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Motility and secretion





Enteric nervous system


A)Auerbach’s Plexus (Myenteric)- Outer nerve plexus.  Mainly affects GI motility


B)Meissner’s Plexus (Submucosal)- Inner plexus.  Mainly affects secretion and blood flow





Acetylcholine (ACH)- stimulates secretions and contractility


Norepinephrine (NE)- Inhibits secretion and contractility





Parasympathetic system


Cranial and Sacral divisions


-Cranial is mainly carried by the Vagus nerve, Sacral is mainly carried by Pelvic nerves


-Vagus innervates everything up to the second half of the colon


-Release of ACH and stimulates GI activity





Sympathetic


-Mainly via the sympathetic chain


-Releases NE and inhibits most GI secretions and motility





Afferent fibers (3 main kinds)


1)Local reflexes- Reflex arches remain in the gut.  Examples are peristalsis, and food mixing.


2)Reflexes through the spinal cord. Example is emptying stomach contents into duodenum


3)Reflexes through the Dorsal root ganglion.  Example is the defecation reflex





Enterogastric reflex- Distention of small bowel, polypeptides, or acid in small bowel inhibits stomach secretions


Gastrocolic reflex- Distention of stomach causes mass movements of gut contents forward in GI tract


Duodenocolic reflex- Distention of duodenum causes mass movements of gut contents





Hormonal control


Cholecystokinin (CCK)- Produced by I cells of mucosal cells of duodenum and jejunum.


-Produced in response to Fat breakdown


-Action


1)Increase contraction of Gallbladder


2)Inhibit stomach contractility


Secretin- Produced by S cells in duodenal mucosa


-Produced in response to decreased pH of contents entering duodenum


-Action


1)Inhibit gut motility


Gastro inhibitory Peptide- Produced in upper small intestine in response to Fat and amino acid breakdown


-Secreted in response to fat and carbohydrate


-Action


1)Inhibit gut motility





Gastric


Oxyntic (gastric glans)- Stimulated by Ach, gastrin and histamine (for histamine to have a large affect gastrin and ACH must be present).  All three are necessary for large amount of HCL to be produced.


-Chief cells-pepsinogen (activated to pepsin by HCL and previously active pepsin)


-Parietal cells -HCL and IF (intrinsic factor)


-Mucus neck cells- mucus


Pyloric glans- Secrete gastrin.  Release is mediated mainly by Ach





Pancreatic


-Trypsin, chymotrypsin, carboxypolypeptidase.  Secreted as inactive trypsinogen, chymotrypsinogen, and procarboxypolypeptidase respectively.  Activated by enterokinase secreted by intestinal mucosa cells


-Pancreatic amylase


-Pancreatic lipase


-Bicarbonate is secreted by ductal cells.  It is controlled mainly by Secretin, however it is also potentiated by CCK and Ach.


-CCK, Gastrin, and Ach all have high stimulatory activity on the acinar cells of the pancreas, therefore there is a large increase in pancreatic enzyme production


-Secretin- Large stimulatory activity on the ductal cells of the pancreas, therefore there is a large increase in the secretion of bicarb to inactivate the acidic stomach contents and prevent damage to the intestinal mucosa.





Small intestine


-Gastric inhibitory peptide, vasoactive intestinal peptide, somatostatin


All of these function to decrease gastric secretion and slow emptying of stomach


contents into small intestine


-Somatostatin is released from the delta cells of the pancreas.  Its main function is to decrease the rate of digestion, absorption and utilization.  It’s release is inhibited by Ach


-CCK-secreted by mucosa of SI when food enters duodenum


-Secretin- Produced when highly acidic food enters the duodenum





stimulators		inhibitors
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insulin








Digestion and Absorption





Carbohydrates


-Digestion begins in mouth with a-amylase ptyalin.  


-Pancreatic amylase- does majority of breakdown of carbohydrates to either maltose or other small polymers


-Epithelial cells of small intestine secrete lactase, sucrase, maltase, and dextrinase breakdown the remaining disaccharides into their constituent monosaccharides


-Carbohydrates are absorbed by selective active transport with galactose and glucose having the highest affinity


-This process is Na dependant with one Na necessary for the absorption of 1 sugar molecule


-Na is moved down its concentration gradient and the sugars are moved against their gradient





Protein


-Main enzyme in stomach is Pepsin which requires a pH below 5 to be active


-Pancreatic enzymes are trypsin, chymotrypsin and carboxypolypeptidase.


Trypsin and chymotrypsin cleave proteins into polypeptides


Carboxypeptidase cleaves off individual amino acids


Many are left as di and tri-peptides to be absorbed


-Brush border enzymes are aminopolypeptidase and dipeptidase which form more di and tri peptides


-Like carbohydrates di and tri polypeptides are absorbed by secondary active transport with Na





Fats


-First step is to emulsify fats with bile acids and lecithin (a phospholipid)


-Pancreatic lipase is then able to break down the triglycerides into free fatty acids and 2-monglycerides


Fat absorption


1)Bile salts form micelles which contain the fatty acids inside them


2)Micelles act to “ferry” FA from the lumen to the endothelial cells where the FA diffuse out


3)The FA can freely diffuse through the cell walls because of their high lipid solubility


4)Inside cells FA re-form triglycerides and are packaged into chylomicrons


-Chylomicrons are elevated 1-2 hours after a fatty meal





Hepatobiliary System





Bile


-Composed of Water, Bile salts, are the two major components, however also contains bilirubin, cholesterol, lecithin and electrolytes


-Bile is first produced in the hepatocytes and secreted into the bile caniculi


-Bile flows toward the terminal bile ducts where it has a watery solution added to it.  This secretion is controlled by secretin, the same hormone which caused the watery secretions from the pancreas





Bile is concentrated in the gall bladder


-Water and all electroylytes except Ca are reabsorbed, (ie their concentration in bile goes down)


-Bile is expelled from the gall bladder mainly through the action of CCK, although Ach also plays a role


-Sphincter of Oddi is relaxed during times of intestinal relaxation and allows bile to enter gut.


-Fatty food in the duodenum is a major stimulatory factor in the release of CCK





Bile Salts


-Main precursor is cholesterol


-Cholesterol is converted in the hepatocytes into cholic acid and chenodeoxychlic acid.


-These two acids are combines with glycine and taurine to form the BILE SALTS


Functions of Bile salts


1)Emulsification of fats


2)Aid in absorption of fats and other lipids by forming micelles which transport lipids from the lumen to the cells lining the small intestine where the lipids can diffuse across the cell membrane





Enterohepatic Recirculation


-After the bile acids have been secreted into the gut, 95% are reabsorbed in the illeum and pass into the portal circulation and make there way back to the liver


-Hepatocytes in the liver actively take up bile salts from the blood by a SECONDARY ACTIVE TRANSPORT system involving the co-transport of Na


-The lower the concentration of bile salts in the portal circulation, the higher the rate of hepatocyte production of bile salts.




















