THE DIGESTIVE SYSTEM

% The digestive system contributes to homeostasis by breaking down food into forms
that can be absorbed and used by body cells. It also absorbs water, vitamins, and minerals,
and it eliminates wastes from the body.

% The food we eat consists of molecules that are too large to be used by body cells. Therefore,
foods must be broken down into molecules that are small enough to enter body cells, a
process known as digestion.

% It extends from the mouth to the anus, forms an extensive surface area in contact with the
external environment, and is closely associated with the cardiovascular system. The
gastrointestinal (GI) tract or alimentary canal is a continuous tube that extends from the
mouth to the anus through the thoracic and abdominopelvic cavities.

% Organs of the gastrointestinal tract include the mouth, most of the pharynx, esophagus,
stomach, small intestine, and large intestine.
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THE DIGESTIVE SYSTEM

% The accessory digestive organs include the teeth, tongue, salivary
glands, liver, gallbladder, and pancreas.

1. Ingestion: taking food into mouth. 4. Digestion: mechanical and

2. Secretion: release of water, acid, chemical breakdown of food.
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and movement of food through 6. Defecation: elimination of feces
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igure 24.2 Layers of the gastrointestinal tract. Variations in this basic plan may be seen in the esophagus (I

stomach (I ! ). small intestine (Fi 4 ). ndl arge intestine (Figu 1.24).
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Figure 24.3 Organization of the enteric nervous system.
@ The enteric nervous system consists of neurons arranged
into the myenteric and submucosal plexuses.
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. o . ¢ The neurons of the ENS are arranged into two plexuses: the myenteric plexus and
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< The myenteric plexus is located between the longitudinal and circular smooth
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< Because the motor neurons of the myenteric plexus supply the longitudinal and

% The submucosal plexus is found within the submucosa.

L@—..‘m chemical digestion circular smooth muscle layers of the muscularis, this plexus mostly controls GI tract
motility (movement), particularly the frequency and strength of contraction of the
chemoreceptors muscularis.
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v In_general, the sympathetic nerves that supply the GI tract cause a
decrease in GI secretion and motility by inhibiting the neurons of the
ENS. Emotions such as anger, fear, and anxiety may slow digestion
because they stimulate the sympathetic nerves that supply the GI tract.




light microg (b), consist mostly of serous acini (serous fluid—secreting portions of gland) and a few mucous acini

Figure 24.5 Structures of the mouth (oral cavity).
(mucus g portions of gland); the parotid glands consist of serous acini only: and the sublingual glands consist of
@ The mouth is formed by the cheeks, hard and soft palates, and tongue mostly mucous acini and a few serous acini
@ saliva lubricates and dissolves foods and begins the chemical breakdown of carbohydrates and lipids.
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TONGUE

O The tongue is an accessory digestive organ composed of skeletal muscle covered with
mucous membrane.

O Together with its associated muscles, it forms the floor of the oral cavity.

O The extrinsic muscles of the tongue, which originate outside the tongue (attach to bones in
the area) and insert into connective tissues in the tongue.

. The extrinsic muscles move the tongue from side to side and in and out to maneuver food
for chewing, shape the food into a rounded mass, and force the food to the back of the
mouth for swallowing. They also form the floor of the mouth and hold the tongue in
position.

. The intrinsic muscles of the tongue originate in and insert into connective tissue within the
tongue. They alter the shape and size of the tongue for speech and swallowing.
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MECHANICAL AND CHEMICAL DIGESTION Lingual lipase .2

IN THE MOUTH

» Mechanical digestion in the mouth results from chewing, or mastication, in which food is
manipulated by the tongue, ground by the teeth, and mixed with saliva.

» As aresult, the food is reduced to a soft, flexible, easily swallowed mass called a bolus.

> Food molecules begin to dissolve in the water in saliva, an important activity because
enzymes can react with food molecules in a liquid medium only.

> Two enzymes, salivary amylase and lingual lipase, contribute to chemical digestion in the
mouth.

» Salivary amylase, which is secreted by the salivary glands, initiates the breakdown of
starch. Dietary carbohydrates are either monosaccharide and disaccharide sugars or
complex polysaccharides such as starches. Most of the carbohydrates we eat are starches,
but only monosaccharides can be absorbed into the bloodstream. Thus, ingested
disaccharides and starches must be broken down into monosaccharides.
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IN THE MOUTH

Saliva also contains lingual lipase, which is secreted by lingual
glands in the tongue. This enzyme becomes activated in the acidic
environment of the stomach and thus starts to work after food is
swallowed. It breaks down dietary triglycerides (fats and oils)
into fatty acids and diglycerides. A diglyceride consists of a
glycerol molecule that is attached to two fatty acids.
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PHARYNX

» When food is first swallowed, it passes from the mouth into the pharynx, a funnel-shaped
tube that extends from the internal nares to the esophagus posteriorly and to the larynx
anteriorly.

> The pharynx is composed of skeletal muscle and lined by mucous membrane, and is divided
into three parts: the nasopharynx, the oropharynx, and the laryngopharynx.

> p\\a(:wj nose L. Y.
> The[nasopharynx]functions only in respiration, but both the oropharynx and laryngopharynx
have digestive as well as respiratory functions. uPPel Gesp; f"'WJ Ha Uw P

?\M(\an 1o Mouth by “—~ / Lovser lesl’ifa\'og fack &
> Swallowed food passes from the mouth into the [oropharynx] and [laryngopharynx; the
muscular contractions of these areas help propel food into the esophagus and then into the
stomach.
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Fipure 24.9 Histology of the esophagus. A higher-
magnification view of nonkeratinized stratified squamous
epithelium is shown in Table 4.1F.

ESOPHAGUS @~ The esophagus secretes mucus and transports food to

the stomach.
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s Figure 24.10 Deglutition (swallowing). During the pharyngeal stage (b) the tongue rises against the palate, the nasopharynx is closed — m—
off, the larynx rises, the epiglottis seals off the larynx, and the bolus is passed into the esophagus. During the esophageal
stage (c), food moves through the esophagus into the stomach via peristalsis.

@=— Deglutition is a mechanism that moves food from the mouth into the stomach.
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STOMACH

% Because a meal can be eaten much more quickly than the intestines can digest and absorb
it, one of the functions of the stomach is to serve as a mixing chamber and holding
reservoir.

% At appropriate intervals after food is ingested, the stomach forces a small quantity of
material into the first portion of the small intestine.

%+ The position and size of the stomach vary continually; the diaphragm pushes it inferiorly
with each inhalation and pulls it superiorly with each exhalation. Empty, it is about the
size of a large sausage, but it is the most distensible part of the GI tract and can
accommodate a large quantity of food.

« In the stomach, digestion of starch and triglycerides continues, digestion of proteins
begins, the semisolid bolus is converted to a liquid, and certain substances are absorbed.
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STOMACH

< The stomach wall is composed of the same basic layers as the rest of the GI tract,
with certain modifications. The surface of the mucosa is a layer of simple
columnar epithelial cells called surface mucous cells.

< Parietal cells produce intrinsic factor (needed for absorption of vitamin B12) and
hydrochloric acid.

< The chief cells secrete pepsinogen and gastric lipase. .

» The secretions of the mucous, parietal, and chief cells form gastric juice, which
totals 2000-3000 mL per day.
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REGULATION OF HCL SECRETION

HCl secretion by parietal cells can be stimulated by several sources:

1. Acetylcholine (ACh) is released by parasympathetic neurons.

2. Gastrin secreted by G cells.

3. Histamine, which is a paracrine substance released by mast cells in
the nearby lamina propria.

< Acetylcholine and gastrin stimulate parietal cells to secrete more HCI in the
presence of histamine. In other words, histamine acts synergistically,
enhancing the effects of acetylcholine and gastrin. Receptors for all three
substances are present in the plasma membrane of parietal cells.
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REGULATION OF HCL SECRETION

» The strongly acidic fluid of the stomach kills many microbes in food.

» HCl partially denatures (unfolds) proteins in food and stimulates the secretion of
hormones that promote the flow of bile and pancreatic juice.

» Enzymatic digestion of proteins also begins in the stomach.

» The only proteolytic (protein-digesting) enzyme in the stomach is pepsin, which
is secreted by chief cells.

» Pepsin severs certain peptide bonds between amino acids, breaking down a
protein chain of many amino acids into smaller peptide fragments.

» Pepsin is most effective in the very acidic environment of the stomach (pH 2); it
becomes inactive at a higher pH.

WHAT KEEPS PEPSIN FROM DIGESTING THE PROTEIN

IN STOMACH CELLS ALONG WITH THE FOOD?

<+ First, pepsin is secreted in an inactive form called pepsinogen;
in this form, it cannot digest the proteins in the chief cells that
produce it.

< Pepsinogen is not converted into active pepsin until it comes in
contact with hydrochloric acid secreted by parietal cells or active
pepsin molecules.

“+Second, the stomach epithelial cells are protected from gastric
juices by a layer 1-3 mm thick of alkaline mucus secreted by
surface mucous cells and mucous neck cells.

REGULATION OF HCL SECRETION

» Another enzyme of the stomach is gastric lipase, which splits triglycerides (fats
and oils) in fat molecules (such as those found in milk) into fatty acids and
monoglycerides.

» This enzyme, which has a limited role in the adult stomach, operates best at a pH
of 5-6. More important than either lingual lipase or gastric lipase is pancreatic
lipase, an enzyme secreted by the pancreas into the small intestine.

» Within 2 to 4 hours after eating a meal, the stomach has emptied its contents into
the duodenum. Foods rich in carbohydrates spend the least time in the stomach;
high-protein foods remain somewhat longer, and emptying is slowest after a fat-
laden meal containing large amounts of triglycerides.



MECHANICAL AND CHEMICAL

DIGESTION IN THE STOMACH

v" Several minutes after food enters the stomach, waves of peristalsis pass over the
stomach every 15 to 25 seconds.

v Few peristaltic waves are observed in the fundus, which primarily has a storage
function.

v Instead, most waves begin at the body of the stomach and intensify as they
reach the antrum.

v" Each peristaltic wave moves gastric contents from the body of the stomach down
into the antrum, a process known as propulsion.

v The pyloric sphincter normally remains almost, but not completely, closed.
Because most food particles in the stomach initially are too large to fit through
the narrow pyloric sphincter, they are forced back into the body of the stomach,
a process referred to as retropulsion.
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DIGESTION IN THE STOMACH
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gastric juice, eventually becoming reduced to a soupy liquid called chyme.

Once the food particles in chyme are small enough, they can pass through the

pyloric _sphincter, a phenomenon known as gastric emptying. Gastric

emptying is a slow process: only about 3 mL of chyme moves through the

pyloric sphincter at a time.

MECHANICAL AND CHEMICAL DIGESTION IN

THE STOMACH

Foods may remain in the fundus for about an hour without
becoming mixed with gastric juice. During this time,
digestion by salivary amylase from the salivary glands
continues. Soon, however, the churning action mixes chyme
with acidic gastric juice, inactivating salivary amylase and
activating lingual lipase.
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PANCREAS

» The pancreas, a retroperitoneal gland that is about 12-15 ¢m (5-6 in.) long
and 2.5 cm (1 in.) thick, lies posterior to the greater curvature of the
stomach.

» The pancreas consists of a head, a body, and a tail and is usually connected
to the duodenum by two ducts.

» The head is the expanded portion of the organ near the curve of the
duodenum; superior to and to the left of the head are the central body and
the tapering tail.
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PANCREAS

» The protein-digesting enzymes of the pancreas are produced in an inactive form just as pepsin
is produced in the stomach as pepsinogen. Because they are inactive, the enzymes do not digest
cells of the pancreas itself.

» Trypsin is secreted in an inactive form called trypsinogen.

» Pancreatic acinar cells also secrete a protein called trypsin inhibitor that combines with any
trypsin formed accidentally in the pancreas or in pancreatic juice and blocks its enzymatic

activity.

» When trypsinogen reaches the lumen of the small intestine, it encounters an activating brush-border
enzyme called enterokinase, which splits off part of the trypsinogen molecule to form trypsin.




LIVER AND GALLBLADDER

» The liver is the heaviest gland of the body, weighing about 1.4 kg (about 3
Ib) in an average adult. Of all of the organs of the body, it is second only to
the skin in size.

» The liver is inferior to the diaphragm and occupies most of the right
hypochondriac and part of the epigastric regions of the abdominopelvic
cavity.

> The gallbladder is a pear-shaped sac that is located in a depression of the
posterior surface of the liver. It is 7-10 cm (3—4 in.) long and typically hangs
from the anterior inferior margin of the liver.

Figure 24.16 Histology of the liver.
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LIVER AND GALLBLADDER

» From the hepatic artery it. qbtains oxygenated blood., and from the hepati'c portfll vein it recei\./es O | oD
deoxygenated blood containing newly absorbed nutrients, drugs, and possibly microbes and toxins FROM HEPATIC FORTAL VEIN

from the gastrointestinal tract.

» Branches of both the hepatic artery and the hepatic portal vein carry blood into hepatic sinusoids,
where oxygen, most of the nutrients, and certain toxic substances are taken up by the hepatocytes.

» Products manufactured by the hepatocytes and nutrients needed by other cells are secreted back into
the blood, which then drains into the central vein and eventually passes into a hepatic vein.

» Because blood from the gastrointestinal tract passes through the liver as part of the hepatic portal

Figure 24.17 Hepatic blood flow: sources, path through the
liver, and return to the heart.

@ The liver receives oxygenated blood via the hepatic
artery and nutrient-rich deoxygenated blood via the
hepatic portal vein.
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circulation, the liver is often a site for metastasis of cancer that originates in the GI tract. O | Rigntatrium of heart




FUNCTIONS OF THE LIVER AND GALLBLADDER

» Each day, hepatocytes secrete 800-1000 mL (about 1 gt) of bile, a yvellow, brownish, or olive-green
liquid. It has a pH of 7.6-8.6 and consists mostly of water, bile salts, cholesterol, a phospholipid
called lecithin, bile pigments, and several ions.

» The principal bile pigment is bilirubin.

» The phagocytosis of aged red blood cells liberates iron, globin, and bilirubin (derived from heme).

» The iron and globin are recycled; the bilirubin is secreted into the bile and is eventually broken
down in the intestine. One of its breakdown products —stercobilin —gives feces their normal brown
color.

» Bile is partially an excretory product and partially a digestive secretion.

» Bile salts, which are sodium salts and potassium salts of bile acids play a role in emulsification, the
breakdown of large lipid globules into a suspension of small lipid globules.

» The small lipid globules present a very large surface area that allows pancreatic lipase to more
rapidly accomplish digestion of triglycerides. Bile salts also aid in the absorption of lipids following
their digestion.
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FUNCTIONS OF THE LIVER AND GALLBLADDER

» Digestion and absorption continue in the small intestine, bile
release increases.

> Between meals, after most absorption has occurred, bile flows
into the gallbladder for storage because the sphincter of the
hepatopancreatic ampulla closes off the entrance to the
duodenum. The sphincter surrounds the hepatopancreatic
ampulla.
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1. Carbohydrate metabolism: The liver is especially important in maintaining a normal blood glucose
level. When blood glucose is low, the liver can break down glycogen to glucose and release the
glucose into the bloodstream. When blood glucose is high, as occurs just after eating a meal, the

liver converts glucose to glycogen and triglycerides for storage. 3 L“SA kldneyS ) A‘T}"L’ MJSM
2. Lipid metabolism: Hepatocytes store some triglycerides, synthesize cholesterol; and use cholesterol prOduCtiOH Of Someé,uj_} kidneys

to make bile salts.
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3. Protein metabolism: Hepatocytes deaminate (remove the amino group, NH2, from) amino acids, the
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FUNCTIONS OF THE LIVER AND GALLBLADDER

» In addition to secreting bile, which is needed for absorption of dietary fats, the liver performs many
other vital functions.

4. Processing of drugs and hormones: The liver can detoxify substances such as alcohol and excrete

drugs such as penicillin, erythromycin, and sulfonamides into bile. It can also chemically alter or
excrete thyroid hormones and steroid hormones such as estrogens and aldosterone.

5. Excretion of bilirubin: As previously noted, bilirubin, derived from the heme of aged red blood
cells, is absorbed by the liver. Most of the bilirubin in bile is metabolized in the small intestine by
bacteria and eliminated in feces.

6. Synthesis of bile salts: Bile salts are used in the small intestine for the emulsification and

absorption of lipids, : main functions of liver Jul.
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FUNCTIONS OF THE LIVER AND GALLBLADDER

» In addition to secreting bile, which is needed for absorption of dietary fats, the liver performs many
other vital functions.

7. Storage: In addition to glycogen, the liver is a prime storage site for certain vitamins (A, B12, D, E,
and K) and minerals (iron and copper), which are released from the liver when needed elsewhere in
the body.

8. Phagocytosis: The stellate reticuloendothelial (Kupffer) cells of the liver phagocytize aged red blood
cells, white blood cells, and some bacteria.

9. Activation of vitamin D: The skin, liver, and kidneys participate in synthesizing the active form of
vitamin D.
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