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Development of the Eye and Ear

Introduction:  This material covered in the latter part of chapter 12 of Larsen’s Essentials of Human Embryology, pp 252-272.  The textbook does a very nice job of explaining this, so this lecture will paint in broad brush strokes to try to help you understand the big picture.  (Scribe note: all figure references are from Larsen’s Essentials of Human Embryology)

I. Development of the eye.

A. Early in the fourth week.  

1. The optic sulcus forms as an indentation in the neurectoderm before the cranial neuropore has closed (Fig. 12-19).   As shown in Fig. 12-19 B, some of the ectoderm is neurectoderm and some is surface ectoderm.  The optic sulcus and the optic stalk form from neurectoderm.  

2. The optic sulcus progresses to an optic vesicle (Fig. 12-19 C & D). 

3. The optic vesicle elongates and indents back into itself creating a goblet-appearing structure (Fig. 12-20 E & F) with a stalk and a cup, called the optic cup (Fig. 12-19 E & F).  

a. In the inferior part of the optic cup, there is a groove called the choroidal fissure or choroid fissure (Fig. 12-19 E).  

(Scribe note:  this is discussed below under “3. Blood Supply”.)

B.  Embryonic eye structures and what they develop into.

1. As the optic vesicle and optic cup are forming they induce special changes in the surface ectoderm immediately adjacent to them (Fig. 12-20).  This surface ectoderm is going to form the lens.  During the fourth week a small depression called the lens placode (Scribe note: lens pit) can be seen on the exterior of the embryo (Fig. 12-20 B arrow).  

a. The surface ectoderm adjacent to the optic vesicle/cup thickens, forms a vesicle, pinches off completely from surface ectoderm, and then goes through a series of differentiative changes to convert it into a translucent, refractive structure.  

(So, the optic cup derives from neurectoderm, while the lens derives from surface ectoderm.  Remember the space between neurectoderm and surface ectoderm is filled with mesoderm.  Some of these cells will begin to secrete the vitreous body as shown in Fig. 12-20 E.)   

2. The retina forms from the optic cup (Fig. 12-23).  The optic cup has an outer and inner layer.  

a. The outer layer develops pigment and becomes the pigmented part of the retina.  

b. The inner layer becomes the neural part of the retina.  

1) The neural layer is relatively complex and contains the rods and cones and other cells that project their axons back up into the nervous system.

2) The optic stalk, which was initially a hollow structure, becomes filled with the neural projections of the cells in the neural layer of the retina, forming cranial nerve II.

3) As the retina develops, the neural layer ends up with a limiting membrane on the inside and outside.  

c. Even though the inner and outer layers of the retina are fused, the fusion is loose, and remains so throughout life.  This is the interface where retinal separation occurs.  

1) This can be as a sequele to trauma.

2) Various individuals, including high myops are predisposed to retinal separations.  

3. Blood supply.  

a. The depression on the inferior side of the optic cup is called the choroid fissure (Fig. 12-22).  

b. The hyaloid artery and vein access the inside of the eyeball through the choroid fissure.  

c. The edges of the choroid fissure fuse, enclosing the hyaloid artery and vein in the hyaloid canal.  This incorporates the vessels into the optic stalk.  This is how the central artery of the retina ends up in the middle of cranial nerve II. 

d. Initially, the hyaloid artery serves all of the structures of the eye, including the lens and the vitreous body.  Eventually, the portions of the artery serving the lens and vitreous body regress, leaving only the central artery of the retina and its branches. 

e. Coloboma is a developmental defect that occurs when the choroid fissure fails to fuse and there is a gap in the base of the eye.  This can be a severe or minor defect.  (Scribe note: a sketch was shown of a coloboma of the iris which looks like a small, wedge-shaped gap in the bottom of the iris; this is relatively insignificant defect.)  The entire sclera and the choroid in the inferior part of the eye could be affected, which is much more serious.  There can even be a coloboma that extends into the lower eyelid. 

4. Anterior and posterior chambers of the eye (Fig. 12-24 C).  These chambers are small but important to the physiology of the eye. 

a. The anterior chamber is that part of the eye that is behind the cornea but anterior to the iris.

1) The anterior part of the cornea comes from surface ectoderm. 

2) The deeper layers of the cornea come from mesoderm.

3) The lining of the anterior chamber comes from mesoderm. 

b. The posterior chamber is immediately posterior to the iris but anterior to the lens.  Note that the vitreous chamber is not the posterior chamber.

1) The anterior part of the lining of the posterior chamber comes from mesoderm.

2) The iris, ciliary body, and a little bit of the perimeter of the optic cup come from mesoderm. 

c. The iris arises from the pupillary membrane.  The middle part of the pupillary membrane degenerates.  The outer part of the pupillary membrane remains and forms the iris.  

II. Development of the ear.  This occurs basically at the same time as the development of the eye (late 4th, early 5th week). 

A. Origin of each part of the ear. 

(Recall from a previous lecture that there are pharyngeal arches with pouches on the inside between the arches and clefts on the outside between the arches) 

1. The auricle arises from the 1st and 2nd pharyngeal arches (Fig. 12-28).  

a. There are 3 bumps, or hillocks, on each arch, for a total of 6 bumps, that give rise to the various parts of the auricle.  

1) From ventral to dorsal, the hillocks on the first arch are called the tragus, helix, and cymba concha 

2) From ventral to dorsal, the hillocks on the second arch are called the antitragus, antihelix, and concha.  

(Clarification of a question from a previous lecture concerning the terms pharyngeal versus branchial arch.  For our purposes they are basically the same.  Strictly speaking a branchial arch is from a gilled animal, since gill bars derive from branchial bars.  Humans do not ever develop gills.  While developmental biologists use the terms interchangeably, strictly speaking, in animals, such as humans, that do not develop gills the structures are pharyngeal arches and in animals that do develop gills they are branchial arches.)  

2. The external auditory meatus develops from the first cleft.

3. The middle ear cavity, including the Eustachian tube (auditory tube), develops from the first pouch (Fig. 12-26). 

4. The inner ear comes from surface ectoderm.  

a. It begins as a thickening of surface ectoderm that can be seen late in the fourth week, called the otic pit and otic placode (Fig. 12-25).  

1) The otic pit is the invaginated part of the surface ectoderm.  

2) The otic placode is the thickened part of the surface ectoderm.  

b. These develop into the otic vesicle.  

1) The otic vesicle pinches off and separates completely from surface ectoderm.  

2) The otic vesicle forms all of the structures of the labyrinthic membrane, the membranous labyrinth, and the endolymph it contains, i.e. the semicircular canals and the cochlear apparatus. 

5. The ear ossicles come from pharyngeal arch cartilages of the first and second pharyngeal arches.  

a. Malleus and incus develop from the cartilage of the first pharyngeal arch. 

b. Stapes develops from the cartilage of the second pharyngeal arch.

c. Knowing this can help you understand the innervation of muscles in this area.  

1) Cranial nerve 5 is associated with the first arch.  The tensor tympani muscle attaches to the handle of the malleus and is innervated by a branch of cranial nerve 5.  

2) Cranial nerve 7 is associated with the second arch.  The stapedius muscle attaches to the stapes and is innervated by a branch of cranial nerve 7.

B. Summary of the germinal layer contributions to each part of the ear (Fig 12-26 E)

1. Surface ectoderm: otic vesicle, which gives rise to the structures of the inner ear; external auditory canal.   

2. Mesoderm:  ear ossicles. 

3. Endoderm:  lining of middle ear cavity and auditory tube. 

4. Eardrum (tympanic membrane) is made of all three (ectoderm, mesoderm, and endoderm). 

Scribe note:  Alan Ehlo addressed the class for a few minutes following lecture.   This is my version of his comments.   

Some aspects of head and neck dissection may be disconcerting to some.  Be aware of and sensitive to the feelings of your tank partners.   Working with a dead body can give rise to various feelings that may be difficult to deal with.  If you need someone to talk to about some of what you are feeling, Alan is available.  Dr. Tom McGovern is another good resource.  Continue to be respectful of the people who have donated their bodies for our benefit and refrain from making disparaging comments concerning them.  Again, this is my version of what was said.  If you have any questions please talk to Alan directly.  
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