Physiology – Vision 1 & 2 

Prof. Lammers

Unit 8

Vision 

Structure of the Eye
· The eye is a sphere with a diameter of about 1 inch. 

· Only the anterior 1/6th of the eye is visible, the rest is protected by fat and the bony orbit.

· The eyebrows lie on the supraorbital margins, they protect the eye.

· The eyelids are separated by the palpebral fissure. They meet at both ends to form the medial and lateral palpebral commisures. On the free margin of the eyelids are eyelashes that also protect the eye.

· The conjuctiva is a transparent mucous membrane that covers the interior surface of the eyelids (palpebral conjuctiva) and the anterior surface of the eyeball (bulbar conjuctiva). It does not cover the cornea.
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· The eyeball is spherical is shape, with two poles, and anterior pole and a posterior pole. 

· The eyeball is made of three tunics:

1. Fibrous Layer : made of dense avascular connective tissue with two different regions, the sclera and cornea. 

The sclera forms the posterior 5/6th, it is white and not transparent. It protects and shapes the eyeball. It also provides a site for muscle attachment. 

The cornea forms the anterior 1/6th, it is transparent, avascular and allows light to enter the eye.

2. Vascular Layer : it is the pigmented layer and contains the choroid, ciliary body and iris. 
The choriod  is a vascular dark membrane lying posteriorly that provides blood supply to the rest of the tunics. 

The ciliary body is a thickened mass of tissue lying anteriorly.  It consists of ciliary muscles that control the shape of the lens.

The iris is the colored part of the eye lying between the cornea and the lens. It has a central opening, the  pupil, that allows light entry.

3. Sensory Layer: it is the innermost layer that contains the two-layered retina. The outer pigmented layer and an inner neural layer. The pigmented layer is single cell thick, absorbs light and prevents its scattering. It also stores vitamin A. The neural layer contains photoreceptors, bipolar cells and ganglion cells. 
The blind spot is where the optic nerve leaves the eye and light focused there can’t be seen because there are no photoreceptors.

· The lens is a biconvex, transparent structure enclosed in an elastic capsule and held by the suspensory ligaments. It is avascular. It divides the eye into anterior and posterior segments. The anterior segment is further subdivided into anterior and posterior chambers.
· Anterior chamber of eye: the space between the cornea and iris that is filled with a watery fluid (aqueous humor) and communicating through the pupil with the posterior chamber. 
· Posterior chamber of eye: the ringlike space, filled with aqueous humor, between the iris/pupil anteriorly and the lens and ciliary body posteriorly.
· Aqueous humor is produced and drained at a constant rate to maintain normal intraocular pressure.
· It supplies nutrients and oxygen to the lens, cornea, retina and carries away wastes.
· Aqueous humor is produced by the ciliary processes of the ciliary body, fills the posterior chamber, and enters the anterior chamber of the eye through the pupil. It also diffuses into the posterior segment of the eye (which is filled with vitreous humor). It is reabsorbed into the venous blood through the scleral venous sinus.
How does light enter the eye?

Light ( pupil ( refraction on the outer surface of the cornea ( refraction on the inner surface of the cornea ( aqueous humor ( refraction on the outer layer of the lens ( refraction on the inner surface of the lens ( vitreous humor ( retina.

The cornea has the most refractive power. 

Accomodation of the Lens

· It is the process that increases the refractive power of the lens so that light rays are bent more sharply. 

· Normally the lens is under tension because of the intraocular pressure acting on the eyeball by means of the suspensory ligaments. This tension flattens the lens and reduces its refractive power.

· Accomodation to near objects is the result of a more convex lens which increases its refractive power. This is achieved by contraction of the ciliary muscles, which takes tension off the suspensory ligaments. When the lens is no longer tensed, because of its elastic properties, it recoils and becomes more convex which therefore increases its refractive power. Meaning that it provides a shorter focal length so that a near image can be focused on the retina.

· When we look at a far object, light rays pass directly to lie on the retina. Our eyes are adapted best to far vision. During far vision, the ciliary muscles are completely relaxed and the lens is very thin, at low refractive power.

· Ciliary muscle relaxed ( tension of lens ( lens flatter, more stretched ( less refractive power

· Ciliary muscles contracted ( lens fatter, more convex ( more refractive power 

· Refractive power of the lens determines how focused is the image we are seeing.

· The elasticity of the lens is lost with old age and therefore less accomodation is possible.

Accomodation Pupillary Reflex

· The iris has circular and radial muscles that control the size of the pupil.
· When the circular muscle contracts, the pupil is reduced in size.
· This is controlled involuntarily by the parasympathetic system.
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Refractive Abnormalities

Normally the focal point lies on the fovea, which is a depression in the retina that is where maximal acute vision is achieved. When there is a hyper-refractive or hypo-refractive lens or long/short eyeball, visual problems result. 

· Presbyopia (Old person’s vision): The physiologic loss of accommodation in the eyes in advancing age. The lens loses its elasticity and becomes less convex. It loses its power of accommodation for near vision. Treatment ( Convex +ve lenses.
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· Hyperopia: Far-sightedness; a condition in which light rays from distant objects lie behind the retina (or fovea). They can see far objects clearly because their ciliary muscles are continuously contracting to increase the light bending ability of the lens and move the focal point onto the retina. On the other hand, light rays from near objects are very far behind the retina that they can’t be brought to lie on the retina even at the maximal refractive power of the lens. People with hyperopia may complain of headaches. Treatment ( Convex +ve lenses.
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· Myopia: shortsightedness; a condition in which light rays from distant objects lie in front of the retina. They can see close objects but far away objects are blurred. Treatment ( Concave -ve lenses. 
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Astigmatism: a condition is which the eyes refractive system does not have equal power in all planes. The curvature is greater in one plane than the other. Therefore light entering the eye focuses in multiple areas rather than in one location.
Treatment ( wearing glasses containing a cylindrical lens that is appropriately aligned and equalizes the power of the refractive system in all planes.  

Cataract: “disease of the lens”

A condition characterized by loss of the transparency of the lens. The lens becomes milky, cloudy, bluish. Treated by lens replacement and convex +ve lens.

Glaucoma:

A condition characterized by an increase in intraocular pressure. 

Normal intraocular pressure = 10-16 mmHg

It can be caused by an obstruction of aqueous humor drainage or increased production of the fluid. Obstruction may be caused by bleeding (trauma to the eyes) and if the pressure reaches 80 mmHg, the optic nerve and retina may be compressed, veins will stop ( blindness.

Photoreception

· The neural layer of the retina is made up of photoreceptors, bipolar cells and ganglion cells. 

· Transduction of light stimuli occurs from the photoreceptors to the bipolar neurons and then to the ganglion cells which trigger action potentials that travel along the optic nerve to the brain.
1. Photoreceptors:

There are two types of photoreceptors ( rods and cones.

Rods are more numerous and respond to dim light and far vision. They allow us to view black and white. 

Cones respond to bright light and provide color vision. There are three types: Red, Green and Blue.

( Therefore there are 4 photoreceptors types - B&W, Red, Green, Blue
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At the fovea of the retina, there are less ganglion cells on top of the many photoreceptors. Why? 

· This allows light to hit the photorceptors maximally. Allow optimal intensity and enhances visual acuteness. 

· Structure of Rod and Cone cells: they have a similar structure with small differences. They have shelves in their plasme membranes to increase their surface area and therefore their sensitivity to light. In rods the shelves are discontinuous. In cones, the shelves are continuous with the extracellular fluid. They are both lined with receptor molecules called rhodopsin. Moreover, as many as 100 rod cells are connected to a single bipolar cell, while each cone cell has its own “personal” bipolar cell. 

· What is the difference between retinal cells in the central and peripheral parts?
In the central retina (fovea), there are more cones. Therefore it is more sensitive to color. The density of cones declines gradually toward the retinal periphery. The peripheral retina has more rods and it declines towards the fovea.

· Why are peripheral rods important? “Night Vision” Looking at things far away at the sides of the visual field, it attracts our attention, picks up changes in the environment and acts like a warning sign.

· Loss of peripheral vision: peripheral vision is reduced because peripheral rods are not functioning well. The patient can see, view color but the visual field is limited. They are more vulnerable for road accidents. They will no longer be warned by signals away from central vision.

2. Bipolar cells: neuronal cells with two processes connecting the photoreceptor cells with the ganglionic cells.
3. Ganglion cells: action potentials are carried by the fibers of these cells through the optic nerve to the brain or visual cortex.
The Process of Photoreception
The Rhodopsin molecule is found in photoreceptor cells, especially rod cells. It is the visual pigment. It is made up of two parts one of which is retinal (related to Vitamin A) and the other is opsin (protein portion).  

· Decomposition of Rhodopsin by Light

When rhodopsin is hit by a light photon (300,000 km/sec), retinal changes from All-cis retinal (bent) to All-trans retinal (straight). 

One light photon drives rhodopsin into a higher energy state, this bleaches rhodopsin into all trans-retinal and a free active –opsin molecule.

The all-trans retinal formed doesn’t fit with the -opsin protein, therefore it changes conformation and forms bathorhodopsin, which is unstable and changes to lumirhodopsin. This molecule is also unstable and changes to metarhodopsin ( finally ( scotopsin and all-trans retinal. 

Rhodopsin changes its conformational structure in a series of steps in which the molecule formed quickly changes to another molecule. Please Refer to handout (with diagram).

There are about 6 different compounds forming, these many changes in conformation is a delay mechanism that gives time for the cell to build up action potentials and transmit them.

· Re-formation of Rhodopsin

Reconversion of all-trans retinal back to 11-cis retinal by retinal isomerase enzyme. 

11-cis retinal combines with scotopsin to re-form rhodopsin. It remains stable until light energy is absorbed.

Visual Adaptation

Light adaptation : It occurs when we move from darkness into bright light. In the beginning, we are blinded, we can’t see anything because our retina is still adjusted for dark light. The sensitivity of the retina decreases because there are less rhodopsin molecules. 

(Light ( Less rhodopsin)

Dark adaptation : It occurs when we move from a lit area into a dark one. Initially in the dark we can see nothing but after about ½ hour you can see better because most receptors are acummulating rhodopsin and the sensitivity to light increases. Dark adaptation is slower than light adaptation.
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