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Chapter 17 Outline

17.1 Introduction

A. Digestion is the mechanical and chemical breakdown of foods into forms that cell membranes can absorb

B. Organs of the digestive system carry out these processes, as well as ingestion, propulsion, absorption and defecation

C. The digestive system consists of the alimentary canal extending from the mouth to the anus
     Review Figure 17.1
Animation: Organs of Digestion
17.2: General Characteristics of the Alimentary Canal

A. The alimentary canal is a muscular tube about 8 meters long

Review Figure 17.2
     Structure of the Wall

Review Figure 17.3
     Review Table 17.1
     Movements of the Tube

Review Figure 17.4
     Innervation of the Tube
A. Branches of the sympathetic and parasympathetic divisions of the autonomic nervous system extensively innervate the alimentary canal, including:

 1. Submucosal plexus – controls secretions 

 2. Myenteric plexus – controls gastrointestinal motility

 
B. Remember:

 1. Parasympathetic impulses – increase activities of digestive system

 2. Sympathetic impulses – inhibit certain digestive actions

17.3: Mouth

A. The mouth:

 1. Ingests food

 2. Mechanically breaks up solid particles using saliva

 3. Prepares food for chemical digestion

 
B. This action is called mastication

Review Figure 17.5
     Cheeks and Lips


A. The cheeks form the lateral walls of the mouth

 
B. The lips are highly mobile structures that surround the mouth opening

Review Table 17.3
     Tongue
A. The tongue is a thick, muscular organ that occupies the floor of the mouth and nearly fills the oral cavity when the mouth is closed

Review Figure 17.6
     Palate
A. The palate forms the roof of the oral cavity and consists of a hard anterior part and a soft posterior part

Review Figure 17.7
     Teeth

A. The teeth are the hardest structures in the body

 
B. There are primary (deciduous) teeth numbering 20

 
C. There are secondary (permanent) teeth numbering 32

Review Figure 17.8

     Review Table 17.2 and Figure 17.9

     Review Figure 17.10
17.1 Clinical Application
17.4: Salivary Glands

A. Salivary glands secrete saliva

 
B. This begins the digestion of carbohydrates

 
C. There are three pairs of major salivary glands, including:

 1. Parotid glands

 2. Submandibular glands

 3. Sublingual glands

D. There are many minor glands scattered throughout the mucosa of the tongue, palate, and cheeks

     Salivary Secretions
A. The different salivary glands have varying proportions of two types of secretory cells, serous cells and mucous cells

 1. Serous cells produce a watery fluid with a digestive enzyme called salivary amylase

 2. Mucous cells secrete mucous

 
B. Parotid glands 

 1. Secrete clear watery, serous fluid

 2. Rich in salivary amylase

 
C. Submandibular glands

 1. Secrete primarily serous fluid and some mucus

 
D. Sublingual glands

 1. Secrete primarily mucus

     Major Salivary Glands

Review Figures 17.11 and 17.12
17.5: Pharynx and Esophagus
A. The pharynx is a cavity posterior to the mouth from which the tubular esophagus leads to the stomach

 
B. Both the pharynx and esophagus muscular walls function in swallowing

Review Figure 17.13
     Structure of the Pharynx

A. The pharynx can be divided into the following parts:

 1. Nasopharynx 

 2. Oropharynx 

 3. Laryngopharynx

Review Figure 17.14 (a) 

     Swallowing Mechanism

A. Swallowing can be divided into three stages:

 1. Voluntary stage where saliva is mixed with chewed food

 2. Swallowing begins and the swallowing reflex is triggered

 3. Peristalsis transports food in the esophagus to the stomach

 
B. Specifically:

 1. The palate and uvula raise

 2. The hyoid bone and larynx elevate

 3. The epiglottis closes off top of the trachea

 4. The longitudinal muscles of pharynx contract

 5. The inferior constrictor muscles relax and the esophagus opens

 6. The peristaltic waves push food through the pharynx
     Review Figure 17.14
     Esophagus

Review Figures 17.15 and 17.16
17.6: Stomach

A. The stomach is a J-shaped, pouch-like organ, about 25-30 centimeters long
B. It hangs inferior to the diaphragm in the upper-left portion of the abdominal cavity

 
C. The stomach has two layers of smooth muscle

 1. An inner circular layer

 2. An outer longitudinal layer

 3. (There may be a third inner layer of oblique fibers.)

     Parts of the Stomach

Review Figures 17.17 and 17.18
     Gastric Secretions

A. The mucous membrane of the stomach has tubular gastric glands that secrete:

 1. Pepsinogen 

 a. From the chief cells

 b. Inactive form of pepsin

 2. Pepsin

 a. From pepsinogen in the presence of  hydrochloric acid

 b. Is a protein splitting enzyme

 3. Hydrochloric acid

 a. From the parietal cells

 b. Needed to convert pepsinogen to pepsin

 4. Mucus

 a. From the goblet cells and the mucous glands

 b. Protective to stomach wall

 5. Intrinsic factor

 a. From the parietal cells

 b. Is required for vitamin B12 absorption
     Review Figure 17.19

     Review Table 17.5
Animation: Hydrochloric Acid Production of the Stomach
     Regulation of Gastric Secretions

Review Figure 17.20
     Review Table 17.6

Animation: Hormones and Gastric Secretion
     Gastric Absorption
A. Gastric enzymes begin breaking down proteins, but the stomach is not well-adapted to absorb digestive products
 
B. The stomach does absorb:

 1. Some water

 2. Certain salts

 3. Certain lipid-soluble drugs

 4. Alcohol

     Mixing and Emptying Actions

Review Figure 17.21

     Review Figure 17.22
17.2 Clinical Application
17.7: Pancreas

A. The pancreas has a dual function as both an endocrine gland and exocrine gland

 
B. The exocrine function is to secrete digestive juice called pancreatic juice

     Structure of the Pancreas

Review Figure 17.23
     Pancreatic Juice
A. Pancreatic juice contains enzymes that digest carbohydrates, fats, proteins, and nucleic acids, and include:
 1. Pancreatic amylase – splits glycogen into disaccharides

 2. Pancreatic lipase – breaks down triglycerides

 3. Trypsin, chymotrypsin, and carboxypeptidase – digest proteins

 4. Nucleases – digest nucleic acids

 5. Bicarbonate ions – make pancreatic juice alkaline

     Regulation of Pancreatic Secretion

Review Figure 17.24
17.8: Liver

A. The liver is the largest internal organ
 
B. It is located in the upper-right abdominal quadrant just beneath the diaphragm

     Liver Structure

Review Figure 17.26

     Review Figure 17.27

     Review Figure 17.28
     Liver Functions

A. The liver carries on many important metabolic activities, including:

 1. Produces glycogen from glucose

 2. Breaks down glycogen into glucose

 3. Converts non-carbohydrates to glucose

 4. Oxidizes fatty acids

 5. Synthesizes lipoproteins, phospholipids, and cholesterol

 6. Converts carbohydrates and proteins into fats

 7. Deaminating amino acids 

 8. Forms urea

 9. Synthesizes plasma proteins

 10. Converts some amino acids to other amino acids

 11. Stores glycogen, iron, and vitamins A, D, and B12 

 12. Phagocytosis of worn out RBCs and foreign substances

 13. Removes toxins such as alcohol and certain drugs from the blood
     Review Table 17.7
17.1 From Science to Technology
     Composition of Bile

A. Bile is a yellowish-green liquid that hepatic cells continuously secrete

 
B. Bile contains:

 1. Water

 2. Bile salts: 

 a. Emulsify fats

 b. Help absorb fatty acids, cholesterol, and fat-soluble vitamins

 3. Bile pigments

 4. Cholesterol

 5. Electrolytes

17.3 Clinical Application
     Gallbladder

Review Figure 17.26

     Review Figure 17.29
Animation: Formation of Gallstones
     Regulation of Bile Release

Review Figure 17.30

     Review Table 17.8
     Functions of Bile Salts

A. Bile salts aid digestive enzymes

B. They reduce surface tension and break fat globules into droplets (like soap or detergent) and this is called emulsification

 
C. They enhance absorption of fatty acids and cholesterol

 
D. They help absorb fat-soluble vitamins A, D, E and K

 
E. Bile salts are recycled as they return to the liver

17.4 Clinical Application
17.9: Small Intestine
A. The small intestine is a tubular organ that extends from the pyloric sphincter to the beginning of the large intestine

B. It completes digestion of the nutrients in chyme, absorbs products of digestion, and transports the remaining residue to the large intestine

 
C. It consists of three parts that include:

 1. Duodenum

 2. Jejunum

 3. Ileum

     Parts of the Small Intestine

Review Figure 17.31

     Review Figure 17.32

     Review Figure 17.34
     Structure of the Small Intestinal Wall

Review Figures 17.35 and 17.36
     Review Figure 17.37

     Review Figure 17.38

     Secretions of the Small Intestine
A. In addition to mucous-secreting goblet cells, there are many specialized mucous-secreting glands (Brunner’s glands) that secrete a thick, alkaline mucus in response to certain stimuli

 
B. Enzymes in the membranes of the microvilli include:

 1. Peptidase – breaks down peptides into amino acids

 2. Sucrase, maltase, lactase – break down disaccharides into monosaccharides 

 3. Lipase – breaks down fats into fatty acids and glycerol

 4. Enterokinase – converts trypsinogen to trypsin 

 5. Somatostatin – hormone that inhibits acid secretion by stomach

 6. Cholecystokinin – hormone that inhibits gastric glands, stimulates pancreas to release enzymes in pancreatic juice, and stimulates the gallbladder to release bile

 7. Secretin – stimulates the pancreas to release bicarbonate ions in pancreatic juice

     Regulation of Small Intestinal Secretions

A. Regulation of small intestine secretion occurs by:

 1. Mucus secretion is stimulated by the presence of chyme in the small intestine

 2. Distension of the intestinal wall activates nerve plexuses in the wall of the small intestine

 3. Parasympathetic reflexes triggering the release of intestinal enzymes 

     Review Table 17.9

     Absorption of the Small Intestine

A. Villi increase the surface area for absorption

B. Small intestine absorption is so effective that very little reaches the organ’s distal end, noting that:

 1. Monosaccharides and amino acids absorb:

 a. Through facilitated diffusion and active transport

 b. Absorbed into blood

 2. Large proteins are broken down and absorbed into villi 

 3. Fatty acids and glycerol absorb by:

 a. Several steps involved as noted

 b. Absorbed into lymph and blood

 4. Electrolytes and water absorb:

 a. Through diffusion, osmosis, and active transport

 b. Absorbed into blood
     Review Table 17.10

     Review Figures 17.39 and 17.40

     Review Figures 17.41 and 17.42
     Movements of the Small Intestine

A. The small intestine carries on mixing movements that include:
 1. Peristalsis – pushing movements that propel chyme 

 2. Segmentation – ring-like contractions that can move chyme back and forth

17.10: Large Intestine

A. The large intestine is named because of its diameter
 
B. It has five parts that include:

 1. Cecum 

 2. Colon

 a. Ascending, transverse and descending

 3. Sigmoid colon

 4. Rectum

 5. Anus

     Parts of the Large Intestine

Review Figure 17.43

     Review Figure 17.44
     Structure of the Large Intestinal Wall

Review Figure 17.46
     Functions of the Large Intestine

A. The large intestine:
 1. Has little or no digestive function

 2. Absorbs water and electrolytes

 3. Secretes mucus

 4. Houses intestinal flora

 5. Forms feces

 6. Carries out defecation

Review Figure 17.47
     Movements of the Large Intestine

A. Movements of the large intestine are similar to those of the small intestine

 
B. It is slower and less frequent than that of the small intestine

 
C. Movements include:

 1. Mixing movements 

 2. Peristalsis

 
D. Mass movements usually follow meals

E. The defecation reflex relaxes the internal anal sphincter and then the external anal sphincter

Animation: Reflexes in the Colon
     Feces

A. Feces is composed of materials not digested or absorbed, and include:

 1. Water

 2. Electrolytes

 3. Mucus 

 4. Bacteria

 5. Bile pigments altered by bacteria provide the color

 
B. The pungent odor is produced by bacterial compounds including:

 1. Phenol

 2. Hydrogen sulfide

 3. Indole 

 4. Skatole 

 5. Ammonia

17.5 Clinical Application
17.11: Lifespan Changes


A. Changes to the digestive system are slow and slight, and eventually include:

 1. Teeth may become sensitive

 2. Gums may recede

 3. Teeth may loosen, break or fall out

 4. Heartburn may become more frequent

 5. Constipation may become more frequent

 6. Nutrient absorption decreases

 7. Accessory organs age but typically not necessarily in ways that effect health 

Outcomes to be Assessed

17.1: Introduction 

·  Describe the general functions of the digestive system.

·  Name the major organs of the digestive system.

17.2: General Characteristics of the Alimentary Canal
·  Describe the structure of the wall of the alimentary canal.

·  Explain how the contents of the alimentary canal are mixed and moved.

17.3: Mouth
·  Describe the functions of the structures of the mouth.

·  Describe how different types of teeth are adapted for different functions, and list the parts of the tooth.

17.4-17.10: Salivary Glands – Large Intestine
·  Locate each of the organs and glands; then describe the general function of each.

·  Identify the function of each enzyme secreted by the digestive organs and glands.

·  Describe how digestive secretions are regulated.

·  Explain control of movement of material through the alimentary canal.

·  Describe the mechanisms of swallowing, vomiting, and defecating.

·  Explain how the products of digestion are absorbed.

17.11: Lifespan Changes
·  Describe aging-related changes in the digestive system.

