GI Motility

I. Introduction

a. Function of GI Motility: to propel, grind, mix, & store its contents

i. Functional segments may not always conform neatly w/ anatomical ones

b. Structure: a series of pumps, conduits, reservoirs & gates

c. Neural Control

i. Extrinsic 
1. Parasympathetic:  enters thru vagus (sacral n. at end) 

a. NTs—acetylcholine & substance P
b. stimulation => increased activity

2. Sympathetic—enters thru sympathetic nerve ganglion

a. NTs—NO & VIP 

b. stimulation => inhibition (decreased activity)

ii. Intrinsic

1. web of neurons w/in wall of GI tract; in communication w/ sympathetic & parasympathetic systems

2. extensive contact between neurons & w/ myocytes

3. key role in coordinating GI smooth mm. fxn

4. can act independently of CNS

5. Myenteric Plexus—between 2 layers of muscularis; very rich innervation

iii. Neural Stimulation

1. direct contact—cells are directly synapsed upon by nn.

2. indirect contact—cells that receive electronic signals thru adjacent cells

d. Types of Contractions
i. Phasic contractions—result from momentary stimulation and are used for pumping

ii. Tonic contractions—result in continuous pressure and must be relaxed to allow gating (sphincters)
e. Patterns of Phasic Contractions
i. Primarily Propulsive—progressive waves which completely occlude the lumen & propel food in a given direction

ii. Mixing & Propulsive—progressive waves which fail to completely occlude the lumen & leave some food behind 

iii. Mixing & Grinding—interrupted progressive waves which may be discoordinated => segmental contractions; fxn is to mix & grind

f. Slow Wave
i. Key for generating contractions from stomach downwards

ii. Generated by specialized cells (interstitial cells of Cajal (ICC))

iii. Begin in stomach and travel downward thru GI tract

iv. Frequency is characteristic of different parts of GI

v. Contractions => when spike potentials occur during slow waves (not every slow wave => a contraction!) 
g. Propagation of Contractions

i. Phase Locking—cells joined by tight jxns => synchronized contractions (=> progressive wave & unified contractions)

ii. Phase unlocking—cells not joined tightly => uncoordinated contractions (get segmental contractions)

h. Sphincters—zone of persistently high P separating sections of GI tract in order to regulate direction of motion

i. Proximal distension => relaxation allowing flow of material

ii. Distal Distension => contraction to prevent regurgitation 
II. Sections of GI
a. Oropharynx—part of alimentary & respiratory tracts

i. Components

1. Mouth—reservoir for chewing & mixing

2. Tongue—serves as pump 
3. UES—Upper esophageal sphincter; relaxes during swallowing

ii. Swallowing—initiation is under voluntary control, but once bolus enters pharynx it’s involuntary

1. normal swallow—progressive occlusive wave (primary peristalsis) down length of esophagus followed by 2nd wave moving down just after the first to “clear out” the esophagus (secondary peristalsis) 

2. tertiary peristalsis—uncoordinated movement of esophagus; is pathological

iii. Innervation

1. Sensory via CNs: V, IX, & X

2. Motor via CNs: V, VII, IX, X, & XII

3. Medulla—coordinates swallowing

b. Esophagus

i. Control of Coordination

1. upper 1/3 esophagus is striated => under CNS control

* Direct stimulation of vagus => contraction of upper 1/3

2. lower 2/3 esophagus s smooth => coordinated independent of CNS

* progressive peristalsis can occur w/o vagal stimulation

ii. Deglutitive Inhibition—striated mm. can swallow rapidly but sm. mm can’t keep up (refractory period) => just stays relaxed (open) until end of swallowing
iii. Latency Gradient—sm. mm have varying rates of response (latency period) to stimulation => coordinated progressive wave that’s independent of CNS control

c. Stomach

i. Function—serves as reservoir; distends but maintains constant pressure whether full/empty (maintains head pressure when empty)

ii. Antroduodenal Motility

1. gastric pacemaker—lies high on greater curvature of stomach; establishes pace of slow waves 

2. Fxn—to mix & grind gastric contents, jamming them against the closed pyloric sphincter (particles 1mm & smaller pass thru)

3. duodenal contractions (~12/min) are temporarily inhibited during gastric contractions (~3/min) to prevent regurgitation

d. Small Intestine

i. Goes thru MMC

ii. Lots of segmental contractions to promote digestion & absorption of all nutrients

iii. Ileocecal valve—separates ileum from colon; prevents retrograde flow (esp. important b/c of bac’s in colon); normal sphincter fxn

e. Large Intestine 

i. Segments

1. Right colon—more segmental contractions than SI; fxn is to absorb H2O

2. Transverse & Left colon—combine segmental contractions w/ periodic propulsive movements (mass movement) => move contents into rectum
ii. Lots of segmental movement; no phase locking
f. Anorectal

i. Rectum normally empty until lg. mass-movement waves push poop into rectum 

ii. Rectum fills w/ increasing pressure => IAS opens

iii. EAS (under voluntary control) & puborectalis mm. (pulls canal => angle decreases & harder to defecate) fxn to avoid incontinence until circumstances permit defecating 
III. Migrating Motor Complex (MMC)

a. “Housekeeper” => clears out GI tract

b. Four cycles:

i. Quiescent period

ii. Irregular contractions—for mixing
iii. Rapid contractions—start in stomach and propagate through the small intestine; for clearing food

iv. Transition period—for slowing of contractions

c. Sequence occurs @ ~ 90 min intervals

IV. Disorders

a. Oropharyngeal motility—can result from a variety of neurological/muscular disorders & => difficulty swallowing & coughing during meals

b. Esophageal motility—uncoordinated contractions OR LES may fail to relax; both => feeling of food sticking in throat & chest pain

c. Gastric Motility—weak antral contractions = gastroparesis 
d. SI Motility—can cause poor mixing & bacterial overgrowth

e. Colonic Motility

i. Too little motility => diarrhea
ii. Too much motility (esp. segmental) => constipation
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