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THE DIGESTIVE SYSTEM

CHAPTER 24 LECTURE NOTES:  DIGESTIVE SYSTEM
The Gastrointestinal (GI) tract is an open tube from mouth to anus.

Major Structures of GI tract:

Mouth

Pharynx

Esophagus

Stomach

Small Intestine

Large Intestine

Rectum

Anal Canal

Anus

A TRIP THROUGH THE GI TRACT:

Mouth

Fauces  (bolus is formed and swallowed)

Oropharynx

Laryngopharynx 

Upper esophageal sphincter (cricopharyngeus muscle)

Esophagus (about 10 inches or 25.4 centimeters long)

Lower esophageal (cardiac) sphincter

Stomach

 Cardia

 Fundus

 Body

 Pylorus:
   pyloric antrum

   pyloric canal

   pyloric sphincter

Small Intestine  (approx. 10 feet long in a living person)

                 (approx. 22 feet long in a cadaver)

  Duodenum = first 10-12 inches

  Jejunum = 3 feet long

  Ileum = 6 feet long

Ileocecal valve

Large intestine  (approx. 5 feet long in a living person)

Cecum 

Ascending colon

Right Colic (or hepatic) flexure

Transverse colon

Left Colic (or splenic) flexure

Descending colon

Sigmoid colon

Rectum  (about 8 inches long)

Anal canal  (1 inch long)

Anus

FUNCTION OF GI TRACT = CATABOLISM

1. Digestion of food molecules:

   CARBOHYDRATES broken down into SIMPLE SUGARS

  (POLYSACCHARIDES broken down into MONOSACCHARIDES)

   PROTEINS broken down into AMINO ACIDS

   LIPIDS broken down into FATTY ACIDS & MONOGLYCERIDES

2. Absorption of nutrients small enough to cross cell membranes

NOTE:  IN THE GI TRACT, MOST DIGESTION AND ABSORPTION OF NUTRIENTS OCCURS IN THE SMALL INTESTINE.

SPECIFIC GI FUNCTIONS:

1. Ingestion

2. Secretion (water, acid, enzymes, buffers)

3. Mixing and Propulsion

4. Digestion (mechanical and chemical)

5. Absorption  (nutrients into blood stream)

6. Defecation

GI TRACT FLUIDS (Daily)

Secretions of water, acid, buffers and enzymes plus fluid intake):

Ingestion (food or water fluid intake) =  2 liters

Saliva                                 =  1 1/2 liters

Gastric Juice                          =  1 1/2 liters

Liver Bile                             =  1 liter

Pancreatic Juice                       =  1 liter

Intestinal Juice                       =  2 liters

Daily total = 9 liters

NOTE:  8 liters are reabsorbed by the small intestine by osmosis.

0.9 liter is absorbed by the large intestine.

0.1 liter is excreted in feces.

ACCESSORY STRUCTURES OF THE DIGESTIVE (GI) TRACT:

1.  Teeth

2.  Tongue

3.  Salivary Glands:

      Parotid (drained by Stenson's duct)

      Submandibular (Wharton's duct)

      Sublingual  (Rivinus' duct)

4.  Gall Bladder

5.  Pancreas

6.  Liver

ORAL ANATOMY AND DENTITION:

***Be familiar with all structures in the mouth.

***Know tooth anatomy.  

Dentition:   Child / Adult

A child has 20 primary (deciduous) (milk) teeth.  The first ones appear at about 6 months of age, and then 1 pair are added per month.

There are 32 adult permanent (secondary) teeth.  ALL deciduous teeth are replaced when the child is between the ages of 6 and 12 years old.

***Be able to identify central and lateral Incisors, Canines, 1st and 2nd premolars in adults (babies have NO premolars and no 3rd molars), and the 1st, 2nd and 3rd molars.  (3rd molars are commonly called wisdom teeth).

CROSS SECTION OF A TOOTH:

1. Enamel = Hardest substance in the body.  Prevents tooth wear.

2. Dentin = Calcified connective tissue.  Gives tooth shape and rigidity. (makes up bulk of the tooth).
3. Pulp / Pulp Cavity

4. Cementum

5. Alveolar bone (process) root of the tooth in the bony socket of mandible or maxilla = (Gomphosis = a type of synarthrosis (immovable joint)
6. Periodontal ligament                    

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

PERITONEUM:  (Largest serous membrane in the body)

The space between the parietal and visceral peritoneum is called the peritoneal cavity.  It is filled with serous fluid which reduces friction between the parietal and visceral portions.

Function = Supports organs and contains blood vessels, lymph vessels and nerves.

EXTENSIONS (folds) OF THE PERITONEUM INCLUDE:

1. Mesentery = outward fold of small intestine serosa which binds the small intestine to the posterior abdominal wall.

2. Mesocolon = peritoneal fold that binds the large intestine to the posterior abdominal wall.

3. Falciform Ligament = peritoneal fold which attaches the liver to the ANTERIOR abdominal wall and diaphragm.

4. Lessor Omentum = Two folds in serosa of stomach and duodenum which suspends them from the liver.

5. Greater Omentum = Largest peritoneal fold.  A four-layered "fatty apron" covering the transverse colon and small intestine.

MUCOUS MEMBRANE versus SEROUS MEMBRANE:

Mucous membrane = a membrane that lines a body cavity that opens to the outside of the body. 

  examples:  mouth (oral cavity), and anus

Serous membrane = a membrane that lines a body cavity that does NOT open to the exterior.

  examples: peritoneal cavity, pericardial cavity, pleural cavity.

DEGLUTITION = SWALLOWING

3 STAGES OF DEGLUTITION:

1. Voluntary stage = moving bolus (masticated food) to back of throat.
2. Pharyngeal stage (involuntary) = Swallowing begins.  (Uvula and epiglottis temporarily interrupt breathing, preventing bolus from entering respiratory tract).

3. Esophageal stage = (involuntary) Involuntary muscles move bolus by peristalsis, which pushes food from the esophagus to the stomach.

PERISTALSIS = wavelike movement of involuntary (smooth) muscle that propels food through the GI tract.

SEGMENTATION = localized contractions in areas of the small intestine which contain food.

Function of segmentation is to mix chyme with digestive juices and aid absorption of nutrients by intestinal mucosa of small intestine.

LAYERS OF THE GI TRACT:

4 LAYERS (deep to superficial)

1. Mucosa = inner lining.

   a) epithelium:  mouth, esophagus, and anal canal are         lined with NONKERATINIZED STRATIFIED SQUAMOUS epithelial cells.

      stomach and intestines are lined with SIMPLE COLUMNAR epithelial cells.

   b) lamina propria = areolar connective tissue below the epithelial cells.
   c) muscularis mucosa = thin layer of smooth muscle which causes folds in stomach and intestine which increase surface area for digestion and absorption of nutrients.

2. Submucosa = areolar connective tissue that binds the mucosa to the muscularis

The submucosa:

  a) is highly vascular.

  b) contains submucosal plexus (Plexus of Meissner) which is part of the autonomic nervous system (ANS), and innervates smooth muscle of blood vessels and the muscularis mucosa.

3. Muscularis = mouth, pharynx and superior portion of esophagus have SKELETAL muscle for voluntary swallowing.

The rest of the GI tract is SMOOTH (involuntary) muscle, and consists of TWO layers (except the stomach which is 3 layers):

Inner layer = circular smooth muscle

Outer layer = longitudinal smooth muscle

The 3 layers of smooth muscle in the stomach are:

Inner layer = oblique smooth muscle

Middle layer = circular smooth muscle

Outer layer = longitudinal smooth muscle

The muscularis also contains a major nerve supply to the GI tract for motility (peristalsis) called the Myenteric Plexus or Plexus or Auerbach, which controls the strength and frequency of smooth muscle contractions.

The myenteric plexus (Auerbach's Plexus) is part of the ANS and innervates the muscularis.)

4. Serosa = serous membrane.  Superficial layer composed of connective tissue and simple squamous epithelial cells.  The peritoneum is the largest serous membrane in the body.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

The peritoneum has two parts:

1. Parietal (outside) peritoneum lines the abdominal cavity wall.

2. Visceral peritoneum actually covers the abdominal organs.

   (visceral = organs)  visceral peritoneum = serosa.

NOTE:  The location of the kidneys and the pancreas are said to be RETROPERITONEAL.  They are located BEHIND the peritoneum. 

___________________________________________________________

SMALL INTESTINE:

(about 10 feet in length in a living person)

(about 22 feet in length in a cadaver)
Location:  begins at pyloric sphincter, ends at ileocecal sphincter; in abdominal cavity.

Duodenum = first 10 to 12 inches of small intestine

Jejunum = next 3 feet 

Ileum = last 6 feet of small intestine

HISTOLOGY:

Simple Columnar Epithelial cells with:

1. Goblet cell = secretes mucus (for lubrication)
2. Enteroendocrine cell = secretes secretin and cholecystokinin (CCK)

3. Paneth cell = phagocytic and secretes lysozyme

SMALL INTESTINE STRUCTURES THAT INCREASE SURFACE AREA FOR DIGESTION AND ABSORPTION:

1. Villi = each villus is a 1/2 to 1mm fingerlike projection which contains:

a) simple columnar cells, some of which contain goblet cells that secrete mucus

b) lamina propria

c) arteriole, capillary, venule

d) lacteal = lymphatic capillary that absorbs chylocmicrons

2. Microvilli = 1 micron long projections on villi.  Also known as the "brush border".  Function is absorption and they also contain digestive enzymes.

3. Plicae circularis = permanent circular folds that are found only in the small intestine and begin in the proximal duodenum and extend to mid-ileum. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

CRYPTS OF LIEBERKUHN:

= Intestinal glands found in deep crevices between villi that secrete intestinal juice.

SUBMUCOSA OF DUODENUM:  Contains Brunner's glands, (also called submucosal mucus glands), that secrete ALKALINE mucus to neutralize gastric acid in chyme.

The ILEUM contains groups of lymphatic nodules called PEYER'S PATCHES (also known at “MALT”, mucosa associated lymphatic tissue) which serve an immune function.
BLOOD CAPILLARIES in the small intestine absorb:

1.  Water

2.  Electrolytes such as Na+ and K+
3.  Vitamins and Nutrients (amino acids, monosaccharides, and short chain fatty acids).

Lipids are NOT absorbed in blood capillaries.  Long chain fatty acids and monoglycerides and triglycerides are emulsified by bile to produce miscelles and chylomicrons, which enter lymphatic system vessels called lacteals which are found in the center of each villus in the small intestine.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

LARGE INTESTINE

(Colon)  about 5 feet long in a living person.

Location = between ileocecal sphincter and anus in the abdominopelvic cavity.

Cecum

Ascending colon

Right colic (hepatic) flexure

Transverse colon

Left colic (splenic) flexure

Descending colon

Sigmoid colon

Rectum

Anal canal

Anus

HISTOLOGY OF LARGE INTESTINE:

Mucosa = Simple columnar epithelial cells with MANY goblet cells.

NO villi or plicae circularis

Muscularis = Outer longitudinal and inner circular smooth muscle.

Also has Taeniae coli = a specialized longitudinal smooth muscle which contracts to gather the colon into pouches called haustra.

MECHANICAL / CHEMICAL DIGESTION:

1. Haustral churning

2. Peristalsis

3. Mass peristalsis

Chemical digestion in the large intestine is done by bacteria instead of enzymes.  Some B-vitamins and Vitamin K are synthesized by bacteria and absorbed in the large intestine.

LARGE INTESTINE FUNTIONS:

1. Absorbs water (only about 0.9 liter per day). 

Note: MOST of the water, 8 liters per day, are absorbed by the SMALL intestine).

2. Absorbs electrolytes and some vitamins.

3. Forms feces

   (feces contain water (0.1L/day), bacteria (mostly E. coli), undigested food, sloughed off epithelial cells, inorganic salts, and bacterial byproducts).

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

LIVER

The functional units of the liver are the lobules of hepatocytes.

LIVER FUNCTION:

1. carbohydrate, protein and lipid metabolism

2. inactivates toxins

3. stores glycogen and lipid reserves

4. has Kupffer cells which are phagocytic

5. stores vitamins,(A, B12, D, E, K) and minerals (copper and iron)

6. hepatocytes produce bile

7. helps activate Vitamin D

Damage to the liver causes increase in bilirubin.  

(Increased bilirubin leads to Jaundice)

GALL BLADDER:  stores bile.

Function of bile is to emulsify fat in order to increase the surface area and speed up enzymatic breakdown.

Miscelle = very small (2.5nm), spherical aggregates of bile salts, fatty acids and monoglycerides that result when triglycerides are emulsified by bile. Miscelles form protein/lipid aggregations called Chylomicrons which are absorbed by lacteals in the villi of the small intestine. Lacteals are part of the lymphatic system which carries the chylomicrons to the thoracic duct which delivers lymph fluid into the left subclavian vein where it enters the venous blood stream.
Bilirubin = principle pigment of bile.  Formed from the breakdown of red blood cells (RBC's) and hemoglobin (Hb).

Excreted in bile then broken down in the intestines to form stercobilin, the pigment that gives feces their normal brown color.

***Be familiar with digestive hormones and enzymes and their functions.  
***Be familiar with selected clinical terminology on the digestive system study guide*** See Medical terminology document on the online syllabus.
_________________________________________________

A/P 242,   HUMAN ANATOMY AND PHYSIOLOGY

G. Brady, SFCC / 2014
DIGESTIVE SYSTEM HORMONES AND ENZYMES

Gastrin

Produced/Secreted by: Enteroendocrine G cells, located mainly in the mucosa of pyloric antrum.

Stimulated by: Distension of stomach, partially digested proteins and caffeine in the stomach, and high pH of stomach chyme.

Major effects: Stimulates secretion of HCl in stomach, stimulates secretion of gastric juice, increases gastric motility, promotes growth of gastric mucosa.

Minor effects: Constricts lower esophageal sphincter; relaxes pyloric sphincter and ileocecal sphincter.

Secretin

Produced/Secreted by: Enteroendocrine S cells in the

     mucosa of the small intestine.

Stimulated by: Acidic (high H+ level) chyme that 

     Enters the small intestine.

Major effects: Stimulates secretion of pancreatic 

     juice and bile that are rich in alkaline buffers HCO3-(bicarbonate ions).  Increases rate of biles secretion by liver cells.

Minor effects: Inhibits secretion of gastric juices;

     Promotes normal growth and maintenance of the 

     pancreas; and enhances effects of CCK.

Cholecystokinin (CCK)

Produced/Secreted by: Enteroendocrine CCK cells in the mucosa of the small intestine. CCK is also released in the brain.

Stimulated by: Partially digested proteins (amino acids) and triglycerides (fatty acids) that enter the small intestine.

Major effects: Stimulates secretion of pancreatic juice rich in digestive enzymes; stimulates contraction of the gall bladder, causes ejection of bile from the Gall bladder and relaxes the sphincter of the hepatopancreatic ampulla; and induces satiety (feeling full to satisfaction).

Minor effects: Inhibits gastric emptying, promotes normal growth and maintenance of the pancreas, and enhances effects of secretin.

Gastric Inhibitory Peptide (GIP)

Produced/Secreted by: Enteroendocrine K cells in the mucosa of the small intestine.

Stimulated by: Fatty acids and glucose that enter the small intestine.

Major effects: Stimulates release of insulin by beta  cells in pancreatic islet, inhibits secretion of gastric juice, and slows gastric emptying, stimulates use of glucose by skeletal muscle, stimulates lipid synthesis.

Glucagon 

Produced/Secreted by: Alpha or A cells of pancreatic islets.

Stimulated bv: Decreased blood level of glucose, exercise, mainly protein meals; inhibited by somatostatin and insulin.

 Major effects: Raises blood glucose level by acceleration breakdown of glycogen into glucose in the liver (glycogenolysis) and conversion of other nutrients into glucose in liver (gluconeogenesis) and releasing glucose into blood.

Insulin

Produced/Secreted by: Beta or B cells of    

    pancreatic islets.

Stimulated bv: Increased blood level of 

    glucose, acetylcholine, arginine and 

    leucine (two amino acids) glucagon, GIP, 

    hGH, and ACTH; inhibited by somatostatin.

Major effects: Lowers blood glucose level by 

     accelerating glucose uptake and utilization in

     cells; stimulating glycogen formation in skeletal 

     muscle and liver cells (glycogenesis), also 

     stimulates formation and storage of lipids 

     (lipogenesis) and stimulates protein synthesis.

Somatostatin 

Produced/Secreted by: Delta or D cells of pancreatic islets. 

Stimulated by: Inhibited by Pancreatic polypeptide. 
Major effects: Inhibits secretion of insulin and glucagon and slows absorption of nutrients from the gastrointestinal tract.

Pancreatic Polypeptide

Produced/Secreted by: F cells of pancreatic islets 

Stimulated by: Meals containing protein, fasting, exercise, and acute hypoglycernia; inhibited by somatostatin and elevated blood glucose. 

Major effects: Inhibits secretion of somatostatin, contraction of the Gall Bladder, and secretion of pancreatic digestive enzymes

__________________________________________________

Understand the physiology of pancreatic juice production and secretion:

Regulation of Pancreatic Secretions:

Pancreatic secretion, like gastric secretion is regulated by both neural and hormonal mechanisms.

1.
During cephalic and gastric phases of gastric digestion, parasympathetic impulses are

transmitted along the vagus nerves to the pancreas.

2.
These nerve impulses stimulate increased secretion of pancreatic enzymes.

3.
Acidic chyme containing partially digested fats and proteins enters the small intestine.

4.
In response to fatty acids and amino acids, some enteroendocrine cells in the small intestinal 
mucosa liberate secretin into the blood.

5.
Secretin stimulates the flow of pancreatic juice that is rich in bicarbonate ions.

6.
Cholecystokinin (CCK) stimulates a pancreatic secretion rich in the following digestive

enzymes:

NOTE: Bicarbonate gives pancreatic juice a slightly alkaline pH (7.1‑8.2) that buffers acidic gastric juice in chyme, stops the action of pepsin from the stomach, and creates the proper pH for action of digestive enzymes in the small intestine.

PANCREATIC ENZYMES OF THE GI TRACT:
Carbohvdrate Digestion
Pancreatic amylase

​

Produced/Secreted by: Produced in pancreatic acinar cells, carried in pancreatic juices, acts in the small intestine. 

Substrate: Carbohydrates (Polysaccharides) 

Product: Maltose (disaccharide), maltotriose (trisaccharide),... simple sugars

Protein Digestion
Trypsin

​

Produced/Secreted by: Produced in pancreatic acinar cells, carried in pancreatic juices, acts in the small intestine. 

Substrate: Proteins 

Product: Short chain peptides (10-100 amino acid chain)

Chymotrypsin 

Produced/Secreted by: Produced in pancreatic acinar cells, carried in pancreatic juices, acts in the small intestine. 

Substrate: Proteins 

Product: Short chain peptides

Carboxypeptidase

​Produced/Secreted by: Produced in pancreatic acinar cells, carried in pancreatic juices, acts in the small intestine. 

Substrate: Proteins (breaks the peptide bond that attaches the terminal amino acid to the carboxyl end of the peptide. 

Product: Short chain Peptides and amino acids
Elastase

​Produced/Secreted by: Produced in pancreatic acinar cells, carried in pancreatic juices, acts in the small intestine. 

Substrate: Proteins 

Product: Short chain peptides

Lipid Digestion

Pancreatic Lipase 

Produced/Secreted by: Produced in pancreatic acinar cells, carried in pancreatic juices, acts in the small intestine. 

Substrate: Triglycerides (fats and oils) that have been emulsified by bile salts. 
Product: Fatty acids and monoglycerides.

Nucleic Acid Digestion
Ribonuclease​

Produced/Secreted by: Produced in pancreatic acinar

cells carried in pancreatic juices, acts in the small intestine. 

Substrate: Ribonucleic acid 

Product: Nucleotides (Adenine, Uracil, Guanine, 

     Cytosine + phosphate groups and ribose sugar)

Deoxyribonuclease
​

Produced/Secreted by: Produced in pancreatic acinar cells, carried in pancreatic juices, acts in the small intestine. 

Substrate: Deoxyribonucleic acid 

Product: Nucleotides (Adenine, Thymine, Guanine, 

     Cytosine + phosphate groups and deoxyribose   

     sugar)

___________________________________________________

Inactive forms of Protein Digestive Enzymes
Trypsinogen

Function: Inactive form of trypsin, turned on by enterokinase.

Trypsin Inhibitor​

    Function: Protein that combines with any trypsin   

    formed accidentally in the pancreas or     

    pancreatic juice, and blocks its enzymatic

    ability.

Enterokinase
Function: An activating brush border enzyme which splits off part of the trypsinogen molecule to form trypsin.

Chymotrypsinogen, Procarboxpeptidase, Proelastase 

    Function:  Trypsin acts on these inactive precursors to produce chymotrypsin, carboxypeptidase and elastase, respectively.

OTHER ENZYMES OF THE GI TRACT:

Salivary Amylase

Produced/Secreted by: Parotid, Sublingual and Submandibular salivary glands. 

Substrate: Carbohydrates (Polysaccharides) 

Product: Maltose (disaccharide), maltotriose (trisaccharide),... simple sugars

Lingual Lipase
Produced/Secreted by: Produced by cells on dorsum of tongue. 

Substrate: Triglycerides (fats and oils) 

Product: Fatty acids and monoglycerides.

Pepsinogen
Produced/Secreted by: Produced by Chief cells in the stomach. 

Substrate: Proteins 

Product: Short chain polypeptides

Gastric Lipase
Produced/Secreted by: Produced by Chief cells in the stomach during infancy. 

Substrate: Triglycerides (fats and oils) that have been emulsified by bile salts. 
Product: Fatty acids and monoglycerides.

Chymosin (Rennin)
Produced/Secreted by: Produced by Chief cells in the stomach during infancy. 

Substrate: Milk 
Product: Curds (calcium paracaseinate) and Whey (liquid part of curdled milk).

Small Intestine Brush Border Enzymes
Produced/Secreted by: Produced by Microvilli 

Substrate: Peptides & Dipeptides, Maltose and Nucleotides
Product: Amino acids, glucose and Nitrogen bases 

(A,U,G,C,T), pentose and phosphate.

Note:  The microvilli on the villi of the small intestine mucosa are oly one micron in length so they appear as a fuzzy line when viewed in the microscope, which is called the “brush border”.  

_________________________________________________

A/P 242 CELLS/GLANDS OF THE DIGESTIVE SYSTEM

Mucosa = Simple Columnar cells, some with specialized functions, make up most of the GI tract inner lining. 

The mucosa of each end of the GI tract is lined with non-keratinized stratified squamous epithelial cells.

_________________________________________________________

STOMACH:

Parietal Cells: Secrete HCl and intrinsic factor

Chief Cells: Secrete gastric lipase and pepsinogen

Enteroendocrine (G) Cells: Secrete Gastrin

___________________________________________________________

DUODENUM:

Brunner's Glands: Secrete alkaline mucus

Goblet Cells: Secrete mucus for lubrication

(Note: found throughout small intestine; VERY abundant in large intestine)

___________________________________________________________

PANCREAS:

Consists of both Endocrine and Exocrine cells.

Endocrine cells secrete HORMONES.

Endocrine cells make up 1% of the pancreas and are observed as Islets of Langerhans:

1. Alpha Cells: Secrete Glucagon (increase blood sugar)

2. Beta Cells: Secrete Insulin (decrease blood sugar)

3. Delta Cells: Secrete Somatostatin (inhibit secretion of both glucagon and insulin)

4. F-Cells: Secrete Pancreatic Polypeptide (inhibit secretion of digestive enzymes)

EXOCRINE cells of the Pancreas secrete digestive juices and bicarbonate ions (HCO3-).  (pH of 7.1-8.2)  Sodium bicarbonate buffers the acidic acid juice in chyme.

Exocrine cells make up 99% of the pancreas and are called the acinar tissue of the pancreas.

Approximately 1-2 liters of pancreatic juice is produced each day.  It is secreted into the duodenum through the hepatopancreatic ampulla (Ampulla of Vater).

Cells on the back of the tongue:  Secrete Lingual Lipase

___________________________________________________________

Paneth Cells (in small intestine): Secrete lysozyme,(a bactericidal enzyme), and are also capable of phagocytosis.

___________________________________________________________

Hepatocytes (Liver):  Secrete bile

Kupffer Cells (Liver):  are phagocytic

___________________________________________________________

Three Phases of Digestion:

1. Cephalic = smell, sight, thought of food causes nerve impulses (VII, IX and X) to salivary glands and stomach to prepare mouth and stomach for food.

2. Gastric = triggered by entry of food into the stomach.  The pH of stomach chime becomes more acid due to HCl secretion by parietal cells.

3. Intestinal phase = begins when chyme enters the small intestine and involves neural and endocrine reflexes; controls rate of gastric emptying; 
End of Chapter 24 Notes

