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Physiology of Digestive System I                                     

Structures of Digestive System 

1.alimentary canal (gastrointestinal [GI] tract) 

a. digestion - break down molecules 

b. absorption - move into circulatory system 

c. mouth, pharynx, esophagus, stomach, small intestine, large intestine, 

anus 

2.accessory digestive organs 

a. function - assist in breakdown and absorption of foodstuffs 

b. teeth, tongue, gallbladder, salivary glands, liver, pancreas. 

 

Primary Functions of Digestive System 

1.ingestion - getting food into the GI tract (eating) 

2.propulsion - moving food along the tract 

a. swallowing and peristalsis (wave-like motion) 

3. mechanical digestion - the physical grinding and churning of foodstuffs 

to breakdown and expose to enzymes and the surface of the GI tract 

4. chemical digestion - breakdown of larger molecules into absorbable 

parts by enzymatic action 

5. absorption - transport of digested molecules, vitamins, minerals, water, 

into blood. 

6.defecation - elimination of unused foodstuff (feces). 

 

Control of Conditions in the GI Tract 

1. mechanoreceptors and chemoreceptors 

respond to: 

a. stretching of the lumen by foodstuffs 

b. solute concentration and pH within the lumen 

c. presence of digestible and digested molecules 

2. actions initiated by these receptors: 

a. activate/inhibit secretions into the lumen 

b. activate/inhibit muscular "mixing" activity 

c. activate/inhibit secretion of hormones 

d. activate/inhibit local "nerve plexuses" 

3. types of digestive reflex processes: 

a. short reflex - controlled by "nerve plexus" 

within the GI tract (enteric plexus) 

b.  long reflex - those involving the CNS and extrinsic autonomic nerves 
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Neural Control of Gastrointestinal Function (Enteric Nervous 

System) 

The Gastrointestinal Tract Has Its Own Nervous System، Called the 

Enteric Nervous System. It lies entirely in the wall of the gut, beginning 

in the esophagus and extending all the way to the anus. The enteric 

system is composed mainly of two plexuses: 

• The Myenteric plexus, or Auerbach’s plexus, is an outer plexus 

located between the muscle layers. Stimulation cause (1) increased 

intensity of rhythmical contractions، (2) increased rate of contraction, (3) 

increased velocity of conduction. (4)The myenteric plexus is also useful 

for inhibiting the pyloric sphincter which controls emptying of the 

stomach), the sphincter of the ileocecal valve (which controls emptying 

of the small intestine into the cecum), and the lower esophageal sphincter 

(which allows food to enter the stomach). 

• The Submucosal plexus, or Meissner’s plexus, is an inner plexus that 

lies in the submucosa. In contrast to the myenteric plexus, it is mainly 

concerned with controlling function in the inner wall of each minute 

segment of the intestine. For instance, many sensory signals originate 

from the gastrointestinal epithelium and are integrated in the submucosal 

plexus to help control local intestinal secretion, local absorption، and 

local contraction of the submucosal muscle. 

 

Autonomic Control of the Gastrointestinal Tract 

The Parasympathetic Nerves Increase the activity of the enteric nervous 

system. The parasympathetic supply to the gut is made up of cranial and 

sacral divisions: 

• The cranial parasympathetics innervate, by way of the vagus nerves, the 

esophagus, stomach, small intestine، pancreas, and first half of the large 

intestine. 

• The sacral parasympathetics innervate, by way of the pelvic nerves, the 

distal half of the large intestine. The sigmoidal, rectal, and anal regions 

have an especially rich supply of parasympathetic fibers. 

The Sympathetic Nervous System usually inhibits activity in the 

Gastrointestinal Tract, causing many effects opposite to those of the 

parasympathetic system. 

 

Digestive Processes Occurring in the Mouth, Pharynx, Esophagus 

A. Composition of Saliva  

1. major components of saliva: 

a. water (97-99.5%) 

b. electrolytes: Na
+
, K

+
, Cl

-
, PO4

-
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c. mucin - protein that forms thick, slimy mucus 

d. IgA antibodies - immune defense 

e. lysozyme - antibacterial enzyme 

f. salivary amylase - starts breakdown of carbo's 

B. Mechanical Processes 

1. mastication (chewing) - cheeks, tongue, and teeth involved in both 

voluntary and involuntary grinding, ripping, and tearing of foodstuffs 

2. deglutition (swallowing) - moving "bolus" on its way 

a. tongue compacts ground food into a "bolus" 

b. buccal phase (voluntary) 

tongue against hard palate 

tongue contraction    

bolus forced into oropharynx 

c. pharyngeal-esophageal phase (involuntary) 

- tongue blocks off mouth 

- soft palate blocks off nasopharyx 

- epiglottis blocks off trachea 

 peristaltic waves moves food to stomach 

 

Saliva & Salivary glands: The principal glands of salivation are the 

parotid, submandibular، and sublingual glands; in addition, there are 

many very small buccal glands. Daily secretion of saliva normally 

ranges between 800 and 1500 ml. Saliva contains two major types of 

protein secretion: 

• The serous secretion (watery saliva) contains ptyalin (α-amylase) 

which is an enzyme for digesting starches. 

• The mucous secretion contains mucin for lubrication and for surface 

protection. 

 Saliva Contains High Concentrations of potassium and Bicarbonate 

Ions and Low Concentrations of sodium and chloride Ions. 

Saliva secretion: Salivary secretion is a two-stage operation: 

The first stage involves the acini, and the second, the salivary ducts. The 

acini secrete a primary secretion that contains ptyalin and mucin in a 

solution of ions in concentrations not greatly different from those of 

typical extracellular fluid. As the primary secretion flows through the 

ducts, two major active transport processes take place that markedly 

modify the ionic composition of the fluid in the saliva. 

First: sodium ions are actively reabsorbed from all the salivary ducts and 

potassium ions are actively secreted in exchange for the sodium. 

Therefore, the sodium ion concentration of the saliva becomes greatly 

reduced, whereas the potassium ion concentration becomes increased. 

However, there is excess sodium reabsorption over potassium secretion, 
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and this creates electrical negativity in the salivary ducts; this in turn 

causes chloride ions to be reabsorbed passively. Therefore, the chloride 

ion concentration in the salivary fluid falls to a very low level, matching 

the decrease in sodium ion concentration. 

Second: bicarbonate ions are secreted by the ductal epithelium into the 

lumen of the duct. This is at least partly caused by passive exchange of 

bicarbonate for chloride ions, but it may also result partly from an active 

secretory process. 

The result of these transport processes is that: 

 Under resting conditions (lowest flow rate) the concentrations of 

sodium and chloride ions in the saliva is very low. Conversely, the 

concentration of potassium and bicarbonate ions very high. 

 During maximal salivation (highest flow rate) the salivary ionic 

concentrations change considerably because the rate of formation of 

primary secretion by the acini can increase as much as 20-fold. This 

acinar secretion then flows through the ducts so rapidly that the ductal 

reconditioning of the secretion is considerably reduced. Therefore, when 

copious quantities of saliva are being secreted, the concentration of ions 

in saliva is close to that of plasma. 

 

 

 

 

Function of Saliva for Oral Hygiene: saliva plays an important role for 

maintaining healthy oral tissues. The mouth is loaded with pathogenic 
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bacteria that can easily destroy tissues and cause dental caries. Saliva 

helps prevent the deteriorative processes in several way: 

1. The flow of saliva itself helps wash away pathogenic bacteria as well 

as food particles that provide their metabolic support 

2. Saliva contains several factors that destroy bacteria. One of these is 

thiocyanate ions, several proteolytic enzymes (lysozyme) that attack the 

bacteria, aid the thiocyanate ions in entering the bacteria where these ions 

in turn become bactericidal, and digest food particles. 

3. Saliva often contains significant amounts of protein antibodies that can 

destroy oral bacteria, including some that cause dental caries. In the 

absence of salivation, oral tissues often become ulcerated and otherwise 

infected, and caries of the teeth can become rampant. 

Salivation is controlled mainly by parasympathetic nervous signals. The 

salivatory nuclei in the brain stem (between pons & medulla) are excited 

by taste and tactile stimuli from the tongue, mouth, and pharynx. 

Salivation can also be affected by higher centers of the brain. 

 

Stomach 

There Are three functions of the Stomach:  

 Storage of food until the food can be processed in the duodenum  

 Mixing of food with gastric secretions until it forms a semifluid 

mixture called chyme. 

  Emptying of food into the small intestine at a rate suitable for 

proper digestion and absorption 

Motility of Stomach: 

Retropulsion” Is an Important Mixing Mechanism of the Stomach. Each 

time a peristaltic wave passes over the antrum toward the pylorus, the 

pyloric muscle contracts which further impedes emptying through the 

pylorus. Most of the antral contents are squirted backward through the 

peristaltic ring toward the body of the stomach. 

The stomach mucosa has two important types of gland:  

 The oxyntic (acid-forming) glands are located in the body and 

fundus. They contain three types of cells: 

1. mucous secreting cells, which secrete mainly mucus but also some 

pepsinogen. 

2. Peptic (chief) cells, which secrete pepsinogen. 

3. Parietal (oxyntic) cells, which secrete hydrochloric acid and intrinsic 

factor.  

 The pyloric glands, which are located in the antrum، secrete 

mainly mucus for protection of the pyloric mucosa but also some 

pepsinogen and, importantly، the hormone gastrin. 
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Hydrochloric Acid Is as necessary as pepsin for protein digestion in the 

stomach. The pepsinogens have no digestive activity when they are first 

secreted؛ however, as soon as they come into contact with hydrochloric 

acid, they are changed to form active pepsin. 

“Intrinsic Factor” is essential for absorption of vitamin B12 in the 

ileum. 

Chyme: After food in the stomach has become thoroughly mixed with 

the stomach secretions, the resulting mixture that passes down the gut is 

called chyme. The degree of fluidity of the chyme leaving the stomach 

depends on the relative amounts of food، water, and stomach secretions 

and on the degree of digestion that has occurred. The appearance of 

chyme is semifluid or paste. 

 

Physiology of Digestive system II 
 

Small Intestine 
Motility of small intestine: Distention of the Small Intestine Elicits 

Mixing Contractions Called Segmentation Contractions. These are 

concentric contractions that have the appearance of a chain of sausages. 

These segmentation contractions usually promote progressive mixing of 

the solid food particles with the secretions of the small intestine. Chyme 

is Propelled through the Small Intestine by Peristaltic Waves. They move 

toward the anus .Peristalsis is Controlled by Nervous and Hormonal 

Signals. 
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Secretions of the small intestine 

  

 Secretion of Mucus by Brunner’s Glands in the Duodenum 

An extensive array of compound mucous glands, called Brunner’s 

glands, is located in the wall of the first few centimeters of the 

duodenum, mainly between the pylorus of the stomach and the papilla of 

Vater where pancreatic secretion and bile empty into the duodenum. 

These glands secrete large amounts of alkaline mucus in response to: 

1. Tactile or irritating stimuli on the duodenal mucosa. 

2. Vagal stimulation, which causes increased Brunner’s glands secretion 

concurrently with increase in stomach secretion. 

3. Gastrointestinal hormones, especially secretin . 

The function of the mucus secreted by Brunner’s glands is to 

• Protect the duodenal wall from digestion by the highly acid gastric juice 

emptying from the stomach. 

• The mucus contains a large excess of bicarbonate ions, which add to the 

bicarbonate ions from pancreatic secretion and liver bile in neutralizing 

the hydrochloric acid entering the duodenum from the stomach. 

Brunner’s glands are inhibited by sympathetic stimulation. 

 

 Secretion of Intestinal Digestive Juices by the Crypts of 

Lieberkühn 

Located over the entire surface of the small intestine are small pits called 

crypts of Lieberkühn , These crypts lie between the intestinal villi. The 

surfaces of both the crypts and the villi are covered by an epithelium 

composed of two types of cells: 

1. A moderate number of goblet cells, which secrete mucus that lubricates 

and protects the intestinal surfaces. 

2. A large number of enterocytes, which, in the crypts, secrete large 

quantities of water and electrolytes and, over the surfaces of adjacent 

villi, reabsorb the water and electrolytes along with end products of 

digestion. 

 

Pancreatic Secretion 

The pancreatic digestive enzymes are secreted by pancreatic acini, and 

large volumes of sodium bicarbonate solution are secreted by the small 
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ductules and larger ducts leading from the acini. The combined product of 

enzymes and sodium bicarbonate then flows through a long pancreatic 

duct that normally joins the hepatic duct immediately before it empties 

into the duodenum through the papilla of Vater, surrounded by the 

sphincter of Oddi.  

 

Composition of Pancreatic Juice and Regulation of Secretion 

A. Composition of Pancreatic Juice 

1. 1.2 - 1.5 liters per day 

2. water and electrolytes (mainly bicarbonate ions) 

3. enzymes - precursors and active digestive forms 

 a.        trypsinogen -------------------> trypsin 

                                           enterokinase 

 

 b.  procarboxypeptidase  --------------->  carboxypeptidase 

            trypsin 

 

                      chymotrypsinogen    -------------->      chymotrypsin 

                                                            trypsin 

c.  amylase (carbohydrates), lipases (fats), nucleases (nucleic acids) 

 

B. Regulation of Pancreatic Secretion 

1. parasympathetic causes release during cephalic and gastric phases 

of gastric secretion. 

2. secretin - hormone that causes release of "bicarbonate-rich"   

pancreatic juices in response to the presence of HCl. 

3. cholecystokinin - hormone that causes release of "enzyme-rich" 

pancreatic juice in response to the presence of proteins and fats. 

 

Content of Bile and Bile Release into Small Intestine 

Bile Is Important for (1) Fat Digestion and Absorption. (2) Waste Product 

Removal from the Blood.  

 Fat digestion and absorption: Bile salts help emulsify the large 

fat particles into minute particles that can be attacked by the lipase 

enzyme secreted in pancreatic juice. They also aid in the transport 

and absorption of the digested fat end products to and through the 

intestinal mucosal membrane. 

  Waste product removal: Bile serves as a means for excretion of 

several important waste products from the blood, especially 

bilirubin, an end product of hemoglobin destruction, and excess 

cholesterol synthesized by the liver cells. 
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Regulation of Bile Release to Small Intestine 

1. hepatocytes - cells of the liver that produce 0.5-1.0 liters of bile each 

day 

2. parasympathetic - stimulates gall bladder release 

3.cholecystokinin (CCK) - hormone released by cells of the mucosa of 

the duodenum 

acidic, fatty chyme enters duodenum  duodenal mucosa secretes CCK 

  a. gall bladder contracts to release bile 

      b. pancreas secretes pancreatic juices 

      c. hepatopancreatic sphincter opens 

4. gallstones - crystallized formation of cholesterol and salts, causing 

obstruction of bile release. 

Digestive Processes of the Small Intestine 

A. Optimal Conditions for Digestion & Absorption 

1. Pancreatic juice & bile - enzymes, emulsifying fats, and pH are 

essential for proper intestinal processes 

2. Small intestine is Primary site for absorption of nutrients into the 

cardiovascular system 

B. Movement in the Small Intestine 

1. segmentation - longitudinal flow of chyme through the tube 

(duodenum -> ileum) 

2. migrating mobility complex - activity that moves the chyme from the 

ileum to the cecum through the ileocecal valve 

Digestive Processes of the Large Intestine 

A. Bacterial Flora 

1. digest remaining carbohydrates 

2. responsible for producing gas (flatus) 

3. synthesize & complex B vitamins and vitamin K 

B. Digestion and Absorption 

1. reclaim most of the water 

2. reclaim some of the electrolytes (Na
+
 and Cl

-
) 

C. Motility of the Large Intestine 

1. Haustral contractions - slow acting segmental motion; moves chyme 

from one segment to next 

2. Mass movements - peristaltic waves that move food to the rectum 

during/after eating 

a. diverticula - herniation of the mucosa through the wall of the colon 

(sigmoid colon) 

D. Defecation 

1. defecation reflex when feces (stool) enters rectum, spinal cord reflex is 

triggered 

a. internal sphincter (involuntary) 



Dr. Takea sh Ahmed                                                        Lec. 6&7 
Collage of dentistry                                                        2nd class  
Tikrit university 

11 
 

b. external sphincter (voluntary) 

2. Valsalva's maneuver - contraction of diaphragm and abdominal 

muscles to increase pressure for defecation 

3. diarrhea - too much water in the stool 

4. constipation - insufficient water or fiber 

 

Chemical Digestion 

A. Enzymatic Hydrolysis ("water" "breaking"):  

B. Carbohydrate Digestion 

1. monosaccharides - "monomers" such as glucose, fructose, and   

              galactose 

2. disaccharides - sucrose (table sugar), lactose (milk sugar), and 

maltose (grain sugar) 

3. polysaccharides - starch (grains), glycogen (muscle) 

4. carbohydrate hydrolyzing enzymes 

             a. salivary amylase - produces "oligosaccharides" 

             b.pancreatic amylase - in small intestine 

             c. intestinal enzymes - dextranase & glucoamylase (> 3 sugars),    

                 maltase, sucrase, and lactase 

          5.  lactose intolerance - decreased ability to digest lactose in the      

               diet (use "lactase" supplements) 

     C. Protein Digestion 

          1. amino acids - the "monomer" components of protein 

          2. stomach - pepsinogen --------> pepsin (low pH) 

          3. small intestine 

              a. enzymes that cleave throughout the protein 

           trypsinogen ----------> trypsin 

        chymotrypsinogen  -----> chymotrypsin 

              b. carboxypeptidase (carboxyl end of protein) 

              c. aminopeptidase, dipeptidase (amino end) 

       D.  Lipid (Fat) Digestion 

        1. lipid structure - glycerol + 3 triglycerides 

        2. lipases - enzymes that break down lipids 

        3. bile salts - "emulsify" fats in 1 micron "micelles" 

        E. Nucleic Acid Digestion 

pancreatic nucleases - break down DNA and RNA 

 

Absorption of Nutrients 

A. General Features 

1.transepithelial transport - nutrients must pass across the epithelial 

lining of the small intestine 
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2.active transport - most nutrients must be transported across 

membrane using ATP of the cells 

     B.  Carbohydrate Absorption 

1. facilitated diffusion - glucose and galactose (coupled with active 

transport of Na
+
) 

2. "carrier molecule" has binding sites for both sugar and Na
+
; relies 

on Na
+
 gradient 

 

C. Protein (Amino Acid) Absorption 

1. facilitated diffusion - amino acids and small peptides (coupled with 

Na+ active transport) 

      "carrier molecule" has binding sites for both amino acid and Na+;       

         relies on Na+ gradient 

2. food allergies - absorption of proteins in infant gut causes early 

immune reaction. 

D. Lipid Absorption 

1. micelles - tiny balls of fats that result from bile salt emulsification and 

"lecithin" 

a. contain cholesterol and fat-soluble vitamins 

b. diffuse through lipid bilayer of membrane 

c. chylomicrons - micelles combined with associated proteins within the 

cell; enter the lacteals of the lymphatic system 

E. Nucleic Acid Absorption 

   pentoses, nitrogen bases, phosphates - absorbed by similar processes as 

sugars and amino acids 

F. Vitamin Absorption 

1. fat soluble - Vitamins A, D, E, K are absorbed by epithelial cells 

along with lipid micelles 

 OLESTRA - will carry fat-soluble vitamins out in feces with it 

      2. water soluble - Vitamins B & C absorbed by diffusion 

      3. Vitamin B12 - large and electrically charged, must bind with 

"intrinsic factor" before being taken into the cell by endocytosis 

G. Electrolyte Absorption 

1. Fe and Ca - primarily absorbed in small intestine 

       a. ferritin - sequesters Fe in intestinal cells 

       b. transferrin - transfers Fe into circulation when need is present         

           (menstruation) 

       c. Vitamin D - facilitates Ca absorption 

      2. Na - exchanged for sugars and amino acids 

     3. Cl - absorbed into cells and exchanged for HCO3
-
 

     4. K - absorbed into cells due to osmotic gradients 

 H. Water Absorption 
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1. small intestine - 95% of water absorbed by small intestine following 

transport of solutes  

2. large intestine - absorbs remaining water before moving the chyme on 

to the rectum. 

 

 

 

 

 

Gastrointestinal disorders  

1) Disorders of swallowing and the esophagus paralysis of the 

swallowing mechanism Can Result from Nerve Damage, Brain 

Damage, or Muscle Dysfunction. 

Achalasia is a Condition in Which the Lower Esophageal Sphincter Fails 

to Relax. Swallowed material builds up, stretching the esophagus; and 

over months and years the esophagus becomes markedly enlarged, a 

condition called megaesophagus. 

2) Disorders of the Stomach : 

• Gastritis Means Inflammation of the Gastric Mucosa. The 

Inflammation can penetrate the gastric mucosa, causing atrophy. Gastritis 

can be acute and chronic, with ulcerative excoriation of the stomach 

mucosa. It may be caused by chronic bacterial infection of the gastric 

mucosa or irritant substances, such as alcohol and drugs. 

Chronic Gastritis Can Lead to 

 Hypochlorhydria means diminished acid secretion. 

 Achlorhydria means simply that the stomach fails to secrete 

hydrochloric acid. 

• Peptic Ulcer Is an Excoriated Area of the Mucosa Caused by the 

Digestive Action of Gastric Juice or Bacterial Infection by Helicobacter 

pylori breaks down the Gastroduodenal Mucosal Barrier and Stimulates 

Gastric Acid Secretion. At least 75% of peptic ulcer patients have 

recently been found to have chronic infection with bacterium H. pylori. 

3) Disorders of the Small Intestine 

• Pancreatitis Means Inflammation of the Pancreas.caused 

by excess alcohol ingestion (chronic pancreatitis) or 

blockage of the papilla of Vater by a gallstone (acute 

pancreatitis). 

4) Disorders of the Large Intestine 

• Severe Constipation Can Lead to Megacolon. When large quantities of 

fecal matter accumulate in the colon for an extended time, the colon can 

distend to in diameter. 
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• Diarrhea Often Results from the Rapid Movement of Fecal Matter 

through the Large Intestine. 

5) Other disorders: 

The Vomiting Act Results from a Squeezing Action of Abdominal 

Muscles with Sudden Opening of the Esophageal Sphincters. 

 


