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QUESTION1

Writeanessayonthehistologicalimportanceofeyeinrelationtotheir

cellularfunctions.

Theeyesaretheperipheralorgansforvision.Eacheyeballislikeacamera

whichhasalensthatcreatesimageswhichfallonalightsensitive

membranecalledtheRETINA.Cellsintheretinaconvertlightimagesinto

nervousimpulsesthatpassthroughtheopticnerveandotherpartsofthe

visualpathway,toreachvisualareasinthecerebral,wherevisionis

perceived.

Externalfeaturesandstructuresoftheeyeincludetheeyelashes,lids,

muscles,accessoryglands,andconjunctiva.

Theeyecanbeseenasaseriesofoverlappingtissue.

Theinternalstructuresoftheeyeconsistofthree(3)layersoftissue

arrangedconcentrically:

A. Theoutermostlayer:madeupofthescleraandthecornea

B. Themiddlelayer,theuvea,whichisavascularlayer:subdivided

intotheiris,ciliarybodyandchoroid

C. Theinnermostlayer:madeupofnervoustissues

A.OutermostLayer:ScleraandCornea:

i. TheSclera(Whiteoftheeye):itisadenseconnectivetissuemade



ofmainlytype1collagenfibers,orientedindifferentdirections.

Itisthetoughopaqueaspectoftheeyeball.

Thelackofparallelorientationofcollagenfibersgivesthescleraits

whiteappearanceasopposedtotransparentnature

Thecollagenofthescleraandcorneaarecontinuous

Itislinedbythinnon-keratinizedstratifiedsquamousepithelium anditis

relativelyavascular

Thescleraisdividedintofour(4)layers:Thefourlayersofthesclera
from externaltointernalareepisclera,stroma,laminafusca,
endothelium.

Theepiscleraistheexternalsurfaceofthesclera.

ItisconnectedtotheTenoncapsulebythincollagenfibers.

Atthecorneoscleraljunction,alsoknownasthelimbus,theTenon
capsulecontactsstromaoftheconjunctiva.

ii. Thecornea(transparentfrontlayeroftheeye):itcontrolsand
focusestheentryoflightintotheeyesanditisavascular.

ConsistsoftypeIcollagenfibersorientedinauniform paralleldirection
tomaintaintransparency.

Consistsoffivelayers:epithelium (non-keratinized,stratifiedsquamous
epithelium),Bowmanlayer,stroma(alsocalledsubstantiapropria),
Descemet’smembrane,cornealendothelium.

 Cornealepithelium:fastgrowing,regeneratingmulticellularlayer
whichinteractsdirectlywiththetearfilm.



 Bowmanlayer:Thisisalayerofsubepithelialbasement
membraneprotectingtheunderlyingstroma.Itiscomposedof
type1collagen,laminin,andseveralotherheparansulfate
proteoglycans.

 Stroma:Thelargestlayerofthecornea,thestromahascollagen
fibersarrangedinaregularpattern.Keratocytesmaintainthe
integrityofthislayer.Thefunctionofthislayeristomaintain
transparency,whichoccursbytheregulararrangement,andlattice
structureofthefibrils,wherebyscatterfrom individualfibrilsgets
canceledbydestructiveinterference,andthespacingoflessthan
200nm allowsfortransparency.

 Descemet’smembrane:anacellularlayermadeoftypeIVcollagen
thatservesasamodifiedbasementmembraneofthecorneal
endothelium

 Cornealendothelium:aonecellthicklayermadeofeithersimple
squamousorcuboidalcells.Cellsinthisregiondonotregenerate
andhavepumpsthatmaintainfluidbalanceandpreventswelling
ofthestroma.Whencornealendothelialcellsarelost,neighboring
cellsstretchtoattempttocompensatetheselosses.

B.MiddleLayer:Uvea(Iris,CiliaryBody,Choroid):

1.Iris:

 Consistsof(1)stromallayerwithpigmented,fibrovasculartissueand
(2)pigmentedepithelialcellsbeneaththestroma

 Thesphincterpupillaeanddilatorpupillaemusclesconnecttothe
stroma

 Thepigmentedlayerofcellsblocksraysoflightandensuresthat
lightmustmovethroughthepupiltoreachtheretina

 Theangleformedbytheirisandcorneacontainsconnectivetissue
withendothelialchannelscalledthetrabecularmeshwork,which
drainsaqueoushumorintheanteriorchamberintothevenouscanal
ofSchlemm.From here,fluiddrainsintoepiscleralveins.

2.CiliaryBody: Thetissuethatdividestheposteriorchamberandvitreous
body



 Consistsoftheciliarymuscleandtheciliaryepithelium

 Theciliarymuscle,viathelenszonules,controlsthestructureofthe
lens,whichisvitalforaccommodation.Zonulesareconnectivetissue
fibersthatconnecttheciliarymuscleandlens.

 Theciliaryepithelium producesaqueoushumorwhichfillsthe
anteriorcompartmentoftheeye.

3.Choroid:

 Consistsofadensenetworkofbloodvesselssupplyingnourishment
tostructuresoftheeye,housedinlooseconnectivetissue.

 Thechoriocapillarylayerislocatedintheinnermostpartofthe
choroidandsuppliestheretina

 TheBruchmembraneisanextracellularmatrixlayersituated
betweentheretinaandchoroidandhassignificanceinage-related
maculardegeneration,whereanaccumulationoflipiddeposits
preventdiffusionofnutrientstotheretina.

C.Innermostlayer:Lens,Vitreous,Retina:

1.Lens:separatestheaqueousandvitreouschambers

 Consistsofanoutercapsule,amiddlelayercalledcortex,andan
innerlayercalledthenucleus.

 Thecapsuleisthebasementmembraneofthelensepithelium which
liesbelow

 Newlenscellsdifferentiatefrom thelensepithelium andare
incorporatedperipherally,pushingolderlenscellstowardsthemiddle.

2.Vitreousbody:ajelly-likespacemadeoftypeIIcollagenseparatingthe
retinaandthelens.

Itoccupiesthelargevitreouschamberbehindthelens

Itconsistsoftransparent,gellikeconnectivetissuethatis99%water
(vitreoushumour),withcollagenfibrilshyaluronate,containedwithinan
externallaminacalledthevitreousmembrane.

Theonlycellsinthevitreousbodyarecalledhyalocytes,whichsynthesize
thehyaluronateandcollagen,andafewmacrophages.

3.Retina:nervoustissueoftheeyewherephotonsoflightconvertto



neurochemicalenergyviaactionpotentials

Moreover,theretinaitselfisdividedintovariouslayersasfollows:

Retinalpigmentepithelium:madeofcuboidalcellscontainingmelanin
whichabsorbslight.

Thesecellsalsoestablishablood-retinabarrierthroughtightjunctions.

Rodandconecells:thelayerofcellswithphotoreceptorsandglialcells.
Rodsarelocatedperipherallyandaremoresensitivetolightandmotion
thancones.Coneshavehighervisualacuityandspecificityforcolorvision.

 Outerlimitingmembrane:alayerofMullercellsandrod/cone
junctionswhichservestoseparatethephotosensitiveregionsofthe
retinafrom theareasthattransmittheelectricalsignals.

 Outernuclearlayer:Thislayerconsistsofnucleiofrodandconecells.

 Outerplexiform layer:Thislayercontainssynapticprocessesofrod
andconecells.

 Innernuclearlayer: Thislayercontainsthecellbody ofglial,amacrine,
bipolar,andhorizontalcells

 Innerplexiform layer:Thislayerrelaysinformationfrom cellsofthe
innernuclearlayer.Thus,thislayerhasaxonsofamacrine,bipolar,
andglialcellsanddendritesofretinalganglioncells.

 Ganglioncelllayer:Thislayercontainsnucleiofretinalganglioncells.

 Nervefiberlayer:Thislayercontainsaxons ofretinalganglioncells
andtheastrogliawhichsupportthem.Collectively,theseaxons
constitutetheopticnerve.

 Internallimitingmembrane:AthinlayerofMullerglialcellsand
basementmembranewhichdemarcatesthevitreousanteriorlyfrom
theretinaposteriorly.

Functions

Thelayersoftheeyeperform distinctfunctionswhichcoalescetocreatea
unified,perceptualexperience.

Theessentialroleoftheexternaleyestructuresistoprotectthedelicate
tissueoftheinternaleye.

Theeyelidpreventsforeignbodiesfrom enteringtheinnereyeandhelps



refreshanddistributethetearfilm byblinking.

Eyelashesarefinelysensitivetotouchandwarntheeyeofpossibledebris
andparticlesthatmaycauseinjury.

Internalpartsoftheeyehaveprimarilystructuralandvisualfunctions.

Thecorneaservesaprotectiveroleandisresponsiblefortwo-thirdsofthe
refractivepropertiesoftheeye.

Theremainingone-thirdofrefractionisperformedbythelens,whichis
functionallyadjustablethroughtheactionofthezonularfibersandciliary
muscles.

Attheendofthevisualprocess,asraysoflightbendthroughthecornea
andlens,photonenergyisconvertedtoneurochemicalactionpotentialsby
cellsoftheretina,whichthensendtheseimpulsestothebrain,viathe
opticnerve.

Theuveaoftheeyeisacrucialmediatorofnutritionandgasexchange,as
bloodvesselscoursethroughtheciliarybodyandiris,whilethe
choriocapillarisintheposterioreyehelpsupporttheretina.

Thisabundantbloodsupplyisimplicatedinuveitis,asinflammatory
mediatorsentertheeyethroughthisvascularnetwork.

Clinicalanatomy

Severalofthemostcommondiseasesoftheeyearemanifestationsof
pathologywithinspecifichistologicallayers.Belowareexamplesof
commoneyeconditions,andthelayersoftheeyeimplicated.

 "Chalazion":Asterilelumpoftenintheuppereyelidcausedby
obstructionofthemeibomianoilglands.

 "Conjunctivitis": Inflammationofthetransparentconjunctivathatmay
becausedbybacterialorviralinfections,allergies,orexposureto
certainchemicals.

 "Cataracts": Ascleroticnuclearcataractisthemostcommonandis
duetoopacificationinthecentralnucleusofthelens.Cortical
cataractsareduetoopacificationsinthecortexandhaveadistinct
wedge-shapedappearance.Posteriorsubcapsularcataracts
arise from behindthesac-likestructureofthelens.

 "Glaucoma": Referstoopticnervedamagerelatedtoincreased



intraocularpressure.Drainageofaqueoushumorthroughthe
trabecularmeshworkisoftenimplicated.

 "Age-relatedmaculardegeneration": Aprogressiveeyedisease
causingdamagetothemaculaorcentralportionoftheretina.
Accumulationofdrusen,orlipid-ladendepositsinBruch’smembrane
oftheretina,isassociatedwithdiseaseseverity.

 "FuchsDystrophy":Adiseaseofthecornealendothelium,thatcauses
accumulationofexcessedemainthecornealstroma.Progressionof
thediseaseoftencausesblistersintheeye,alsoreferredtoas
bullouskeratopathy.

 "Floaters":Thesensationoffloatersisduetochangesthatoccurin
thejelly-likevitreouslayeroftheeye.

 "Retinaldetachment":Itoccurswhentheouterpigmentepithelial
layerseparatesfrom theinnerneurosensorylayerconsistingofrods
andcones;thisisavision-threateningconditionastheneurosensory
layerisunabletoreceivenutrientsfrom theunderlying
choriocapillarisandretinalpigmentepithelium.

QUESTION2

Coronaviruscanpenetratethebodythroughtheeyeandimplicatethe
immunesystem:brieflydiscussthelayersoftheretinaforinformation
penetration.

Introduction

Theretinaisalayerofphotoreceptorscellsandglialcellswithintheeye
thatcapturesincomingphotonsandtransmitsthem alongneuronal
pathwaysasbothelectricalandchemicalsignalsforthebraintoperceivea
visualpicture.

Theretinaislocatedintheposteriorsegmentandformstheinnermost
boundaryamongtheothermajorlayersoftheeyethatincludethevascular
choroidandthefibroussclera.

Diseasemanifestationscanoccurintheretinaatdifferentstagesoflife,
manyofwhichseverelycompromisevisualabilityandconsequentlythe
qualityoflife.



LayersoftheRetina

Theretina,morespecifically,subdividesintotendistinctlayersthatare
describedinorderfrom theinnermostlayersclosertothepupiltothe
layersfurthertowardstheposteriorandperipheryoftheeyeball:

 InnerLimitingMembrane–theinnermostlayeroftheretinathat
formsasmoothboundaryagainstthevitreoushumorwhichfillsthe
vitreouschamberoftheeye.Theperipheralboundaryofthislayer
consistsofMüllerglialcells,whichfunctiontomaintainretinal
homeostasisbyupholdingretinallaminationandbysupportingother
cells.

 RetinalNerveFiberLayer–thelayercomposedofretinalganglion
cellaxonsmixedwithastrocytesandtheprocessesoftheMuller
cells.

Theinnerlimitingmembraneservesasthebasallaminaforthecells
oftheretinalnervefiberlayer.

 GanglionCellLayer–thelayerofganglioncellbodiesthatproject
theiraxons,eventuallytoform theopticnerve.

 InnerPlexiform Layer–thislayeriswheretheaxonsofbipolarcells
synapseontotheganglioncells.Thedendritesofamacrinecellsalso
synapseatthiszoneandfunctioninmodulatingtheelectrical
conductionbetweenthebipolarcellsandganglioncells,preventing
lateralpotentiation.

 InnerNuclearLayer–thelayercomposedofthecellbodiesofbipolar
cells,horizontalcells,andamacrinecells.Bipolarcellsfunctionas
channelsthattransmitandencodevarioussynapticinputsfrom
photoreceptorcellsontoganglioncells. Horizontalcellsprovide
feedbackmodulationontorodandconecells.

 OuterPlexiform Layer–theregionwhereprojectionsfrom
photoreceptorcellssynapsewiththedendritesofthecellsresidingin
theinnernuclearlayer. 

 OuterNuclearLayer–thelayercontainingthecellbodiesofboth
rodsandcones. 

 ExternalLimitingMembrane–theregionthatiscomposedofgap-
junctionsbetweenphotoreceptorcellsandMullercells;itseparates
thecellbodiesoftherodsandconesfrom theirinnersegmentsand



outersegments.

 PhotoreceptorLayer–theregionconsistingoftheinnersegments
andoutersegmentsofrodsandcones.

Theouterphotoreceptorsegmentsconsistofmembrane-bound
discsthatcontainthelight-sensitivepigmentssuchasrhodopsinthat
arenecessaryforphototransduction.

Theinnersegmentshousetheabundanceofmitochondrianeeded to
meetthehighmetabolicdemandsofthephotoreceptorcells.

 RetinalPigmentEpithelium –theoutermostretinallayerthatspansa
widthofasinglecelllocatedbetweentheneuralretinaandtheBruch
membrane,adjacenttothehighly-vascularizedchoroidlayer.

Theretinalpigmentepithelium (RPE)contributestotheblood-retinal
barrierinconjunctionwiththeendothelium oftheretinalvesselsand
hasmanyfunctionsincludingionandwatertransportandsecretion
ofgrowthfactorsandcytokines.

TheRPEcellsinterminglewiththeoutersegmentsoftherodsand
cones.Thisproximityallowsfortherecyclingofall-trans-retinalback
into11-cis-retinalanditsdeliverybacktotheconesandrodstobe
usedagainforphototransduction.

RPEcellsarecrucialinthesupportandmaintenanceofboth
photoreceptorcellsandtheunderlyingcapillaryendothelium.

Sixmajorcelltypesform thevariouslayerswithinthehumanretina:

1.Photoreceptors(rodsandcones)-form theouternuclearlayer 

o Synapsewithbipolarcellsattheouterplexiform layer

o Rodsdealpredominantlywithperipheralandnightvision

o Conesdealmainlywithcentralvision 

2.Bipolarcells-makeuptheinnernuclearlayer 

o Synapsewithamacrinecellsandganglioncellsattheinner
plexiform layer 

3.Amacrinecells

o Inhibitorycellswhichinteractwithbipolarcellsandretinal
ganglioncells



4.Retinalganglioncells-form theganglioncelllayer(innermostlayer,
furthestfrom thephotoreceptors)

o Axonstracttowardsthebackoftheeyeandform theoptic
nerve 

5.Horizontalcells

o Assistinoperationssuchascontrastenhancementand
preservationofspatialinformation.

6.Mullercells

o glialcellswhichsupportmetabolism andhomeostasisofthe
retina.

HowCoronaviruscanpenetratethebodythroughtheeye:

Infectiousdropletsandbodyfluidscaneasilycontaminatethehuman
conjunctivalepithelium.

Respiratoryvirusessuchascoronavirusarecapableofinducingocular
complicationsininfectedpatients,whichthenleadstorespiratoryinfection.

Severeacuterespiratorysyndromecoronavirus(SARS-CoV2)is
predominantlytransmittedthroughdirectorindirectcontactwithmucous
membranesintheeyes,mouth,ornose.

Basedontheocularandnasalanatomy,ahighlyplausiblepathisviathe
lacrimalandnasolacrimalducts(thetearducts)andthenintonose,
trachea,andfinallylung.

Regardingthemechanism oftravel,twoscenariosmaybeentertainedthat
arenotmutuallyexclusive.

Inthefirst,thevirustravelsthroughreinfectionandreplicationofadjoining
cellsbysyncytialcontactorbyshort-rangediffusion.

Inthismodel,travelisdependentonreplicationenroute.

Alternately,thevirionsmaytravelinareplication-independentmanner,
perhapspropelledbytheciliarycellsthatlinethelacrimalandrespiratory
mucosaetoreachthelungs(Viraetal.,2007).
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