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Detailed Chapter Summary
Chapter 24, The Digestive System 
24.1 Digestive Processes and General Anatomy (p. 655)

1. The digestive system processes food, extracts nutrients, and eliminates the residue. It does this in five stages: ingestion, digestion, absorption, compaction, and defecation. 

2. The digestive tract is a tube consisting of the mouth, pharynx, esophagus, stomach, and small and large intestines. The accessory organs are the teeth, tongue, salivary glands, liver, gallbladder, and pancreas.

3. In most areas, the wall of the digestive tract consists of an inner mucosa, a submucosa, a muscularis externa, and an outer serosa. The mucosa is usually composed of an epithelium, lamina propria, and muscularis mucosae. In some areas a connective tissue adventitia replaces the serosa.

4. The upper digestive system is innervated by somatic motor fibers from several cranial nerves and the ansa cervicalis. Autonomic fibers innervate the salivary glands and most of the digestive tract from esophagus to rectum. In general, parasympathetic stimulation promotes digestion and sympathetic stimulation inhibits it.

5. The enteric nervous system regulates most digestive activity and consists of two nerve networks in the wall of the digestive tract: the submucosal plexus and the myenteric plexus. 

6. The foregut extends from the oral cavity to the junction of the bile duct and duodenum; it receives blood from esophageal arteries above the diaphragm and the celiac trunk below. The midgut extends as far as two-thirds of the transverse colon and is supplied by the superior mesenteric artery. The hindgut extends the rest of the way through the anal canal and is supplied by the inferior mesenteric artery.

7. Veins from all of the digestive tract below the diaphragm drain into the hepatic portal system, which routes blood to the liver. The liver thus has opportunity to extract nutrients from the intestinal blood before the blood flows to any other organ.

8. In the abdominal cavity, the posterior mesentery suspends the digestive tract from the body wall, wraps around it to form the serosa, and in some places continues as a anterior mesentery. The anterior mesentery includes the greater and lesser omenta. The mesentery of the colon is called the mesocolon.
9. Digestive organs completely enclosed in a serosa are intraperitoneal. Organs that lie against the abdominal wall and are covered by peritoneum only anteriorly are retroperitoneal.

24.2 The Mouth Through Esophagus (p. 659)

1. The mouth (oral cavity) serves for ingestion, sensory responses to food, mastication, chemical digestion, swallowing, speech, and respiration. 

2. The mouth extends from the oral fissure anteriorly to the fauces posteriorly. Its anatomical elements include the lips, cheeks, tongue, hard and soft palates, teeth, and salivary glands. 
3. The cheeks and lips consist mainly of skin, oral mucosa, and subcutaneous fat covering the buccinator muscle of the cheek and orbicularis oris muscle of the lips.
4. The tongue functions in ingestion, the manipulation and physical breakdown of food, the sense of taste, mucus and enzyme secretion, and swallowing. It exhibits surface projections called lingual papillae, many of them with taste buds. An indefinite number of crisscrossed intrinsic muscles, contained entirely within the tongue, control the relatively subtle tongue movements of speech. Extrinsic muscles (the genioglossus, hyoglossus, styloglossus, and palatoglossus) original outside the tongue, insert within it, and produce the stronger movements of food manipulation. 
5. The bony hard palate separates the oral cavity from the nasal cavity. Posterior to this, the fleshy soft palate separates the oropharynx from the nasopharynx. At the rear of the oral cavity, an anterior palatoglossal arch and posterior palatopharyngeal arch extend from the palate to the floor of the oral cavity. The palatine tonsils lie between them. 
6. The adult teeth (dentition) include two incisors, one canine, two premolars, and up to three molars on each side of each jaw. A tooth is composed mainly of dentin, covered with cementum on the root and enamel on the crown. It encloses a pulp cavity and root canal occupied by blood vessels, nerves, and loose connective tissue. The tooth is anchored in a socket called the alveolus and bound to adjacent jaw bone by the periodontal ligament. The gums are called the gingivae.
7. Mastication breaks food into pieces small enough to be swallowed and exposes more food surface to the action of digestive enzymes, making digestion more efficient.

8. Saliva moistens the mouth, digests starch and fat, cleanses the teeth, inhibits bacterial growth, dissolves taste molecules, and binds food into a soft bolus to facilitate swallowing. It contains amylase, lipase, mucus, lysozyme, IgA, and electrolytes.

9. Saliva is produced by intrinsic salivary glands in the tongue, lips, and cheeks, and extrinsic salivary glands (the parotid, submandibular, and sublingual glands) with ducts leading to the oral cavity. The extrinsic salivary glands are compound tubuloacinar glands. The acini can be entirely mucous cells, entirely serous cells, or a mixture of the two, depending on the gland. 

10. Salivation is controlled by salivatory nuclei in the medulla oblongata and pons, and occurs in response to the thought, odor, sight, taste, or oral feel of food.

11. The pharynx is a muscular funnel in the throat where the respiratory and digestive tracts meet. Its wall contains three sets of pharyngeal constrictor muscles that aid in swallowing.

12. The esophagus is a muscular tube extending from the level of the cricoid cartilage of the larynx to the cardiac orifice of the stomach. It is lined with a nonkeratinized stratified squamous epithelium, has a mixture of skeletal muscle (dominating the upper esophagus) and smooth muscle (dominating the lower), and is lubricated by mucous esophageal glands in the submucosa.

13. The upper end of the esophagus is normally held closed by the upper esophageal sphincter, a constriction maintained by muscle tone in the inferior pharyngeal constrictor. This sphincter restricts the admission of air into the esophagus during breathing.

14. The lower end of the esophagus is held closed by the lower esophageal sphincter, a constriction maintained by muscle tone around the esophageal hiatus of the diaphragm or in the esophageal smooth muscle. This sphincter protects the esophagus from regurgitation of stomach acid. 

15. Deglutition (swallowing) requires the coordinated action of numerous muscles and is integrated by the swallowing center of the medulla oblongata.
24.3 The Stomach (p. 664)

1. The stomach is primarily a food-storage organ, with a capacity of 4 L. It mechanically breaks up food, begins the chemical digestion of proteins and fat, and converts ingested food to soupy chyme.
2. The stomach is roughly J-shaped and extends from the cardiac orifice proximally to the pylorus distally. Its subdivisions are the cardiac region, fundic region, body, and pyloric region. The pylorus is regulated by the pyloric sphincter. 
3. The gastric mucosa is folded into ridges called gastric rugae and pocked with pinhole-like depressions called gastric pits. Two or three tubular glands open into the bottom of each pit. The gastric surface, pits, and glands are lined with simple columnar epithelium.

4. Most of the stomach has digestive gastric glands, whereas the cardiac and pyloric regions have mucous cardiac glands and pyloric glands, respectively. These glands contain mucous cells, which produce protective mucus; regenerative cells, which are stem cells that replace dead cells of the epithelium; parietal cells, which produce hydrochloric acid, intrinsic factor (an aid to vitamin B12 absorption), and the appetite-regulating hormone ghrelin; chief cells, which produce fat- and protein-digesting enzymes; and enteroendocrine cells, which produce regulatory hormones.
5. The stomach is protected from self-digestion by its mucous coat, tight junctions between the epithelial cells, and a high rate of cell replacement.
24.4 The Small Intestine (p. 668)

1. The small intestine carries out most digestion and nutrient absorption. Efficient and thorough digestion and absorption require a large surface area, which is provided by its great length and by its internal circular folds, villi, and microvilli.

2. The duodenum begins at the pylorus and extends for about 12 cm to the duodenojejunal flexure. Most of it is retroperitoneal. It receives the stomach contents and secretions of the liver and pancreas at a point called the major duodenal papilla. The submucosa contains mucous duodenal glands. 
3. The jejunum is the first 40% of the small intestine beyond the duodenum, measuring about 1.0 to 1.7 m long in a living person. Most digestion and nutrient absorption occur here. It has a high, closely spaced circular folds and a relatively thick, muscular wall with a high density of blood vessels, giving it a reddish color.

4. The ileum is the last 60% of the small intestine beyond the duodenum, measuring 1.6 to 2.7 m long in a living person. It has a thinner wall and is paler in color; it has lower circular folds but more lymphocytes, with lymphatic nodules clustered in Peyer patches. 
5. Villi are tongue- to finger-shaped projections of the mucosal surface. They are covered with a columnar epithelium of absorptive enterocytes and mucous goblet cells. The enterocytes have a brush border of microvilli on their surface. The core of a villus contains blood capillaries, which absorb most nutrients, and a lacteal (lymphatic capillary), which absorbs lipids in the form of droplets called chylomicrons, produced by the enterocytes.

6. The brush border bears enzymes that carry out the terminal contact digestion of carbohydrates and peptides.
7. Glandular intestinal crypts open onto the floor of the intestine between the villi. The crypt epithelium is composed of absorptive and goblet cells, stem cells, enteroendocrine cells, and antibacterial Paneth cells. 
8. The ileum meets the large intestine at the ileocecal junction, where the muscularis of the ileum protrudes into the cecum like a pair of lips, the ileocecal valve. This valve regulates the passage of residue into the large intestine and prevents feces from backing up into the ileum.
24.5 The Large Intestine (p. 672)

1. The large intestine receives the indigestible residue of food, absorbs water and salts, consolidates the residue into feces, and eliminates the feces by defecation.

2. The large intestine is about 1.5 m long and consists of the cecum; the ascending, transverse, descending, and sigmoid colon; rectum; and anal canal. 
3. The cecum is a short, blind pouch inferior to the ileocecal junction. The appendix is suspended from its inferior end.
4. The colon is the part of the large intestine between (not including) the cecum and the rectum. It has four regions that form a boxlike enclosure around the abdomen: the ascending colon, which rises from the cecum and ascends the right side of the abdomen before turning about 90( medially; the transverse colon, which passes horizontally across the upper abdomen and then turns about 90( downward; the descending colon, which passes down the left side of the abdomen; and the S-shaped sigmoid colon, which arches over the pelvic brim and into the lesser pelvis.
5. The rectum is a slightly undulating passage that descends for about 15 cm through the lesser pelvis, ending at the 3 cm anal canal. 
6. The mucosa of the large intestine is mostly simple columnar epithelium except for the lower half of the anal canal, which is stratified squamous. The mucosa has intestinal crypts, but lacks villi and circular folds. Mucus is the only substance secreted by the large intestine.
7. The longitudinal layer of the muscularis externa from cecum through sigmoid colon exhibits three strips of muscle, the taeniae coli, whose muscle tone folds the wall of the colon into pouches called haustra.

8. The anal canal has an involuntary internal anal sphincter of smooth muscle and a voluntary external anal sphincter of skeletal muscle. 
9. The ascending and descending colon are retroperitoneal; the transverse and sigmoid colon are intraperitoneal, covered with a serosa, and anchored to the posterior abdominal wall by the mesocolon.
24.6 Accessory Glands of Digestion (p. 674)

1. The liver is the body’s largest gland and has a broad range of metabolic functions (table 24.2). Its one digestive function is to secrete bile acids and lecithin, which emulsify dietary fats and facilitate their digestion by pancreatic lipase. 

2. The liver is divided into four lobes: the right, left, caudate, and quadrate. An opening on the inferior surface, the porta hepatis, receives the hepatic portal vein and hepatic artery, and is the exit for the bile duct system. The right lobe of the liver is relatively large; it pushes superiorly against the diaphragm and forces the right kidney to a slightly lower position than the left. The right and left lobes are conspicuously separated by a falciform ligament, which binds the liver to the anterior abdominal wall and has an inferior extension, the round ligament, a remnant of the umbilical vein.

3. The liver parenchyma is composed of innumerable microscopic, cylindrical hepatic lobules. Each lobule has sheets of hepatocytes (liver cells) that fan out around a central vein. Blood filters through narrow spaces called hepatic sinusoids between the sheets of hepatocytes. Hepatic macrophages in these sinusoids cleanse bacteria and debris from the blood.
4. The liver receives nutrient-rich intestinal blood from the hepatic portal vein and oxygen-rich arterial blood from the hepatic arteries. The two bloodstreams mix in the sinusoids. The sinusoids converge on the central vein of the lobule. These ultimately lead to two hepatic veins that exit the superior surface of the liver and lead to the inferior vena cava.

5. Hepatocytes secrete bile into channels called the bile canaliculi. Bile exits the liver via the right and left hepatic ducts. These join to form the common hepatic duct. This, in turn, joins the cystic duct from the gallbladder to form the bile duct. The bile duct leads to the duodenum, usually joining the pancreatic duct just before emptying into the duodenum. Bile is a green liquid composed mostly of wastes, but contains the bile acids and lecithin that aid fat digestion.
6. The gallbladder is a sac on the inferior surface of the liver that stores and concentrates the bile. 

7. The pancreas is a flattened retroperitoneal organ presses against the abdominal wall posterior to the stomach. It has a globose head encircled by the duodenum; a middle body; and a narrower tail that extends to the left. Its pancreatic islets produce insulin, glucagon, and other hormones, but most of the pancreas is an exocrine compound tubuloacinar gland that produces digestive enzymes. The gland secretes about 1,200 to 1,500 mL of pancreatic juice per day into the duodenum. This fluid passes through a pancreatic duct, which joins the bile duct before emptying into the duodenum at the major duodenal papilla. Usually a smaller accessory pancreatic duct opens independently into the duodenum, at the minor duodenal papilla proximal to the major papilla. 
8. The pancreatic secretions are summarized in table 24.3. The include sodium bicarbonate, which neutralizes stomach acid, and enzymes or the precursors of enzymes that digest protein, starch, fat, DNA, and RNA.
24.7 Developmental and Clinical Perspectives (p. 679)

1. As the embryonic disc begins to elongate at 2 weeks, the foregut and hindgut appear. The midregion becomes an enclosed midgut as the opening between the embryo and yolk sac constricts. The digestive mucosal epithelium forms from the embryonic endoderm, and the other layers of the GI tract from mesoderm.

2. The liver bud appears at 3.5 weeks, and the stomach and two pancreatic buds at 4 weeks. The GI tract continues its development by elongation, rotation, and differentiation of its regions. Between weeks 6 and 10, the body cavity is so crowded that a loop of intestine herniates into the umbilical cord.

3. In old age, declining salivation makes food less appealing and dental caries and periodontal disease more common. Gastric atrophy promotes poorer nutrient absorption. Heartburn (gastroesophageal reflux) is increasingly common, and reduced GI motility tends to cause constipation. Malnutrition in old age is common and has causes ranging from the difficulty of shopping and cooking to declining nutrient absorption by the intestinal mucosa.

4. The digestive system is subject to a wide range of disorders including abnormalities in motility, inflammatory diseases, and several kinds of cancer. Digestive disorders can be manifested in anorexia, vomiting, constipation, diarrhea, pain, or bleeding. GI pain is referred to different regions of the anterior abdominal wall correlated with the foregut, midgut, or hindgut origin of the pain.

