Digestive System 

Figure 1. Components of the Digestive System. All digestive organs play integral roles in the life-sustaining process of digestion.
	Contribution of Other Body Systems to the Digestive System (Table 1)

	Body system
	Benefits received by the digestive system

	Cardiovascular
	Blood supplies digestive organs with oxygen and processed nutrients; absorption of nutrients

	Endocrine
	Endocrine hormones help regulate secretion in digestive glands and accessory organs

	Integumentary
	Skin helps protect digestive organs and synthesizes vitamin D for calcium absorption

	Lymphatic
	Mucosa-associated lymphoid tissue and other lymphatic tissue defend against entry of pathogens; lacteals absorb lipids; and lymphatic vessels transport lipids to bloodstream

	Muscular
	Skeletal muscles support and protect abdominal organs

	Nervous
	Sensory and motor neurons help regulate secretions and muscle contractions in the digestive tract

	Respiratory
	Respiratory organs provide oxygen and remove carbon dioxide

	Skeletal
	Bones help protect and support digestive organs

	Urinary
	Kidneys convert vitamin D into its active form, allowing calcium absorption in the small intestine
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Histology of Alimentary Canal 
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Figure 2. Layers of the Alimentary Canal. The wall of the alimentary canal has four basic tissue layers: the mucosa, submucosa, muscularis, and serosa.
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Figure 3. The Peritoneum. A cross-section of the abdomen shows the relationship between abdominal organs and the peritoneum (darker lines). EDITOR’S NOTE: Please add an anterior and sagittal image showing the mesentery, mesocolon, greater omentum, and lesser omentum.

Digestive Processes
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Figure 2. Digestive Processes. The digestive processes are ingestion, propulsion, mechanical digestion, chemical digestion, absorption, and defecation.

Oral Cavity
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Figure 1. Mouth. The mouth includes the lips, tongue, palate, gums, and teeth.
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Figure 2. Tongue. This superior view of the tongue shows the locations and types of lingual papillae.
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Figure 3. Salivary glands. The major salivary glands are located outside the oral mucosa and deliver saliva into the mouth through ducts.
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Figure 4. Permanent and Deciduous Teeth. This figure of two human dentitions shows the arrangement of teeth in the maxilla and mandible, and the relationship between the deciduous and permanent teeth
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Figure 5. The Structure of the Tooth. This longitudinal section through a molar in its alveolar socket shows the relationships between enamel, dentin, and pulp.

	Digestive Functions of the Mouth (Table 4)

	Structure
	Action
	Outcome

	Lips and cheeks
	Confine food between teeth
	· Food is chewed evenly during mastication

	Salivary glands
	Secrete saliva
	· Moisten and lubricate the lining of the mouth and pharynx

· Moisten, soften, and dissolve food

· Clean the mouth and teeth

· Salivary amylase breaks down starch

	Tongue’s extrinsic muscles
	Move tongue sideways, and in and out
	· Manipulate food for chewing

· Shape food into a bolus

· Manipulate food for swallowing

	Tongue’s intrinsic muscles
	Change tongue shape
	· Manipulate food for swallowing

	Taste buds
	Sense food in mouth and sense taste
	· Nerve impulses from taste buds are conducted to salivary nuclei in the brain stem and then to salivary glands, stimulating saliva secretion

	Lingual glands
	Secrete lingual lipase
	· Activated in the stomach

· Break down triglycerides into fatty acids and diglycerides

	Teeth
	Shred and crush food
	· Break down solid food into smaller particles for deglutition


The Pharynx
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Figure 6. Pharynx. The pharynx runs from the nostrils to the esophagus and the larynx.
Esophagus
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Figure 7. Esophagus. The upper esophageal sphincter controls the movement of food from the pharynx to the esophagus. The lower esophageal sphincter controls the movement of food from the esophagus to the stomach.
	Digestive Functions of the Esophagus (Table 5)

	Action
	Outcome

	Upper esophageal sphincter relaxation
	Allows the bolus to move from the laryngopharynx to the esophagus

	Peristalsis
	Propels the bolus through the esophagus

	Lower esophageal sphincter relaxation
	Allows the bolus to move from the esophagus into the stomach and prevents chime from entering the esophagus

	Mucus secretion
	Lubricates the esophagus, allowing easy passage of the bolus
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Figure 8. Deglutition. Deglutition includes the voluntary phase and two involuntary phases: the pharyngeal phase and the esophageal phase.
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Stomach
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Figure 1. Stomach. The stomach has four major regions: the cardia, fundus, body, and pylorus. The addition of an inner oblique smooth muscle layer gives the muscularis the ability to vigorously churn and mix food.
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Figure 2. Histology of the Stomach. The stomach wall is adapted for the functions of the stomach. In the epithelium, gastric pits lead to gastric glands that secrete gastric juice. The gastric glands (one gland is shown enlarged on the right) contain different types of cells that secrete a variety of enzymes, including hydrochloride acid, which activates the protein-digesting enzyme pepsin.

Gastric Secretion
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Figure 3. The Three Phases of Gastric Secretion. Gastric secretion occurs in three phases: cephalic, gastric, and intestinal. During each phase, the secretion of gastric juice can be stimulated or inhibited. EDITOR’S NOTE: Each place where figure says “Stimulates stomach secretory activity,” describe what that activity is and how much it is activated. In the section on the cephalic phase it could say something like: secretion of HCl and pepsin. In the section on the gastric phase it could say something like: increased secretion of HCl and pepsin and increased gastric motility. Etc.
 Accessory Organs
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 Figure 1. Accessory Organs. The liver, pancreas, and gallbladder are considered accessory digestive organs, but their roles in the digestive system are vital.

Histology of Liver
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 Figure 2. Microscopic Anatomy of the Liver. The liver is organized into repeating structures called lobules made up of hepatocytes. The liver receives oxygenated blood from the hepatic artery and nutrient-rich deoxygenated blood from the hepatic portal vein and drain the bile formed by the hepatocytes into the bile duct.
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Figure 4. Gallbladder. The gallbladder stores and concentrates bile, and releases it into the two-way cystic duct when it is needed by the small intestine.

Histology of Pancreas
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Figure 3. Exocrine and Endocrine Pancreas. The pancreas has a head, a body, and a tail. It delivers pancreatic juice to the duodenum through the pancreatic duct.
Small Intestine
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Figure 1. Small Intestine. The three regions of the small intestine are the duodenum, jejunum, and ileum.

Absorption of Nutrients
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Figure 2. Histology of the Small Intestine. (a) The absorptive surface of the small intestine is vastly enlarged by the presence of circular folds, villi, and microvilli. (b) Micrograph of the circular folds. (c) Micrograph of the villi. (d) Electron micrograph of the microvilli. From left to right, LM x 56, LM x 508, EM x 196,000. (credit b-d: Micrograph provided by the Regents of University of Michigan Medical School © 2012)
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Figure 6. Lipid Absorption. Unlike amino acids and simple sugars, lipids are transformed as they are absorbed through epithelial cells.

 Large Intestine
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Figure 4. Large Intestine. The large intestine includes the cecum, colon, and rectum.
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Figure 5. Histology of the large Intestine. (a) The histologies of the large intestine and small intestine (not shown) are adapted for the digestive functions of each organ. (b) This micrograph shows the colon’s simple columnar epithelium and goblet cells. LM x 464. (credit b: Micrograph provided by the Regents of University of Michigan Medical School © 2012)
Digestion of Major Nutrients
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 Figure 3. Digestion of Protein. The digestion of protein begins in the stomach and is completed in the small intestine.

 Water Secretion and Absorption
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Figure 5. Digestive Secretions and Absorption of Water. Absorption is a complex process, in which nutrients from digested food are harvested.

Microbiome

Disorders of the Digestive System

	Anabolic Hormones (Table 2)

	Hormone
	Function

	Growth hormone (GH)
	Synthesized and released from the pituitary gland; stimulates the growth of cells, tissues, and bones

	Insulin-like growth factor (IGF)
	Stimulates the growth of muscle and bone while also inhibiting cell death (apoptosis)

	Insulin
	Produced by the beta cells of the pancreas; plays an essential role in carbohydrate and fat metabolism, controls blood glucose levels, and promotes the uptake of glucose into body cells; causes cells in muscle, adipose tissue, and liver to take up glucose from the blood and store it in the liver and muscle as glycogen (glycogen synthesis); its effect is the opposite of glucagon; glucagon and insulin are a part of a negative-feedback system that stabilizes blood glucose levels

	Testosterone
	Produced by the testes in males and the ovaries in females; stimulates an increase in muscle mass and strength as well as the growth and strengthening of bone

	Estrogen
	Produced primarily by the ovaries, it is also produced by the liver and adrenal glands; its anabolic functions include increasing metabolism and fat deposition


Oxidation/Reduction

Carbohydrates
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A Princeton University research team has demonstrated that all sweeteners are not equal when it comes to weight gain: rats with access to high-fructose corn syrup gained significantly more weight than those with access to table sugar, even when their overall caloric intake was the same. In addition to causing significant weight gain in lab animals, long-term consumption of high-fructose corn syrup also led to abnormal increases in body fat, especially in the abdomen, and a rise in circulating blood fats called triglycerides. The researchers say the work sheds light on the factors contributing to obesity trends in the United States.

Insulin Resistance

Obesogens:  chemicals that inappropriately alter lipid homeostasis and fat storage, change metabolic setpoints, disrupt energy balance or modify the regulation of appetite and satiety to promote fat accumulation and obesity.
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Lipids
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Lipolysis
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Proteins
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Vitamins and Minerals
Energy Balance
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