GI
Lecture 1:  GI Overview

· The layers of the GI tract are (from lumen out):  mucosa, submucosal musculature, submucosal plexus (Meissner’s), circular muscle, myenteric plexus (Auerbach’s), longitudinal muscle, and serosa.  

· Digestions begins with chewing, aka maceration, of food.  As it passes into the esophagus, the CNS is important in regulating the receptive relaxation.  The enteric nervous system becomes more important farther down the esophagus.  In the stomach, antral peristalsis mixes food, and about 5 ml of fluid at a time are delivered to the small intestine.  Intrinsic factor is secreted from the stomach, and it binds vit. B12 to allow its reabsorption in the ileum.  
· The duodenum is very water permeable and causes lumenal contents to become isoosmotic.  Acid in the duodenum also stimulates secretin production, which stimulates pancreatic bicarbonate secretion.  Fats are digested to fatty acids and 2-monoglycerides, which form micelles with bile salts for absorption.  In the jejunum, enterocytes (the main absorptive cells) have enzymes that finish digestion, then cells use transporters for efficient absorption.  Absorptive enterocytes populate villus tips, whereas secretory events tend to dominate the crypts. 

· Reagent recycling is an important feature of the intestines.  Na is secreted as salt or sodium bicarbonate, and is coupled to nutrient absorption.  Bile salts are also very efficiently recycled in a process called enterohepatic circulation.  

· CNS (vagal) input contributes to regulation of digestive processes.  This is mediated by ACh and establishes the cephalic, or anticipatory, phases of gastrointestinal function.  Since it’s such a large system, it requires extended hormonal and neural mechanisms (CNS and ENS) to coordinate and communicate stuff.  The ENS mediated motor patterns include the fasting pattern (Migrating Myogenic Complex, which occurs every 1-2 hours), a fed motor pattern of segmental and propagated conractions, and a relaxive reflex called ileus.  
· Input into the GI system is variable, so you’re able to absorb different amounts at uncertain intervals.  Also, neural programming allows easy transitions between fasting and fed motor patterns.  

·  The colon helps adjust final fluid and electrolyte balance.  Na absorption is coupled to K secretion, so the stool is enriched with K (like urine in the distal nephron).  With high flow rate, you get K loss.  Also like the kidney, the Na channels and pumps here are upregulated with aldosterone to increase Na and fluid retention.  The final output is isotonic.  
Lecture 2:  Gastric Secretion

· HCl, pepsin and peristalsis in the pyloric antrum reduce food to a slurry of particles less than 1 mm in diameter.  The stomach is bound by the lower esophageal sphincter and the pyloric sphincter. 
· The cardia is a small region near the LES.  The corpus and fundus make up 85% of the stomach and function for storage and digestion.  The pyloric antrum makes up about 15% and is where antral peristalsis occurs.  

· Gastric glands secrete gastric juice and hormones, and vary in property by location.  Glands in the corpus/fundus are enriched with parietal (no granules) and chief (granules) secreting cells, whereas the pyloric antrum is specialized for hormonal secretion (G cells → gastrin; D cells → somatostatin).  These endocrine cells have secretory granules at the basolateral surface, though they maintain contact with the lumen.  Both have lots of mucus glands.  

· Mucous cells secrete at a pretty constant rate, whereas parietal cell secretions can be highly variable.  At low “gastric juice” flow rates, NaCl characteristic of mucous cell secretions dominates.  Mucous cell secretions are actually a little alkaline.  At high flow rates, [Na] is low and HCl characteristic of parietal cell secretions dominates. 

· The gastric mucosa is always under attack from pepsin and HCl.  To defend itself: high rates of secretion are often coupled with the presence of food buffers; mucus is a diffusion barrier and protective layers, though it may be damaged by aspirin or alcohol; bicarbonate from mucus cells is retained in the mucus barrier to keep it more neutral; HCl secretion is strictly regulated.

· Pepsinogen is secreted from chief cells in response to the same signals that trigger HCl secretion.  At low pH, it rapidly autocleaves to pepsin.  Pepsin can also catalyze the cleavage of pepsinogen.  Long exposure leads to a mixture of short (4-10 AA) peptides.  It is optimally active at pH 1.7-3.6.  Above pH 7 it is denatured, which helps protect the duodenum.  

· Intrinsic factor is secreted from parietal cells in response to signals that induce HCl secretion.  It binds cobalamin (vit. B12) after proteases digest “R proteins” from saliva or food that are bound to cobalamin in the stomach.  This is then taken up.  Prolonged (3-5 yr) deficiency of cobalamin or intrinsic factor leads to anemia as a result of decreased RBC production.  If it’s the intrinsic factor missing due to autoimmune degradation of parietal cells, it’s pernicious anemia.  
· Strong HCl secretion is unique to parietal cells.  Acid secretion reflects the activity of a p-type H/K exchanging ATPase.  It has an alpha and beta subunit.  Normally this acidification is limited by the K diffusion rate, because K in the vesicles becomes depleted.  It transports 1 H per ATP, which allows it to pump up a pretty big gradient and really acidify.  
· Omeprazole (prilosec, nexium) inhibits the H/K ATPase in the stomach.  It is a weak base that only accumulates to therapeutic levels in compartments with quite low pH.  

· At rest, parietal cells have lots of tubulovesicles, but during HCl production they fuse with the membrane to form canaliculi that communicate with the stomach’s lumen.  Parietal cells have lots of mitochondria and oxidative metabolism to power the hydrogen/potassium ATPase.  
· Pumping HCl:  Basolaterally, bicarbonate is pumped out (alkaline tide) in exchange for Cl being pumped into the cell.  The chloride then leaves via an apical Cl channel.  Apical H/K pumps secrete hydrogen, as K cycles through an apical K channel.  

· Enterochromaffin like cells release histamine that activates HCl secretion.  G cells release gastrin that activates HCl secretion directly and via ECL/histamine.  Vagal input activates HCl secretion directly, via ECL/histamine, via bombesin→Gcell→gastrin, and via D cell inhibition.  D cells release somatostatin that inhibits HCl secretion by blocking G cells and ECL cells. 

· G and D cells have apical regions that contact the lumen of the stomach, allowing them to respond to digestion.  Gastrin secretion is inhibited below pH 3, which is an important break on the system.  Gastrin secretion is activated by distension of the stomach or the presence of amino acids and proteins.   
· There are four phases in the response to a meal.  The interdigestive phase is the resting state with low pH a little gastric secretion.  The cephalic phase can be due to anticipation or food in the pharynx/esophagus, and vagal activity stimulates gastrin and HCl secretion.  This was demonstrated by sham feeding Norman and denervated dogs.  The gastric phase is when food is in the stomach; gastrin is released by vagal stimulation, AA/peptide signals in the stomach, distension, and the increased pH from food buffers.  The intestinal phase is pretty minor and depends on feedback from the duodenum.  
· As HCl secretion increases with food, the main inhibitory control is the lowering of the stomach’s pH.  

Lecture 3:  Liver Physiology

· The liver is the body’s second largest organ.  It gets 75% of its blood from the portal vein, 25% from the hepatic artery.  Blood exits via the hepatic vein.  
· A classic lobule a hexagon with a central vein in the middle and a triad (hepatic artery, portal vein, bile duct) at each corner.  Hepatocytes form a 1-cell-thick epithelium that separates the canalicular lumen (bile) from the sinusoids (blood).  The apical surfaces of cells face the canalicular lumen.  Hepatocytes alter these fluids a lot by transporting solutes across the cell.

· Hepatic artery and portal vein blood merge in the sinusoids and flow toward the central vein.  The endothelial lining of the sinusoids is fenestrated, creating the space of Disse between hepatocytes and the endothelium.  Fenestrations allow efficient transport of many compounds into hepatocytes.  

· Bile is secreted into canaliculi and enters perilobular ducts, which drain into interlobular bile ducts.  These merge to form septal ducts, then lobar ducts, the two hepatic ducts, and finally a common hepatic duct.  This merges with the cystic duct from the gall bladder to form the common bile duct.  Biliary epithelial cells, cholangiocytes, contribute to bile formation along the way.

· Biotransformation is the liver’s removal of molecules that may be harmful from the blood.  Small things are filtered at the kidney, but lots of things are big or protein bound.  They are made water-soluble in the liver to facilitate excretion in bile or urine.  This is accomplished by uptake across the basolateral (sinusoid) membrane, modification/degradation, and transport across the apical membrane into the lumen.  Both phases need not occur for every compound that gets excreted.
· Phase 1 of biotransformation includes oxidation/reduction usually catalyzed by cytochrome P-450 enzymes.  They are in the ER and catalyze hydroxylation reactions, making things more polar.

· Phase 2 of biotransformation involves conjugating the metabolites to sulfates, glutathiones, etc to make them more hydrophilic.  This is usually the critical step in detoxification.    

· Ex:  Acetaminophen is normally conjugated and excreted in bile.  When lots is present, a significant portion may be oxidized, and the products can lead to damage and massive necrosis.  Glutathione usually inactivates the harmful NAPQI, but may be overwhelmed.  You can treat Tylenol overdose with a glutathione donator.  
· Ex:  Alcohol dehydrogenase converts alcohol to acetaldehyde, and further metabolism depletes glutathione storage in the liver.  It can also be metabolized by cytochrome P-450.  These enzymes may increase with chronic drinking.  

· Bile is important for excreting metabolized substances and also for lipid absorption.  Bile is secreted into canaliculi, and as it’s transported picks up a bicarbonate-rich secretion.  It may then be concentrated in the gallbladder.  It reaches the duodenum through the ampulla of Vater.
· With RBC breakdown, Hb is also released and the heme ring gets cleaved into iron and biliverdin.  Biliverdin is rapidly reduced to free, unconjugated bilirubin (indirect bilirubin).  The liver takes this up and conjugates it into conjugated (direct) bilirubin.  This conjugated bilirubin is much more soluble, and can be excreted into bile.  Conjugated bilirubin also cannot be reabsorbed.  But, after secretion, some is converted back to the unconjugated form by bacteria in the ileum and colon.  This bilirubin is converted urobilinogen (colorless).  It may be excreted as the pigment stercobilin in feces, or it may be reabsorbed in the plasma, filtered in the kidney and converted to urobilin.  
· Bile is synthesized from cholesterol.  Primary bile acids are conjugated to glycine or taurine before secretion.  The enterohepatic circulation allows primary bile acids to be reabsorbed as conjugated bile salts in the terminal ileum.  The tiny bit that escapes is subject to bacterial modification.  The bacteria deconjugate the bile, then dehydroxylate the primary bile acid to produce secondary bile acids.  These may be absorbed or secreted.

· Jaundice results from accumulation of bilirubin (direct or indirect) in the blood and tissues.  It may be prehepatic (over-production of bilirubin by hemolysis), hepatic (defective conjugation in the liver impairs secretion), or posthepatic (obstruction of bile pathway).  

· The liver has lots of exposure to antigens from the GI tract.  It functions as a major immune organ.  Hepatocytes make up 80% of liver cells, but 10% are immune cells (B, T, Kupffer, NK or NKT).  It is really enriched with innate immune cells.  Resident hepatic macrophages (Kupffer cells) differentiate to have various functions including phagocytosis, antigen processing and antigen presentation.  They secrete cytokines, reactive oxygen intermediates, etc.  
· NK and NKT cells are the predominant lymphocytes in the liver (over 50%).  They can participate in innate immune responses without prior antigenic stimulation.  They can produce lots of cytokines.  

· The liver is also a major synthetic organ for protein like albumin and coagulation factors.  It also processes carbs and fatty acids.  

Lecture 4:  Absorption of Water Soluble Materials

· Intestinal secretion normally balances fluid input and output, but because it’s such high capacity, it can be life threatening in certain disease states.  
· Much of the intestine’s absorptive load comes from endogenous secretions.  The intestine has a high capacity for absorption, and the daily flow through the intestine is usually less than this.  Absorption is very efficient.  

· The functional unit of the intestine includes a villus and its associated crypt.  Villi and microvilli may increase surface area almost 1000x.  Absorptive enterocytes at the villus tip are enriched with surface-tethered hydrolytic enzymes.  Crypt cells secrete stuff to the lumen or body.  

· The duodenum receives pancreatic secretions and bile.  Little absorption occurs there, but it is highly water permeable and makes the lumenal solution isoosmotic.  Pancreatic and Brunner’s gland secretions neutralize the acidic pH.

· The jejunum is the major site of absorption.  The ileum has similar absorptive mechanisms, and also has specialized systems to absorb ascorbic acid, bile salts and intrinsic factor-cobalamin.  The colon’s main task is to reclaim salt and water.  

· Leaky epithelia (duodenum and jejunum) handle large volumes at high rates.  Tight epithelia (ileum and colon) are slower, but more selective and typically absorb/secrete under more hormonal control.

· Most carbohydrates in the diet are startch (α1,4 linked glucose with α1,6 branches).  Salivary and pancreatic amylase cleave internal α1,4 linkages.  The α1,6 linkages resist hydrolysis.  This means that the products of starch digestion are maltose (disaccharide), maltotriose, and “alpha limit dextrans” (contain an α1,6 branch).  This usually completes in the duodenum.  

· Hydrolysis of these molecules is mediated by glycoprotein hydrolases tethered to enterocyte apical membranes.  These produce glucose.  Other disaccharides (sucrose, lactose) are similarly hydrolyzed on enterocyte surfaces.  Enzymes are usually present in excess, making transport the rate-limiting step.  
· Maltase hydrolyzes glucose-glucose α1,4 linkages.  Sucrase hydrolyzes glucose-fructose α1,4 linkages.  Lactase hydrolyzes glucose-galactose β1,4 linkages.  Isomaltase hydrolyzes alpha limit dextrans.  

· Glucose and galactose are substrates for Na-coupled cotransport via SGLT1.  Fructose enters by facilitated diffusion through a GLUT1-related transporter.  Galactose and fructose are converted to glucose in enterocytes, so only glucose is transported out the basolateral surface via another GLUT-related carrier.  

· Pepsin plays a role in protein degradation, but pancreatic enzymes accomplish most of the work.  They are all zymogens activated by trypsin.  Trypsinogen is activated by enterokinase (from eneterocytes in the duodenum lumen) or activated trypsin.  These proteases produce AAs and oligopeptides.  Surface peptidases yield more AAs and smaller peptides.  These are transported (Na coupled or just facilitated diffusion) into enterocytes.  Absorbed peptides are converted to free AAs before transport across the basolateral membrane.  
· NaCl absorption may be solute coupled (w/ Na coupled solute absorption and Cl following paracellularly) or independent of solute transport (Na/H and Cl/HCO3 exchanged from blood to lumen).  Transport of solutes and ions increases the solute concentrations in cells and their lateral clefts (between cells), establishing local osmotic gradients that lead to water transport.  This may enlarge the lateral clefts.  

· Intestinal secretion occurs in the villus crypts.  Fluid movement arises from the outflow of Cl through a CFTR transporter.  This occurs because of a basolateral Na/K/2Cl transporter.  This secretion contributes to moving crypt substances out into the lumen by bulk flow.  Excessive secretion (as in diarrhea) can rid the gut of noxious toxins.  

· Cholera:  Toxins promote secretion by binding to a GM1 surface molecule, eventually activating adenylyl cyclase.  cAMP inhibits NaCl absorption at villus tips and activates Cl secretion at the crypts.  This results in massive diarrhea and fluid loss, with great risk of dehydration.  Na coupled solute transport via SGLT1 is unaffected, so oral replacement therapy in which you drink NaCl/glucose is very effective.  
Lecture 5:  Lipid Absorption

· Most dietary fats are triglycerides, with some di- and monoglycerides too.  Phospholipids, cholesterol and some vitamins are also major components of fats.  

· Fatty acids can be short chain (4-6 C), medium chain (8-10 C) or long chain (12-18 C).   

· Fats and lipids are important as energy sources, for absorption of water-insoluble vitamins, nervous tissue composition, compartmentalization, insulating, signaling and synthesis of essential fatty acids.  The essential fatty acids that the body can’t make are linoleic acid (18:2, omega-6), and linolenic (18:3, omega-3).  These are precursors to all omega-6 and omega-3 fatty acids, as well as eicosanoids and docosahexanoic acid.  

· Amphiphilic molecules self assemble into complex structures like micelles, liposomes, etc.  Lipid aggregates can get very complicated.  As you add amphiphiles/lipids to a solution, beyond the critical micellar concentration (CMC) the concentration of free monomers stays the same and only the concentration of micelles increases.  Micelles act as though they are small, dissolved particles, so forming micelles effectively increases the solubility of lipids by quite a bit.
· Absorption of lipids:  Bile salkts emulsify dietary fats.  Lipases break down the molecules into fatty acids that can be absorbed in the intestine.  Once absorbed, cells convert them back to triacylglycerols and incorporate cholesterol and apolipoproteins to form chylomicrons.  These are transported through the lymphatic system to tissues.  Lipases at the tissues break down the molecules again, and fatty acids/glycerol are absorbed into the tissues.  Fatty acids may be metabolized or synthesized into tracylglycerols for storage.  

· In this process, the lumenal phase includes emulsification by gastric motility to increase surface area, lipolysis by gastric lipase (from chief cells), solubilization and lipolysis by pancreatic enzymes and diffusion into the mucosa.  Pacnreatic lipases are secreted in an active form.  They are inactivated by bile acids, but are produced at a high enough rate to overcome this inactivation.  Also, pancreatic co-lipase helps protect them from inactivation and bind micelles.  Pancreatic lipases often yield 2 fatty acids and 2-monoglyceride.  Phospholipases break down phospholipids and cholesterol esterases break down cholesterol esters, each producing some free fatty acids.  
· Not all molecules are both solubilized in micelles and hydrolyzed.  Some require only 1 process.  Short chain fatty acids, for example only need to be hydrolyzed, whereas cholesterol doesn’t.  

· Epithelial layers have an “unstirred” layer of mucus over them.  Through this layer, diffusion is the main mechanism of transport.  The micelles diffuse through the unstirred layer to the surface of absorptive cells.  Micelles facilitate diffusion to the mucosa, because they are at such high concentrations (flux = diffusion constant x concentration).  

· Lumenal phase malabsorption conditions include deficiency or inactivation of pancreatic lipases, or a reduced concentration of bile salts

· The mucosal phase of absorption includes uptake, transport to the ER, resynthesizing TGs, chylomicron formation, and lymphatic transport/delivery.  

· Micelles are in equilibrium with free lipid molecules.  A small amount or “partitioning” occurs, in which the micelles are in equilibrium with free fatty acids that diffuse into the cell membrane, flip across, and enter the cell.  But, there are also protein dependent mechanisms, including long chain fatty acid transporters.  Fatty acid transport proteins are passive carriers, and some are insulin regulated.  Disrupting these in mice makes them resistant to obesity.  

· Cholesterol transport may involve a transmembrane protein NPCILI, though the mechanism is unknown.  It appears to be the target for ezetimibe (Zetia), which blocks cholesterol uptake.  

· Fatty acid binding proteins facilitate the transport of fatty acids to the smooth ER.  The smooth ER then helps resynthesize via:  the monoglyceride pathway (monoglyeride → triacylglycerol), glycerophosphate pathway (glycerol-3-phosphate → triacylglycerol) and the DHAP pathway (dihydroxyacetone phosphate → triacylglycerol).  You also resynthesize phospholipids and cholesterol esters in the smooth ER.
· Next, lipids from the smooth ER and apolipoproteins from the rough ER are packaged into chylomicrons in the Golgi.  These then enter the circulation via lymphatics.  These chylomicrons are large, and composed of triglycerides, phospholipids, apolipoproteins and cholesterol.  In capillaries, lipoprotein lipases break them down and produce fatty acids and glycerol that can be absorbed.  

· In adipocytes, you synthesize triacylglycerol via the monoglyceride, glycerophosphate, or DHAP pathway.  

Lecture 6:  GI Motility

· The GI tract gets parasympathetic (vagus, though sacral nerves innervate the colon/anus) and sympathetic (sympathetic nerve ganglia) input.  Parasympathetic stimulation via ACh or substance P are generally stimulatory, whereas sympathetic stimulation via NO and VIP is generally inhibitory.  The CNS acts on the very top and bottom independent of the autonomic nervous system.
· There are nervous cells within the walls of the GI tract, and these communicate with the autonomic nervous system.  There is lots of local and longitudinal contact within this enteric nervous system.  With a couple exceptions, this intrinsic nervous system can function independently of CNS inpus.  

· Some smooth muscle is directly innervated, others get electrical signals from other smooth muscle fibers.  
· Phasic contractions are intermittent, and may be progressive/occlusive for propulsion (esophagus), progressive/non-occlusive for propulsion and mixing (stomach), or segmental for mixing and grinding (intestine).  

· Electrical slow waves are generated by interstitial cells of Cajal near smooth muscles.  They don’t generate contractions themselves, but with neural/hormonal stimulation spike potentials occur during the slow-wave peaks.  Spike potentials occur with some, but not all slow waves, so the frequency of the slow waves determines the maximum rate of contraction.  This frequency varies by location in the GI tract.  These slow waves generate contraction everywhere beyond the stomach.  

· Sphincters separate sections of the GI tract.  Proximal distention usually relaxes sphincters, whereas distal distension tends to cause them to contract (to prevent regurgitation).  

· In the oropharynx, the tongue acts like a pump to push food back.  Initiating a swallow is voluntary, but once the bolus enters the pharynx it is involuntary.  The pharynx contracts and the UES opens, while the larynx elevates and epiglottis closes to protect the airway.  Swallowing depends on CN sensory/motor input, and is coordinated in the CNS (medulla).

· The upper esophageal sphincter has tonic contraction that stops temporarily as a swallow is initiated.  The upper 1/3 (striated) and lower 2/3 (smooth) portions of the esophagus are like 2 distinct regions that are linked.  The upper 1/3 is under vagal control, and if stimulated will contracts at once, whereas the smooth muscle is independent of CNS input and maintains the peristaltic wave.  
· Swallowing initiates a progressive contraction down the pharynx and esophagus (primary peristalsis).  Distension of the esophagus initiates a progressive contraction that begins just above the site of distension (secondary peristalsis).  

· There is a latency gradient in the distal 2/3 of the esophagus, in which parts farther down the esophagus respond with a greater intrinsic delay following electrical stimulation.  This intrinsic latency period results in a progressive peristaltic wave independent of CNS control.

· The body and fundus of the stomach have some tonic contraction, and they are the parts of the stomach important for storage.  The gastric pacemaker on the greater curvature of the stomach sets the pace of slow waves.  Antral contractions occur with every slow wave, and mix/grind the food as they jam it against the closing pylorus.  Particles less than 1mm pass, those greater than 1mm bounce back for further processing.  With each contractile wave, duodenal contractions are inhibited to allow food to pass more easily.  Duodenal contractions are faster than stomach contractions.  Things larger than 1mm can get through the pyloris by a different, passive mechanism. 
· Depending on how closely smooth muscle cells contact each other, electrical stimulation in the small intestine may be synchronous (well coordinated) or not.  In the fed state, you get non-synchronous mixing.  
· There is cyclic variation in antral and small intestinal motility, called the Migrating Motor Complex.  The MMC includes a resting/quiescent period is followed by irregular contractions for mixing a some propulsion, with an occasional progressive contractions through the small intestine every 90-120 minutes.  
· The ileocecal valve prevents backflow into the ileum, decreasing the bacteria in the small intestine.  As with most sphincters, proximal distention relaxes and distal distension contracts it more. 
· The right colon has even more segmental contractions than the small intestine, with the goal of increasing fluid absorption.  The transverse and left colon combine segmental contrations with periodic propulsive movements (mass movements) that move contents to the rectum.

· The rectum fills and internal sphincter relaxes.  The external sphincter and puborectalis muscle can narrow the channel and increase its angle to avoid incontinence.  If you don’t defecate, rectal pressure recedes and the internal sphincter contracts again.

Lecture 7:  GI Hormones

· Lumicrine regulatory peptides are secreted into the lumen and act on other cells from there.  An example of this is guanylin.  Hormones are delivered through the circulation.  Feedback loops regulate hormonal function.  
· The timing of release of different hormones is important to coordinating GI functions.  

· The cephalic phase is initiated by anticipation of food or its smell and taste, and it is mediated by neuronal pathways.  Vagal stimulation increased salivation, receptive relaxation of the stomach, gastrin release, and pancreatic secretion.  

· The gastric phase is largely mediated by the hormone Gastrin.  This hormone is made as preprogastrin, which is cleaved to progastrin, which is cleaved to gastrin.  This is stored in G cells in the stomach antrum and duodenum.  Gastrin release is stimulated by distention, peptides or Ca in the stomach, or by gastrin releasing peptide from enteric nerves.  Gastrin release is inhibited by low pH in the stomach, or somatostatin.
· G-17 gastrin is released from the stomach, has a short half-life, and is though to mediate acid secretion.  G-34 gastrin is released from the duodenum, has a long half-life and is thought to control GI epithelial growth.  

· Gastrin bnids a CCK-B receptor in parietal and ECL cells (release histamine onto parietal cells).  Gastrin also binds smooth muscle cells to increase activity and D cells to promote somatostatin release (negative feedback).  Gastrin also binds the pancreatic CCK-A receptors to increase enzyme secretion.  Finally, gastrin closes the lower esophageal sphincter and opens the pyloric sphincter.  

· The early intestinal phase occurs as food enters the duodenum and stimulates CCK and Secretin release, as well as release of incretins (GIP and GLP) that stimulate insulin release.  This inhibits gastric emptying/secretion and increases pancreatic/gallbladder secretion.  

· CCK shares structural similarities with gastrin, and it is stored in I cells of the duodenum and jejunum.  Fatty acids and amino acids stimulate CCK release, as does monitor peptide secreted in pancreatic juices.  It binds pancreatic receptors and induces the release of enzymes and monitor peptide.  CCK also stimulates gallbladder contraction and relaxation of the sphincter of Oddi.  It contracts the pyloric sphincter to inhibit gastric emptying, decreases acid secretion, augments the effects of Secretin, and allows greater motility in the more distal GI tract.  
· Secretin is stored in S cells of the duodenum and jejunum.  These cells are concentrated in the upper crypt and villus regions, which enhances their ability to sense pH.  Secretin release is triggered by low pH.  It leads to increased more cAMP and bicarbonate in the pancreatic secretions, and it also decreases stomach acid secretion.  Like CCK, it also slows stomach motility, closes the pyloric sphincter, and increases motility in the more distal GI tract.  CCK potentiates secretin’s ability to induce bicarbonate secretion.

· GIP and GLP stimulate insulin secretion from pancreatic β cells in a glucose-dependent manner.  They also enhance tissues’ abilities to take up glucose.  They may also inhibit gastric emptying.  Oral glucose stimulates their release, not IV glucose.  
· The late intestinal phase is when food inters the ileum.  This leads to a gradual return to the interdigestive state patterns of activity.  All digestive secretions decline and motility patterns return to the MMC.  Bile acids get absorbed, but the resulting increase in bile production is directed toward the gallbladder due to the closure of the sphincter of Oddi.  

· In the interdigestive (fasting) period, secretory cells replenish stores, bile is concentrated, the gut has MMC patterns with contractions at regular intervals, etc.  During MMC contraction, secretions transiently increase.  They clear the gut of indigestible residue and bacteria.  

· Motilin is a peptide hormone released from M cells in the stomach and duodenum.  Vagal stimulation and acid in the duodenum causes its release (but meals do not), though other stimuli remain undefined.  It increases activity of the stomach and duodenum, increasing the frequency of spike potentials.  It is thought to help coordinate interdigestive motility patterns and increase the rate of gastric emptying.  Motilin levels rise and fall with MMC activity.  

· E. coli toxins that produce diarrhea bind guanylin on GI endocrine cells.  Tumors that secrete VIP (normally a neurotransmitter) enhance pancreatic bicarbonate secretion (like secretin) and lead to watery diarrhea.  

· Tumors in gastrin secreting cells cause unchecked gastrin release and ulcers due to excess HCl secretion.  

Discussion Article:

Lubiprostone (SPI-0211) seems to treat constipation by increasing Cl secretion.  ClC-2 is a widely dispersed Cl channel that may be involved, as it is expressed in the human intestine.  Caco-2 human cell lines have ClC-2 at tight junctions.  A small subset of T84 human cell line cells contained ClC-2.  CFTR is activated by PKA and inhibited by arachidonic acid, but ClC-2 activation occurs by PKA or arachidonic acid or other lipids.  Looked at effects of Lubiprostone in HEK human cell line cells with and without ClC-2 or CFTR transfected.  Experiments included the presence or absence of mPKI, a PKA inhibitor.  Experiments show Lubiprostone to be a potent activator of ClC-2 but not CFTR that is PKA-independent.  So, this channel may be the drug’s target.  
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