ophagus is a muscular tube that passes from the phar-
rough the thoracic cavity and diaphragm into the ab-
al cavity where it joins the stomach. The esophagus is
arily collapsed, but it opens and receives the bolus
swallowing occurs. A thythmic contraction called peri-
is pushes the food along the digestive tract. Occasionally,
stalsis begins even though there is no food in the esopha-
is produces the sensation of a lump in the throat.

The esophagus plays no role in the chemical digestion of
ts sole purpose is to conduct the food bolus from the
th to the stomach. Sphincters are muscles that encircle
nd act as valves; tubes close when sphincters contract,
they open when sphincters relax. The entrance of the
hagus to the stomach is marked by a constriction, often
led a sphincter, although the muscle is not as developed as
A {rue sphincter. Relaxation of the sphincter allows the bo-
s to pass into the stomach, while contraction prevents the
c contents of the stomach from backing up into the
hagus. Heartburn, which feels like a burning pain rising
to the throat, occurs when some of the stomach contents
e into the esophagus. When vomiting occurs, a contrac-
of the abdominal muscles and diaphragm propels the
gontents of the stomach upward through the esophagus.

' The esophagus conducts the bolus of food from

| the pharynx to the stomach. Peristalsis begins in
“ithe esophagus and occurs along the entire length
- of the digestive tract.
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8lre 12.4  wall of the digestive tract.
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The Wall of the Digestive Tract

The wall of the esophagus in the abdominal cavity is com-
parable to that of the digestive tract, which has these layers
(Fig. 12.4):

Mucosa (mucous membrane layer) A layer of
epithelium supported by connective tissue and
smooth muscle lines the lumen (central cavity)
and contains glandular epithelial cells that secrete
digestive enzymes and goblet cells that secrete
mucus.

Submucosa (submucosal layer) A broad band of loose
connective tissue that contains blood vessels.
Lymph nodules, called Peyer’s patches, are in the
submucosa. Like the tonsils, they help protect us
from disease.

Muscularis (smooth muscle layer) Two layers of
smooth muscle make up this section. The inner,
circular layer encircles the gut; the outer,

- longitudinal layer lies in the same direction as
the gut.

Serosa (serous membrane layer) Most of the digestive
tract has a serosa, a very thin, outermost layer of
squamous epithelium supported by connective
tissue, The serosa secretes a serous fluid that keeps
the outer surface of the intestines moist so that the
organs of the abdominal cavity slide against one
another. The esophagus has an outer layer
composed only of loose connective tissue called the
adventitia.

: ‘ al different types of tissues are found in the wall of the digestive tract. Note the placement of circular muscle inside longitudinal muscle.

£5700raph of the wall of the esophagus.
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The Stomach

The stomach (Fig. 12.5) is a thick-walled, J-shaped organ
that lies on the left side of the body beneath the diaphragm.
The stomach is continuous with the esophagus above and
the duodenum of the small intestine below. The stomach
stores food and aids in digestion. The wall of the stomach
has deep folds, which disappear as the stomach fills to an
approximate capacity of one liter. Its muscular wall churns,
mixing the food with gastric juice. The term gastric always
refers to the stomach.

The columnar epithelial lining of the stomach has mil-
lions of gastric pits, which lead into gastric glands. The gas-
tric glands produce gastric juice. Gastric juice contains an
enzyme called pepsin, which digests protein, plus hydro-
chloric acid (HCl) and mucus. HCI causes the stomach to
have a high acidity with a pH of about 2, and this is benefi-
cial because it kills most bacteria present in food. Although
HCI does not digest food, it does break down the connective

C.

Figure 12.5 Anatomy and histology of the stomach.
a. The stomach has a thick wall with folds that allow it to expand and fill with food. b. The mucosa contains gastric glands, which secrete mU
and a gastric juice active in protein digestion. ¢. View of a bleeding ulcer by using an endoscope (a tubular instrument bearing a tiny lens and &
light source) that can be inserted into the abdominal cavity.

in its lining. If, by chance, HCI penetrates this mucus,
wall can begin to break down, and an ulcer results. An v

bacterial (Helicobacter pylori) infection that impairs the abj —il,
of epithelial cells to produce protective mucus. |
Alcohol is absorbed in the stomach, but there is no

thick, soupy liquid called chyme. Chyme leaves the stomag
and enters the small intestine in squirts by way. of a sphijj
ter that repeatedly opens and closes.

The stomach can expand to accommodate large |
amounts of food. When food is present, the stomach
churns, mixing food with acidic gastric juice. :

gastric pit

cells that
secrete
mucLs

cells that
secrete
HCl and
enzyme

stomach lining
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i Small Intestine

mall intestine is named for its small diameter (com-
.to that of the large intestine); but perhaps it should be
' the long intestine. In life, the small intestine averages
meters (9 feet) in length, compared to the large in-
which is about 1.5 meters (4 % ft) in length. (After

tion of muscles.)

he first 25 cm of the small intestine is called the duo-
Saum. Ducts from the liver and pancreas join to form
) .-::Ii one duct that enters the duodenum (see Fig. 12.1).
Semall intestine receives bile from the liver and pancre-
tuice from the pancreas via this duct. Bile emulsifies
émulsifi_cation causes fat droplets to disperse in water.
testine has a slightly basic pH because pancreatic
contains sodium bicarbonate (NaHCQO3), which neu-
es chyme. The enzymes in pancreatic juice and en-
mes produced by the intestinal wall complete the process

estion. '

s been suggested that the surface area of the small in-
e is approximately that of a tennis court. What factors
bute to increasing its surface area? The wall of the
il intestine contains fingerlike projections called villi,
ich give the intestinal wall a soft, velvety appearance

Small
intestine

Section of intestinal wall

55 12.6  Anatomy of small intestine.

, the small intestine becomes as long as 6 meters due to -
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(Fig. 12.6). Each villus has an outer layer of columnar ep-
ithelium and contains blood vessels and a small lymphatic
vessel called a lacteal. The lymphatic system is an adjunct to
the cardiovascular system—its vessels carry a fluid called
lymph to the cardiovascular veins.

Each villus has thousands of microscopic extensions
called microvilli. Collectively in electron micrographs, mi-
crovilli give the villi a fuzzy border known as a “brush bor-
der.” Since the microvilli bear the intestinal enzymes, these
enzymes are called brush-border enzymes. The microvilli
greatly increase the surface area of the villus for the absorp-
tion of nutrients. Sugars and amino acids pass through the
mucosa and enter a blood vessel. The components of fats
(glycerol and fatty acids) rejoin in smooth endoplasmic retic-
ulum and are combined with proteins in the Golgi appara-
tus before they enter a‘lat¢%al.

e

The small intestine is specialized to absorb the
products of digestion. It is quite long (3 meters)
and has fingerlike projections called villi, where
nutrient molecules are absorbed into the
cardiovascular (glucose and amino acids) and
lymphatic (fats) systems.

villus

lacteal

blood
capillaries

goblet
cell

arteriole
venule —

=2 |ymphatic
vessel

Photomicrograph of villi

. 8 f' of the small intestine has folds that bear fingerlike projections called villi. The products of digestion are absorbed by
+ch contain blood vessels and a lacteal. Each villus has many microscopic extensions called microvilli.
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12.2 Three Accessory Organs @

The pancreas, liver, and gallbladder are accessory digestive
organs. Figure 12.1 shows how the pancreatic duct from the
pancreas and the common bile duct from the liver and gall-
bladder join before entering the duodenum.

The Pancreas

The pancreas lies deep in the abdominal cavity, resting on
the posterior abdominal wall. It is an elongated and some-
what flattened organ that has both an endocrine and an ex-
ocrine function. As an endocrine gland it secretes insulin
and glucagon, hormones that help keep the blood glucose
level within normal limits. We are now interested in its ex-
ocrine function. Most pancreatic cells produce pancreatic
juice, which contains sodium bicarbonate (NaHCO3) and di-
gestive enzymes for all types of food. Sodium bicarbonate
neutralizes chyme; whereas pepsin acts best in an acid pH of
the stomach, pancreatic enzymes require a slightly basic pH.
Pancreatic amylase digests starch, trypsin digests protein,
and lipase digests fat. In cystic fibrosis, a thick mucus blocks
the pancreatic duct, and the patient must take supplemental
pancreatic enzymes by mouth for proper digestion to occur.

The Liver

The liver, which is the largest organ in the body, lies mainly
in the upper right section of the abdominal leVlly, under the
diaphragm (see Fig. 12.1). The liver has two main lobes, the
right lobe and the smaller left lobe, which crosses the midline
and lies above the stomach, The liver contains approximately
100,000 lobules that serve as the structural functional units of
the liver (Fig. 12.10). Triads consisting of these three struc-
tures are located between the lobules: (1) a branch of the he-
patic artery that brings oxygenated blood to the liver; (2) a
branch of the hepatic portal vein that transports nutrients
from the intestines; and (3) a bile duct that takes bile away
from the liver. The central veins of lobules enter the hepatic
vein. Note in Figure 12.11 that the liver lies between the he-
patic portal vein (number 2 in the figure) and the hepatic vein
(number 4 in the figure), which enters the vena cava.

In some ways, the liver acts as the gatekeeper to the
blood. As the blood from the intestines passes through the
liver, it removes poisonous substances and works to keep the
contents of the blood constant. It also removes and stores iron
and the fat-soluble vitamins A, D, E, and K. The liver makes
the plasma proteins from amino acids, and lipids from fatty
acids. It also produces cholesterol and helps regulate the
quantity of this substance in the blood.

The liver maintains the blood glucose level at about
100 mg/100 ml (0.1%), even though a person eats intermit-
tently. Any excess glucose that is present in the hepatic por-
tal vein is removed and stored by the liver as glycogen. Be-

central
vein

sinusoid

hepatic
portal
vein

bile duct
hepatic artery

bile canals
to hepatic

vein

from gut capillaries

Figure 12.10 Hepatic lobules.

The liver contains over 100,000 lobules. Each lobule contains many:
cells that perform the various functions of the fiver. They remove frafi
and/or add materials to blood and deposit bile in bile ducts.

tween eating, glycogen is broken down to glucose, whig
enters the hepatic vein, and in this way, the blood gluct§
level remains constant.

If the supply of glycogen is depleted, the liver will caf
vert glycerol (from fats) anid amino acids to glucose malt
cules. The conversion of amino acids to glucose necessitalg
deamination, the removal of amino acids. By a compl
metabolic pathway, the liver then combines ammonia will
carbon dioxide to form urea: '

0
I
2 NH3 + COQ b o HzN —C— NH2

ammonia carbon dioxide urea

Urea is the usual nitrogenous waste product from ami
acid breakdown in humans. After its formation in the liV&
urea is excreted by the kidneys. "
The liver produces bile, which is stored in the gallbld§
der. Bile has a yellowish green color because it contains 4
bile pigment bilirubin, derived from the breakdown of I
moglobin, the red pigment of red blood cells. Bile also ¢¢ Y
tains bile salts, which are derived from cholesterol and ¢ mil
sify fat in the small intestine. When fat is emulsified, it bred :
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jgure 12.11  Hepatic portal system.

hepatic portal vein takes the products of digestion from the
tive system to the liver, where they are processed before
nte ing the cardiovascular system propet.

ipinto droplets, providing a much larger surface area, which
iin be acted upon by a digestive enzyme from the pancreas.
\ Altogether, the following are significant functions of the

i Detoxifies blood by removing and metabolizing

Poisonous substances.

& Stores iron (Fe**) and the fat-soluble vitamins A, D, E,
and K.

® Makes plasma proteins, such as albumins and

Hibrinogen, from amino acids.

diotores glucose as glycogen after eating, and breaks

down glycogen to glucose to maintain the glucose

s concentration of blood between eating periods.

¥ Produces urea from the breakdown of amino acids.

¥ Removes bilirubin, a breakdown product of
flemoglobin from the blood, and excretes it in‘bile, a

liver product. 4

' "oduces lipids from fatty acids; produces and helps

fegulate blood cholesterol level, converting some to

bile salts,

€ Disorders

hepatitis, and cirrhosis are three serious diseases
i "!lcct the entire liver and hinder its ability to repair it-
o Therefore, they are life-threatening diseases. When a
8" has jaundice, there is a yellowish tint to the whites of
g 7¢s and also to the skin of light-pigmented persons.
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Bilirubin is deposited in the skin due to an abnormally large
amount in the blood. In hemolyiic jaundice, red blood cells
have been broken down in abnormally large amounts; in ob-
structive jaundice, bile ducts are blocked or liver cells are
damaged.:

Jaundice can also result from hepatitis, inflammation of
the liver. Viral hepatitis occurs in several forms. Hepatitis A
is usually acquired from sewage-contaminated drinking wa-

\_ter. Hepatitis B, which is usually spread by sexual contact,

\Iclan also be spread by blood transfusions or contaminated
‘needles. The hepatitis B virus is more contagious than the
AIDS virus, which is spread in the same way. Thankfully,
however, there is now a vaccine available for hepatitis B. He-
patitis C, which is usually acquired by contact with infected:
blood and for which there is no vaccine, can lead to chronic
hepatitis, liver cancer, and death.

Cirrhosis is another chronic disease of the liver. First the
organ becomes fatty, and liver tissue is then replaced by in-
active fibrous scar tissue. Cirrhosis of the liver is often seen
in alcoholics due to malnutrition and to the excessive
amounts of alcohol (a toxin) the liver is forced to break
down.

The liver has amazing generative powers and can re-
cover if the rate of regeneration exceeds the rate of damage.
During liver failure, however, there may not be enough
time to let the liver heal itself. Liver transplantation is usu-
ally the preferred treatment for liver failure, but artificial
livers have been developed and tried in a few cases. One
type is a cartridge that contains liver cells. The patient’s
blood passes through cellulose acetate tubing of the car-
tridge and is serviced in the same manner as with a normal
liver. In the meantime, the patient’s liver has a chance to re-
cover.

The Gallbladder

The gallbladder is a pear-shaped, muscular sac attached to
the surface of the liver (see Fig. 12.1). About 1,000 ml of bile
are produced by the liver each day, and any excess is stored
in the gallbladder. Water is reabsorbed by the gallbladder so
that bile becomes a thick, mucus-like material. When
needed, bile leaves the gallbladder and proceeds to the duo-
denum via the common bile duct.

The cholesterol content of bile can come out of solution
and form crystals. If the crystals grow in size, they form gall-
stones. The passage of the stones from the gallbladder may
block the common bile duct and cause obstructive jaundice,
Then the gallbladder must be removed.

The pancreas produces pancreatic juice, which
contains enzymes for the digestion of food. Among
its many functions, the liver produces bile, which is
stored in the gallbladder.




