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I.  Alimentary tract 


A.  tube like structure 



1.  approximately 6' long





2.  length increases with relaxation of longitudinal muscle


B.  provides the body with:



1.  water



2.  electrolytes



3.  nutrients


C.  functions:



1.  movement of food



2.  storage of food



3.  secretion of digestive juices 



4.  digestion of food



5.  absorption of digestive products

II.  Gastrointestinal motility


A.  layers of intestinal wall: (internal to external)



1.  mucus layer (mucosa)




a.  epithelium




b.  lamina propria





1.  collagen





2.  elastin





3.  glands





4.  lymph nodes





5.  vascular supply

 



6.  mucosa - contains muscularis mucosae



2.  submucosa




a.  submucosal plexus




b.  (aka) Meissner's plexus



3.  muscularis externa




a.  longitudinal muscle layer




b.  circular muscle layer




c.  myenteric plexus (Auerbach's plexus)



4.  serosa

 


B.  smooth muscle



1.  200-500 (m in length



2.  2-10 (m in diameter



3.  arranged in bundles (up to 1000 parallel fibers)



4.   extend down the intestinal tract (longitudinal muscle layer) 



      and around the gut (circular muscular layer)



5.  connected by gap junctions - allowing for movement of ions 



     from one cell to the next



6.  electrical signals travel readily, longitudinally from one fiber 



     to the next within a bundle - 



7.  muscle functions as syncytium - bundles are separated by 



     connective tissue but are fused at points



8.  excitation can travel through muscle layers



9.  cell structure




a.  caveolae - may function similar to T-tubules




b.  no T-tubule system in smooth muscle




c.  dense bodies 





1.  act as Z bands





2.  contain ( actin





3.  held in place by intermediate bodies




d.  contains mitochondria




e.  limited Golgi apparatus




f.  Ca++-Calmodulin pathway





1.  phosphorylatoin of myosin





2.  activated myosin binds with actin to form contraction





3.  slow & steady

III.  Electrical activity


A.  GI smooth muscle exhibits almost continual slow electrical 


      activity, usually in rhythm


B.  types of electrical waves:



1.  slow waves




a.  determine rhythm of GI contractions




b.  undulating changes in resting membrane 




     potential - are not action potentials




c.  resting membrane potential -50 to -60 mV




d.  intensity = 5 - 15 mV




e.  frequency = 3- 12 / min. (3 in stomach, 12 in duodenum,



                8 - 9 in terminal ileum)




f.  cause of slow waves is unknown - maybe slow undulation 



 
     of Na+/K+ pump




g.  usually cause contraction only in the stomach 




h.  in the stomach - slow waves initiate contractions




i.  control appearance of intermittent spike potentials



2.  spike potentials




a.  cause most of the muscle contraction




b.  true action potentials




c.  occur when resting membrane exceeds -40 mV (becomes more 



     positive)




d.  last 10 - 40 times longer (slower) than action potential in 




     large nerves




e.  generated by calcium-sodium channels (slower than sodium 



     channels) slow to open & slow to shut




f.  movement of calcium into muscle fiber during the action 



    potential enhances smooth muscle contraction




g.  produce about 1-10/sec




h.  caused by increased depolarization



3.  changes in the voltage of the resting membrane potential 




a.  resting membrane potential





1.  average = -56 mV





2.  range = -50 to -60 mV




b.  depolarization  





1.  membrane becomes more positive and excitable





2.  factors that depolarize the membrane:






a.  stretching of the muscle






b.  stimulation by acetylcholine






c.  stimulation by the parasympathetic nerves that 





     
     secrete acetylcholine






d.  stimulation by GI hormones




c.  hyperpolarization  





1.  membrane becomes more negative and less excitable





2.  factors that hyperpolarize the membrane

 




a.  epinephrine






b.  norepinephrine






c.  sympathetics



4.  calcium ions




a.  entry of calcium into muscle fiber causes contraction




b.  not affected by slow waves




c.  large amounts of calcium enters muscles during spike 




     potentials and causes contraction



5.  tonic contraction of some GI smooth muscle 




(not completely understood)




a.  continuous contraction




b.  not associated with basic electrical rhythm of slow waves




c.  lasts several minutes to several hours with varying intensity




d.  can be caused by:





1. repetitive spike potentials





2.  hormones





3.  factors causing continuous depolarization without 




     causing action potentials





4.  continuous entry of calcium 





     (channel stuck in open position)
IV.  Neural Control

A.  enteric nervous system



1.  nervous system of GI tract - contains 2 plexuses



2.  lies in the wall of the gut
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3.  begins in the esophagus



4.  extends to anus



5.  contains about 100 million neurons



6.  controls primarily GI movements and secretion



7.  contains sympathetic and parasympathetic fibers



8.  can function on its own or with the ANS


B.  enteric plexuses:



1.  myenteric plexus or Auerbach's plexus (cord appearance)




a.  outer plexus




b.  lies between the longitudinal and circular muscle layers




c.  controls mainly the GI movements





1.  increases tonic contraction  (= tone of gut)





2.  increases intensity of rhythmical contractions





3.  slightly increases rate of rhythm of contraction





4.  increases velocity of conduction (increases movement of 



     peristaltic waves)




d.  mostly linear chains of interconnecting neurons extending 




     the length of the gut




e.  excitatory and inhibitory




f.  inhibitory to pyloric sphincter and ileocecal valve sphincter - 




    in order to move food



2.  submucosal plexus or Meissner's plexus (net or mesh appearance)




a.  inner plexus




b.  lies in submucosa




c.  controls mainly GI secretions and local blood flow




d.  controls function of inner wall





1.  local intestinal secretion





2.  local absorption





3.  local contraction of muscularis mucosae - causes folds 




     in intestinal mucosa

Neurotransmitters and Neuromodulators in the Enteric Nervous System


Substance


Source


Actions


Acetylcholine (ACH)

Cholinergic neurons
Contraction of smooth muscle in wall








Relaxation of sphincters








( Salivary secretion








( Gastric secretion








( Pancreatic secretion


Norepinephrine (NE)

Adrenergic neurons
Relaxation of smooth muscle in wall








Contraction of sphincters








(Salivary secretion


Vasoactive intestinal 

Neurons of mucosa &
Relaxation of smooth muscle 

peptide (VIP)


smooth muscle

( Intestinal secretion








( Pancreatic secretion


Gastrin-releasing peptide
Neurons of mucosa and 
( Gastrin secretion

(GRP) or bombesin 

smooth muscle


Enkephalins (opiates)

Neurons of mucosa and 
Contraction of smooth muscle





smooth muscle

( Intestinal secretion


Neuropeptide Y


Neurons of mucosa and 
Relaxation of smooth muscle





smooth muscle

( Intestinal secretion


Substance P


Co-secreted with ACH
Contraction of smooth muscle








( Salivary secretion


C.  neurotransmitters secreted by the enteric neurons - 



(functions are not completely understood)



1.  acetylcholine - most often excites GI activity



2.  norepinephrine - almost always inhibits GI activity



3.  adenosine triphosphate



4.  serotonin



5.  dopamine



6.  cholecystokinin



7.  substance P



8.  vasoactive intestinal polypeptide



9.  somatostatin


          10.  leu-enkephalin


          11.  met-enkephalin


          12.  bombesin


D.  autonomic control of GI tract



1.  parasympathetic innervation - extensive supply to portions nearest the 


     oral cavity and anus




a.  two division:





1.  cranial





2.  sacral




b.  transmitted almost entirely in the vagus nerves




c.  innervate:





1.  esophagus





2.  stomach





3.  pancreas





4.  less extensive innervation to the intestines through 




    "approximately" the first half of the large intestine




d.  sacral parasympathetics:





1.  originate in 2nd, 3rd, 4th sacral segments





2.  pass through pelvic nerves to distal ½  of large intestine





3.  sigmoidal, rectal and anal regions highly supplied 





     with parasympathetics for defecation reflexes




e.  postganglionic neurons:





1.  located in the myenteric and submucosal plexuses





2.  stimulation causes general increase in activity of entire 




     enteric nervous system; mostly excitatory but some 




     inhibitory



2.  sympathetic innervation:




a.  originate between segments T-5 and L-2




b. most enter and pass through sympathetic chain to 




    outlying ganglia
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c.  most postganglionic neuron bodies are located in the celiac 



     ganglion (CG), superior mesenteric ganglia (SMG), and inferior 


     mesenteric ganglia (IMG)





d.  innervate all portions of gut




e.  nerve endings secrete norepinephrine




f.  generally inhibits activity




g.  effects:





1.  norepinephrine inhibits most smooth muscle






2.  norepinephrine excites mucosae





3.  norepinephrine inhibits neurons of the enteric 





     nervous system





4.  strong sympathetic stimulation can block movement of 




     food through the GI tract


E.  afferent sensory nerve fibers from the gut



1.  many afferent sensory nerve fibers arise in the gut



2.  some have cell bodies in the enteric nervous system



3.  stimulated by:




a.  irritation of the gut mucosa




b.  excessive distention of the gut




c.  presence of specific chemical substances in the gut





4.  can cause excitation or inhibition



5.  types:




a.  afferent fibers that terminate in the enteric nervous system




b.  afferent fibers with cell bodies in the enteric nervous system but 


     sends axon through the ANS nerves to terminate in the 




     prevertebral sympathetic ganglia (celiac, mesenteric, and 



     hypogastric ganglia)




c.  afferent fibers with cell bodies in the dorsal root ganglia of s.c. 



     or cranial nerve ganglia; transmitting signal directly into spinal 



     cord or brain stem via nerve trunks along with the ANS fibers 



     (ex. vagus, which is 80% afferent, transmits into medulla and 



      initiates GI reflexes)


F.  GI reflexes - 3 types



1.  reflexes that occur entirely within the enteric nervous system (i.e., 


     reflexes that control GI secretion, peristalsis, mixing contractions, local 

     inhibitory effects, etc.)



2.  reflexes from the gut to the prevertebral sympathetic ganglia and 



     then back to the GI tract




a.  transmits signals for long distances




b.  gastrocolic reflex - from stomach to colon to cause evacuation 



     of the colon




c.  enterogastric reflexes - signals from colon and small intestine to 


     inhibit stomach motility and stomach secretion




d.  coloileal reflex - reflexes from the colon to inhibit emptying 



     of ileal contents into the colon



3.  reflexes from the gut to the spinal cord or brain stem and them back to 


     the GI tract




a.  reflexes from the stomach and duodenum to the brain stem and 



     back to the stomach - by way of the vagus nerves - to control 



     gastric motor and secretory activity




b.  pain reflexes that cause general inhibition of the entire 




     gastrointestinal tract - generally inhibit gut motility




c.  defecation reflexes that travel to the spinal cord and back again 



     to produce the powerful colonic, rectal, and abdominal 




     contractions required for defecation (=defecation reflexes)

Summary of Gastrointestinal Hormones


Hormone
Site of Secretion


Stimuli for Secretion
Actions


Gastrin

G-cells of the stomach

Small peptides and 
(Gastric H+ secretion







      amino acids

Stimulates growth of







Distention of the 
      gastric mucosa







       stomach







Vagal stimulation







       (GRP)


Cholecystokinin
( cells of the duodenum 

Small peptides and
(Pancreatic enzyme 

  (CCK) 
     and jejunum 


     amino acids

        secretion







Fatty acids

(Pancreatic HCO3-









        secretion










Stimulates contraction of 








    the gallbladder and 









     relaxation of the 









     sphincter of Oddi










Stimulates growth of the 









     exocrine pancreas 









     and gallbladder










Inhibits gastric emptying


Secretin

S cells of the duodenum

H+ in the duodenum
( Pancreatic HCO3-






Fatty acids in the 
      secretion







    duodenum

(Biliary HCO3-









      secretion










(Gastric H+ secretion










Inhibits trophic effect of 









      gastrin on gastric 









      mucosa

Gastric
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inhibitory 
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V.  Hormonal Control of GI Motility


A.  cholecystokinin



1.  secreted by "I" cells in the mucosa of duodenum & jejunum



2.  secreted in response to breakdown products of fat, fatty acids, and 


     monoglycerides



3.  potent stimuli for contraction of gallbladder for the release of bile for 


     the emulsification of fatty substances



4.  inhibits stomach motility moderately


B.  secretin



1.  secreted by "S" cells in the mucosa of duodenum



2.  secreted in response to acidic gastric juice emptied from stomach 


     through the pylorus



3.  mild inhibitory effect on the motility of most of the GI tract


C.  gastric inhibitory peptide



1.  secreted by the mucosa of the upper small intestine



2.  secreted in response to fatty acids, amino acids, and to a lesser extent 

     
     in response to carbohydrates



3.  mild effect on decreasing motor activity of the stomach



4.  slows emptying of gastric contents into the duodenum when the upper 


     small intestine is already filled

VI.  Functional Types of Movements in the Gastrointestinal Tract

A.  propulsive movements



1.  move food along the tract at an appropriate rate for digestion and 


     absorption



2.  peristalsis = basic propulsive movement - aids in mixing
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 Peristaltic Contraction


3.  contractile ring around gut moving forward



4.  stimuli for peristalsis: 




a.  distention of the gut




b.  irritation of the epithelial lining




c.  extrinsic nervous signal (particularly parasympathetic)
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5.  effectual peristalsis requires an active myenteric plexus



6.  peristalsis diminished or halted by:




a.  congenital absence of myenteric plexus




b.  atropine (paralyzes cholinergic nerve endings of 




     myenteric plexus)



7.  peristalsis essentially moves analward



8.  peristaltic wave moves 5 to 10 centimeters



9.  receptive relaxation = peristaltic wave causes gut to relax downstream


          10.  myenteric reflex = peristaltic reflex (pattern of peristaltic wave and 


     downstream relaxation)


          11.  "law of the gut" = peristaltic reflex + analward direction of movement 


      of the peristalsis


B.  mixing movements - rhythmical segmentations



1.  keep intestinal contents thoroughly mixed 



2.  varying throughout the GI tract



3.  local constrictive contractions occur every few centimeters in 



     the gut wall


            Mixing Movements - Rhythmical Segmentations 


C.  migrating motor complex: (this section is found in chapt. 63 of G&H)



1.  occurs many hours after eating or during fasting



2.  recurs about every 90 minutes



3.  moderately active peristaltic waves sweep slowly downward 



     along the stomach and small intestine



4.  sweeps excess digestive secretions and debris into colon



5.  begins in body of stomach and spreads through the ileum



6.  40 cm area of contraction moves @ 6-12 cm/min



7.  a block of about 50 waves lasts about 6-10 min



8.  when one complex reaches ileum, another starts in stomach
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VII.  GI Blood Flow


A.  splanchnic circulation - blood flow in gut, spleen, pancreas, and liver


B.  blood flows through gut, spleen and pancreas and then to liver via portal vein


C.  goes through liver sinusoids and leaves lever via hepatic veins and into 


      vena cava


D.  reticuloendothelial cells lining sinusoids remove bacteria, etc., from GI tract


E.  most non-fat, water-soluble nutrients absorbed from the gut are transported via 
      the portal venous blood


F.  reticuloendothelial cells and hepatic cells of liver absorb and store temporarily, 
     ½ to ¾ of all absorbed nutrients


G.  most absorbed non-water-soluble, fat-based nutrients are almost all absorbed 

      into the intestinal lymphatics and returned to the blood by way of the thoracic 
   
      duct


H.  blood supply:



1.  superior mesenteric artery (walls of small and large intestine)



2.  inferior mesenteric artery (walls of small and large intestine)



3.  celiac artery (stomach)


I.  blood flow after a meal:



1.  (100-150%



2.  ( muscle activity



3.  ( secretions



4.  ( absorption


J.  local blood flow is directly related to local metabolism 



1.  increased release of vasodilators from mucosa 



     (most are peptide hormones) 




a.  cholecystokinin




b.  vasoactive intestinal peptide 




c.  gastrin




d.  secretin




e.  (adenosine

















2.  kinins released from GI glands (powerful vasodilators)




a.  kallidin




b.  bradykinin



3.  decreased O2 concentration in the gut


K.  countercurrent blood flow mechanism in the villi



1.  arterial and venous flow are in opposite directions = countercurrent



2.  O2 diffuses from arterioles to venules without reaching top of venule



     (this can be a problem when coupled with other GI pathologies)


L.  nervous control of GI blood flow



1.  parasympathetic nerves to stomach and lower colon indirectly (blood 


     flow along with glandular secretion



2.  sympathetic stimulation has a direct effect on almost all the GI tract by 


     causing intense vasoconstriction of the arterioles



3.  autoregulatory escape will override sympathetic stimulation to protect 


     GI tract



4.  sympathetic vasoconstriction plays an important role in crisis




a.  200-300 ml of blood shunted from GI




b.  exercise




c.  circulatory shock




d.  hemorrhagic shock




e.  fight or flight
















