less harmful urea that
is then excreted by the kidneys.

@ The kidneys restore fluids lost by the digestive process.

Respiratory System

@ The lungs and the kidneys help maintain the proper
pH of the body.

@ The respiratory system provides the oxygen needed
by the cells of the kidneys to function and eliminates
the carbon dioxide waste product.

Reproductive System

® The urethra of the male functions as both an organ
to eliminate urine from the bladder and as a tube to
transfer sperm to the outside.

@ The kidneys replace fluid lost from the normal activi-
ties of the reproductive system.




SUMMARY OUTLINE

INTRODUCTION

1.

The urinary system helps keep the body in
homeostasis by removing and restoring selected
amounts of solutes and water from the blood.

2. The system consists of two kidneys, two ureters, the

3.

bladder, and the urethra.

The kidneys are the main filtering organs of the
system, producing the urine.

4. Urine consists of urea, excess water, excess ions, and

toxic wastes that may have been consumed with food.

FUNCTIONS OF THE URINARY SYSTEM

The kidneys perform six functions as they daily filter the
blood:

1,

Excretion. They are the major excretory organs of
the body, filtering large amounts of fluids from the
bloodstream, including nitrogenous wastes, drugs,
and toxins.

. Maintain blood volume and concentration. 'Ihey

regulate the proper balance of water and dissolved
salts by maintaining proper ion concentrations.

. pH regulation. They control the proper hydrogen

ion concentration of the blood.

. Blood pressure. They produce the enzyme renin,

which helps maintain blood pressure.

. Erythrocyte concentration. They produce the

protein hormone erythropoietin, which stimulates
red blood cell production.

. Vitamin D production. They convert vitamin D to

its active form (calciferol).

THE EXTERNAL ANATOMY OF THE KIDNEYS

1.

The kidneys are located just above the waist
between the parietal peritoneum and the posterior
wall of the abdomen.

. The hilum is a notch in the concave center of each -

kidney through which a ureter leaves the kidney
and blood vessels, nerves, and lymph vessels enter
and exit the kidney.

3. Three layers of tissue surround each kidney.

4. The innermost layer is the renal capsule that acts as

a barrier against infection and trauma.

. The second layer is the adipose capsule, a mass of

fatty tissue that protects the kidney from blows.

. The outermost layer is the renal fascia that anchors

the kidney to the abdominal wall.
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- THE INTERNAL ANATOMY OF THE KIDNEYS

1

. 'The outer area of a kidney is called the cortex.

2, The inner area of a kidney is called the medulla.

. Within the medulla are striated, triangular

structures called the renal pyramids whose bases
face the cortex and whose tips are called renal

- papillae that point to the center of the kidney.

. The cortical material that extends between the

pyramids is called the renal columns.

. The cortex and renal pyramids make up the

parenchyma of the kidney, which is composed of
millions of microscopic units called nephrons.

6. The nephrons are the functional units of the kidneys.

N

. 'The tip of each renal pyramid is surrounded by a

funnel-shaped structure called a minor calyx, which
collects urine from the ducts of the pyramids.

. Minor calyces join to form a féew major calyces.

The major calyces join to form the large collecting
funnel called the renal pelvis, which narrows to
form the ureter,

THE ANATOMY OF THE NEPHRONS

1.

A nephron is a microscopic renal tubule and its
vascular component.

. The nephron begins as a double-walled globe

known as Bowman’s glomerular capsule.

. The innermost layer of the capsule is the visceral

layer made of podocytes. These epithelial podocytes
surround a capillary network called the glomerulus.

. The outermost layer of the capsule is called the

parietal layer.

. Arenal corpuscle is made up of Bowman’s

glomerular capsule and the enclosed capillary
glomerulus.

. The visceral layer of Bowman’s capsule and the

capillary network of the glomerulus form the
endothelial-capsular membrane, which filters water
and solutes from the blood and moves it into the
renal tubule. '

. The first part of the renal tubule is called the

proximal convoluted tubule, located in the cortex.

. 'The following part is the descending limb of Henle,

which narrows as it dips into the medulla. The
tubule then bends into the U-shaped loop of Henle.

. As the loop straightens, it increases in diameter and

ascends toward the cortex as the ascending limb of
Henle.

aa7
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In the cortex, the renal tubule again becomes
convoluted and is known as the distal convoluted
tubule, which ends by merging with a large, straight
collecting duct. '

In the medulla, collecting ducts connect with the
distal convoluted tubules of a number of nephrons.

Collecting ducts now pass through the renal
pyramids and open into the calyces of the pelvis
through a number of larger papillary ducts. They
empty urine into the renal pelvis.

BLOOD AND NERVE SUPPLY
TO THE NEPHRONS

1.

The right and left renal arteries tranéport 1200 mL
of blood to the kidneys every minute.

. 'The arteries branch and pass between the renal

pyramids in the renal columns as the interlobar arteries.
At the base of the pyramids, they arch as the arcuate
arteries found between the cortex and the medulla.

. Branches of the arcuate arteries become the

interlobular arteries, which branch into afferent
arterioles in the cortex.. Afferent arterioles divide
into the capillary network called the glomerulus.

. Glomerular capillaries reunite to form the efferent

arteriole, which exits the capsule of the glomerulus.

. Efferent arterioles divide to form peritubular

capillaries, which surround the convoluted tubules
of the nephron.

. Peritubular capillaries reunite to form an

interlobular vein, which connects with the arcuate
vein at the base of a pyramid.

. Arcuate veins connect to interlobar veins found

between the pyramids in the renal columns.

. Interlobar veins unite at the right and left renal veins

that exit the right and the left kidney at the hilum.,

. The nerve supply to the kidney is the renal plexus of

the autonomic nervous system.

PHYSIOLOGY OF THE NEPHRONS

1. The three major functions of nephrons are to control

blood concentration and volume by removing and
restoring selected amounts of water and solutes, help
regulate blood pH, and remove toxic waste from the
blood. '

. Urine forms by glomerular filtration, tubular

reabsorption, and tubular secretion, all of which
occur in the nephrons.

» Glomerular filtration removes water and

these dissolved substances from the plasma

of blood: sodium, potassium, calcium, and
magnesium positive ions; negative jons of chloride,
bicarbonate, sulfate, and phosphate; and glucose, |
urea, and uric acid. Ninety-nine percent of the fluid
gets reabsorbed in the renal tubules.

. Tubular reabsorption transports substances from

the tubular fluid into the blood of the peritubular
capillaries. Active transport reabsorbs glucose,
and osmosis reabsorbs water. Active transport
reabsorbs positively charged ions, amino acids,
creatinine, and lactic, uric, citric, and ascorbic
acids. Negatively charged ions are reabsorbed by
electrochemical attraction. :

. Tubular secretion moves these substances from

the plasma in the peritubular capillary into the
fluid of the renal tubule: penicillin and other
drugs, creatinine, histamine, hydrogen ions, and
potassium ions.

. Urine consists of 95% water with urea, uric acid,

some amino acids, and electrolytes.

THE URETERS: ANATOMY AND FUNCTION

1.

Each of the two ureters begins as an extension of
the renal pelvis of a kidney and connects to the
urinary bladder.

. The function of the ureters is to transport urine

from the renal pelvis to the urinary bladder.

. Urine moves mainly by peristaltic contractions

of the smooth muscle walls, but gravity and
hydrostatic pressure also contribute.

THE URINARY BLADDER
AND THE MICTURITION REFLEX

1.

The urinary bladder is held in position by folds of
peritoneum in the pelvic cavity.

. The two openings from the ureters and the

single opening into the urethra outline a smooth
triangular region called the trigone.

. The bladder wall is composed of three layers of

smooth muscle called the detrusor muscle.

. At the junction of the urinary bladder and the

urethra is the internal urinary sphincter under
involuntary control.

. Urine is expelled from the bladder by an act known

as micturition.

. The external urinary sphincter, formed by skeletal

muscle surrounding the urethra as it leaves the
bladder, relaxes and urine leaves the bladder.




7.

The bladder can hold 700 to 800 mL of urine. When
it reaches 200 to 400 mL, stretch receptors in the
bladder wall transmit impulses to the lower spinal
cord, which initiate a conscious desire to urinate and
an unconscious reflex called the micturition reflex.

- THE URETHRA: MALE AND FEMALE POSITIONS

1.

REVIEW QUESTIONS

The urethra is a small thin-walled tube connecting
to the floor of the urinary bladder that leads to the
outside.

. In females, it is located in the wall of the vagina just

above the vaginal opening. It is 3.8 cm long and
its opening, called the urethral orifice, is located
between the clitoris and the vaginal opening.

. In males, the urethra is 20 cm long, and just below

the bladder it passes through the prostate gland
and enters the penis, opening at the tip of the male
penis as the urethral orifice. In the male, the urethra
not only transports urine but also transfers semen
to the outside.

1. Name the organs of the urinary system.

2. Explain six functions of the urinary system.

3. What other systems of the body pérform excretion

and what do they excrete?

. Explain the role of glomerular filtration, tubular

reabsorption, and tubular secretion in the nephron
in maintaining homeostasis.

5. Name three functions of the nephrons.

‘6

. Explain the micturition reflex in terms of changes

in the urinary bladder.

7. Compare the length and position of the urethra in

the male and in the female.

8. Name the parts of a nephron’s renal tubule.

9. Name three constituents of urine.

*Critical Thinking Questions

FILL IN THE BLANK
Fill in the blank with the most appropriate term.

1

2. The

. Within the medulla of the kidney are 8 to 18

striated triangular structures called

are functional microscopic units
of the kidney.

3. Urine is expelled by an act called —

commonly known as urination or voiding.
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. The innermost-léyer of the kidney is called

the , a fibrous connective tissue

membrane that is a barrier against infection and

traumna to the kidney.

. A nephron begins as a double-walled globe called

capsule.

. In the medulla, the renal tubule bends into a

U-shape known as the loop of

. The kidneys produce a protein hormone called

, which stimulates hematopoiesis in
red bone matrow.

8. The active form of vitamin D is called

9. Kidneys produce an enzyme called _

10.

which helps regulate blood pressure.

When crystals of uric acid get deposited in the
joints of the hands and feet, the condition is called

MATCHING
Place the most appropriate number in the blank
provided.
__ Podocytes 1. Inner region of kidney
__ Cortex 2. Areain bladder
____Medulla 3. Collect urine
____Capillary 4. Bladder wall

network 5. Cortical area in medulla
_____ Hilum 6. Epithelial cells in inner wall
__ Trigone of Bowman’s capsule
—_Renal column 7. Sympathetic neurons
_____Detrusor 8. Renal pelvis

muscle 9. Notch through which the
___ Renal plexus ureter leaves the kidney
____ Calyx 10. Outer layer of kidney-

11. Glomerulus

12. Sphincter muscle

from the chaptet

ional information.. /C
include kidneys, nephrons,
m anatomy, or one of the
e urinary system intro--
s chapter.. "
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Jennifer Mills, a 20-year-old college student, is on vacation with friends at the beach
when she suddenly experiences severe pain that radiates from her left side to her
abdomen. In addition, Jennifer feels extremely nauseated and begins to vomit. Her
friends take her to the emergency department at the local hospital. Following a CT
scan, x-rays, IV fluids for dehydration, and medication for pain, Jennifer is discharged
with instructions to follow up with a urologist when she returns home.

Questions

1. What problem do you think is causing Jennifer’s severe pain and nausea?
2. Where in the urinary system does this condition develop?

3. How is this problem treated?

4. Describe one activity that will help prevent this disorder from recurring,

- Play interacfi've games or take a practice quiz on your StudyWARE™ CD-ROM.

Go to your Study Gulde for more practice questlons, labellng and colormg exerCIses, and' '
' word puzzles to help. you Iearn the content ln this chapter '
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LABORATORY
EXERCISE: THE URINARY SYSTEM




