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1) HISTOLOGY OF THE EYE (APPLIED ANATOMY IN RELATION TO ITS CELLULAR FUNCTIONS) 
The eyes are photosensitive organs for analyzing form, intensity and the colour of light reflected from objects and providing the sense of light. The eyeballs are protected within the orbits of the skull which also contain adipose cushions. Externally each eye consists of a tough, fibrous globe that maintains its overall shape. Internally the eye contains transparent tissues that refract light to focus the image, a layer of photosensitive cells and a system of neurons that collect, process and transmit visual information to the brain.
WALL OF THE EYE  
It has three main layers: 
Fibrous tunic (outermost layer)   
· SCLERA – thick collagenous capsule provides structural support for the eye is point of                          attachment for extraocular muscles and is in continuity with the conjunctiva.  
·  CORNEA – continuous with the sclera at the limbus.   
 Uvea (uveal tract or vascular tunic):
 It is also called the middle layer. It is composed of the iris, ciliary body and choroid. The uvea is highly vascular and heavily pigmented.   
· IRIS – optical diaphragm that forms the margin of the pupil     
·  CILIARY BODY – ciliary muscle regulates shape of the pupil for visual accommodation,                                    and ciliary epithelium produces aqueous humor that fills the anterior and posterior chambers    
· CHOROID – vascular supply to the retina

 Retina (innermost layer):
 Is composed of neural photoreceptor cells (rods & cones), neuronal integrative circuitry and retinal pigment epithelium (RPE).   
 Key Ocular Structures and their Functional Significance  
Cornea: is transparent and avascular, it directs light to the lens (its refractive power twice that of the lens)   
 LAYERS OF THE CORNEA:    
· Epithelium    

· Bowman's membrane

·  Stroma    

·  Descemet's membrane

·  Endothelium  (borders anterior chamber)   

 (Bowman’s and Descemet’s membranes are not typical basement membranes)    
CORNEAL EPITHELIUM: is composed of stratified squamous (non-keratinizing). It has a high rate of turnover for repair of damage due to abrasion. Stem cells in basal layer near the limbus undergo differentiation, epithelium migrates.        
STROMA OF THE CORNEA: Corneal fibroblasts are called keratocytes. The stroma is multilayered with alternating layers of keratocytes and ECM fibrils and proteoglycans. The orientation of collagen fibrils changes layer to layer       
CORNEAL ENDOTHELIUM: Simple cuboidal epithelium mediates hydration and nutrition of the stroma and corneal epithelium.   
REFRACTIVE ERRORS in vision are often due to abnormalities of the cornea    
· nearsightedness (myopia) - the cornea may be too steep   
·  farsightedness (hyperopia) - cornea may be too flat    
·  Astigmatism - cornea is curved unevenly.  The cornea can be reshaped, as by Laser-Assisted in Situ Keratomileusis, LASIK surgery.

Components of the Uvea (choroid, ciliary body, iris)
CHOROID: Is a highly pigmented, highly vascular layer interposed between sclera and retina. Its larger vessels linked to the sclera by collagen and elastic fibrils. It is heavily populated by melanocytes. It contains a choriocapillary layer that houses smaller vessels that supply the retina.  Bruch's membrane - collagen I with an elastic fiber core separates choroid from the retinal pigment epithelium  
CILIARY BODY: Is a thickened portion of uveal tract at the level of the lens, the contraction and relaxation of the ciliary muscle regulates the shape of the lens. Ciliary zonules (ciliary ligaments or cables) connect the ciliary body to the lens, running from the ciliary epithelium to the lens capsule.                         
 Ciliary Muscle and Visual Accommodation      
 (Distance vision (CM relaxes   (zonules become tense (lens is flattened  ( near vision   (CM contracts (zonules relax  ( lens bulges       
Production of Aqueous Humor (“Aqueous’) maintains intraocular pressure and provides nutrition to the lens 

Ciliary Processes are highly vascular, finger-like processes project into the posterior                                    chamber                     

Ciliary Epithelium consists of two layers of cells aligned apex to apex   
              -outer layer is heavily pigmented and is continuous with the retinal pigment epithelium     
              - Inner layer (closer to vitreous body) is composed of fluid transporting cells. Is comprised of       • apical cell surface faces pigment epithelium        • highly folded basolateral membrane borders posterior chamber, and • blood-aqueous barrier occluding junctions at apex of inner epithelium 
 GLAUCOMA: Is a degenerative condition caused by elevated intraocular pressure due to obstruction to outflow and drainage of aqueous humor at one of these sites  

· corneoscleral junction (limbus) is the site of the outflow path for aqueous humor   

·  trabecular meshwork leads to the canal of Schlemm

IRIS

The Iris regulates pupillary diameter. Its posterior surface (bordering posterior chamber) is lined by pigmented epithelium which is continuous with the pigmented epithelium of ciliary body. Its pigmented myoepithelium (dilator muscle of pupil) is deep to the pigmented epithelium. The constrictor muscle of the pupil occupies the margin of the iris. The anterior surface of the iris (bordering anterior chamber) has no epithelium. Most importantly, stroma of the iris is a highly vascular fibroblastic connective tissue that contains many melanocytes      
EYE COLOUR- determined by the quantity, distribution of pigment cells primarily in the stroma of the iris. Blue eyes: few melanocytes, little pigment in stroma. Grey to green: moderate amount of melanocyte pigment. Brown: heavily pigmented melanocytes in stroma. Pink: albinism, absence of pigment. 
 UVEITIS: Inflammation of the uvea, common in ocular pathologies.  
INTRAOCULAR MELANOMA: Can arise from structures throughout the eye, but uveal melanoma is the most common.
LENS OF THE EYE
The lens of the eye has a unique epithelial structure - biconvex, transparent and avascular. 
 The lens epithelium is composed of simple cuboidal epithelium located only on the anterior surface of lens. The lens fibers are elongated (7-10mm), highly differentiated cells. They are oriented anterior-posterior (span depth of lens). They originate in germinal zone at periphery of lens; have a high content of crystallins (90% of protein content of cell) which contributes to the refractive index of lens. Lens fibers nearest center of lens have highest crystallin content. Lens capsule is a basement membrane serving as attachment point for ciliary zonules.

CATARACTS: Loss of transparency of lens fibers or development of inclusions or cloudy areas that reduce the clarity of the lens. Can derive from many factors (e.g. lens is very sensitive to UV light). Cataracts can be removed by microsurgery, often involving replacement with a synthetic lens. 
 PRESBYOPIA: Stiffening and loss of elasticity of the lens can occur with age, reducing ability to accommodate for near vision.      
VITREOUS (VITREOUS BODY) 
The vitreous is an optically clear gelatinous mass that occupies the posterior segment (  ̴80 % volume) of the eye. It borders, but is not within the posterior chamber. It is composed of type II collagen and hyaluronic acid. It has a curved canal (Cloquet canal) running from the lens to the vicinity of the optic nerve. It is gently attached to the retina and has firm attachments to the ora serrata and the margins of the optic disc (optic nerve). The vitreous can shrink slightly with age and pathologic traction between the vitreous and retina can lead to retinal detachment.
FLOATERS – perception of specks or thread-like strands that drift into the field of vision but tend to not follow eye movements are shadows of debris cast on the retina.   
RETINA
It has two main layers:      - retinal pigment epithelium (RPE)           - neural retina     
RETINAL PIGMENT EPITHELIUM - simple cuboidal, ion/fluid transporting epithelium rests on Bruch's membrane (adjacent to choriocapillary layer of choroid). The apical membrane of RPE cells contact outer segments of rods & cones.  
Functions of RPE 
1. Produces fluid to nurture rods & cones —Na+/K+ ATPase on apical membrane  

2.  Synthesizes melanin— absorbs light, limits reflection & scatter     

3.  Phagocytoses photoreceptor discs shed by rods  

4.  Pools (and esterifies) vitamin A used in regeneration of rhodopsin by rods

 RETINAL DETACHMENT is separation of the neural retina from the wall of the eye. This often occurs at the weak interface between the photoreceptor cells and the RPE. This constitutes a medical emergency requiring immediate action to prevent permanent loss of sight.  
MACULAR DETACHMENT affects the region of highest visual acuity (macula and fovea) and is often associated with traction due to shrinkage of the vitreous.   
 DIABETIC RETINOPATHY is the most common diabetic eye disease and a leading cause of blindness in adults. Micro-aneurysms and focal ischemia, or proliferative neovascularization can be involved.   
NEURAL RETINA
 Is composed of sensory neuron photoreceptors (rods and cones) plus supporting cells and integrative neurons.
 Synaptic body:  synaptic contact with bipolar cells of retina    
Inner segment: perinuclear region    
Outer segment: photosensitive receptor apparatus is a highly modified cilium (in contact with the RPE)  
	
	rods
	cones  

	function  
	night vision (scotopic)
	daylight (photopic)

	color
	low acuity
	high acuity  

	photo pigment
	rhodopsin
	3 pigments, wavelength specific

	distribution
	"peripheral"
	"central" 

	number  
	120 million
	6 million


                                                                           OTHER OCULAR STRUCTURES
  Ora Serrata: - is anterior margin of neural retina; one point of attachment for vitreous body. 
 Fovea Centralis:-is located within the macula, near the center of the fundus. It is composed of cones only, so its area of highest visual acuity at center of the visual axis.  
 Optic Disc: - is a coalescence of ganglion cell processes forming the optic nerve. It is also called the "blind spot", no photoreceptors are located here. 
2) MICROSCOPIC /CELLULAR ANATOMY OF THE RETINA

The retina consists of millions of cells packed together in a tightly knit network spread over the surface of the back of the eye. These cells can be divided into a three basic cell types, photoreceptor cells, neuronal cells, and glial cells. 

PHOTORECEPTOR CELLS

Photoreceptor cells consist principally of cones and rods. Cones function best under illuminated conditions and provide color vision. Rods function primarily in dim light and provide black-and-white vision. Each human retina contains approximately 120 million rods and 6 million cone photoreceptors.

Each rod or cone cell contains photoreceptor elements and an axon. Cones have a projection called a pedicle at the termination of the axon, which contacts a dendrite. Rods have a similar projection called a spherule. There are three types of cones, varying in specific sensitivity to different wavelengths (colors) of light.

Each photoreceptor portion of a rod or cone is anatomically divided into an outer segment and an inner segment. In a rod, the outer segment contains the pigment rhodopsin within free floating discs. These discs are stacked within a sleeve, similar to a roll of coins. Iodopsin pigment is contained within cones in folded layers inside a continuous outer membrane. The photoreceptor inner segment contains the cell nucleus and other subcellular structures.

The central retina is cone dominated and the peripheral retina is rod dominated. The highest density of cones is at the center of the fovea. There are no rods in the center of the fovea. At the center of the macula is the fovea, a pit where the cones are smallest and arranged in a mosaic to provide highest and most efficient optical density.

There is a third class of photoreceptors within the retina (in addition to the rods and cones). These are the much rarer intrinsically photosensitive retinal ganglion cells, which are stimulated by light even when all rods and cones are blocked. The photosensitive ganglion cells contain the pigment melanopsin. Alteration in this pigment by light is involved in non – image-forming responses to light, such as synchronization of circadian rhythms to the light-dark cycle, contributing to regulation of pupil size and influencing release of melatonin from the pineal gland.

NEURAL CELLS

Neural cells (nerve cells) include bipolar cells, ganglion cells, horizontal cells, and amacrine cells.

BIPOLAR CELLS are contained entirely within the retina, connecting the photoreceptors to the ganglion cells. These are vertically oriented (perpendicular to the retinal surface). There are nine types of bipolar cells. Bipolar cells are postsynaptic to rods and cones.

GANGLION CELLS have dendrites that synapse with bipolar cells. The axons of ganglion cells become the nerve fiber layer within the retina and then become optic nerve fibers terminating within the brain.

HORIZONTAL CELLS connect bipolar cells with each other. Horizontal cells are the laterally interconnecting neurons in the outer plexiform layer of the retina. Horizontal cells are responsible for allowing eyes to adjust to see well under both bright-light and dim-light conditions. These are horizontally oriented (parallel to the retinal surface).

AMACRINE CELLS connect bipolar and ganglion cells with each other. Amacrine cells function within the inner plexiform layer, the second synaptic retinal layer where bipolar cells and retinal ganglion cells form synapses. There are about 40 different types of amacrine cells, most lacking axons. Like horizontal cells, amacrine cells are horizontally oriented and work laterally, affecting the output from bipolar cells. Each type of amacrine cell connects with a particular type of bipolar cell, and generally has a particular type of neurotransmitter.

SUPPORTING CELLS OF THE RETINA
Glial cells are interspersed between and among the axons of the ganglion cells within the retina and optic nerve. These supporting cells of the retina include Muller cells, astrocytes, and microglial cells.

MULLER CELLS, the principal glial cells of the retina, form a supporting matrix radially across the thickness of the retina and also form the inner and outer limiting membranes of the retina. Muller cell bodies sit in the inner nuclear layer and project irregularly thick and thin processes in either direction to the outer limiting membrane and to the inner limiting membrane. Muller cell processes insinuate themselves between cell bodies of the neurons in the nuclear layers and envelope groups of neural processes in the plexiform layers. Retinal neural processes are only allowed direct contact at their synapses.

ASTROCYTE CELL bodies and processes are almost entirely restricted to the nerve fiber layer of the retina.

MICROGLIAL CELLS are of mesodermal origin. Unlike the Muller cells and astrocytes, they are not neuroglial.

ANATOMIC LAYERS OF THE RETINA
Each of the microscopic layers of the retina has a name and contains various structures. Beginning with the innermost layer (closest to the vitreous) and proceeding outwards towards the choroid and sclera, these layers are as follows:
1. The inner limiting membrane
2. The nerve fiber layer
3. The ganglion cells layer
4. The inner plexiform layer
5. The inner nuclear layer
6. The outer plexiform layer
7. The outer nuclear layer
8. The outer limiting membrane
9. The rod and cone layer
10. The pigment epithelium

The Inner Limiting Membrane

 Is the boundary between the retina and the vitreous body. It is formed by astrocytes and the footplates of Muller cells together with a basal lamina. The nerve fiber layer is the layer of optic nerve fibers consisting of ganglion cell axon fibers, which course towards the optic nerve head. The ganglion cells layer contains the nuclei of ganglion cells, the axons of which become the optic nerve fibers for messages. There are also some displaced amacrine cells within this layer. Additionally, this layer also contains the non-rod and non-cone photoreceptors, the photosensitive ganglion cells, which are important for reflexive responses to bright daylight.

The Inner Plexiform Layer

 Contains the synapses between dendrites of ganglion cells and amacrine cells and the axons of bipolar cells. The inner nuclear layer contains the nuclei of horizontal, bipolar and amacrine cells. The inner nuclear layer is thicker in the central area of the retina compared with peripheral retina because of a greater density of cone-connecting second-order neurons (cone bipolar cells) and smaller and more closely spaced horizontal cells and amacrine cells concerned with the cone pathways. There are also nuclei of the supporting Muller cells.

The Outer Plexiform Layer 

Contains the rod and cone axons (projections of rods and cones ending in the rod spherule and cone pedicle), horizontal cell dendrites, and bipolar cells dendrites. Synapses among these structures occur within this layer. In the macular region, this layer is termed the fiber layer of Henle. The outer plexiform layer is also known as the outer synaptic layer.

The Outer Nuclear Layer

Consists of the cell bodies of the retinal rods and cones. In the peripheral retina, the rod cell bodies outnumber the cone cell bodies, whereas the reverse is true for the central retina.

The Outer Limiting Membrane (External Limiting Membrane)

 Is the layer that separates the inner segment portions of the photoreceptors from their cell nuclei. The rod and cone layer (bacillary layer) contains the inner and outer segments of the rod and cone photoreceptors cells.

The Pigment Epithelium 

Is the most external layer of the retina. It abuts on the choroidal layer of the eye. It contains a single layer of cuboidal-supporting cells for the neural portion of the retina. These cells contain melanin, which absorbs light and decreases light scatter within the eye.
