Guyton Chapter 64: Secretory Functions of the Alimentary Tract
Secretory glands secrete digestive enzymes and mucus formed mostly only in response to the presence of food
Anatomical types of glands
Single-cell mucous glands= mucous cells= goblet cells- function mainly irt local irritation
Pits=crypts of Lieberkuhn in small intestine=invaginations of epithelium into submucosa- contain specialized secretory cells
	Deep tubular glands in stomach and proximal duodenum (oxyntic glands)
	Complex glands- salivary glands, pancreas (compound acinus), liver
Basic Mechanisms of Stimulation of the Alimentary Tract Glands
Contact of food with the epithelium stimulates- enteric nervous stimuli (tactile stim, chem irritation, distension of gut wall)
Parasympathetic stimulation increases alimentary tract glandular secretion rate (particularly for glands in the upper tract- glossopharyngeal and vagus)
	Distal portion of the large intestine- inn by pelvic parasympathetic nn
	Secretion in remainder of small intestine and in first 2/3 of large 
intestine occurs mainly irt local neural and hormonal stim
Sympathetic stim has a dual effect- slight to moderate increase in sec by some of the local glands, constriction of blood vessels that supply glands
	Sympathetic stim alone- sl increase in sec
	Sympathetic stim superimposed on parasympathetic stim- usually 
decreases sec
Regulation of glandular secretion by hormones
Basic Mechanisms of Secretion by Glandular Cells
	Secretion of Organic Substances:
Material needed for formation of secretion must first diffuse/be actively transported by the blood in the caps into the base of the glandular cell
		Many mitochondria use oxidative energy to form ATP
		Material + ATP used to synthesize (occurs in ER and Golgi complex; 
ribosomes)
		In Golgi complex, modification occurs, discharged in secretory vesicles
		Vesicles stored until influx of calcium--- exocytosis
	Water and Electrolyte Secretion
Mucus- adherent properties, sufficient body to coat, low resistance for slippage, fecal adherence, strongly resistant to digestion, glycoproteins have amphoteric props- capable of buffering acid/alkali
Secretion of Saliva
	Parotid, submandibular, sublingual glands, many tiny buccal glands
	Saliva- serous secretion (contains ptyalin, an alpha-amylase), mucus 
secretion (contains mucin for lubricating)
	Parotid glands secrete almost entirely the serous type of secretion
	Submandibular and sublingual glands secrete serous + mucus
	Buccal glands secrete only mucus
	pH of saliva=6-7 (favorable for ptyalin action)
	Secretion of ions in saliva- contains large quantities of potassium and bicarb
Secretion is a two-stage process:	
1. Acini secrete primary secretion that contains ptyalin and/or mucin in a solution of ions similar to typical ECF
2. In salivary ducts two active transport processes occur:
a. Sodium actively reabsorbed and potassium actively secreted in exchange
i. Excess sodium reabsorption over potassium secretion- electrical negativity--- passive chloride reabsorption
b. Bicarb secreted by ductal epithelium into the lumen- passive exchange for Cl + active process
During max salivation, decreased reconditioning of secretion
Saliva important for oral hygiene- helps to wash away bacteria + bactericidal action- thyocyanate ions + proteolytic enzymes (lysozyme) + sig amounts of protein antibodies that can destroy oral bacteria
Controlled by parasympathetic nervous pathways from superior + inferior salivatory nuclei in brainstem 
	Appetite area of the brain partially regulates
	IRT reflexes orig in stomach and prox small intestine
	Sympathetic stim can also increase slightly
	Blood supply to the glands- parasympathetic signals mod dilate blood 
vessels
Kallikrein sec acts as an enzyme to form bradykinin (vasodilator)
Esophageal secretion- mainly mucous
	Main body- simple mucous glands
	Gastric end + initial portion of esophagus- compound mucous glands
Gastric secretions
	Mucous-secreting cells
	Tubular glands- oxyntic glands (gastric glands) and pyloric glands
		Oxyntic glands- secrete HCl, pepsinogen, intrinsic factor and mucus
			Located on inside surfaces of body + fundus- proximal 80%
		Pyloric glands secrete mucus and gastrin
			Located in the distal 20% of the stomach
	Oxyntic glands
Three types of cells- mucous neck cells- sec mucus, peptic/chief cells- secrete pepsinogen, parietal/oxyntic cells- sec HCl + intrinsic factor
		Secretion of HCl- formed within canaliculi of parietal/oxyntic cells
Main driving force for HCl secretion is a H-K pump (H-K-ATPase)
				Water inside parietal cell dissociated into H + OH
H actively secreted into canaliculus in exchange for K (catalyzed by H-K-ATPase)
					K transported into cell by Na/K-ATPase on 

basolateral side of membrane
Creates low IC Na, which contributes to Na reabsorption from lumen of canaliculus
OH accumulates within cell and froms HCO3 from CO2 formed during metabolism or entering in (catalyzed by carbonic anhydrase)
Bicarb then transported across basolateral membrane in exchange for chloride
				Water passes into canaliculus by osmosis
		Backleak of HCl prevented by gastric barrier (alkaline mucus + tight 
jxns)
		Gastric secretion is stimulated by ACh (pepsinogen, HCl and mucus), 
gastrin and histamine (only HCl)
		Secretion and activation of pepsinogen
			Secreted inactive; contact with HCl---active pepsin
		Secretion of intrinsic factor- essential for absorption of Vit B12 in 
ileum
[bookmark: _GoBack]	Pyloric glands- sec of mucus and gastrin
Contain mostly mucous cells- secrete large amount of mucus and small amount of pepsinogen
		Secrete gastrin which controls gastric secretion
	Stimulation of gastric acid secretion
Enterochromaffin-like cells (ECL cells)- secrete histamine irt gastrin
			Gastrin sec by gastrin cells (G cells) in pyloric glands in antral 
portion of stomach irt to protein
Histamine stimulates gastric HCl secretion
	Regulation of pepsinogen secretion
Stim by ACh released from vagus nerves or from gastric enteric nervous plexus
		IRT acid 
	Phases of gastric secretion- cephalic phase, gastric phase, intestinal phase
Cephalic phase- neurogenic signs originate in cerebral cortex and appetite centers of amygdala and hypothalamus, transmitted through motor nuclei of vagi and then vagus nerves to stomach- 30%
Gastric phase- excites long vagovagal reflexes from stomach to brain and back to stomach, local enteric reflexes, gastrin mech- 60%
Intestinal phase- small amounts of gastrin released by duod mucosa- 10%
	Inhib of gastric secretion
Presence of food in small intestine initiates a reverse enterogastric reflex transmitted through myenteric nervosu system and extrinsic sympathetic and vagus nerves
		Secretin, gastric inhibitory peptide, vasoactive intestinal polypeptide 
and somatostatin
Also reduce gastric motility
	Gastric sec during interdigestive period- mainly mucus normally
Pancreatic Secretion
Large compound gland- enzymes sec by acini and bicarb sec by small ductules and larger ducts
		Flow through pancreatic duct- empties into duod
	Secreted most abundantly irt presence of chyme 
	Secretes insulin directly into blood (Islets of Langerhans)
	Pancreatic digestive enzymes
Proteins- trypsin, chymotrypsin, carboxypolypeptidase (into peptides; carboxypolypeptidase can digest to AAs)
		Carbs- amylase (into disaccharides)
		Fats- lipase (into FAs + monoglycerides), cholesterol esterase 
(hydrolysis of cholesterol esters), phospholipase (splits FAs from phospholipids)
Proteolytic enzymes in inactive forms
			Active in intestines
			Trypsinogen activated by enterokinase, or autocatalytically by 
Trypsin
Trypsin activates chymotrypsin, carboxypolypeptidase
Secretion of trypsin inhibitor prevents digestion of panc
	Effect of trypsin inhibitor overwhelmed in pancreatitis
	Secretion of bicarb ions by ductules and ducts
CO2 diffuses to interior of cell from blood and combines with H20 (carbonic anhydrase) to form carbonic acid (H2CO3)- dissociates into bicarb + H
HCO3 actively transported in associated with Na into lumen
H exchanged for Na through blood border by secondary active process- supplies Na for transport to maintain electrical neut
Creates osmotic pressure gradient- creates isosmotic bicarb sol
Reg of sec: ACh from parasympathetic vagus, cholecystokinin (by duod/jej mucosa irt food), secretin (by duod/jej mucosa irt acid)
ACh, cholecystokinin stim acinar cells of panc to pdc digestive enzymes, secretin stim pancreatic ductal epi to pdc bicarb
		Different stim  potentiate eachother
	Three phases of sec- cephalic, gastric, intestinal
		Cephalic- similar to gastric sec (Ach release by vagus)- 20%
		Gastric- 10%
		Intestinal- mainly irt secretin- 70%
			Secretin present as prosecretin in S cells in duod/jej mucosa
				Secretin released irt HCl of chyme
					HCl + NaHCO3 --- NaCl + H2CO3 --- CO2 (exp) + 
H20
	Bicarb sec by panc provides approp pH for action of panc dig enzymes (7-8)
	Cholecystokinin- released irt to food (esp proteoses and peptones (pdts of 
partial protein dig) + long chain FAs) in prox small intestine from I cells in mucosa of duod/jej
	Causes mainly sec of pancreatic digestive enzymes by acinar cells 
Secretion of bile by the liver
Bile impt for fat digestion and absorption b/c bile acids help to emulsify fat and aid in absorption of digested fat
	Bile serves a means for exc of waste pdts (bilirubin + excess CH)
	Bile sec in 2 stages
1. Sec by hepatocytes into bile canaliculi
2. Bile empties into terminal bile ducts, finally reaching hepatic duct + common bile duct
a. Empty into duod or diverted to cystic duct to GB
b. Addition of sodium and bicarb occurs- stim by secretin
Storage and concentration of bile in GB
	GB absorption caused by active transport of Na through GB epithelium
		Followed by secondary absorption of Cl, H20
Composition of bile
Bile salts mostly, bilirubin, CH, lecithin, electrolytes (water and lytes reabsorbed in concentrating process)
Emptying of GB- stim by cholecystokinin (stim for CCK entry into blood is fat)
	Also ACh-sec fibers from vagi and enteric nervous system
Function of bile salts in fat digestion and absorption
Prescursor of bile salts is CH---cholic acid or chenodeoxycholic acid--- combine with glycine or taurine to form glycol- and tauro-conjugated bile acids--- salts (Na-salts) secreted into bile
		Two important actions:
1. Emulsify fat
2. Help in absorption by forming micelles with lipids
EHC of bile salts- 94% reabsorbed (1/2 by diffusion and ½ by active transport)
	Rate of bile secretion directly related to availability of bile salts
Secretin also stimulates bile secretion- increase almost entirely increase in bicarb-rich watery solution by epithelial cells of bile ductules/ducts
CH almost completely insoluble in water but bile salts and lecithin in bile result in micelles
Under abnormal conditions, CH may precipitate out resulting in gallstones
Inflammation from GB epithelium may change absorptive capacity of GB mucosa, allowing excessive absorption of water and bile salts but leaving behind CH
Secretions of small intestine
	Mucus by Brunner’s Glands (compound mucus glands) in duod (prox)
IRT tactile/irritating stim on mucosa, vagal stim, GI hormones (secretin); inhib by symp stim
		Contain large amount of bicarb
Secretion of intestinal digestive juices by Crypts of LIeberkuhn (lie between intestinal villi)
Surfaces of crypts and villi covered by epithelium composed of goblet cells (mucus) and enterocytes (in crypts sec water + lytes; in villi reabsorb)
Mech of secretion of watery fluid believed to involved active sec of Cl + bicarb which leads to secondary drag of Na and osmotic movement of H20
	Digestive enzymes in small intestinal secretion
		Peptidases- split peptides into AAs
		Sucrase, maltase, isomaltase, lactase split disaccharides into 
monosaccharides
		Lipase split neutral fats into glycerol + fatty acids
Epithelial cells in crypts undergo continual mitosis with migration to villi tips- life cycle ~ 5 days
Secretion of mucus by large intestine by Crypts of Lieberkuhn
	Contains mod amount of bicarb
Reg by direct, tactile stim of epithelial cells, local nervous reflexes, parasymp innervation by pelvic n
	Protects mucosa + binds feces
	Irritation to mucosa results in excess sec of water and lytes--- diarrhea
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