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1.Writeanessayonthehistologicalimportanceofeyeinrelationtotheircellularfunctions.

Theeyecanbeviewedasaseriesofoverlappinglayersoftissue.Externalstructuresofthe

eyeincludetheeyelashes,lids,muscles,accessoryglands,andconjunctiva.Theinternal

structuresoftheeyeconsistofthreelayersoftissuearrangedconcentrically:

-Thescleraandcorneamakeuptheexteriorlayers.



-Theuveaisthevascularlayerinthemiddle,subdividedintotheiris,ciliarybody,andchoroid.

-Theretinaconstitutestheinnermostlayerandismadeupofnervoustissue.

Thelayersoftheeyeperform distinctfunctionswhichcoalescetocreateaunified,perceptual

experience.Theessentialroleoftheexternaleyestructuresistoprotectthedelicatetissueof

theinternaleye.Theeyelidpreventsforeignbodiesfrom enteringtheinnereyeandhelps

refreshanddistributethetearfilm byblinking.Eyelashesarefinelysensitivetotouchandwarn

theeyeofpossibledebrisandparticlesthatmaycauseinjury.

Internalpartsoftheeyehaveprimarilystructuralandvisualfunctions.Thecorneaservesa

protectiveroleandisresponsiblefortwo-thirdsoftherefractivepropertiesoftheeye.The

remainingone-thirdofrefractionisperformedbythelens,whichisfunctionallyadjustable

throughtheactionofthezonularfibersandciliarymuscles.Attheendofthevisualprocess,as

raysoflightbendthroughthecorneaandlens,photonenergyisconvertedtoneurochemical

actionpotentialsbycellsoftheretina,whichthensendtheseimpulsestothebrain,viatheoptic

nerve.Theuveaoftheeyeisacrucialmediatorofnutritionandgasexchange,asbloodvessels

coursethroughtheciliarybodyandiris,whilethechoriocapillarisintheposterioreyehelp

supporttheretina.

Thetissuesoftheeyecanbesplitintothreetypes:

-refractingtissuesthatfocuslight

-light-sensitivetissues

-supporttissues

Refractingtissues

Refractingtissuesfocusincominglightontothelight-sensitivetissues,togiveusaclear,sharp

image.Iftheyarethewrongshape,misaligned,ordamaged,visioncanbeblurry.Therefracting

tissuesinclude:

-Thepupil:Thisisthedarkspotinthecenterofthecoloredpartofyoureye,which,inturn,is

calledtheiris.Thepupilexpandsandshrinksinresponsetolight,actingsimilarlytotheaperture

onacamera.Inverybrightconditions,thepupilconstrictsorshrinkstoaround1mm in

diametertoprotectthesensitiveretinafrom damage.Whenitisdark,thepupilcandilateor

widenupto10mm indiameter.Thisdilationallowstheeyetotakeinasmuchlightaspossible.

-Iris:Thisisthecoloredportionoftheeye.Theirisisamusclethatcontrolsthesizeofthepupil

and,therefore,theamountoflightreachingtheretina.Itconsistsofstromallayerwith

pigmented,fibrovasculartissueandpigmentedepithelialcellsbeneaththestroma.The

pigmentedlayerofcellsblocksraysoflightandensuresthatlightmustmovethroughthepupil

toreachtheretina.



-Lens:Oncelighthastraveledthroughthepupil,itreachesthelens,whichisatransparent

convexstructure.Thelenscanchangeshape,helpingtheeyetofocuslightaccuratelyontothe

retina.Withage,thelensbecomesstifferandlessflexible,makingfocusingmoredifficult.The

lensconsistsofanoutercapsule,amiddlelayercalledcortex,andaninnerlayercalledthe

nucleus.

-Ciliarymuscle:Thismuscularringisattachedtothelensviathelenszonules,asitcontractsor

relaxes,itchangestheshapeofthelens.Thisprocessiscalledaccommodation.

-Cornea:Thisisaclear,dome-likelayerthatcoversthepupil,iris,andanteriorchamberorfluid-

filledareabetweenthecorneaandtheiris.Itisresponsibleforthemajorityoftheeye’sfocusing

power.However,ithasafixedfocussocannotadjusttodifferentdistances.Thecorneais

denselypopulatedwithnerveendingsandincrediblysensitive.Itistheeye’sfirstdefense

againstforeignobjectsandinjury.Becausethecorneamustremaincleartorefractlight,ithas

nobloodvessels.ItconsistsoftypeIcollagenfibersorientedinauniform paralleldirectionto

maintaintransparency.Itismadeupoffivelayers:epithelium (non-keratinized,stratified

squamousepithelium),Bowmanlayer,stroma(alsocalledsubstantiapropria),Descemet’s

membrane,cornealendothelium.

Twofluidscirculatethroughouttheeyestoprovidestructureandnutrients.Thesefluidsare:

-Vitreousfluid:Foundinthebacksectionoftheeye,vitreousfluidisthickandgel-like.Itmakes

upthemajorityoftheeye’smass.

-Aqueousfluid:Thisismorewaterythanvitreousfluidandcirculatesthroughthefrontofthe

eye.

Light-sensitivetissues

-Retina:Theretinaistheinnermostlayeroftheeye,ithaslayersasshowninquestion2.It

housesmorethan120millionlight-sensitivephotoreceptorcellsthatdetectlightandconvertit

intoelectricalsignals.Thesesignalsaresentontothebrainforprocessing.Photoreceptorcells

intheretinacontainproteinmoleculescalledopsinsthataresensitivetolight.Thetwoprimary

photoreceptorcellsarecalledrodsandcones.Inresponsetoparticlesoflight,therodsand

conessendoutelectricalsignalstothebrain.

-Cones:Thesearefoundinthecentralregionoftheretinacalledthemacula,andtheyare

particularlydenseinasmallpitatthecenterofthemaculaknownasthefovea.Conesare

essentialfordetailed,colorvision.Therearethreetypesofcones,normallycalled:

-shortorblue

-middleorgreen

-longorred



Conesareusedtoseeinnormallightconditionsandallowustodistinguishcolors.

-Rods:Thesearemostlyfoundaroundtheedgesoftheretinaandareusedforseeinginlow

lightlevels.Althoughtheycannotdistinguishcolors,theyareextremelysensitiveandcandetect

thelowestamountsoflight.

-Opticnerve:Thisthickbundleofnervefiberstransmitssignalsfrom theretinatothebrain.In

all,therearearound1millionthin,retinalfiberscalledganglioncellsthatcarrylightinformation

from theretinatothebrain.Theganglioncellsleavetheeyeatapointcalledtheopticdisc.

Becausetherearenorodsandcones,itisalsoreferredtoastheblindspot.Differentsubsetsof

ganglioncellsregisterdifferenttypesofvisualinformation.Forinstance,someganglioncells

aresensitivetocontrastandmovement,otherstoshapeanddetails.Together,theycarryallthe

necessaryinformationfrom ourvisualfield.Thebrainallowsustoseein3-D,givingusdepth

perception,bycomparingthesignalsfrom botheyes.Thesignalsgeneratedintheretinaendup

inthevisualcortex,apartofthebrainthatisspecializedforprocessingvisualinformation.Here,

theimpulsesarestitchedtogethertocreateimages.

Supporttissues

-Sclera:Thisiscommonlyreferredtoasthewhiteoftheeye.Itisfibrousandprovidessupport

fortheeyeball,helpingitkeepitsshape.Itconsistsofdenseconnectivetissuefilledwiththe

proteincollagentobothprotecttheinnercomponentsoftheeyeandmaintainitsshape.

-Conjunctiva:Athin,transparentmembranethatcoversmostofthewhiteoftheeye,andthe

insideoftheeyelids.Ithelpslubricatetheeyeandprotectitfrom microbes.Thetarsalplatelies

beneaththeconjunctivaandcontainsmeibomianglands,whichsecreteanoilysubstanceto

decreasetheevaporationofthetearfilm

-Choroid:Alayerofconnectivetissuebetweentheretinaandsclera.Itcontainsahigh

concentrationofbloodvessels.Itisjust0.5mm thickandcontainslight-absorbingpigment

cellsthathelpreducereflectionsintheretina.

ClinicalSignificance

-Astigmatism:Thecorneaorlensisincorrectlycurvedsothatlightisnotfocusedproperlyon

theretina.

-Cataracts:Cloudingofthelenscausescataracts.Theyleadtoblurredvisionand,ifuntreated,

blindness.

-Colorblindness:Thisoccurswhenconecellsareabsentordonotworkcorrectly.Someonewho

iscolorblindfindsitdifficulttodistinguishbetweencertaincolors.

-Conjunctivitisorpinkeye:Thisisacommoninfectionoftheconjunctiva,whichcoversthefront

oftheeyeball.



-Detachedretina:Aconditionwhentheretinacomesloose.Itrequiresurgenttreatment.

-Diplopiaordoublevision:Thiscanbecausedbyseveralconditionsthatareoftenseriousand

shouldbecheckedbyadoctor,assoonaspossible.

-Floaters:Thesearespecksthatdriftacrossaperson’svisualfield.Theyarenormalbutcan

alsobethesignofsomethingmoreserious,suchasretinaldetachment.

-Glaucoma:Pressurebuildsupinsidetheeyeandcaneventuallydamagetheopticnerve.Itcan

eventuallyleadtolossofsight.

-Myopia:Thisisotherwiseknownasnearsightedness.Withmyopia,itisdifficulttoseethings

thatarefaraway.

-Opticneuritis:Theopticnervebecomesinflamed,oftenduetoanoveractiveimmunesystem.

2.Coronaviruscanpenetratethebodythrougheyeandimplicatetheimmunesystem ,briefly

discussthelayersofretinaforinformationpenetration.



Theretinaistheinnermostlayerintheeyethatisresponsibleforthevisualprocessingthat

turnslightenergyfrom photonsintothree-dimensionalimage.Locatedintheposteriorportion

oftheeyeball,theretinaistheonlyextensionofthebrainthatcanbeviewedfrom theoutside

worldandgivesophthalmologistsararewindowintoreal-timepathologyaffectingthe

retina.Theretinaitselfconsistsofsixdifferentcelllinesdividedintotendifferentlayers,each

playingaspecificroleincreatingandtransmittingvision.Thedifferentcelltypesperform a

particularroleandform functionalcircuitsthatspecializeindetectingspecificvariationsand

movementsoflight.

Thetendistinctlayersofneuronsareinterconnectedbysynapses.Thecellssubdivideinto

threebasiccelltypes:photoreceptorcells,neuronalcells,andglialcells.Thelayersfrom the

closesttothefrontanterioroftheheadtowardstheposterioroftheheadareasfollows:

-Innerlimitingmembrane

-Nervefiberlayer(NFL)

-Ganglioncelllayer

-Innerplexiform layer

-Innernuclearlayer

-Middlelimitingmembrane

-Outerplexiform layer

-Outernuclearlayer

-Externallimitingmembrane

-Thelayerofrodsandcones

Withintheselayersoftheretina,wefindmultipledifferenttypesofcellswithspecificjobsthat

helptransmitincomingphotonsintoactionpotentialsthatthebrain'scorticesprocessinto

three-dimensionalvision.Thesixdifferentcelltypesintheretinainclude:

-Rods

-Cones

-RetinalGanglioncells

-Amacrinecells



-Bipolarcells

-Horizontalcells

CELLSOFTHERETINA

-Rods:Inhumans,approximately95%ofthephotoreceptorsinourretinaarerods,andthey

specializeinregisteringlow-lightlevels,thushelpingtocreateablackandwhitevision-known

asscotopicvision.Rodsareconcentratedintheouterretinaandtheirdensityincreasesasone

movesoutwardtowardstheperipheryoftheretina,withtherebeingzerorodsinthecentral

fovea.

-Cones:Unlikerods,conesarelesssensitivetophotonsingeneralbutarebetteratresponding

tooneofthreespecific(colors)wavelengthsoflight.Conecellsspecializeindetectingeither

redlight(64%),greenlight(32%),orbluelight(2%)andconcentrateprimarilyinthecentralarea

oftheretinareferredtoasthemacula-whichalsocontainsfovea.Thecentralfoveacontains

neitherrodsnorevensynapses,butonly100%coneswhichhaveanunobstructedviewofthe

incominglightfrom theoutsideworld.

-RetinalGanglionCells:Retinalganglioncells(RGC)aretheretina'smainoutputneuron,butalso

athirdclassofphotoreceptorsthatarealsophotosensitiveandhelptransmitbothimage-

formingandnon-imageforminginformationthatfunctionsinthephysiologicalprocessesofthe

circadianrhythm,modulationofmelatoninrelease,andregulationofpupilsize.

-AmacrineCells:Amacrinecellsareintermediateneuronsthatreleasetheinhibitory

neurotransmitterGABAorglycine.However,giventheiruniquegapjunctionphysiology,theycan

bebothinhibitoryorexcitatory.Thereisgreatdiversityamongamacrinecells,andtheyfulfilla

varietyofjobsandfunctionswithintheretina;servingastheultimateutilitycelloftheretina.

Thisdiversityamongamacrinecellsallowsthem toform dedicatedfunctionalmicrocircuitsthat

allowtheretinatodetectdifferentshadesandmovementsoflightinparticulardirections.

-Bipolarcells:Theseform circuitswithotherphotoreceptorsthatprovidethebasicelementary

blocksofvisionsuchaschromaticcomposition,polarity,contrast,andtemporalprofileof

incomingvisualstimuli.

-HorizontalCells:Horizontalcellsareinvolvedinmodulatinginformationtransferbetween

bipolarcellsandphotoreceptorsandareinvolvedwithhelpingeyesadjusttobothbrightlight

andlowlightconditions

LAYERSOFTHERETINA

-Innerlimitingmembrane:TheILM istheretina'sinnersurfaceborderingthevitreoushumorand

therebyformingadiffusionbarrierbetweentheneuralretinaandvitreoushumor.TheILM

containslaterallycontactingMullercellsynapticboutonsandotherbasementmembraneparts.



-Nervefiberlayer(NFL):Thenervefiberlayeristhesecondinnermostlayeroftheretinafrom

thevitreous.PatientswithretinitispigmentosamayhaveameasurabledegreeofRNFLthinning.

-Ganglioncelllayer:Thislayercontainstheretinalganglioncells(RGCs)anddisplacedamacrine

cells.Asaruleofthumb,smallerRGCsdendritesarborizeintheinnerplexiform layerwhile

largerRGCsdendritesarborizeinotherlayers.

-Innerplexiform layer:Theinnerplexiform layerisanareacomprisedofadensereticulum of

fibrilsformedbyinterlaceddendritesofRGCsandcellsoftheinnernuclearlayer.

-Innernuclearlayer:Thislayeroftheretinacontainsthecellbodiesofbipolarcells,horizontal

cells,andamacrinecells.

-Outerplexiform layer:Thislayeroftheretinacontainsaneuronalsynapseofbetweenrodsand

coneswiththefootplateofhorizontalcells.Capillariesarealsofoundtobeprimarilyrunning

throughtheouterplexiform layer.

-Outernuclearlayer:Thislayercontainstherodandconegranulesthatsensephoton,

extensionsfrom therod,andconecellbodies.

-Externallimitingmembrane:Thislayercontainsthebasesoftherodandconephotoreceptors

cellbodies.TheELM formsabarrierbetweenthesubretinalspace,intowhichtheinnerand

outersegmentsofrodsandconesprojecttobeincloseassociationwiththepigmentepithelial

layerbehindtheretina,andtheneuralretinaproper.

-Retinalpigmentepithelium:Theretinaissupportedbytheretinalpigmentepithelium (RPE),

whichhasmanyfunctionsincludingvitaminAmetabolism,maintenanceoftheblood-retina

barrier,phagocytosisofphotoreceptoroutersegments,productionofmucopolysaccharide

matrixsurroundingtheoutersegmentsoftheretina,andactivetransportofmaterialsintoand

outoftheRPE.

ClinicalSignificance

Inaretinaldetachment,layersofrodsandconesbecomedetachedfrom theRPE.The

separationoftheneurosensorylayeroftheretinafrom theoutermostpigmentedepithelium

leadstothedegenerationofphotoreceptorsandsubsequentvisionloss.Symptomsofearly

retinaldetachmentincludeflashesandfloatersintheaffectedeyeoraveil/curtaintypeof

visionlossthatisconstant(vs.transientlossduetoamaurosisfugax).Treatmentincludes

laseringaroundthedetachedareatore-adheretheretinatotheunderlyingRPEordoinga

vitrectomyandfillingtheeyewithoiltopresstheretinabackontotheRPE.Commoncausesof

retinaldetachmentincludetrauma,hypertension,anddiabeticretinopathy.


