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MICROANATOMYOFTHESMALLANDLARGEINTESTINE

1.MicroanatomyoftheSmallIntestine

Thesmallintestineisthepartofthegastrointestinaltractwheremuchofthedigestionand

absorptionoffoodtakesplace.

Thesmallintestineisthepartofthegastrointestinaltractthatfollowsthestomach,whichisin

turnfollowedbythelargeintestine.

Theaveragelengthofthesmallintestineinanadulthumanmaleis6.9m (22feet,6inches),

andintheadultfemale7.1m (23feet,4inches).

Thesmallintestineisdividedintotheduodenum,jejunum,andileum.

Muchofthesmallintestineiscoveredinprojectionscalledvillithatincreasethesurfaceareaof

thetissueavailabletoabsorbnutrientsfrom thegutcontents.

KeyTerms

duodenum:Thefirstpartofthesmallintestinethatstartsatthelowerendofthestomachand

extendingtothejejunum.

ileum:Thelast,andusuallythelongest,divisionofthesmallintestine;thepartbetweenthe

jejunum andlargeintestine.

smallintestine:Theupperpartoftheintestine,betweenthestomachandthelargeintestine,

thatisdividedintotheduodenum,thejejunum,andtheileum.



jejunum:Thecentralofthethreedivisionsofthesmallintestinethatliesbetweenthe

duodenum andtheileum.

TheSmallIntestine

Thesmallintestineisthepartofthegastrointestinaltractthatfollowsthestomach,whichisin

turnfollowedbythelargeintestine.Thesmallintestineisthesitewherealmostallofthe

digestionandabsorptionofnutrientsandmineralsfrom foodtakesplace.

Thisisanillustrationofthesmallintestinewiththeduodenum,jejunum,andileum labeled.

Smallintestine:Anillustrationofthesmallintestinewiththeduodenum,jejunum,andileum

labeled.

Theaveragelengthofthesmallintestineinanadulthumanmaleis6.9m (22feet,6inches),

andintheadultfemale7.1m (23feet,4inches).Itcanvarygreatly,from asshortas4.6m (15

feet)toaslongas9.8m (32feet).Thesmallintestineisapproximately2.5–3cm indiameter,

andisdividedintothreesections:

Theduodenum isthefirstsectionofthesmallintestineandistheshortestpartofthesmall

intestine.Itiswheremostchemicaldigestionusingenzymestakesplace.

Thejejunum isthemiddlesectionofthesmallintestine.Ithasaliningwhichisdesignedto

absorbcarbohydratesandproteins.Theinnersurfaceofthejejunum,itsmucousmembrane,is

coveredinprojectionscalledvilli,whichincreasethesurfaceareaoftissueavailabletoabsorb

nutrientsfrom thegutcontents.Theepithelialcellswhichlinethesevillipossessevenlarger

numbersofmicrovilli.Thetransportofnutrientsacrossepithelialcellsthroughthejejunum

includesthepassivetransportofsomecarbohydratesandtheactivetransportofaminoacids,

smallpeptides,vitamins,andmostglucose.Thevilliinthejejunum aremuchlongerthaninthe

duodenum orileum.

Theileum isthefinalsectionofthesmallintestine.Thefunctionoftheileum ismainlyto

absorbvitaminB12,bilesalts,andanyproductsofdigestionthatwerenotabsorbedbythe

jejunum.Thewallitselfismadeupoffolds,eachofwhichhasmanytinyfinger-likeprojections

knownasvillionitssurface.Theileum hasanextremelylargesurfaceareabothforthe

adsorptionofenzymemoleculesandfortheabsorptionofproductsofdigestion.

TheVilli

Thevillicontainlargenumbersofcapillariesthattaketheaminoacidsandglucoseproducedby



digestiontothehepaticportalveinandtheliver.Lactealsarethesmalllymphvesselsthatare

presentinvilli.Theyabsorbfattyacidsandglycerol,theproductsoffatdigestion,intodirect

circulation.

Layersofcircularandlongitudinalsmoothmuscleenablethedigestedfoodtobepushedalong

theileum bywavesofmusclecontractionscalledperistalsis.Theundigestedfood(wasteand

water)aresenttothecolon.

HistologyoftheSmallIntestine

Thesmallintestinewallhasfourlayers:theoutermostserosa,muscularis,submucosa,and

innermostmucosa.

Theoutermostlayeroftheintestine,theserosa,isasmoothmembraneconsistingofathin

layerofcellsthatsecreteserousfluid,andathinlayerofconnectivetissue.

Themuscularisisaregionofmuscleadjacenttothesubmucosamembrane.Itisresponsible

forgutmovement(alsocalledperistalsis).Itusuallyhastwodistinctlayersofsmoothmuscle:

circularandlongitudinal.

Thesubmucosaisthelayerofdenseirregularconnectivetissueorlooseconnectivetissuethat

supportsthemucosa;italsojoinsthemucosatothebulkofunderlyingsmoothmuscle.

Themucosaistheinnermosttissuelayerofthesmallintestinesandisamucousmembrane

thatsecretesdigestiveenzymesandhormones.Theintestinalvilliarepartofthemucosa.

Thethreesectionsofthesmallintestinelooksimilartoeachotheratamicroscopiclevel,but

therearesomeimportantdifferences.Thejejunum andileum donothaveBrunner’sglandsin

thesubmucosa,whiletheileum hasPeyer’spatchesinthemucosa,buttheduodenum and

jejunum donot.

Brunner’sglands:Compound,tubular,submucosalglandsfoundinthatportionofthe

duodenum thatisabovethehepatopancreaticsphincter(sphincterofOddi).

Peyer’spatches:Patchesoflymphoidtissueorlymphoidnodulesonthewallsoftheileum in

thesmallintestine.

intestinalwall:Thewallofthesmallintestineiscomposedoffourlayers,from theoutsideto

theinside:serosa,muscularis,submucosa,andmucosa.

TheSmallIntestine’sLayers



Thisisadrawingofasectionoftheduodenum.Itshowsthelayersoftheduodenum:the

serosa,muscularis,submucosa,andmucosa.

Sectionofduodenum:Thisimageshowsthelayersoftheduodenum:theserosa,muscularis,

submucosa,andmucosa.

Thesmallintestinehasfourtissuelayers:

Theserosaistheoutermostlayeroftheintestine.Theserosaisasmoothmembrane

consistingofathinlayerofcellsthatsecreteserousfluid,andathinlayerofconnectivetissue.

Serousfluidisalubricatingfluidthatreducesfrictionfrom themovementofthemuscularis.

Themuscularisisaregionofmuscleadjacenttothesubmucosamembrane.Itisresponsible

forgutmovement,orperistalsis.Itusuallyhastwodistinctlayersofsmoothmuscle:circular

andlongitudinal.

Thesubmucosaisthelayerofdense,irregularconnectivetissueorlooseconnectivetissuethat

supportsthemucosa,aswellasjoinsthemucosatothebulkofunderlyingsmoothmuscle.

Themucosaistheinnermosttissuelayerofthesmallintestines,andisamucousmembrane

thatsecretesdigestiveenzymesandhormones.Theintestinalvilliarepartofthemucosa.

Thethreesectionsofthesmallintestinelooksimilartoeachotheratamicroscopiclevel,but

therearesomeimportantdifferences.Thejejunum andileum donothaveBrunner’sglandsin

thesubmucosa,whiletheileum hasPeyer’spatchesinthemucosa,buttheduodenum and

jejunum donot.

Brunner’sGlands

Brunner’sglands(orduodenalglands)arecompoundtubularsubmucosalglandsfoundinthe

duodenum.Themainfunctionoftheseglandsistoproduceamucus-rich,alkalinesecretion

(containingbicarbonate)inordertoneutralizetheacidiccontentofchymethatisintroduced

intotheduodenum from thestomach,andtoprovideanalkalineconditionforoptimalintestinal

enzymeactivity,thusenablingabsorptiontotakeplaceandlubricatetheintestinalwalls.

Peyer’sPatches

Peyer’spatchesareorganizedlymphnodules.Theyareaggregationsoflymphoidtissuethatare

foundinthelowestportionofthesmallintestine,whichdifferentiatetheileum from the



duodenum andjejunum.

Becausethelumenofthegastrointestinaltractisexposedtotheexternalenvironment,muchof

itispopulatedwithpotentiallypathogenicmicroorganisms.Peyer’spatchesfunctionasthe

immunesurveillancesystem oftheintestinallumenandfacilitatethegenerationoftheimmune

responsewithinthemucosa.

IntestinalVilli

Thisisalow-magnificationmicrographofsmallintestinalmucosathatshowsvilli.

Micrographofthesmallintestine:Alow-magnificationmicrographofsmallintestinalmucosa

thatshowsvilli.

Intestinalvilli(singular:villus)aretiny,finger-likeprojectionsthatprotrudefrom theepithelial

liningofthemucosa.Eachvillusisapproximately0.5–1.6mm inlengthandhasmanymicrovilli

(singular:microvillus),eachofwhicharemuchsmallerthanasinglevillus.

Villiincreasetheinternalsurfaceareaoftheintestinalwalls.Thisincreasedsurfaceareaallows

formoreintestinalwallareatobeavailableforabsorption.Anincreasedabsorptiveareais

usefulbecausedigestednutrients(includingsugarsandaminoacids)passintothevilli,which

issemi-permeable,throughdiffusion,whichiseffectiveonlyatshortdistances.

Inotherwords,theincreasedsurfacearea(incontactwiththefluidinthelumen)decreasesthe

averagedistancetraveledbythenutrientmolecules,sotheeffectivenessofdiffusionincreases.

Thevilliareconnectedtobloodvesselsthatcarrythenutrientsawayinthecirculatingblood.

Thehistologicalstructureofthesmallintestineissimilartotheotherorgansinthedigestive

tract.Therearefourmainlayers:

Mucosa(Innermostlayer)–Containstheepithelium,laminapropriaandmuscularismucosae.



Submucosa–Connectivetissuelayer,whichcontainsbloodvessels,lymphaticsandthe

submucosalplexus.

Muscularisexterna–Consistsoftwosmoothmusclelayers;theouterlongitudinallayerand

innercircularlayer.Themyentericplexusliesbetweenthem.

Adventitia(Outermostlayer)– Comprisedoflooselyarrangedfibroblastsandcollagen,withthe

vesselsandnervespassingthroughit.Themajorityofthesmallintestineadventitiaiscovered

bymesothelium andiscommonlycalledtheserosa.

Thesmallintestineisthemajorabsorptivesiteinthegastrointestinaltract,andthereforehasa

numberofmodificationstoaiditsfunction.Themucosaandsubmucosaform largenumbersof

folds(orplicae)arrangedinacircularfashioninthelumen(thereforecalledplicaecirculares).

Additionally,theplicaecontainmicrovillitofurtherincreasethesurfacearea,whichincreases

absorption.

CellsoftheEpithelium

Theepithelium ofthesmallintestinelinestheluminalsurface.Thereareanumberof

componentstotheepithelium:

Enterocytes–Tallcolumnarcells,whichhaveanabsorptivefunction.Theycontainbrushborder

enzymesonthesurfacewhichhaveanimportantdigestivefunction.

Gobletcells–Exocrineglandswhichsecretemucin.

CryptsofLieberkuhn

TheCryptsofLieberkuhnareglandsfoundintheepitheliallining.Theycontainnumerouscells

suchasstem cellstoproducenewcellstoreplenishthecellslostduetoabrasion,aswellas

enteroendocrinecellstosynthesiseandsecretehormones.

Toprotectfrom pathogens,therearePanethcellswhichsecreteprotectiveagents(suchas

defensinsandlyzozymes)andPeyer’spatcheswhichareonlyfoundintheilium.Peyer’s

patchescontainmucosal-associatedlymphatictissue(MALT)whichhousewhitebloodcells

andlymphocytes.Thesecellscanproduceantibodiestofurtherprotectthesmallintestinefrom

infection.



EnteroendocrineCells

TheenteroendocrinecellsarelocatedwithintheCryptsofLieberkuhn.Theysecretehormones

inresponsetovariousstimuli.Therearefourmainclassesofenteroendocrinecell,eachwitha

differentsecretoryproduct.TheseareIcells,Scells,Kcellsandenterochromaffincells.

ICellssecreteCholecystokinin(CCK)inresponsetothepresenceoffatinthesmallintestine.

CCKstimulatesthecontractionofthegallbladder(whichpushesbileoutintothecysticduct)

andthereleaseofpancreaticenzymes.Bothbileandpancreaticenzymeshaveakeyroleinlipid

digestion.SCellssecreteSecretininresponsetothelowpHofchymeinthesmallintestine.

SecretininducesHCO3–secretionfrom thepancreasandinhibitsgastricemptying.

KCellssecreteGastric-InhibitoryPeptide(GIP),inresponsetochymeenteringthesmall

intestine.GIPhasamisleadingnameasitactuallystimulatesinsulinrelease,readytoputthe

newlydigestedcarbohydratesintocellsforstorage.

Finally,EnterochromaffinCellsaremechanicallystimulatedbythepresenceofchymeinthe

smallintestine.Theyreleaseserotonin,whichactsontheentericnervoussystem toactivatethe

cysticfibrosistransmembraneregulators(CFTR).ThisionchannelsecretesCl–ionsintothe

intestinallumen,withNa+ionsandH2Ofollowing.Na+isrequiredinthelumenforthe

absorptionofanumberofnutrients.

Secretions

Thesmallintestinereceivessecretoryproductsfrom otherabdominalviscera.Here,weshall

lookattheexactmechanism oftheirsecretion,andhowtheyaidintestinalfunction.

Therearethreemainsubstancesthatthesmallintestinereceives:bile,pancreaticenzymesand



alkalinejuice(HCO3–).Bileservesanimportantroleinlipiddigestion,andissecretedfrom the

gallbladderintothecommonbileduct,inresponsetoCCK.Pancreaticenzymesandalkaline

juicearesecretedfrom thepancreasintothepancreaticduct,inresponsetoCCKandsecretin.

Furtherinformationontheproductionofbilecanbefoundhere.

Thecommonbileductandpancreaticductunitetoform thehepatopancreaticampulla(also

knownastheAmpullaofVater).Thisopensoutontotheinternalsurfaceoftheduodenum,and

ismarkedbythemajorduodenalpapilla.

Themajorduodenalpapillaservesasanimportantanatomicallandmark,asitiswherethe

embryonicforegutbecomesmidgut.Thesecretionsintothesmallintestineareregulatedbythe

sphincterofOddi.

PancreaticEnzymes

Thepancreasplaysanimportantroleindigestion,asitproducesmanyoftheenzymesneeded

indigestion.Theseenzymescomeintwoforms.Someenzymesarealreadyactive,suchas

pancreaticlipaseandpancreaticamylase,whilstsomearesecretedasinactiveenzymessuch

astrypsinogen.

Theinactiveenzymesarereleasedaszymogens(precursorsoftheactiveform)–thisprevent

theenzymesdigestingthepancreasitself.Trypsinogenisconvertedtotrypsin(activeform)in

thesmallintestinebycomingintocontactwiththebrushborderenzymeenterokinase.Trypsin

thenconvertstheremaininginactiveproteasestotheiractiveform.

Furtherinformationontheexocrinepancreascanbefoundhere.

ClinicalRelevance-CoeliacDisease

Coeliacdiseaseisaconditionwhichcausesinflammationofthesmallintestine.Itis

autoimmuneinaetiology,andaffectsroughly1in100people.



Theimmune-mediateddamageofthesmallintestineoccurssecondarytoglutenexposure.

Whenglutenisabsorbed,itisbrokendownintoanumberofproducts.Oneproductisgliadin,a

protein.Incoeliacdisease,gliadinispresentedtotheTcellsoftheimmunesystem asaforeign

antigen.Thisstimulatestheproductionofantibodiesagainstgliadinandaninflammatory

responsetooccur

Inchildren,clinicalfeaturesincludeabdominaldistension,diarrhoeaandafailuretothrive.

Adultspresentwithchronicdiarrhoeaandbloating.Smallblisterscanappearontheskin

(dermatitishepatiformis)duetodepositsofIgA.Adultsmayalsopresentwithsymptomsof

malabsorption.

Serologyandbiopsyarethetwomaininvestigationsforcoeliacdisease.Antibodiesagainst

gliadinanditsotherproductscanbefoundintheplasma.Abiopsyofthesmallintestineshows

flatteningofthevilliandhyperplasiaofthecrypts,withanincreasednumberofintraepithelial

lymphocytespresent.

2.MicroanatomyoftheLargeIntestine

Thelongitudinallayerofthemuscularisofthelargeintestineisreducedtothree,strap-like

structuresknownasthetaeniaecoli—bandsoflongitudinalmusclefibers,eachabout1/5in

wide.

Thebandsoflongitudinalmusclefibersstartatthebaseoftheappendixandextendfrom the

cecum totherectum.

Thewallofthelargeintestineislinedwithsimplecolumnarepithelium.

Boththesmallintestineandthelargeintestinehavegobletcells,buttheyareabundantinthe

largeintestine.

gobletcell:

columnarepithelium:Epithelialcellswhoseheightsareatleastfourtimestheirwidth.

mucin:Afamilyofhighmolecularweight,heavilyglycosylatedproteins(glycoconjugates)

producedbytheepithelialtissuesinmostmetazoans.

gobletcells:Glandular,simple,columnarepithelialcellswhosesolefunctionistosecretemucin,

whichdissolvesinwatertoform mucus.



Thelargeintestine,orlargebowel,isthelastpartofthedigestivesystem invertebrateanimals.

Itsfunctionistoabsorbwaterfrom theremainingindigestiblefoodmatter,andthentopassthe

uselesswastematerialfrom thebody.Thelargeintestineconsistsofthececum,colon,rectum,

andanalcanal.

Itstartsintherightiliacregionofthepelvis,justatorbelowtherightwaist,whereitisjoinedto

thebottom endofthesmallintestine.From hereitcontinuesuptheabdomen,acrossthewidth

oftheabdominalcavity,andthenitturnsdownward,continuingtoitsendpointattheanus.

Thelargeintestinediffersinphysicalform from thesmallintestineinbeingmuchwider.The

longitudinallayerofthemuscularisisreducedtothreestrap-likestructuresknownasthe

taeniaecoli—bandsoflongitudinalmusclefibers,eachabout1/5inwide.Thesethreebands

startatthebaseoftheappendixandextendfrom thececum totherectum.

Alongthesidesofthetaeniaearetagsofperitoneum filledwithfat;thesearecalledepiploic

appendages,orappendicesepiploicae.Thewallofthelargeintestineislinedwithsimple

columnarepithelium.

Insteadofhavingtheevaginationsofthesmallintestine(villi),thelargeintestinehas

invaginations(theintestinalglands).Whileboththesmallintestineandthelargeintestinehave

gobletcellsthatsecretemucintoform mucusinwater,theyareabundantinthelargeintestine.

Thisphotographofthelargebowel(sigmoidcolon)showsmultiplediverticulaoneithersideof

thelongitudinalmusclebundle(Taeniacoli).

Sigmoidcolon:Aphotographofthelargebowel(sigmoidcolon)thatshowsmultiplediverticula

oneithersideofthelongitudinalmusclebundle(Taeniacoli).

Inhistology,anintestinalcrypt—calledthecryptofLieberkühn—isaglandfoundintheepithelial

liningofthesmallintestineandcolon.Thecryptsandintestinalvilliarecoveredbyepithelium

thatcontainstwotypesofcells:gobletcellsthatsecretemucusandenterocytesthatsecrete



waterandelectrolytes.

Theenterocytesinthemucosacontaindigestiveenzymesthatdigestspecificfoodwhilethey

arebeingabsorbedthroughtheepithelium.Theseenzymesincludepeptidases,sucrase,

maltase,lactaseandintestinallipase.Thisisincontrasttothestomach,wherethechiefcells

secretepepsinogen.Intheintestine,thedigestiveenzymesarenotsecretedbythecellsofthe

intestine.

Also,newepithelium isformedhere,whichisimportantbecausethecellsatthissiteare

continuouslywornawaybythepassingfood.Thebasalportionofthecrypt,furtherfrom the

intestinallumen,containsmultipotentstem cells.

Duringeachmitosis,oneofthetwodaughtercellsremainsinthecryptasastem cell,whilethe

otherdifferentiatesandmigratesupthesideofthecryptandeventuallyintothevillus.Goblet

cellsareamongthecellsproducedinthisfashion.Manygeneshavebeenshowntobe

importantforthedifferentiationofintestinalstem cells.


