GI Histology
GI 1:  

· GI tract:  digestion and absorption, but also exposed to the outside world so must have some protective mechanisms.  Ingest, fragment, digest, absorb, and eliminate.  The whole point is to take macronutrients and break them down into stuff that can be absorbed.  

· Accessory organs include:  Liver (makes bile), Gallblader (stores bile – for solubilizing fats), Salivary glands, Pancreas.  

· A main theme is the maximization of surface area for absorption.  This occurs with a long GI tract with surface specialization.  Ex:  the small intestine has the plicae circulares, villi, and microvilli.  

· Common structure of the GI tract:  4 main tunics (mucosa, submucosa, muscularis externa, and serosa).  
· Mucosa – lines the lumen.  Has three layers, an epithelial lining (usually simple columnar, though it varies), lamina propria (CT layer with fibroblasts, lymphocytes and blood vessels), and muscularis mucosa (involved in local movement of surface to help with mixing).  These layers are collectively referred to as the mucous membrane, or mucosa.  The mucosa also contains lymphoid nodules, one of the GI’s protective mechanisms.  The epithelium also dips into glands or crypts, or may protrude out in villi or folds.

· Submucosa – CT and vessels.  Certain GI glands go down into these layers.  Meissner’s plexus is located here, and helps innervate the muscularis mucosa.  

· Muscularis externa – 2 muscle layers:  inner circular and outer longitudinal.  These layers are involved in peristalsis.  This is controlled, in part, by Auerbach’s plexus which is located between the two muscle layers.

· Serosa – where the gut is suspended by a mesentery.  Where it’s up against the body wall, as in the esophagus, it’s called the adventitia.  Covered by a simple, mesothelial lining.

· General Structures of GI system:  Glands, vessels, lymphatics, nerves and lymphoid cells.  

· Mucosal glands – Mucus secretion is important because it provides a protective coating (from acids from the stomach) and lubricates the food for passage through the GI system.  

· Submucosal glands – may be called crypts.  Continuous with the epithelial lining of the GI tube.  

· Vessels – enter the mesentery and branch throughout the submucosa and lamina propria.  They include continuous capillaries, except for in villi (the sites of much absorption).  In villi, they are fenestrated to enhance absorption.  Vessels here pass to the liver for processing before returning to the main circulation.  

· Lymphatics – in the core of a villus is a lacteal.  Play an important role in absorbing lipids as chylomicrons.  Lacteals don’t go to the liver, but into the general circulation. 

· Nerves – Meissner’s and Auerbach’s plexuses are important groups of nerves here.  Meissner’s plexus has large nerve cells and is below the muscularis mucosa in the submucosa.  Auerbach’s between the two layers of the muscularis externa.  Hirschprung’s disease (congenital megacolon) is caused by absence of Auerbach’s plexus and a lack of peristalsis.
· Lymphocytes – present throughout the GI tract.  In some places they are organized into nodules.  MALT = mucosal associated lymphoid tissue.  The most common antigen produced here isn’t IgG like elsewhere, but IgA which is secreted by cells in the lamina propria.  It is picked up by an IgA receptor on epithelial cells and transcytosed to the lumenal side, then a proteolytic cleavage releases it from the receptor, but leaves a portion of the receptor attached to the IgA dimer.  The piece of the receptor it retains is called the secretory component, and it helps protect the IgA.

· Esophagus – muscular tube that conveys food from the pharynx to the stomach.  At rest it is deeply folded, and can stretch to pass a bolus of food.  Epithelium is non-keratinized stratified squamous, giving it a pretty thick lining.  This protects it and gives it the capacity to stretch.  The basal layers have cells that are closer together and stain darker, giving it the appearance of a scalloped pink line.  The muscularis mucosa is a patchy, discontinuous layer.  Submucosal glands are important for mucus production and lubrication.  The muscularis externa is specialized here.  The upper esophagus has skeletal muscle in the muscularis externa, whereas in the lower esophagus is it more smooth muscle like elsewhere in the GI tract.  Midway down the esophagus, it’s a combination of both types of muscle.  Here, the serosal layer is called adventitia because it is attached to the body wall.  
· Esophageal-gastric junction – Distinct junction of stratified squamous lining of esophagus and simple columnar lining of the stomach.  Everything else is mostly the same.  Sphincter helps prevent reflux and regurgitation.
· Stomach:  The stomach has simple columnar epithelium.  The surface is pitted with gastric glands, which produce HCl, pepsinogen and mucus.  Regions of the stomach:  cardiac, fundus, body/corpus, pyloric antrum.  We’ll histologically recognize the cardiac, fundus (w/ fundic glands – majority of stomach), and pyloric part of stomach.  The stomach surface has rugae that allow it to stretch when filled.  The stomach is important in mechanical digestion, so has an additional inner oblique layer in the muscularis externa.  

· Glands:  cause the surface of the stomach to look pitted.  The quite branched glands are in the mucosal layer.  The top of the gland is a pit, followed by a neck, and deepest is the body of a gland.  In the glands, there are 5 epithelial cell types:  surface mucous cells, neck mucous cells (produce a different type of mucus, though still for protection, and stain dark in PAS), parietal cells (have a central nucleus, look like fried eggs, and make HCl and intrinsic factor), Chief cells (at the bottom of the glands, full of granules with pepsinogen that is secreted and contacts acid that promotes autocleavage), enteroendocrine cells (aka APUD cell, secretes peptide hormones into the lamina propria and the body’s general circulation; hormones coordinate gut activity).  From lumen, layers are mucous cells, parietal cells, and chief cells (enteroendocrine cells are scattered).  
· Parietal cells have infoldings, and when they are resting they have lots of vesicles with H pumping ATPaes.  With stimulation, these vesicles fuse and form a cannaliculus through which the H travels out of the cell.  H is pumped into the cannaliculus, and Cl follows via a Cl channel (thus HCl is secreted).  These cells also make intrinsic factor (combines with vitamin B12, allowing B12 to be taken up in the small intenstine).  These cells look vaguely like fried eggs.
· Chief cells:  purple cytoplasm due to abundant rough ER.

· Enteroendocrine cells (Amine precursor uptake and decarboxylase = APUD or chromaffin cells cuz they stain w/ chromium, or orgentifin? Cells):  They are scattered throughout the glands.  Located in glands, but secrete into the lamina propria and into the bloodstream.  There are two types of these cells.  One is in contact with the lumen and sampling it, others are just at the lamina propria side of the epithelium.  Each enteroendocrine cell secretes specific peptide hormones, including Gastrin (G-cells), Secretin (S-cells), CCK (I-cells), and serotonin (EC-cells).  Different granule types or stains can differentiate between enteroendocrine cell types.  
· G-cells:  concentrated in the pyloric antrum, but also present in duodenum and jejunum.  Gastrin stimulates gastric acid secretion by parietal cells.  Also affects growth of gastric mucosa, and influences insulin secretion.  

· I-cells:  in small intestine, secrete CCK.  CCK regulates pancreatic enzyme secretion and gallbladder concentration.

· Basically, all of these APUD cells form a diffuse endocrine organ that regulates a lot of stuff, though they are spread diffusely throughout the GI tract.

· The cardiac portion of the stomach has short pits and glands, mostly secreting mucus.  The fundic portion of the stomach has short pits and long glands, and produce mostly pepsin and HCl, with 5 cell types.  The pyloric portion of the stomach has long pits and short glands, and is lined mostly by mucus secreting cells and G-cells.  

· Helicobacter pylori may be present in the pyloric portion.  Is often harmless, but may cause ulcers.  It replicates in the mucus, and can produce molecules that destroy the stomach’s epithelial lining.

· Small Intestine:  Involved with digestion and absorption.  Includes duodenum, ileum and jejunum.  The mucosal surface is covered in villi, to help increase surface area.

· The gastro-duodenal junction shows a distinct transition between the pitted, glandular stomach epithelium of the stomach to the villi with goblet cells of the small intestine.

· Duodenum – pancreatic enzymes and bile enter here.  A distinguishing feature here is the presence of submucosal Brunner’s glands.  They make an alkaline mucous secretion to counteract the acidity of the stomach contents coming through.  Plicae circulare are protrusions in the intestinal surface, on which are villi (.5-1.5mm).  Villi include absorptive cells (enterocytes) and goblet cells, as well as lamina propria in beneath the surface in the villi.  

· Digestion:  begins with amylase in the mouth.  In the stomach, HCl denatures proteins and pepsin begins to break them down.  So far, this is a minor part of the digestive process.  The major part of macromolecular breakdown occurs in the duodenum, where amylases, peptidases and lipases really carry out this process.  Many are produced in the pancreas/liver, but some are also produced by the enterocytes there. 

· Enterocytes:  also called intestinal absorptive cells are columnar with basal nuclei, and play roles in digestion and absorption.  They make enzymes that stay on their surface and are involved with the final steps of digestion.  They also secrete enterokinase, which activates the pancreas’ trypsinogen.  Enterocytes absorb the simple-molecule products of digestion, and passes them on to the lamina propria and the fenestrated capillaries (and on to the liver via the portal system).  Enterocytes take the lipids’ triglycerides, package them as chylomicrons, and transports them to the lamina propria for uptake by the lacteals.  There are glycosylated enzymes on the microvilli, and also enzymes from the digestive tract adsorbed onto the enterocytes.

· Goblet cells are also present on the villi.  The villi are covered in a glycocalyx.  They have a simple columnar epithelium that is continuous with crypts.  At the base of crypts are Paneth cells, which have granules with lysozyme and defensins for protection against bacteria.  Toward the base of glands are dividing cells that give rise to enterocytes and goblet cells.  Cells are shed at the tips of the villi.

· Digestion is completed in the duodenum, and much absorption occurs there (though absorption continues farther along).  Submucosal Brunner’s glands are the distinctive feature of the duodenum.  

· Jejunum:  Plicae circularis are permanent circular folds, and they are most prominent in the jejunum which does lots of absorption.  High plicae circularis (possibly even branched) is a distinguishing feature of the jejunum.  The plicae include mucosa and submucosa.  

· Ileum:  The distinguishing feature of the ileum is the presence of lymphatic nodules called Peyer’s Patches (in the mucosa and submucosa).  They are covered with M-cells, which sample antigens in the lumen.  

· The colon:  no villi, rather a flat, glandular (pitted) surface.  The function of the large intestine is the recovery of water and salt, as well as the propulsion of solid waste to the rectum.  

· The ileo-cecal valve is the boundary between the small and large intestines.  The surface of the small intestine with villi contratsts with the flat surface and glands/crypts of the large intestine.  
· There are three cell types:  absorptive, mucus secreting goblet cells and APUD cells.  

· In the colon, the outer longitudinal muscle is divided into three separate bands called taenia coli.  

· The appendix is a small blind ended sac extending from the first part of the colon (the caecum).  Its function is not known, but it has a massive amount of lymphoid tissue.  The appendix is similar to the colon, but is narrower and has prominent lymphoid follicles.  

· The muscularis mucosa here has inner circular and outer longitudinal layers.

· The recto-anal junction shows a change in the epithelium from columnar colon epithelium to stratified squamous epithelium of the anus.  The internal anal sphincter is smooth muscle that is continuous with the inner layer of circular muscle in the muscularis externa.  The external sphincter is skeletal muscle
· Keep in mind that mucus secretion is important throughout the GI tract.  It lines, protects, lubricates, etc.  
Liver:  

· The largest gland in the body, in the right upward quadrant.  It has a dual blood supply, 75% of which is venous (oxygen deficient, but nutrient rich) from the capillary beds in the stomach, intestines and spleen.  The portal vein is the major blood input into the liver.  It also gets an arterial input (hepatic artery) providing 25% of the blood flow.  

· The hilus of the liver is where the portal vein and hepatic artery enter and the bile duct leaves.  The liver is active metabolically, supplying and storing glucose, synthesizing albumin, making clotting factors, nucleic acids, lipoproteins, etc.  

· Blood exits the liver via central veins leading to larger veins and exiting via the hepatic vein.  The hepatic veins drain into the inferior vena cava.  Defects in liver or heart affect each other because of this close anatomical relationship.  

· Portal tract, aka portal triad:  an area with the portal vein, hepatic artery and bile duct.  There are many of these in the liver.  It is surrounded by some CT and can be easily recognized microscopically.

· The blood coming in the from the portal vein and hepatic artery mixes in the liver capillaries.  The capillaries are wide and discontinuous, termed sinusoids.  These sinusoids have minimal walls with no real basement membrane.  Sinusoids have lots of discontinuities, and they are held together with collagen fibers called reticular fibers.  The capillaries empty into a central vein, which leads to larger veins and eventually exits the organ.

· After each digestion, portal blood coming into the liver brings lots of nutrients.  So, the liver has many metabolically active cells close to the flow of the enteric circulation (close contact between blood and hepatocytes).  

· Liver cell (hepatocyte) arrangement:  distributed in 1 cell thick plates to maximize the area of contact between hepatocytes and blood plasma in sinusoids.  Hepatocytes are bathed in plasma on several sides.  

· Between a liver cell and the sinusoid is a space called the pericapillary space or the space of Disse.  Here, the blood plasma is in direct contact with hepatocytes.  Hepatocytes send psuedopods (cytoplasmic projections) into Disse’s space to sample the blood, giving a lacey appearance.  

· Kupffer cells are the large, resident macrophages that help make up the walls of the sinusoids.  They filter foreign particulate matter from the gut.  So, the blood coming into the liver isn’t sterile, though the blood leaving the liver is.  Kupffer cells also remove old RBCs from the circulation.  
· The liver has endocrine and exocrine functions.  Bile is an exocrine secretion.  Liver cells continually make bile, and they release it into bile canalliculi in between hepatocytes, which goes to the bile ducts which eventually feed the right and left hepatic ducts, which leave the liver to form the common hepatic duct, which joins the cystic duct to form the common bile duct.  This empties into the duodenum at the ampulla of Vater.  At the ampulla there is a sphincter called the sphincter of Oddi that is normally closed and causes bile to back up.  Food causes CCK secretion, which induces relaxation of the sphincter and contraction of the gall bladder to release bile.  

· Bile contains bile salts (cholic acids are cholesterol derivates, and their salts are detergents for fat absorption) and pigments (derived from hb and heme degradation; destruction of old RBCs occurs in the spleen macrophages and liver kupffer cells).  Hb has 2 alpha and 2 beta chains of globin, each with a heme and iron.  When broken down, the AAs are re-used, the iron is transported and stored, the heme is converted to biliverdin, and later to bilirubin.  Modified bilirubin is a major constituent of bile pigment.  

· Bilirubin is conjugated to albumin, carried to the liver, and enters hepatocytes.  The liver conjugates it, making it more soluble, then releases it into bile cannaliculi.  It goes into the intestine where bacteria convert it to pigmented urobiliogens that are excreted in the urine (making it yellow).  Some is excreted in the feces, giving it a brown color.  20% of urobilinogen is reabsorbed in the intestine and taken up by the liver.  Bilirubin is a powerful antioxidant.  Production of excess conjugated or unconjugated bilirubin can produce jaundice.
· The gallbladder has a simple columnar epithelium with no villi or goblet cells.  There are short, stubby microvilli, not like a bursh border.  It has a thin lamina propria, with a smooth mucsularis beneath.  The gallbladder only has 1 muscle layer, with no muscularis mucosa or submucosa.  Beneath the muscularis is a relatively thick serosa, with fat, CT and vessles, lined with simple mesothelium.  A section of gallbladder shows an epithelium, muscle layer and serosa.  When the gallbladder is empty, it has folds, which disappear when it’s full.  

· Bile is concentrated when Na and Cl enter cells apically.  Na is transported out the lateral/basolateral borders and Cl follows.  Water moves causing swelling of the lateral borders.  This forces the water and salt into the capillaries and lamina propria, concentrating the bile.  Epithelial cells have spaces between them with water and salt when they are concentrating the bile.  

· Metabolic activities of the liver include glucose storage/release, gluconeogenesis, takes up free fatty acids and converts them to triglycerides, makes lipoproteins, maintains nitrogen balance by forming urea, makes protein/glycogen/creatine/ketones/cholesterol, and it conjugates, deaminates, solubilizes, and detoxifies.  

· The liver also stores iron and copper, as well as storing vitamins A, D, E, and K.  Vitamin A is not really stored in hepatocytes, rather in stellate cells in the space of Disse.  These stellate cells (called ito cells) are involved in inducing hepatic fibrosis.  Vitamin K is important in blood clotting.  In biliary disease, you get less bile salts, less fat absorption, and less absorption of fat soluble vitamins, and the decreased vitamin K can lead to clotting malfunctions that should be corrected before cholecystectomy.  
· Vitamin B12 (cyanocobalamin) is also stored in the liver.  Deficiency of B12 results in pernicious anemia (defect in RBC formation with neurological symptoms).  This used to be fatal, but could be relieved by eating a lot of liver.  They found that liver contained “extrinsic factor” (vitamin B12) which required the presence of an “intrinsic factor” to be absorbed.  Parietal cells in the stomach fundus make the intrinsic factor.  In pernicious anemia, the parietal cells have been destroyed by an autoimmune process.  

· Hepatocytes may be bi-nucleate.  They a large nucleolus for active ribosome production.  The exocrine portions (apical surfaces) of the membranes face the bile cannaliculi.  The sinusoidal surface is completely separate from the bile cannaliculus surface.  The liver cell has lots of rough ER and smooth ER (glycogen synthesis and detox), peroxisomes, lysosomes, mitochondria that contribute to the urea cycle.  

· The urea cycle:  In the mitochondria, ammonium leads to formation of citrulline, which enters the cytosol.  Citrulline is converted to arginine, and this is converted into urea and ornithine.  The ornithine re-enters the mitochondria, which can recombine with ammonium products in the mito to restart the cycle.

· A portal triad (hepatic artery, portal vein and bile duct) bring in blood that mixes in the sinusoids and flows toward a central vein.  Bile is produced in the hepatocytes, and flows in the opposite direction in bile cannaliculi, toward the bile duct in the portal triad.  
· Histologically, you see a central vein, surrounded by portal triads.  A classic liver lobule is a hexagon of tissue with portal triads in the corners and a central vein in the middle.  Remember, plates of liver cells are separated by sinusoids, which radiate toward the central vein.  At higher power, you can see the portal vein, hepatic artery and bile duct in a portal triad/tract.  Portal vein is ALWAYS the biggest, and the hepatic artery may often be bigger than the bile duct.  

· Strands of collagen called reticular fibers support the sinusoids…holding them together loosely unlike normal capillaries.  The space of Disse is between the sinusoid wall and hepatocytes; it’s the site of nutrient exchange between the liver cells and sinusoids.  

· Phagocytic Kupffer cells help make up the walls of sinusoids, along with endothelial cells.  They often ingest stains or particles that make them and the sinusoids easier to visualize.  Hepatocytes have glycogen, that may stain dark.  

· Bile cannaliculi have no walls of their own, but consist of the cell membranes of hepatocytes and tight junctions that seal them.  Bile travels in cannaliculi completely separate from the blood sinusoids.  Eventually the cannaliculi get simple cuboidal cell walls, and they are then called canals of Hering and lead into bile ducts in the portal traids/tracts.  
· Some lymph formed in the liver doesn’t return to the blood, and may get into lymphatics in the portal tracts/triads.  

· A classic liver lobule is a hexagon with a central vein at the center.  This stresses the endocrine function of the liver and focuses on blood flowing toward the central vein.

· A portal lobule is a triangular structure of three central veins around a portal triad.  This stresses the exocrine function of the liver and focuses on bile flowing from hepatocytes toward the portal triads.  

· A liver acinus is a diamond with two portal triads and two central veins.  It is kind of a compromise between the two.  The main branches of the hepatic artery and portal vein supply blood along the line between portal triads.  Smaller branches come off of these toward the central veins.  The closer to the central vein you get and the more branching, you get different zones (first one, then two, and three closest to the central vein).  Cells in zone 1 are the first exposed to toxins, whereas zone 3 cells are farthest from nutrient and oxygen supplies and are most susceptible if levels of these things fall.  

· In an H&E stain, the bile duct looks like a bracelet of beads, because it is lined by simple cuboidal cells.  Hepatic artery has endothelial cells.  The collagen in the wall of the ventral vein stains a little lighter pink than hepatocytes.  

· Kupffer cells may phagocytose particles that make them easier to visualize in the sinusoids.  

· Reticular fibers of collagen are the sinusoids’ version of a basement membrane.  Collagen in the wall of the central vein also stains with the reticular stain.  

· Bile cannaliculi are considered the apical surfaces of hepatocytes, while the sinusoidal portions of hepatocytes are basolateral.  

GI 2:  Extrinsic Glands of the GI Tract
· We’ve heard about the liver and Brunner’s glands.  Now we’ll address salivary glands and pancreas, which develop from the gut but are located outside of it.  These glands have a duct and a secretory portion.  Glands have a secretory portion and a duct.  A duct may branch (compound gland) or not (simple gland), and a secretory portion may have various shapes (tubular alveolar, tubular acinar, etc).  Pancreatic and salivary glands are compound tubular/alveolar glands.  
· A gland is serous if the secretory product is watery and secretory products are proteins or glycoproteins with mostly protein.  Mucous glands secrete a product that is heavily glycosylated, so the protein part of these molecules is minor.  

· There are three types of salivary glands:

· Parotid glands are the biggest, and the site where mumps occur.  It is right in front of your ear/mandible, but only accounts for 25% of saliva produced.  Secretions are serous, including amylase for digestion.
· The submandibular gland is next largest, and makes up about 70% of the saliva.   Secretions are mucous and serous.  
· The sublingual gland is beneath the tongue and makes about 5% of saliva.  Secretions are mostly mucous.  

· Rabies virus infects salivary glands.  The virus goes out ducts on the sides of the mouth.  This is why rabid animals’ bites may potentially transmit the virus.  
· Saliva functions for mastication, chemical digestions (amylase from the parotids)  and lubrication (mucins and water from submandibular/sublinguals).  Salivary glands also contribute to mineralization of teeth, microbial control, pH maintenance, protecting the mouth, growth factors, etc.  Salivary glands are often damaged – via irradiation, for example – or  defective (drymouth, Shogun? syndrome w/ autoimmune inflammation, tooth decary, etc).  

· Components of saliva include lots of proteins (amylase, lysozyme, IgA, mucins), some urea, and inorganic constituents.  There’s not much NaCl in the saliva, because they are reabsorbed in the salivary ducts, whereas K is secreted.  We produce over 1 liter of saliva each day.  

· All salivary glands have a secretory portion called the acinus, with acinar/alveolar cells.  Cells in acini and polarized, and they are either simple columnar or shaped like pyramids.  Beyond this is a basement membrane, as well as myoepithelial cells that are contractile and propel the primary saliva out of the secretory portion into the ducts.  Tight junctions keep the saliva in the lumen of the gland.  Basolateral surfaces have receptors, a basal lamina and the myoepithelial (contractile) cells.  The myoepithelial cells are continuous from the secretory portion to the duct portion.  This keeps saliva out of the interstitial space.  The duct portion includes an intercalated duct, which communicates between the secretory portion and the striated portion of the duct that is very mitochondria-rich to pump saliva out.  

· The secretory portions of the three glands:

· The parotid has mostly serous secreting cells, though it has some fat cells in the secretory portion also.  The fat cells look kind of like mucous cells in the sublingual/submandibular glands.  Recall that amylase is a principal product of this gland.  Secretory portions are called acini, with nuclei near the bottoms of the cells away from the lumen of the acinus.  Secretory cells make and store their protein products in granules, which are later exocytosed.  A cluster of cells empties into a small lumen.  Secretion is regulated by neural stimuli.
· The submandibular gland has secretory portions that are serous and mucous.  Serous cells look virtually identical to parotid ones, but mucus secreting cells look quite different.  Mucus secreting cells have nuclei pushed down against the basement membrane.  Mucus secreting cells are nevertheless poised to release vesicles with contents (mucin, etc) into the lumen.  In addition, it also has fat cells.  
· The sublingual gland, at high magnification, looks mostly mucous though it also has serous components in demilunes.  Demilunes are mucus-secreting glands with serous cells that make a glycoprotein (more watery) secretion.  

· Both the submandibular and and sublingual glands have mixed serous-mucus glands.  

· Myoepithelial cells are between the base of the secretory cells and the basement membrane.  These cells are mildly contractile with smooth muscle myosin and actin present.  They “hug” very tightly to acinar cells.  Contraction helps propel the primary saliva.

· Septae between lobes of the gland contain vessels and large ducts.  

· The ducts of glands have intercalated portions that connect the secretory portion to the striated duct.  Intercalated ducts are cuboidal, striated ducts are columnar.  Ducts modify the primary saliva and conduct it away from the secretory portions.  Intercalated ducts are smaller and cuboidal.  Striated ducts are columnar and larger.  Cells of striated ducts have nuclei near the bottom half of the cells.  The striations are mitochondria, due to the energy demands of reabsorbing Na.  

· After striated ducts are larger ones called interlobular ducts.  They conduct modified saliva out into the mouth.  At this point, they cells are columnar and located in the CT rich septae of the salivary glands.  This gradually becomes stratified squamous as it empties into the mouth.  

· Dry mouth may be caused by many things.  You lose the many functions of saliva, like protection, pH maintenance, anti-microbial processes, tooth remineralization and early digestion.

· In the pancreas, secretions are serous.  Salivary glands are exocrine, whereas the pancreas bas both exocrine and endocrine functions.  It is divided into lobules by thin collagenous septae.  The ducts of the pancreas may be very thick walled.
· The pancreas has a head and tail.  A duct in it collects all the secretions from the acini, and then joins the common bile duct and enters the duodenum.  Both endocrine and exocrine portions of the pancreas develop from the foregut.  They start out as separate dorsal and ventral pancreases, which eventually fuse together.  This results in a major pancreatic duct (which joins the common bile duct) and a minor one that empties the duodenum separately.  

· Bile which comes through the common bile duct.  Gallstones can be a cause of acute pancreatitis if they block pancreatic secretions as well (after their ducts join).  

· The pancreas looks a lot lie the salivary glands, but it also has islets of langerhans, splotches that are not present in salivary glands.  These islets of Langerhans are the endocrine portions of the gland.  

· There are no striated ducts in the pancreas, because it doesn’t have to reabsorb stuff from its secretions.  Acini of the exocrine pancreas have serous cells that look a lot like the parotid gland.  They are full of zymogen granules, which contain inactive pancreatic enzymes.  Each exocrine cell makes all of the pancreatic enzymes that eventually get secreted.  These cells have nuclei pushed away from the acinus lumen.
· The exocrine pancreas produces many zymogens (inactive proteases), as well as amylase, lipase, ribonucleases, etc.  Trypsinogen and procarboxypeptidase are the main components.  Enteropeptidase in the duodenum cleaves trypsinogen into trypsin.  Trypsin activates the other zymogens.  In different forms of pancreatitis, you can get inappropriate activation of trypsin, which can be dangerous.  

· From acini, secretions pass through intercalated ducts.  There are centro-acinar cells (stain pale) that look like they’re in the acinus, though they’re really the beginning of the intercalated ducts.  The centro-acinar cells and intercalated ducts are made of cuboidal epithelium, which secrete bicarbonate for neutralization of stomach HCl.  They are joined by tight junctions to each other and exocrine cells.  These ducts fuse to form larger ones.  Recall, these are not striated cells because they don’t reabsorb stuff.  

· Centro-acinar ducts/cells → intercalated ducts → intralobular ducts → interolobular ducts.  Intralobular ducts have columnar cells, and no longer secrete bicarbonate.   Interlobular ducts are located in the CT septae of the pancreas (these are much bigger than intralobular ducts).  

· The function of the exocrine pancreas is controlled by hormones and nerves.  When stomach acid reaches the pylorus/duodenum, enteroendocrine cells secrete secretin.  Secretin stimulates the intercalated ducts to secrete bicarbonate.  Fat stimulates CCK to trigger pancreatic secretion and contraction of the gallbladder.  

· Islets of Langerhans are the endocrine portion of the pancreas.  It has no central lumen, but is a group of cells that secretes into the blood.  They stain light, and they have a thin collagenous membrane separating them from the exocrine pancreas.  The islets are highly vascularized with fenestrated capillaries, because the secretory cells here release proteins into the interstitium.  

· There are three major cell types in the islets of Langerhans.  Beta cells secrete insulin.  Alpha cells secrete glucagon.  Delta cells secrete somatostatin.  Endocrine cell types have distinct granules (though all cells show polarity to secrete toward capillaries).  Here, there are no tight junctions between any of the cells.  
· Juvenile diabetes is often the complete loss of beta (insulin) cells.  The islets remain and still have alpha and delta cells.  

· Unlike the exocrine pancreas, each cell type here makes 1 secreted product.  

· Overall:  

· Salivary glands have acini, intercalated ducts (cuboidal), striated ducts (columnar), and interlobular ducts that transition to stratified squamous.  The parotid is serous.  The submandibular is serous/mucus.  The sublingual is mostly mucus.  Capillaries are tight and continuous.  
· Pancreatic glands have islets of Langerhans.  Intercalated, intralobular, and interlobular ducts (not striated, nor are the final pathways striated epithelium).  Islets are highly vascularized with fenestrated capillaries for getting hormones into the bloodstream.  
