Transport and Mixing of Food in the Alimentary Tract
Physiology III, Tri 4

Guyton & Hall, Chapter 63

I.  Ingestion of Food


A.  controlled by:



1.  hunger




a.  desire for food




b.  regulates intake of food



2.  appetite - type of food desired 


B.  mastication = chewing - needs teeth & tongue



1.  incisors 




a.  anterior teeth  




b.  strong cutting action




c.  chisel shaped



2.  molars 




a.  posterior teeth  




b.  grinding action




c.  flat surface




d.  strong root structure



3.  jaw muscles generated force - up to 55 lbs. on incisors and 



     200 lbs. on molars




4.  most muscles of chewing - innervated by motor branch of the 5th 


     cranial nerve



5.  controlled by nuclei in brain stem



6.  stimulation for continual rhythmical chewing movements




a.  reticular formation near center for taste 




b.  areas of hypothalamus, amygdala and cerebral near sensory 



     areas for taste and smell



7.  chewing reflex = presence of a bolus of food in the mouth at first 


     initiates reflex inhibition of the muscles of mastication, causing the 


     lower jaw to drop.  The drop initiates a stretch reflex that leads to 


     rebound contraction, raising the jaw to cause closure of the teeth.  The 


     bolus is compressed against the linings of the mouth and the process is 


     repeated.



8.  break cellulose membranes of fruits and vegetables



9.  increases surface area - rate of digestion is dependent on surface area


          10.  prevents excoriation (scratching) of GI tract


C.  swallowing = deglutition




      esophagus





1.  complicated mechanism





><



2.  passage of food is coordinated with breathing 



3.  stages of:






       stomach




a.  voluntary stage - initiates swallowing




b.  pharyngeal stage - involuntary; constitutes passage of food 



     through pharynx into esophagus





1.  stimulation of swallowing receptor areas of posterior 




     mouth and pharynx by bolus





2.  stimulus travels to brainstem to initiate series of 





     automatic pharyngeal muscle contractions





3.  soft palate is pulled upward to close posterior nares





4.  palatopharyngeal folds (arches) are pulled medially to 




     form a sagittal slit for the passage of food (lasts about 1 




     sec.)





5.  sagittal slit allows only sufficiently masticated 





     food to pass





6.  larynx & hyoid bone is pulled upward and anteriorly by 




     neck muscles





7.  epiglottis swings backward over the opening of the 




     larynx





8.  food is prevented from entering the trachea





9.  opening of the esophagus enlarges




          10.  upper esophageal sphincter (a.k.a. pharyngoesophageal 




     sphincter) relaxes, allowing food to pass (between 




     swallows it remains constricted)  




          11.  when larynx is raised and pharyngoesophageal sphincter 



     is relaxed, a rapid peristaltic wave begins at the superior 




     part of the pharynx and spreads to the esophagus




          12.  summary- trachea closes, esophagus opens, fast 





     peristaltic wave forces food into esophagus 




          13.  process takes less than 2 seconds




          14.  nervous control:






a.  tactile area lie in ring around pharyngeal opening






b.  sensory impulses are transmitted to trigeminal 





     and glossopharyngeal nerves in medulla in/near 





     tractus solitarius






c.  stages of swallowing are controlled by reticular 





     substance of medulla and lower pons






d.  sequence and timing of swallowing remains 





     constant






e.  motor impulses - 5th, 9th, 10th, 12th, and superior 





     cervical nerves






f.  swallowing is a reflex initiated by food in the 





     back of the mouth






g.  swallowing center of medulla overrides 






     respiratory center




c.  esophageal stage - involuntary 





1.  passage of food from pharynx to stomach





2.  2 types of peristaltic movements






a.  primary peristalsis







1.  continuation of pharyngeal peristalsis







2.  passes from pharynx to stomach in 







     8-10 sec.







3.  aided by gravity






b.  secondary peristalsis







1.  occur when primary peristalsis fails to 






     move food into stomach







2.  caused by distention of esophagus







3.  continues until all food is emptied







4.  initiated by intrinsic neural circuits in 






     esophageal myenteric nervous system 






     and reflexes transmitted through vagal 






     afferent fibers from the esophagus to the 






     medulla and back again to the esophagus 






     through vagal efferent fibers







5.  musculature of pharynx and upper third 






     of esophagus is striated muscle controlled 





     by skeletal nerve impulses in 







     glossopharyngeal and vagus nerves 







6.  lower 2/3 is smooth muscle controlled by 





     vagus via myenteric nervous system







7.  myenteric nerve plexus causes 







    swallowing in lower 2/3 in the absence of 






    vagus input





3.  receptive relaxation of stomach






a.  esophageal peristaltic wave moves toward 





     stomach






b.  myenteric inhibitory neurons cause wave of 





     relaxation to precede the peristaltic wave

 




c.  stomach and duodenum become relaxed as wave 





     reaches lower esophagus



4.  function of lower esophageal sphincter (gastroesophageal sphincter)




a.  circular muscle




b.  2-5 cm above juncture with stomach




c.  normally tonically constricted




d.  about 30 mm Hg pressure (mid-esophagus is relaxed)




e.  receptive relaxation causes esophageal sphincter to relax




f.  achalasia = failure of sphincter to relax




g.  sphincter prevents reflux of stomach into esophagus




h.  lower esophageal sphincter is aided by valve-like mechanism of 


     the short portion of the esophagus that lies below the 




     diaphragm



5.  dysphagia




a.  Nut-cracker esophagus





1.  ( pressure





2.  angina-like pain




b.  diffuse spasm - single wave




c.  Achalasia 





1.  neuromuscular disorder 





2.  lower esophageal sphincter fails to relax




d.  megaesophagus





1.  genetic abnormally





2.  myenteric plexus fails





3.  esophagus does not empty into stomach

II.  Motor Functions of the Stomach


A.  functional and anatomical regions



1.  fundus & cardia



2.  corpus (body)



3.  antrum



4.  pylorus



5.  proximal region



6.  distal region


B.  storage of  large quantities of food until the food can be processed in the 
  
      duodenum



1.  food forms concentric circles in orad portion of stomach



2.  newest food near esophagus, older food near lining of stomach



3.  vagovagal reflex causes reduction in tone of stomach wall



4.  stomach stretches to hold about 1.5 liters



5.  tone remains low until limit is reached


C.  mixing of food with gastric secretions until it forms chyme



1.  leading contraction - forces food through pyloric sphincter



2.  trailing contraction




a.  causes pyloric sphincter to contract




b.  promotes mixing & grinding of food



3.  gastric glands - (this section is covered in next lecture on chap. 64)




a.  secrete digestive juices




b.  cover wall of stomach except lesser curvature



4.  mixing waves = constrictor waves




a.  occur when food is in stomach




b.  begin in midportion of stomach




c.  move toward antrum




d.  rate:





1.  1/15-20 sec.





2.  0.5 cm/sec in corpus





3.  4 cm/sec. at terminal antrum




e.  initiated by basic electrical rhythm




f.  occur without action potentials




g.  become most intense as they move toward antrum




h.  peristaltic constrictor rings  





1.  force antral contents toward the pylorus





2.  mix stomach contents





3.  < 7mm object can be pass through pyloric sphincter 




     with leading contraction





4.  > 7 mm objects washed out by migrating contraction




i.  retropulsion = squirting of contents backward through the 



    peristaltic ring toward the body of the stomach due pressure of 



    the peristaltic ring and the contraction of the pyloric muscle



5.  formation of chyme




a.  food mixed with stomach secretions




b.  murky, milky semifluid or paste



6.  hunger contractions




a.  intense contraction of stomach




b.  rhythmical peristaltic contractions




c.  in body of stomach




d.  can cause 2-3 min. tetanic contraction




e.  most intense in young healthy people with high 




     degree of GI tonus




f.  increase with (blood glucose




g.  hunger pangs  





1.  pain in the pit of the stomach due to hunger contractions






2.  begin 12 - 24 hrs. after last ingestion





3.  most intense - 3-4 days in starvation





4.  in starvation - gradually weaken over time


D.  regulation of stomach emptying



1.  volume of food - (volume ( ( emptying



2.  composition of food



3.  physical state of the food eaten




a.  liquid food empties at a faster rate




b.  osmolarity - isotonic food is absorbed faster




c.  acidity - (acid of chyme will damage duodenum




d.  caloric content





1.  fat increases satiety





2.  fat is the slowest emptied from the stomach


E.  slow emptying of the food from the stomach into the small intestine



1.  emptying is promoted by intense peristaltic contractions of 



     stomach antrum




a.  pyloric pump - pumping action provided by peristaltic waves




b.  20% of contractions in stomach are intense, 80% are weak




c.  intense contraction produce a force of 50-70 cm of water 



     pressure




d.  the intensity of the waves determines the rate of stomach 



     emptying


 
2.  opposed by varying degrees of resistance to the passage of 



     chyme at the pylorus




a.  pylorus





a.  distal opening of the stomach





b.  50-100% greater muscular thickness than antrum





c.  continuous tonic contraction





d.  pyloric circular muscle = pyloric sphincter




b.  water and fluids pass through the pylorus with ease




c.  food must mix in the chyme and become fluid before passage 



     through the pylorus



3.  tonicity of pylorus is influenced by nervous and humoral signals form 


     the stomach and the duodenum




a.  duodenum has greatest influence on stomach emptying




    
1.  multiple nervous reflexes are initiated by food entering 




     the duodenum





2.  initiated by the duodenal wall to stomach





3.  slow or stop the stomach from emptying





4.  initiated via 3 routes:






a.  directly from the duodenum to the stomach 





     through the enteric nervous system in the 






     gut wall






b.  through extrinsic nerves that go to the 






     prevertebral sympathetic ganglia and then back 





     through inhibitory sympathetic nerve fibers to 





     the stomach






c.  probably to the a slight extent - through vagus 





     nerves to the brain stem - to inhibit normal 





     excitatory signals to stomach through vagi.





5.  effects of these reflexes:






a.  strongly inhibit antral propulsive contraction






b.  increase slightly to moderately the tone of the 





     pyloric sphincter




b.  weak gastric factors that promote emptying





1.  food volume in stomach





2.  stretching (not pressure)of gastric walls elicits myenteric 



     reflexes to excite pyloric pump and slightly inhibit the 




     pylorus





3.  gastrin  






a.  hormone 






b.  secreted in response to digestive products 






     of meat






c.  has potent effect to cause secretion of highly 





     acidic gastric juice by the stomach glands






d.  mild to moderate stimulatory effects on motor 





     function of the stomach 






e.  ( activity of pyloric pump






f.  (pyloric sphincter






g.  (esophagus sphincter






h.  relaxes ileocecal valve


F.  factors that excite the enterogastric reflexes which are monitored 


      in the duodenum (approx. 12" long)



1.  enteric nervous system



2.  extrinsic nerves




a.  prevertebral sympathetic ganglia




b.  inhibitory effect



3.  vagus



4.  degree of distention of the duodenum



5.  presence of irritation of the duodenal mucosa



6.  degree of acidity of the duodenal chyme




a. reflex activated within 30 sec.




b.  prevents movement of chyme into duodenum when 




     pH is < 3.5 - 4



7.  degree of osmolality of the chyme




a.  elicited by hypotonic or hypertonic solution




b.  prevents rapid change in electrolyte concentrations in the 



     extracellular fluid during absorption



8.  presence of certain breakdown products in the chyme - especially from 


     proteins and fats


G.  hormonal feedback from the duodenum



1.  fats - main stimulus



2.  hormones carried through blood to stomach to inhibit activity of the 


     pyloric pump and increase contraction of the pyloric sphincter



3.  fats are slower to be digested



4.  cholecystokinin (CCK) - probably the most important




a.  most powerful inhibitor




b.  released from the mucosa of jejunum in response to fat




c.  competitive inhibitor




d.  blocks increased stomach motility caused by gastrin/acts in 



     opposition to gastrin



5.  secretin




a.  released from duodenal mucosa




b. stimuli = gastric acid




c.  weakly decreases GI motility



6.  gastric inhibitory peptide = GIP




a.  released from upper small intestine




b.  stimuli = fats and carbohydrates




c.  inhibits gastric motility in some conditions




d.  stimulates insulin secretion


H.  summary of the control of stomach emptying



1.  controlled moderately by stomach factors




a.  degree of filling




b.  excitatory effect of gastrin



2.  controlled mainly by duodenum - enterogastric nervous system 



     feedback reflexes and hormonal feedback




a.  too much chyme is in the small intestine




b.  chyme is acidic, or contains unprocessed protein or fat




c.  is hypotonic or hypertonic




d.  irritation



3.  stomach emptying is limited to by amount of chyme the small intestine 


     can process

III. Movements of the Small Intestine

A.  mixing contractions



1.  stretch of intestinal wall elicits localized concentric contractions



2.  longitudinal length = 1cm



3.  segmentation = set of contractions



4.  frequency of segmentation is determined by frequency of slow wave in 


     intestinal wall (basic electric rhythm)



5.  max. frequency in duodenum and proximal jejunum is 12/min



6.  max. frequency in terminal ileum = 8-9 / min



7.  atropine diminishes segmentation contractions



8.  segmentation contractions are not effective w/o the enteric 



     nervous system


B.  propulsive contractions



1.  chyme is propelled by peristaltic waves



2.  peristaltic waves occur throughout the small intestine



3.  move analward @ 0.5 - 2.0 cm/sec



4.  move faster in proximal and slower in terminal intestine



5.  peristaltic waves are weak and die out after 3-5 cm



6.  movement of chyme in small intestine = 1 cm/min



7.  chyme requires 3-5 hrs. to move from pylorus to ileocecal valve


C.  peristaltic activity



1.  increased after a meal - due to chyme entering intestine & food 



     entering stomach



2.  enhanced by gastroenteric reflex



3.  enhanced by hormones:




a.  gastrin




b.  CCK





1.  (stomach motility





2.  (movement in small intestines




c.  insulin




d.  serotonin



4.  inhibited by hormones:




a.  secretin




b.  glucagon



5.  segmentation contractions also have propulsive effect



6.  peristaltic rush:




a.  intense irritation of intestinal mucosa




b.  infectious diarrhea




c.  powerful and rapid peristalsis




d.  initiated by extrinsic nervous reflexes to ANS ganglia and brain 


     stem and back to gut and by direct enhancement of myenteric 



     plexus reflexes




e.  powerful peristaltic contractions travel long distances 




     within minutes



7.  migrating motor complex,(this is covered in the lecture on chapt. 62)




a.  occurs many hours after eating or during fasting




b.  recurs about every 90 minutes




c.  moderately active peristaltic waves sweep slowly downward 



     along the stomach and small intestine




d.  sweeps excess digestive secretions and debris into colon




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




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




g.  lasts about 6-10 min




h.  when one complex reaches ileum, another starts in stomach



8.  muscularis mucosae




a.  cause folds in intestinal mucosa




b.  increase surface area




c.  increase rate of absorption




d.  contractions "milk" villi




e.  contractions are initiated by local nervous reflexes in 




     submucosal plexus in response to chyme


D.  function of the ileocecal valve



1.  principal function - prevent backflow of fecal contents from the 



     colon into the small intestine



2.  pressure in cecum forces valve closed - does not open after every meal



3.  resist back pressure of 50 - 60 cm of water



4.  ileocecal sphincter = thickened muscular coat



5.  remains mildly constricted except after a meal (gastroileal reflex)



6.  about 1500 ml of chyme into the cecum each day


E.  feedback control of ileocecal sphincter



1.  controlled by reflexes of cecum



2.  distention of cecum intensifies contraction of ileocecal sphincter 



3.  irritant in cecum delays emptying (ex. inflamed appendix)



4.  mediation of reflexes of cecum to ileocecal sphincter and ileum




a.  myenteric plexus




b.  extrinsic nerves - especially reflexes of the prevertebral 




     sympathetic ganglia

IV.  Movements of the Colon


A.  principal functions:



1.  absorption of water and electrolytes - proximal 1/2



2.  storage of fecal matter until expulsion - distal ½


B.  movements:



1.  mixing




a.  large circular constrictions - segmentation 




b. 2.5 cm in size




c.  can constrict lumen of colon




d.  haustrations





1.  simultaneous contraction of circular and longitudinal 




     muscles 





2.  teniae coli = longitudinal strips of muscle





3.  reach peak intensity in 30 sec. 





4.  last about 1 min.





5.  provide forward movement




e.  fecal matter is slowly dug into and rolled over in order to 



     maximize expose to wall of large intestine.




f.  allows for maximum absorption




e.  only 80-200 ml of chyme is lost in feces



2.  propulsive




a.  haustral contractions - slow analward movement





1.  occurs from ileocecal valve to transverse colon





2.  8-15 hrs. to move chyme from ileocecal valve through 




     transverse colon




b.  mass movements





1.  occurs from transverse colon to sigmoid





2.  occur 1-3 times / day





3.  occur most abundantly for about 15 min. during 1st hr. 




     after eating breakfast





4.  modified type of peristalsis






a.  constrictive ring occurs at a distended or irritated 




     point in colon (usually transverse colon) 






b.  20+ cm. of colon distal to constriction contract 





     as unit - forcing fecal material in mass down the 





     colon






c.  contraction intensifies for 30 sec.






d. after 2-3 min, another mass movement occurs






e.  mass movements continue to occur for 






    10-30 minutes






f.  mass movements move feces into rectum 






    stimulating desire for defecation





5.  initiation of mass movements;






a.  gastrocolic reflex






b.  duodenocolic reflex






c.  reflexes result from distention of stomach 






     and duodenum






d.  reflexes are dependent on extrinsic nerves 






     of ANS






e.  irritation (ex. ulcerative colitis) stimulates 





     constant mass movements






f.  intense parasympathetic stimulation






g.  overdistention of a segment of the colon


C.  defecation reflex



1.  controlled by the nerves of S2, S3, S4,



2.  rectum is usually empty



3.  movement of feces into rectum initiates desire for defecation



4.  movement of feces through is prevented by : 




a.  internal anal sphincter - thickened smooth muscle inside anus




b.  external anal sphincter - striated voluntary muscle surrounding 



     internal sphincter and extending distally





1.  controlled by fibers in pudendal nerve





2.  under voluntary, conscious control 




c.  Valsalva 





1.  deep breath





2.  contraction of abdominal muscles



5.  reflexes:




a.  gastrocolic reflex and duodenocolic reflex - moves contents to 



     colon




b.  intrinsic reflex





1.  mediated by local enteric nervous system





2.  relatively weak





3.  functions through myenteric plexus




c.  parasympathetic defecation reflex





1.  sacral segments of spinal cord





2.  through pelvic nerves





3.  powerful reflex





4.  overridden by toilet-training

V.  Other Autonomic Reflexes that Affect Bowel Activity


A.  peritoneointestinal reflex



1.  irritation of peritoneum



2.  strongly inhibits excitatory enteric nerves



3.  can cause intestinal paralysis (especially with peritonitis) 


B.  renointestinal reflex - kidney and bladder irritation


C.  vesicointestinal reflex - kidney and bladder irritation


D.  somatointestinal reflex - irritation of skin over the abdomen


E.  these reflexes:



1.  initiated by sensory signals that pass to prevertebral sympathetic 


     ganglia or spinal cord and transmitted through sympathetic nervous 


     system back to the gut



2.  all inhibit gastrointestinal activity - often very strong

