GI Physio Review

Histology

· Serosa: connective tissue, squamous mesothelium, not in esophagus

· Muscle: Smooth with two exceptions (esophagus and ext anal sphinc), longitudinal (the tenea coli), esophagus is elliptical (prox) and spiral (dist), circular, and the muscular mucosa which causes motility in villi

· Nerve Plexi: external (autonomic), intrinsic, unmyelinated ganglia plexi,  Auberch’s/myenteric (betw long & circ) and Meissner’s/submucosal (betw (circ and submuc)

· Submucosa

· Mucosa

· Lamina propria: GALT/Peyer’s Patches

· Epithelium

Hormones

· Signal molecules; much slower speed than nervous system

· Oft used by Endocrine organs (discrete [such as pituitary] and compound [such as pancreas, includes non-hormonal actions])

· Autocrine: cell signals to itself

· Paracrine: cell signals to local cels

· Endocrine: via blood/other for long range communication

· Effect depends on receptor function (as always), and are typically transmembrane [Tyrosine kinases, ligand-gated ion channels, G-prot rcptr (such as Ras), endocytic]

· Tend to be peptides and include all those nifty ways to modify peptides that we know from IMMG.

· APUD (amine precursor uptake and decarboxylation) are endocrine cells.  The hormones they make are similar to neural transmitters (or are NTs), thus it acts as Diffuse Neuroendocrine System.  APUDs come in two forms (with apical end exposed to lumen-polar/open; surrounded exposed to local environ – closed)

· The signal is terminated by removal, destruction, or binding of the hormone with a typical half life in minutes.

	Hormone
	Released by
	Inhibited by
	Function

	Gastrin
	Peptides, gastric distention, and GRP (fasting from CNS), cholinergic (fed)
	Low pH, SST, VIP, secretin
	Acid & IF secretion, antral motility, smooth muscle contraction, vasodilation, growth

	CCK
	Fat, proteins, GRP, IV cations, acid
	SST
	Stimulates GB contraction,  inhibit gastric emptying, pancreas, SO relaxation, satiety, vasodialtion, growth, POTENTIATES WITH SECRETIN

	Secretin (and GIP is part of the same family, it produces similar functions)
	Duodenal acid, bile salts
	VIP, SST
	HCO3 pancreatic/biliary secretions, decr H2O absorp, vasodilator, decr LES, POTENTIATES WITH CCK

	SST (somatostatin)
	Highest w/ IMMC, protein, fat, bile, motilin, CCK, gastrin, GRP, secretin, Ca, Beta-adrenergics
	Gastrin, cholinergics
	Lots of effects: primarily loss of inhibition of gut activity

	Glucagon
	Carbs in gut
	Carbs in liver, SST
	Gluconeogenesis, and related

	Ghrelin
	Various tissues,

Weight loss [cause for wt gain after dieting], this is why gastric bypass surgery req Roux-en-Y
	H pylori
	Various, note that the n-octanoic acid is important for function,  reduces fat utilization, 

	Motilin
	Acid, fat, CCK, secretin, pancreatic, GRP
	PP, SST, cholinergics
	Incr gut motility (primary)

	Leptin
	Fat cells
	
	Feedback for nutritional status, encourages energy expenditure, VS CCK [which is short term]

	VIP
	
	
	Relaxes gut,  secretesH2O and electrolytes


Others were not so hvily mentioned include: [PP, PYY, NPY – ileal break hormones: reduces transit and secretion], [Enkephalon, dynorphin, endorphin – incr sphincter tone, decr motility], [Substance P – incr motility and inhibit secretion/absorption, Bombesin/GRP – Gastrin++], Guanalyns – stim secretions, GF- growth, Eicosanoids – relate to vasodilation and mucosal integrity, NO – blood flow/inflammation, Amines – tend to up secretions, Steroids – Ion absorption, ACh – acid secretion

ACh encourages acid secretion

Note which of the above encourage motility vs which inhibit it

Understand that the above can be used for diagnostic use and for therapy

Further characteristics of GI hormones:

· a meal should alter the conc of hormone

· substance is sufficient to elicit the response in blood (via injection)

· can isolate/purify/quantify structure

· persist when lacking neural structures (ie nerves, since it is in the blood)

Receptor function: know the cAMP, cGMP, DAG and IP3, Ras/MAP cascades (from Biochem, IMMG, neurophys)

Nervous System

Intrinsic

Submucosal and Myenteric ganglia w/ input from extrinsic nervous system

Allows for integrated movements in the gut.

Various motorneurons (afferent);  Sensory (Chemo and mechano)

Interneurons to coordinate function

Extrinsic

Parasymp: excitatory, inhibits lower esophageal sphincter 

Vagal – up through trans colon, Pelvic distal end

Symp: motility and secretory inhibition


CG - foregut


SMG - midgut


IMG – hindgut [HN, LCN]

NT

Stimulatory: ACh, CCK, GRP, Tachykinins (like Subst P)

Inhibitory: NO, SST, PHI on muscles

Var: Norepi

Important diagrams: Pages 10-11 of handout (She loves these)

Efferent sympathetic: Ganglia ( either plexus, BV, muscles, or gut directly

Efferent parasymp: direct to myenteric plexus ( muscles or other plexus ( effect on gut more muscles

Local reflexes: Mechano/chemo receptors ( plexi ( muscles/endocrine/secretory  (no CNS involvement)

Enterogastric reflex: Duodenal [chemical and mechano receptors] ( plexi ( celiac plexus ( BV/myenteric ( stomach muscles (circular and long layers)

Afferent: Vagal or splanchnic receive from all levels (gut, muscle, plexi)

Integration of regulation: endocrine and neuronal pathways may modulate each other

Circulation

Gut receives 30% of blood flow, it also acts as a reservoir.  

Portal vein from gut to liver allows for removal of toxins from ingested foods

Regulations of blood flow:

· Autonomic nerves: Symp, parasymp, enteric, primary sensory

· CV ctrl: CO, Art pressure, BV

· Endocrine/Paracrine: vasoconstrictors, GI hormones, Immunological paracrines

· Digestive sys ctrl: metabolites, local circmechanisms: myogenic, postprandial, O2 ctrcurr xchange

Lymphatics: 20% of absobate, fats, enzymes, etc

Regulation of vasc smooth muscle:

· vasoconstrictor: ( incr Ca++

· vasodilator: ( cAMP decr cyto Ca

Cntr-curr xchang: gradient for best use of O2, absorption of Na

Smooth Musc

May be multiunit (acting like a discrete motor units) or visceral (single unit: gap junction propagation of signal)

Does not req extrinsic nerve ctrl; Not all muscle cells have direct neural input; no specialized juncture; 

All those things we learned back in Neuromusc physio: Important: has tropomyosin, but NO TROPONIN.

Basics of contraction: intracellular Ca ( contraction.  It binds calmodulin ( phosphorylation of Myosin Light Chain.  Slow release, energy efficient.

No sarcomeres: plasticity, exhibits stress relaxation, funct adaptation, 

Electrical properties:

· slower than skeletal musc

· resting membrane potential –40 - -60

· Basal Electric Rhythm:  fluctuation on MP ( sets threshold / tone

· AP: slower than skeletal musc

· Muscle bundles propagate AP down itself.

· Circular musc ( more gap junctions than longitudinal

· Depol: stretch, ACh, parasymp

· Hyperpol: symp, norepi

Motility:

Transit, mixing of chyme, waste removal, absorption

Tonic contractions of sphincters

Peristaltic wave ( aboral contractions to propel food

Segmental contractions ( stationary contraction

Intrinsic and autonomic nervous system, and humoral

Contraction to oral end using submucosal, relaxation to aboral end using myenteric ( pressure gradient

Sphincters:

7 in total: U/L esophageal, pyloric, oddi, ileocecal, anal (int/ext).

Pressure proximal ( relaxation; pressure distal contraction; tonically contracted.

Lower Esophageal Sphincter:

· vagal innervation

· relaxation before peristaltic wave hits then closes (after bolus passes thru) at high pressure for long period [prevent acid reflux], Fundus relaxes as swallowing begins [receptive relaxation]

· Agents which lower LES pressure ( acid reflux:  include dietary fat, EtOH, female sex hormones, GIP, CCK, VIP, Secretin, PGE1&2

· Agents which prevent: protein, pH, abdominal pressure, gastrin, cholinergics

· Vagal ctrl: has both inhibitory and excitatory:  one shuts off while the other turns on during changes in pressure.

Food pathway

Mastication = chewing

Swallowing: Oral, pharyngeal, esophageal

· Oral: tongue propels bolus back [voluntary]; additional help with early throat muscles, 

· Phanrynx: switch to involuntary and precise sequence reflex by  receptors in oropharynx

· Esophageal: bolus in esophagus is sent down via peristaltic waves

Nerves involved: CN V, VII, IX, X, XII (efferent); CN V, IX, X (afferent)

The receptors in the pharynx ( swallowing center in medulla [coordinates w/ respiratory and vomiting centers].  Proximal = Nucl Ambiguous; Distal = Dorsal Motor Nucl

The Stomach:  Fundus, Body [pacemaker here], Pyloric

Electrophysiologic properties are like the heart, with a pacemaker and everything.  Note that the APs are more powerful/sustained towards the aboral end.

In an intact stomach, the waves have the same frequency

Antral motility: swooshing of contents, center segment contracts, antral systole, small amts of chyme exits the stomach.

Gastric emptying depends on contents and hormones.

· Incr: Ach, sugar, liquids, and hypotonic/high pressures encourage emptying

· Decr: Adrenergic, CCK, GIP, VIP, Secretin, Fat, solids, hypertonics, small volume, low pH

· Enterogastric reflex slows down emptying (fat and aa in duodenum ( GIP, CCK, Gastrin)

Small intestine motility differes from esophageal motility:  there are segmental contractions in the intestine to encourage mixing, absoption.  Faster contractions more antrally encourage progression down intestine.

The Migratory Myoelectric Complex ( intestinal emptying, housekeeping, prevents bacterial overgrowth, Motilin may be a major operator.  Stops during meal. 

 Phase I [nothing, no APs]

 phase II [prep, some contractions, persistant but random AP]

 phase III [contractions, consistant APs]

 progresses distally.  Coordinates other digestive functions (bile flow, pancreatic secr, splanchnic blood flow)

Colon

Oscillatory movements: haustral shuttling, multihaustral propulsion, and perstalsis

Haustrations disappear as it receives or contracts.

Defecation:

· the internal anal sphincter lowers resistance when pressure is exerted proximal to it, whereas the external anal sphincter increases.

· Simultaneous relaxation ( defecation

Reflexes:
 Enterogastric: slowing of gastric emptying in response to acidic chyme in duodenum

 Ileogastric: Distension of ileum leads to the same

 Myenteric reflex: Stretch reflex ( increased propulsion

 Intestino-intestinal: Too much distension leads to decreased intestinal motility

 Gasgtroileal: gastric emptying leads to Incr intestinal  motility and ileocecal relaxation

 Gastrocecal: increased colon  motility when distention in intestine

 Intestinocecal: exact opposite of the above

 Rectosphincteral: relaxation of I/EAS for defecation

Transport across the gut tissue

For example: eat about 2000mL ( an additional 7000 mL added via secretions (saliva, gastric, pancreatic, and so forth.

98% efficiency transfer across gut.

Only about 2% is lost in stool.

There exist tight junctions between the epithelial cells, thus allowing control over the flow of contents.

Contents may flow Intracellularly[through lateral space, betw tight junctions] and transcellularly [via cell transport mechanisms]

Na-dependant:

· electrogenic for uncharged solutes

· includes a variety of substances: dipeptide, bile salts, H2O sol vitamins

· Note: Na enters via an electrochemical gradient.  Using this gradient we bring in other substances [nutrients, Cl] or exchange protons [H+]

· Na exits into the body via energy dependant pump

· The membrane potential = -40mV across lumen.  Nearly neutral across cell

K

· enters cell by countertransports for H (lumen) or Na (body)

· ATP dependant.

· K flows out of cell freely via channels, either way depending on conductance

Cl

· Na-2Cl-K transporter on basal side; driving force by Na/K transport (uses ATP).  cAMP dependant (cholera toxin ( constiutively active ( constant secretion)

· Apical membrane has Cl channel, Na matches charge via lateral transport.  The channel, CFTR, is missing in cystic fibrosis

Bicarbonate

· anion exchangers(AE): HCO3/Cl, AE-1-3

· SLC 26 family: DRA and PAT1

· Net absorption of Cl and secretion of HCO3 (to neutralize H+)

· In addition: symporters (Na-HCO3), carbonic anhydrase, other

H2O

· depends on leakiness of walls: leaky walls allow free passage of H2O, so both sides are isotonic, a tight epithelia doesn’t this leads to a hypertonic sol’n

· Solely dependant on solute conc.  Cannot be actively transported.

Protein

· Exocytosis: secretory pathway ( ER ( golgi ( granules ( release

· Endocytosis: vesicles ( transcellular/other vesicles (such as lysosomes)

Secretions

Saliva

	Parotid
	CN IX
	Serous
	25%

	Submaxillary
	CN VII
	Mixed
	70%

	Submandibular
	CN VII
	Mucal
	5%


Mucal acini: MA  vs Serous acini: SA

Other: Myoepithelial cells (MC) and striated duct cells (SDC) for transport; BLM is impermeable to water

Secretions are hyposmotic

Conc of K, Ca, F, I

Contains digestive enzymes

Blood supply: external carotid a. with two capillary networks: acini and tubule, direction of blood flow is countercurrent to the saliva movement.  Na and Cl is resorbed, whereas K is allowed out as is Bicarbonate.  

Around the acinar: K, HCO3, and Cl are all secreted whereas Na moves out passively, nearly isotonic

Around duct: Na Cl resorbed; HCO3 and K secreted.  Since the resorption is greater, the saliva is hypotonic with pH 7-8

NOTE: if the rate of salivation is increased, then there is less time to resorb in the duct, and thus there is a shift.  Most notably, NaCl resorbtion decreases, so more is salivated.

Neural regulation: parasympathetic Ach incr salivation (intracellular Ca path) whereas sympathetic norepi decreases salivation.

Stomach

Endocrine: G( gastrin; D ( SST

Chief: pepsinogen

Parietal: H and intrinsic factor.  Intrinsic factor binds B12 and allows it to be absorbed in the duodenum

Mucous cells (surface and neck): bicarb, mucous: These protect the surface of the stomach.  Mucus has glycosylated parts to protect its core to defend against digestion.  Acid incr the production of HCO3, as does Ca, Cholinergic, CCK, prostaglandins.  Inhibited by Norepi (the source of stress ulcers), EtOH, Aspirin.

Oxyntic: parietal, chief, and mucous

Pyloric: chief, endocrine, and mucous

Regulation of gastrin release: Vagal stimulation on different interneurons determines if it incr G cell secretion or D (SST ( downregulates G cells)

Pepsinogen secretion:  Direct vagal stimulation for release, in addition H ( S cells [secretin] and G cells [gastrin – direct vagal], leads to pepsinogen release.

There is a change in electrolyte secretion: H increases as Na decreases.  The secretion is isotonic to plasma

The key step in this is an H/K ATPase on the apical side which pumps out H+.

The neural pathways that promote acid secretion occur in different phases:

· Cephalic: Chewing/swallowing (vagus ( ACh/GRP[G cell ( gastrin]

· Gastric: Distention (vagovagal reflexes [see above]

Protein ( G cell ( gastrin

· Intestinal: Distention ( endocrine ( enteroxyntin

Protein ( circulation

Inhibition:

Feedback from very low pH ( SST [inh gastrin release]

Duodenal acid ( secretin [inh g r] and neural feedback

Duodenal hyperosmotic ( unk 

Duodenojejunal FA ( GIP [inh g r]

3 way synergy: Gastrin-Histamine-ACh. 

Ulcers

· occur b/c there is an inbalance betw aggrevating factors and protective factors [NSAIDs and H pylori do both]

· H pylori can survive the acidic environment, and is treated with antibiotics.

· Can result in H leakage which damage important structures (like neural plexi which results in incr H production) and can result in bleeding (the peptides of which incr H prod) and an inflammatory rxn ( histamine ( H+ prod

Pancreas

· like salivary glands, but lacks striated ducts [net osmo does not change]

· Intercalated ducts ( intralobular ( extralobular ( common bile duct

· Shift from Cl to HCO3 over course

· As secretory rate, HCO3 secretion increases while Cl decr.  At low rates, it is the same as plasma.

· Ductal cells: 

· The lumenal end can secrete Cl or HCO3

· The basal end: Na/H antiporter, H/K ATPase, secretin binds receptor ( cAMP which allows lumenal end to secrete.

· Note that K channel is Ca activated.  This is how CCK and Secretin potentiate each other.

· the pancreas typically secretes proenzymes and trypsin inhibitor to prevent autodigestion

	ACh, CCK, Gastrin
	Digestive enzyme synth/secr, Cl-rich pancreatic secretion,  incr cell metabolism
	Ca

	VIP, Secretin
	HCO3 secretion, potentiate enzyme secretion
	cAMP

	Insulin, IGF, EGF
	Trphic effect, potentiate enz secr, cell metabolism
	Tyr kinase

	SST, Glucagon, PP
	Inhibit pancr secretion
	Down cAMP


Regulation of secretion:

· cephalic phase – vagovagal ref ( ACh ( release of enzymes/HCO3

· gastric phase – gastrin/vagovagal ref ( release of enz

· intestinal phase – H in intestine ( secretin/peptidergic hormones ( HCO3 buffering.  Most important: starts when acidic chyme enters duodenum.  Mediated by ACh, CCK, secretin

Recall that CCK + Secretin/VIP potentiate each other.

Response to secretin is potentiated by Phe.

ION transport in gut

· Na typically active transport [resorption]

· K passive [mostly reabsorbed, potential secretion in colon]

· Cl passive absorption overall

· HCO3 mostly secretion via anion exchange (for Cl)

Modulated by hormones and such mentioned back in the beginning

Villi vs Crypts

 Crypt [secretion, minimal surface area, high permeability] ( villus [absorb, high surface area, low permeability]

IgA can be secreted.

 A dimer including a J chain and bonded to an SC(secretory component)

Colon:

Short chain fatty acids [partially made available by gut bacteria working on longer fatty acids] enter by AE or diffusion.  Promotes fluid absorption  (BASIS FOR ORAL REHYDRATION THERAPY)

Bile acids and hydroxy fatty acids ( net fluid and electrolyte secretion and incr absorp of nonelectrolytes.  Prostaglandins aid in this as does cAMP and Ca++I

Colon or small intesting disease can cause flow to exceed resorptive capability of colon.  Leads to diarrhea.

Diarrheas!

	Congenital
	Loss of ion transport function (Cl/HCO3), excess Cl in stool ( metabolic alkalosis.  Defect in DRA gene

	Osmotic
	Failure to absorb nutrients ( bacterial growth ( bacterial waste products + CO2

	Hypermotility
	Incr motility ( colonic overload

	Watery
	Water and electrolytes

Cholera, traveller’s, VIPomas

	Other factors
	Failure to resorb ( loss of passive absorption of K ( hypokalemia

	Decr surface area
	May cause overload of absorption capacity.  Causes include gluten allergies and rotavirus

	Inflam bowel disease
	

	Antibiotic
	Overgrowth of staph and other bacterias

	Diverticulities
	Outpouching of gut, can get infected.


Oral rehydration therapy: Na glucose/polysach transporters not affected by cAMP. Allows rehydration

Bile

Formed from cholesterols, emulsify fats

Synthed in liver

Na,K ATPase provides driving force for bile uptake, Na depedant, NTCP

OATP: transports bile acids

Use vesicles to cross cells

Bunch of other transporters on a table

	Canalicus
	Bile formation

	Ducts and ductules
	Modification

Conducts bile; free permeable to H2O ( osmotic equil; bicarb secretion (secretin); secrete IgA; absorb aas and glucose; secrete mucus; hydrolysis of glutathione

	Gallbladder
	Storage

	Sphincter of oddi
	Last stop/blocker (pancreatic too)


Canalicular excretion: bile excretion ( osmotic flow/drag of such things as glucose, Na, etc from para/transcellular channels

Mannitol and erythritol are markers for biliary clearance

URSO ( choleresis {incr HCO3 secretion; canalicular}

Consequences of failure to form bile:

· malabsorption of fatty acids: obstruction of ducts (stones)

· jaundice, hepatocyte damage, xanthomata

HCO3 secretion is an important part of these secretions.

Cholesterol is sol in bile, but it can precipitate particularly if there is excess in diet, obesity, sudden low fat diet, estrogens, ileal resection, genetic predisposition, certain agents

90% resorption in ileum, 5% colon.

Na-BA cotransporters on lumenal side of gut; anion exchanger and Na/KATPase on basal side

Bacterial overgrowth can cause non-ionic resorption.

Diseased ileum ( colon overload ( loss of bile pool and steatorrhea

Absorption

Incr surface area ( incr absorption [hence villi]

Occurs mostly in the first half/third of small intestine.  Esp for glucose, peptides, fats

Digestive enzymes break down substrates into more absorbable form [esp pancreatic enz and on intestinal surface]

Fat:

· lipases; bile salts make fat more accessible for lipase activity

· TAG ( 2-monoglycerides + fatty acids for incorporation into micelles [absorbed]

· Glycerol, SCFA and MCFA [absorb w/o micelle]

· Reformation intracellular

· Chylomicrons into blood flow

Carbs

· amylases and others to break down into smaller units (1-2 carbs)

· glucose carrier prot (SGLT 1) with Na

· fructose freely moves through glut-5

Peptides

· pepsin and pancreatic proteases

· 40% free aa, 60% small peptides

· only absorbs L form

· separate transporters for acidic, basic, neutral

· basolateral wall: diffusion

· Di/Tri is Na dependant and faster.  Larger is difficult to absorb

Vitamins

· Fat sol: A, D, E, K.  Through diffusion or chylomicrons

· Water sol: else.  Simple diffusion (or transporters).  B12 req’s IF

Fe

· absorbed in gut.  Excess fe in serum leads to binding of IRP [iron regulatory protein].  Lost by sloughing of cell.  Response to Fe changes may take a few days, (req’s changes in ferritin levels)

· Fe 2+ absorbed.  3+ ( IRP

Ca:

· req 1,25-OH2-D3 (vitamin D)

· stims synth of CaBP

Rehash of things already mentioned.

Appetite

· incr: Ghrelin, neural signals

· decr: leptin, insulin, PYY, CCK [satiety]

Arcuate nucleus: two opposite functions [AgRP/PYY ( hunger ; POMC/CART ( fullness]

Nucl Soltaris: satiety center ( CCK, vagus, spinal n.

Liver

· blood flow via portal vein

· hepatic art supplies oxygen

· central v: both empty into it ( IVC

· sinusoids

· Microcirculation: Area I entry pt, receives blood, Area III exit pt, central vein.

· Function is localized: EtOH dehydrogenase in III

· III: more likely to be damaged due to O2 gradient

· conjugation of bilirubin for excretion (made water soluble, normally bound to Alb)

· abnormalities ( jaundice, cell injury, …[gilbert’s syndrome: congenital]

· forgive: but I’m skipping parts cause it’s late

· Portal hypertension

· Causes: cirrhosis, thrombosis (portal or hepatic veins)

· Vascular shunts occur (varices of esophagus and such) can rupture lead to blood loss

· Bypass allows toxins to avoid liver ( chronic porto-systematic encephalopathy

· Ascites: fluid in abdomen, incr portal pressure, lowered serum albumin, Na retention

Incomplete bc it’s getting late.  Hope it’s helpful

