· Development of the eye – begins in 4th week (follow diagram on p. 81 & p. 82)
· Controlled by Transcription Factor Pax6
· Neural Tube closure completes
· Dialations (brain vesicles) formed rostrally:
· Prosencephalon ( subdivides:
· Telencephalon

· Diencephalon
· Mesencephalon

· Rhombencephalon ( subdivides:
· Metencephalon

· Myelencephalon

· Optic Vesicle & Optic Cup 
· Optic vesicle = an evagination (outpouching) of lateral diencephalons surface

· Optic vesicle contacts overlying ectoderm

· Overlying ecotoderm cells induced (by contact) to thicken ( lens placode 

· Retina, Iris, & Ciliary Epithelium

· Simultaneously:

· Optic Vesicle invaginates forming early:

· Optic stalk (future optic nerve)
· Optic cup (future retina, ciliary body & iris)
· Inner becomes neural retina (photoreceptors, bipolar cells & ganglion cells)

· Ganglion cells
· Outer becomes pigment epithelium

· Intraretinal space

· Space b/w inner & outer optic cup layers) 

· Remains a weak spot, prone to retinal detachment throughout life

· Ora Serrata  = the 2 layers of the optic “cup” at the “rim”

· Continuous

· Extend centrally forming double-layered epithelium:

· Ciliary body 
· Iris
· Optic Fissure formation:
· One side of outer surface of optic cup & optic stalk invaginate

· Invagination leaves a small slit or fissure (running same direction as optic stalk) = optic fissure (aka choroidal fissure)
· Optic fissure contains hyaloid vessels which course through vitreal chamber & cover surface of lens
· Simultaneously:

· Optic Nerve formation:

· Ganglion cell axons grow from neural retina of inner optic stalk (notes say “stalk”, but I think it s/b “cup”) toward diencephalon

· Inner layer of optic stalk thickens forming the optic nerve (I think it s/b “stalk” here)

· Optic Fissure Closure:

· Inner & outer layers of the optic cup and optic stalk
· Completing a “radially” symmetric eye & optic nerve
· Trapping hyaloid vessels, which become the central retinal artery and vein

· Round central opening of cup = pupil

· Ciliary Body & Iris formation:

· Peripheral (anterior) optic cup (both layers) continue to grow (anteromedially) & form:

· Ciliary body epithelium

· Outer (anterior) – pigmented

· Inner (posterior) – remains unpigmented

· Epithelium of Iris

· Outer (anterior) – pigmented 

· Inner (posterior) – unpigmented; eventually becomes pigmented

· Lens
· Surface ectoderm is induced by contact from underlying optic cup
· Induced ectoderm forms a lens placode (thickened ectoderm)
· Lens placode
· Invaginates inward
· Rounds up (“cup”-shaped
· Closes ( lens vesicle (circular & hollow)
· Overlying ectoderm
· Reseals ( primordial cornea & conjuctiva
· Lens vesicle cells differntiate:
· Initial formation of Lens:
· Anterior
· = Anterior Epithelium
· Remain cuboidal
· Later forms 2o lens fibers (see below)
· Posterior
· = 1o Lens Fiber Cells
· Elongate, gradually obliterating space w/in vesicle
· Anterior end of fiber cells contact posterior side of anterior epithelium
· 2o Lens Fibers:  
· Anterior cells divide & elongate, thereby ↑ size of lens
· Afer the initial rapid growth of the lens, production of new fiber cells slows markedly but continues throughout life
· Lens Capsule:  lens cells produce thick basal lamina
· Zonule Fibers (suspensory fibers) connect lens capsule to ciliary body
· Blood Supply:
· Early fetal period:  branches of hyaloid artery
· Later:  vasculature degenerates, leaving lens as an avascular structure
· Aneural
· Mesenchymal Components
· Embryonic Mesenchyme around optic cup forms:
· Cornea (except for the anterior epithelium)
· Stroma of the iris
· Choroids
· Ciliary body (& its smooth muscle)
· The vasculature
· Sclera
· Chambers
· Space forms b/w cornea & lens
· Space divided by formation of the iris:
· Anterior Chamber
· Posterior Chamber
· Vitreous Body 
· Derived from mesenchyme
· Occupies space behind lens
· Hyaloid vessels degenerate as vitreous body enlarges
· Remaining tubular space b/w lens & optic disc = hyaloid canal 
· Musculature
· Iris mm (sphincter & dilator pupillae) – derived from pigmented epithelium (t/f it is neuroectodermal in origin)
· Extraocular mm– derived from somatic mesoderm (refer to Development of Skeletal System notes)
· Clinical Correlation:  Eye Abnormalities

· Anopthalmia 
· Failure of optic vesicle formation ( no eye
· Aphakia (congenital)
· Failure of ectodermal induction to form lens placode ( no lens
· Coloboma
· Failure of optic fissure to seal/fuse ( cleft-like defect in any of the tissues derived from the optic cup

· Coloboma of Iridis – cleft (coloboma) occurs in iris
· Aniridia (congenital)
· Failure of growth continuation of optic cup ( no iris
· Persistent Pupillary Membrane (PPM)
· Background:  before iris formation, the pupillary membrane (vascularized) anterior to the lens, degenerates

· Failure of degeneration of papillary membrane ( PPM
· Congenital Cateract
· Opacity of the Lens
· Causes:

· Infection:  rubella, syphilis

· Genetic:  galactosemia

· Most common:  age-related (> 50 yrs)

· Major risk factor = diabetes

· Development of the Auditory & Vestibular Periphery – weeks 4-8

· Inner Ear

· Otic Placode

· Ectodermal thickening adjacent to the rhombencephalon

· Rounds up ( Otocyst (otic vesicle)

· Otocyst (
· Gives rise to the entire membranous labyrinth (filled with endolymph)

· Surrounded by mesoderm

· Proximal mesoderm (adj. to otocyst)

· Degenerates & space fills with perylimph

· Separates the membraneous & bony labyrinths

· Distal mesoderm (distal to otocyst)(cartilaginous(bony = petrous part of temporal bone

· Membranous labyrinth walls thicken ( sensory epithelia

· Semicircular Canals = Crista Ampullaris
· Saccule & Utricle = Maculae

· Cochlear Duct = Organ of Corti
· Lengthens at utricular end:  

· 3 flattened disc = semicircular duct precursors
· Utricle remains attached to semicircular ducts

· Lengthens & spirals at saccular end

· Cochlear duct

· Saccule separtes from cochlear duct, connected only by the utriculosaccular duct
· Middle Ear

· Pharyngeal pouch 1 forms:

· Tympanic cavity

· Auditory tube

· Cartilage of arch 1 forms

· Malleus

· Incus

· Cartilage of arch 2 forms

· Stapes

· Pharyngeal membrane 1 forms:

· Tympanic membrane

· External Ear

· Pharyngeal groove 1 forms

· External auditory meatus

· Mesenchymal proliferation of arches 1 & 2 form

· Auricle

· Clinical Correlation:
· Congenital Deafness:  Rubella in 7th to 8th week
· External Ear Defects:  Commonly found in chromosomal syndromes
· Development of the Olfactory Periphery (mucosa):
· Olfactory Placode 

· Recognizable during the 4th week

· Ectodermal thickening in the region of the prosencephalon
· Develops the olfactory mucosa

· In humans, the olfactory mucosa occupies only a small part of the dorsal-most region of the nasal cavity

· Olfactory Placode development:

· Margins thickened by underlying mesenchymal growth

· Medial Nasal Prominence (MNP)

· Lateral Nasal Prominence (LNP)

· Center sinks & forms the nasal pit which enlarges ( nasal sac

· Nasal sac epithelium close to developing brain (inferior) becomes specialized by appearance of:

· Bipolar olfactory neurons
· Supporting cells (sustentacular & basal cells)

· Neuronal axons pierce developing bone to form the cribriform plate
