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Abstract : Serial sections of the rabbit embryos measuring 4-14 mm. were carefully studied to compare
the developing eve with 36 somites chick embryos and 10-15 mm. pig embryos. The eyes of the 4-5 mm. rabbit
embryos were at an earlier stage than those of the 36 somites chick embryos, but at about the same stage as the
10 mm. pig embryos. The eye development of the 4-5 mm. rabbit embryos were about the same as those of the
filth-week human embryos. At this stage, the optic cups had already formed but some of the lenses had
incompleted double fusion. The eyes of the 12-14 mm. rabbit embryos were somewhat identical to the 15 mm,
pig embryos and can be compared to the sixth week human embryos, At this stage the optic cups were divided
into the outer pigment and inner nervous layers; the lens was characterized by a thinner anterior lens epithe-
lium and the longer posterior lens fiber. The mesenchyme surrounding the optic cups of this stage showed 4
slight condensation to form the vascular and fibrous coats of the eyeball. The cabbit embryos of 4-14 mm,
were more suitable for use as laboratory models in studying eye development than of the pig embryos since the
latter were no longer available for slide preparation.
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INTRODUCTION

The developing eye appears in day 21-22 of the
human embryo as a pair of shallow grooves of neu-
roectoderm on each side of the developing forebrain,
the optic sulcus. Then the groove forms the out-pock-
eting of the forebrain, the optic vesicle. The vesicle
subsequently comes into contact with the surface ec-
toderm and induces changes in the ectoderm neces-
sary for lens formation. Shortly thereafier, the optic
vesicle begins to invaginate and forms the double-
witlled optic cup, The inner and outer layers of this
cup are initially separated by a lumen, the intraretinal
spuce, but soon this lumen disappears and the two
layers are then apposed to each other. The invagina-
tion is not only restricted to the central portion of the
cup but also involves a part of the inferior surface,
the choroid fissure. Formation of this fissure enables
the hyaloid artery to reach the inner chamber of the
eye. During the seventh week, the lips of the choroid
fissure fuse and the mouth of the optic cup become
round opening, the future pupil. While these events
occur, the cells of the surface ectoderm, initially in
contact with the optic vesicle, begins to elongate to
form the lens placode. This placode subsequently
mvaginales and develops into the lens vesicle,
During the fifth week, the lens loses its contact with
the surface ectoderm and then locates itself in the
mouth of the optic cup.

The outer layer of the optic cup is charac-
terized by the appearance of small pigment granules
and is known as the pigment layer of the retina. The
inner nervous layer ol the optic cup is more compli-
cated. In the posterior part, known as the pars optic
retinae, the cells bordering the intraretinal space dif-
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ferentiate into light - receplive elements, the rods and
cones. Adjacent o the photoreceptive layer is the
mantle layver which, as in the brain, gives rise to the
neurcns and supporting cells. The nerve fibers of the
ganglion cells converge toward the optic stalk which
develops gradually into the optic nerve. The anterior
one-fifth of the inner layer, known as the pars cacca
retinae, later divides into pars iridica retinae and pars
ciliaris retinae.

Shortly after the formation of the lens vesicle,
the cells of the posterior wall begin to elongate in an
anterior direction and form long fibers which gradu-
ally fill the lumen of the vesicle. By the end of the
seventh week these primary lens fibers reach the an-
terior wall of the lens vesicle. Growth of the lens is
continuously added to the central core.

The cornea is formed from the outside by a layer
of surface ecloderm and the underlying mesenchyme,
The coneal stroma, formed from the mesenchyme,
is continuous with the sclera and the endothelial layer
bordering the anterior chamber,

There are many congenital ocular abnormali-
ties, particularly the congenital cataract of the lens,
the non-closure of the anterior chamber resulting in
the coloboma iridis or retinae and the congenital glau-
coma ete’™,

Second-year medical students study the deve-
lopment of the organ systems at the Department of
Anatomy, Faculty of Medicine Siriraj Hospital, by
using serial sections of chick and pig embryos as com-
parative models of human development. However,
there is a problem in preparing new slides because
pig embryos are presently not available. Moreover,
the number of medical students is increasing, thereby
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creating a growing demand for such slides. There
are several ways to solve this problem. For example,
in many other medical schools students study deve-
" lopmental biology by using textbooks and atlases in-
stead of tracing serial section slides. But here, at
Siriraj, we still believe that the best way to generate
understanding of how organs develop is by tracing
serial section slides. Therefore, it is important to study
the normal development of other mammal embryos,
such as those of rats, mice®!" and rabbits, which are
easier to obtain for slide preparation. The objective
of this study was to find the suitable stages of eye
development in the rabbit embryos and compare them
with those in the standard chick and pig embryos.
These findings can also serve as a reference model
for medical students in studying human eye develop-
ment in the Laboratory of Embryology in the future,

MATERIALS AND METHODS

The maternal rabbits (Orvetolagus canictlus)
with their embryos were obtained from the Depart-
ment of Animal Laboratory, AFRIMS. They were
bred and later fed until their conceptions were 12
and 15 days, respectively. At each proper stage, the
maternal rabbit was injected with an overdose of an
anesthetic drug, A low midline incision was made.
The uterus, at the proper embryonic stage, was dis-
sected from the abdominal cavity. Each embryonic
mass was separated from the other and placed in
Bouin's solution for [ixation for at least 24 hours. The
process of removing the excess fixative was per-
formed by placing it in 70% ethy! alcohol, The solu-
tion was changed daily until the fixative was entirely
removed by observing the color of the specimen
which gradually changed from yellow to white. The
embryos were dissected from the uteri and placed in
70% ethyl alcohol, They were dehydrated, cleared,
embedded and serially sectioned. Then the mounted
sections were stained with hematoxylin. The optic
cup al the region of developing diencephalons was
observed under a light microscope. The eye deve-
lopment of the 4-14 mm. rabbit embryos were com-
pared with that of the 10 mm. pig embryo and the
chick embryo.

RESULTS

|. The transverse section of 4-5 mm. rabbil
embryos, (sections culling through the developing
eve) (Figure 1, 2}

The optic region of the 4-5 mm. rabbit embryos
in serially transverse section was located more cau-
dally than the otic region. Because of the flexion of
the head, the brain vesicle was cut twice, ventrally in
the forehrain and dorsally in the hindbrain. The first
two pairs of branchial arch are located between the
forebrain and hindbrain. Further development of the
optic vesicle is achieved when its proximal portion
becomes constricted to form the optic stalk which
connects to the brain while the distal portion invagi-
nates to form the double walled optic cup. The outer
wall of the optic cup is thin and loses its neuronal
capacity, while the inner wall is thick, comprised
mainly of nerve cells and photoreceptor cells, The
cavity between the two layers, the intraretinal space,
connects with the third ventricle of the diencephalon
by the cavity in the optic stalk which is still broad
and short, The thickened-surface ectoderm, the lens
placode, invaginates into the cavity of the optic cup
to form the lens pit. The lens pit is incompletely fused
to form the lens vesicle. The epithelium of the lens
vesicle is columnar-shaped and of equal size through-
out the vesicle. The surface epithelium covering the
lens is thin. There is a groove between the develop-
ing eye and the maxillary prominence which is called
the nasolacrimal groove.

2. The transverse section of the 4-14 mm. rab-
bit embryos. (section cutting through the developing
eye) (Figure 3, 4}

The developing eye at this stage is far more
advanced and the flexion of the head becomes less
obvious, bringing the optic and otic regions into view
in the same transverse section. The optic cup joins
the diencephalon with the optic stalk. It consists of
double walls, the outer pigment and the inner ner-
vous layers, which are separated by a cavity known
as the intraretinal space. This space joing the third
ventricle of the diencephalon by the cavity in the op-
tic stalk which will eventually obliterate. The outer
pigment layer of the optic cup is thin, comprising a
thin layer of pigment cell which will soon elaborate
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Figure [, Transverse section of 4-5 mm. rabbit embryo through the eye.
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Figure 2. Transverse section of 4-3 mm. rabbit embryo through the eye.

on the pigment granules in the cytoplasm. The inner
nervous layer is thick and forms several layers of
neurons, which later become the photoreceptive cells
and ganglion cells. The nerve fibers of the ganglion
cells converge to form the optic nerve while the ca-
vity in the optic stalk will soon obliterate. The lens
vesicle, which is located in the cavity of optic cup, is

composed of two distinct layers, the anterior lens
epithelium and the posterior lens fibers, which are
separated by the nearly obliterated lens cavity. These
slender eells of the posterior lens fibers transform into
the transparent lens fiber. The space between the optic
cup and lens vesicle is filled by loose mesenchymal
cells which will eventually differentiate into the vit-
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Figure 3. Transverse section of 12-14 mm. rabbit embryo through the 1% branchial arch,
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Figure 4. Transverse section of 12-14 mm. rabbit embryo through the 1* branchial arch,
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Figure 5. The optic stalk and the optic cup of 10 mm. pig embryo (x 40).
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Figure 6, The optic stalk and the optic cup of 36 somites chick embryo (x 40).
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reous body and the hyaloid vessels. The surface ec-
tederm covering the optic cup and lens vesicle is thin
and together with the underlying mesenchyme will
form the comea. The mesenchyme surrounding the
posterior 4/5 of the optic cup becomes slightly con-
densed to form the vascular and fibrous coat of the
eyeball. No eyelid forms at this stage of develop-
ment.

3. The transverse section of the 10 mm. pig
embryo, (scclions cutting through the developing eye)
{Figure 5).

The optic stalk evaginates from the diencepha-
lon. The end of the stalk forms a relatively small
double-wall optic cup. The outer layer is thin while
the inner layer 15 thicker; they are separated by the
intraretinal space. The space between the two layers
is the intraretinal space, communicating with the third
ventricle of the diencephalon. In this figure inferior
surface of the optic cup is cut through the choroid
fissure which is penetrated by the mesenchyme pri-
mordium of the choroid vessels. The lens pit under-
goes double fusion to form the lens vesicle. The epi-
thelial lining of the lens is columnar-shaped both an-
teriorly and posteriorly.

4. The transverse section of the 36 somites chick
embryo. {section cutting through the developing eye)
{Figure 6).

The optic stalk evaginates from the diencepha-
lon. The lateral end of the optic stalk carries a rela-
tively large optic cup. The optic cup appears as a
double-walled cup with the outer layer being thinner
and the two layers are separated by a thin intraretinal
space. The lens vesicle occupies the cavity of the
optic cup, The posterior epithelium of the lens is
longer to form the posterior lens fiber. The lens cav-
ily is nearly abliterated.

5. The transverse section of the I5 mm.
pig embryo, {section cutting through the eyeball)
(Figure 7, 8),

The optic canal joins the intraretinal space and
the third ventricle is nearly obliterated along with the
intraretinal space. The inner layer of the optic cup is
composed of nerve cells and photoreceptive cells and
can be separated into two distinct layers. The outer
nuclear layer comprises several layers of nerve cells
and photoreceptor cells while the nerve fiber layer
contains only the nerve fibers. The outer layer of the
optic cup is marked by dense pigmentation. The lens
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Inner nervous layer

Posterior lens fiber

Anterior lens epithelium

Masolacrimal groove

Optic stalk

Figure 7. Transverse section of 15 mm. pig embryo (x 100).
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is composed of anterior lens epithelium and poste-
rior lens fiber while the lens cavity is thin or nearly
ohliterated. Posterior to the lens is the cavity of the
optic cup or the vitreous chamber; anterior to the lens
is the cornea, represented by the surface ectoderm
and the underlying mesenchyme. Fosterior to the
optic cup is the denser mesenchyme of the choroid
and sclera,

DISCUSSION

The eyes of the rabbit, pig and chick embryo
develop in the same manner, except for slight dif-
ferences in size. The optic cup of the chick is rela-
tively larger than those of the 10 mm. pig and 4-5
mm, rabbit embryos. The developing eye of the rab-
bit embryo is highly similar to that of the pig em-
brya. The cup consists of two layers, the outer pig-
ment layer and the inner nervous layers, separated by
the intraretinal space. The developing lens under-
goes a double fusion to form the lens vesicle. The
posterior epithelium of the lens is lengthened as
development proceeds. The choroid fissure can be
identified in all three animals. The vitreous chamber
af the chick is the largest of the three. The space
shows a network of delicate mesenchyme which are
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