Digestive Physiology

Motility in the digestive system

Mouth, pharynx, larynx

· Skeletal muscle; controlled by the CNS

Esophagus

Ruminants, dogs 

· skeletal muscle; controlled by the CNS

Cats, horses 

· proximally skeletal muscle; controlled by somatic motor neurons in the vagus nerve

·  distally smooth muscle; directly controlled by ENS and indirectly by ANS via vagus in myenteric plexus
Stomach and Intestines
· Smooth muscle under ENS control with ANS modulations
· Coordinated by gap junctions (electrical charges, ions, small molecules), intrinsic rhythm (interstitial cells of Cajal [ICC] are pacemakers), local circuits 
· contraction = membrane potential becoming more positive and reaching threshold … dependent on excitatory neurotransmitters on ICC and/or smooth muscle & coinciding slow wave
· Local circuits: peristaltic reflex due to stretch, anti-peristalsis originates in colon
Secretion

1. Mucous

· Multicellular glands (mouth, pharynx, esophagus)

· Single-celled glands (mucus cells of stomach goblet cells)

2. Digestive enzymes or other specialized substances

· Tubular glands (stomach, proximal duodenum)

· Macroscopic structures outside GI (salivary glands, pancreas, liver)

3. Water and electrolytes
· Intestinal epithelium in Crypts of Lieberkuhn

Salivary Glands

· Acini secrete into striated, intralobular ducts

· Secrete mucus, enzymes, electrolytes, water

· Stimulated by ACh and inhibited by epinephrine and norepinephrine

· Parotid = serous secretions, Mandibular/Sublinguial = mucous or mixed saliva

Vomiting
· Increase in salivation

· Relaxation of stomach sphincters and lower esophageal sphincter

· Closure of pylorus

· Closure of glottis while inspiring

· Contraction of abdominal muscles

· Opening of upper esophageal sphincter

HCl secretionHH
1. Cephalic phase (anticipation of food)

· Release of ACh from vagus
· Stimulation of muscarinic receptors on parietal (↑ HCl secretion) and G cells (produce gastrin = ↑ HCl secretion)

2. Gastric phase (food in stomach)

· Stomach distension ( ENS release of ACh (activates parietal and G cells; therefore, more HCl production and gastrin secretion)

3. Food in stomach raises pH = ↑ gastrin secretion
· Protein in lumen = ↑ gastrin secretion

· ACh and gastrin stimulate enterochromaffin and mast cells to release histamine = activation of H2 receptors on parietal cells = HCl secretion
4. Negative Feedback Loop

· ↓ pH of chyme = ↓ gastrin secretion = ↓ HCl

· Presence of chyme in duodenal lumen leads to secretion of somatostatin and secretin into bloodstream (=↓ pepsinogen secretion, ↓ HCl)

Bile Secretion and Release

1. Secretion by hepatocytes stimulated by:

· Return of bile acids to liver via portal vein = ↑ bile acid secretion
· Release of secretin in response to chyme in duodenum = ↑ H2O, HCO3- 
2. Release stimulated by:

· cholecystokinin (CCK) released in response to chyme in duodenum, which contracts gallbladder and relaxes sphincter of Oddi

· vagal stimulation

Exocrine Pancreas

Acinar cells – secretion of >10 different enzymes and zymogens
Centroacinar and duct cells – secrete HCO3- and H2O to buffer HCl in chyme

3 classes:

Amylase – hydrolyzes starches and other carbohydrates into di- and tri-saccharides

Lipase – hydrolyzes neutral fat into fatty acids and monoglycerides with colipase
Zymogens – enzymes secreted in inactive form into lumen of small intestine

Control of Pancreatic Function

1. Intrinsic (hormonal and ENS) control predominates

· Gastrin secretion by stomach = ↑ pancreatic enzyme secretion
· ↓ pH in duodenum ( secretin =  ↑↑ HCO3- production
· peptides and fat in duodenum ( CCK secretion = ↑↑ pancreatic enzymes
2. Parasympathetic (vagal) stimulation

· release of ACh stimulates release of pancreatic enzymes and HCO3-
Carbohydrate Digestion

1. Luminal digestion

· Breakdown of starches by amylase into progressively smaller polysaccharides (i.e. maltose, isomaltose, maltotriose)

2. Membrane-bound digestion

· Enzymes breakdown complex sugars on brush border into simple sugars

3. Simple sugars are absorbed intact by:
· Na+ co-transport into enterocyte (i.e. glucose, galactose)
· facilitated diffusion into enterocyte (i.e. fructose gets converted to glucose) using GLUT5
Glucose-Na+ co-transport (SGLT1)
· at apical membrane of lumen

· 2 Na+ molecules for every glucose (or galactose) molecule

· proximal SI:  transported along concentration gradient

· distal SI:  actively transported because of already high [ ] gradient

· sodium driven into bloodstream by Na+/K+ ATPase pump, while all simple sugars enter by facilitated diffusion using GLUT2
Protein Digestion

1. Luminal digestion

· zymogens activated and breakdown proteins into peptides

· luminal digestion starts in stomach at low pH

· i.e. pepsins and chymosin

· balance of luminal digestion in SI at pH 7-8 with pancreatic enzymes

2. Membranous phase

· peptidases in SI breakdown peptides into free amino acids, and di- and tri-peptides

Absorption of amino acids, di- and tri-peptides occur in intestinal epithelium 

Amino acids:  4 different types of Na+ co-transporters

Di- and tri-peptides:  absorbed via non-Na+ dependent carrier protein (broken down into amino acids by cytoplasmic peptidases)

Lipid Digestion

Types of lipids include:
-triglycerides

-cholesterol and cholesterol ester (animal) or sterols (plants)

-phospholipids

-lipid soluble vitamins (A, D, E and K)

Digestion occurs via:

1. Emulsification (= dispersal) into lipid droplets
· mixing action of stomach

· detergent action of bile acids and phospholipids in bile

2. Hydrolysis

· combined action of lipase and co-lipase breaks triglycerides down into 2 free fatty acids and 1 monoglyceride

3. Formation of micelles

· micelle formation prevents reformation of triglycerides by adding other lipids (i.e. phospholipids, cholesterol, etc.)
4. Diffusion of lipid components of micelles

· components go through glycocalyx mucus to apical membrane

5. Absorption of lipids by 2 mechanisms

· FA transporter protein (FATP):  permits transport across apical membrane

· Diffusion when [FA] in lumen is high

6. Triglycerides re-synthesized in enterocytes

· absorbed lipids bound to FA binding proteins and transported to ER
· triglycerides re-synthesized from FAs and monoglycerides

· chlyomicron formation by bundling cholesterols, triglycerides, phospholipids and apolipoproteins

7. Chylomicrons exported to lacteals and into lacteals
