 GI Physiology

Primary functions of GI tract are:

1. Ingestion

2. Deglutition

3. Digestion (chemical and mechanical)

4. Absorption

5. Elimination

The GI tract begins at the lips.  (Notable difference between epithelium of lips and face) The wall of the GI tract contains five tunics (layers).  From the outside moving in toward the lumen of the tract include:

1. Serosa: protects the tract

2. Longitudinally directed smooth muscle fibers: when they contract, they shorten the tract 

3. Muscle fibers around the tract, circular fibers: When these fibers contract, they segment the GI tract.  

4. Submucosa: involved in absorption, secretion, and contains nerves and blood vessels

5. Mucosal: Innermost layer, in contact with lumen; involved in secretion, and protecting the tract

Enteric Nervous System

The GI tract has its own division of the nervous system.  Specialized nervous system located in the wall of the GI tract from the esophagus all the way to the anus.  It is composed of two layers of neurons.  

1. Myenteric Plexus:  the outer layer, lies between the longitudinal and circular layers of muscle.  Its primary responsibility is associated with GI tract movement, associated with stimulating those layers of muscle tissue.  

2. Submucosal Plexus: this layer of neurons is located in the submucosa.  It is associated with stimulating secretory functions

In addition to these layers of neurons in the enteric nervous system, there are specific sympathetic and parasympathetic nerves associated with the gut.  

Parasympathetic –

Except for a few fibers to the mouth and larynx, parasympathetic innervation to the gut is via the Vagus Nerve.  Fibers of the vagus innervate the esophagus, stomach, first half of the large intestine and portions of the small intestine.  In addition, parasympathetic innervation from sacral parasympathetic nerves supply the distal half of the large intestine including the sigmoid, rectal and anal regions.  Generally speaking, parasympathetic innervation to the gut increases the activity of the GI tract.  

Sympathetic –

Using norepinephrine as a neurotransmitter generally decreases GI activity and is associated with all parts of the tract.  

***Strong stimulation by the sympathetic nervous system of the ANS to the GI tract can totally block movement through the tract.  
GI Reflexes –

1. Occur entirely within the enteric nervous system

a. Reflexes that control GI secretions

b. Reflexes that control peristalsis

c. Movements associated with mixing contractions

d. Local inhibitory effects

2. Reflexes associated with sympathetic ganglia, associated with vertebral column and GI tract

a. Gastro-colic reflex: a reflex that triggers evacuation of the contents of the colon when the stomach is being filled with food.  

b. Entero-gastric reflex:  entero = small intestine; gastric = stomach; a reflex that originates in the small intestine and basically causes the stomach to decrease its motility and secretions.  (tells stomach to slow down)

c. Colono-ileal reflex: preventing ileal emptying into the colon

All of these reflexes function to allow efficient movement through the tract and processing of the ingested material.  

At the distal end of the esophagus is the gastro-esophageal sphincter, frequently called the cardiac sphincter because it enters the cardia region of the stomach (most proximal portion of the stomach is the cardia).   That sphincter has as its primary function to prevent reflux of stomach contents with their strong proteolytic enzymes back into the esophagus.  Once the food passes through the cardiac sphincter, moves into the stomach; among the stomach functions:

1. storing food

2. mixing food with digestive juices

3. pushing food through the pyloric sphincter into the small intestine. 

Food changed into bolus, then into white chyme; white because of HCl, a bleaching agent.  

Emptying the stomach – small intestine:

Gastric emptying occurs as a result of strong peristaltic contractions in the antrum (distal end, proximal to pyloric sphincter) of the stomach.  This gastric emptying is regulated by signals from the stomach, like distension of the gastric wall, increases the intensity of antral contractions.  Also secretion of gastrin from the walls of the antrum of the stomach increases the force of antral contractions.  

Factors associated with duodenal signals inhibiting emptying of the stomach:

1. Degree of duodenal distension

2. Irritation of the duodenal mucosa

3. The degree of acidity of the duodenal chyme

4. The osmotic pressure of the duodenal chyme

5. The presence of large quantities of proteins and fats

All of these factors can trigger the enterogastric reflex, which decreases the rate of gastric emptying.  

Hormonal signals also have an effect on gastric emptying whose main stimulus for release is the presence of fats in the chyme.  These hormones are released from the small intestine and circulate through the blood stream eventually reaching the stomach where they increase pyloric tone and inhibit antral contractions giving the duodenum more time to digest the fats that are there.  These hormones are collectively referred to as the enterogastrones. To restate, these hormones released when there is high fat content and among the things they do is to decrease gastric activity.  

CCK – Enterogastrone that is released by the jejunum in response to fatty chyme.  It inhibits the action of gastrin in the stomach.  

Secretin – Enterogastrone released by the duodenum, decreases gastric motility 

GIP – Gastric Inhibiting Peptide is an enterogastrone released by the duodenum in response to the presence of fats, decreases gastric motility.  

Movements to the small intestine are primarily mixing movements to facilitate the digestive process.  As we move further along the small intestine, there are more propulsive type movements to push the contents toward the ileocecal valve; proximal part of sm intestine are more mixing movements.  Remember where the pancreatic duct enters the duodenum; that’s where all the mixing with the digestive juices occurs.  Further in the sm intestine, more about moving the contents.  

Secretory Activity – 

The two major functions of the secretions are:

1. Lubrication of the tract

2. Digestive juices to breakdown the food ingested

The entire tract contains mucus secreting goblet cells, which help to lubricate the tract and protect it from the digestive juices.  Secretion in the tract is stimulated by mechanical pressure on the enteric nervous system and parasympathetic nervous system stimulation 

1. Mucus – important because it helps bind food particles together; has a low resistance allowing food to move through the tract; has mild buffering properties and is resistant to the action of digestive enzymes.  

2. Saliva – synthesized and secreted primarily by the parotid, submandibular, and sublingual glands.  It contains salivary amylase (ptylin), which initiates carbohydrate digestion.  It also contains thiocyanate and lysozyme, which are antibacterial agents as well as large quantities of electrolytes, potassium, bicarbonate, sodium, and chloride, mixed in with the mucus.   

Individuals who salivary glands are removed, their mouths are loaded with ulcerations, infections, cavities; saliva plays an important role in preventing infection from food, air.  

No digestive enzymes are found in esophageal secretions; only mucus is secreted to facilitate the passage of the bolus from the mouth to the stomach.  However, is any digestion going on in the esophagus? Yes, because whatever digestion started due to the action of salivary amylase in the mouth continues as the bolus moves down the esophagus.  Its not due to esophageal secretions, its due to secretions of the oral cavity; continues as the bolus moves down.  

Gastric Secretions –

The stomach wall, in addition to the mucus being secreted, also contains two categories of glands.

1. Oxyntic glands – contain mucus-secreting cells called Neck Cells; also contain chief cells (peptin cells), which release pepsinogen, and the oxyntic (parietal cells), which release HCl.  Intrinsic factor is also released by the parietal cells. 

2. Pyloric glands – secrete mucus, pepsinogen, and gastrin.  Pepsinogen is a proteolytic enzyme in its inactive form, its activated by HCl to its active form, pepsin.  Pepsin is a proteolytic enzyme that works at a pH between 1.8 and 3.5; it’s the only enzyme that works at this very low pH.  

3. Intrinsic factor- needed for uptake of vitamin B12

Regulation of gastric secretions is due to vagal motor impulses to the enteric nervous system and gastrin release due to gastric distension.  The activity of the nervous system acts more quickly while the activity of gastrin is slower to act but its duration is longer.  









9/1/04

Ingestion ( Mastication ( Deglutition ( Digestion ( Absorption ( Elimination

Colonic Movement – (secretions in the GI tract)

Absorption of water, electrolytes and storage of fecal material before elimination.

Pancreatic Secretions –

Pancreatic juice contains 

1.  Proteases, lipases, and amylases as well as varying amounts of bicarbonate ions.

A.  Proteolytic enzymes – All proteolytic enzymes are released by the pancreas in an inactive form; can’t do anything when they are released from the pancreas.  Their inactive forms are trypsinogen, chymotripsinogen, procarboxypeptidase.  In order to function they need to be activated.  Trypsinogen is activated into trypsin by the enzyme enterokinase located in the small intestine (duodenum).  Trypsin itself converts chymotripsinogen into chymotripsin, and converts procarboxypeptidase into carboxypeptidase.  Need active trypsin to convert the other two.  Once they are activated, trypsin splits large macromolecules into various sized polypeptides.  Chymotrypsin does the same, breaks proteins into polypeptides.  Carboxypeptidase breaks the peptide chains into amino acids.

It is so important that these proteolytic enzymes are not activated until they get to the duodenum that the pancreas also produces a trypsin-inhibiting factor, which inhibits conversion of trypsinogen into trypsin.  (Should be called trypsinogen-inhibiting factor).

What’s the big deal if trypsin is activated before getting to duodenum?? The body would digest the pancreas within 5-6 hours.  The stroma (body) of the pancreas is made up of proteins.  When it does happen, it’s because of reflux of duodenal contents (enterokinase) into the hepatopancreatic duct.  It’s not because of the absence of trypsin-inhibitor.  

b. Pancreatic Amylase – in pancreatic juice; (resumes) breaks down carbohydrates and breaks those carbohydrates down to the disaccharide level.  

c. Pancreatic Lipase – a strong fat digesting enzyme that breaks fats down to free fatty acids and glycerol.  

Pancreatic juice is controlled.  Controlled by both neural and hormonal mechanisms but the hormonal are much more significant.  The two hormones that are associated are:

1. Secretin

2. CCK

The presence of chyme in the small intestine is what triggers the release of these hormones.  When the chyme is acidic, there is a low pH, when more secretin is released, triggers the release of pancreatic juice with a higher concentration of bicarbonate ions to neutralize the acid chyme, allowing the pancreatic enzymes to function.  When the chyme is of a favorable pH, CCK is released, triggering pancreatic secretion of juice with a higher enzyme concentration and a lower bicarbonate concentration.  

Just like the ANS, with dual innervation, it’s rarely all sympathetic or all parasympathetic; in pancreas, rarely all secretin or all CCK; varying amount because both are released as the result of chyme in the sm intestine.  Ex: Chyme acidic, some CCK, more secretin.  

There is another factor that triggers pancreatic enzyme release: GASTRIN

Gastrin is a hormone associated with the gastric (stomach), when gastrin released by the mucosa of the stomach, it increases stomach emptying into the duodenum and at the same time, that gastrin does to the pancreas what CCK does to the pancreas; causes the release of pancreatic juice.  Good, it’s an additional trigger.  

Liver:

Bile Secretion – bile is synthesized and secreted continually by the liver and its stored and concentrated in the gall bladder until its needed and released and delivered to the duodenum.  Gall bladder is nothing more than a storage sac, and concentrates it by reabsorbing water; waits for a signal to be released.  (w/o a gallbladder, bile released directly, not as concentrated).

In order for the gall bladder to release its bile, and for it to enter the duodenum, the sphincter of Oddi (hepato-pancreatic sphincter) must RELAX and then the gall bladder must contract to force the bile out.  Pressure has to be higher on the gall bladder side of the sphincter.

Fat in the small intestine, in the duodenum:  the small intestine will release CCK, which will cause the gall bladder to contract, releasing or forcing its bile down the common bile duct through the spincter of Oddi and into the duodenum.   Interestingly, when the gall bladder contracts the sphincter of Oddi is automatically inhibited (RELAXES).  Also, CCK causes the bile to be released but at the same time CCK in the vascular system triggers pancreas to release pancreatic lipase to digest fat.  Bile needs the lipase in order to digest.  

Bile in a healthy individual, which contains bile salts, has a detergent effect on fat.  They breakdown large fat molecules into smaller fat molecules; it increases the surface area.  

Small Intestine Secretions –

Mucus is the primary secretion of the small intestine to lubricate the lumen and protect it from the digestive enzymes.  Anatomically the small intestine has major modifications, including the villi and microvilli, which increase the surface area available for the absorption process.  

Enzymes – No enzymes are secreted by the cells that line the small intestine however there are four disaccharide splitting enzymes that are located in the cells that line the lumen.  The final stages of carbohydrate digestion occur in the cells that line the small intestine because that’s where the enzymes are.  

1. Sucrase (enzyme in the cells of small intestine) digests the disaccharide sucrose into glucose and fructose.  Glucose and fructose are monosaccharides; together make disaccharide.  

2. Maltase – breaks maltose into two glucose molecules.  Glucose + Glucose = Maltose

3. Lactase – splits lactose into glucose and galactose. 

All of these enzymes are in the cells that line the small intestine and stay in the cells; ARE NOT RELEASED INTO THE LUMEN.

Large Intestine Secretions –

Anatomically there are no villi in the large intestine and NO ENZYMES are secreted; a lot of mucus is secreted with a high concentration of BICARBONATE.  The mucus serves to protect the walls of the large intestine and to bind fecal material together. 

