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Abstract

The histological and histochemical studies were carried out on 60 camel embryos and foetuses eye balls of
different Crown Vertebral Rump Length (CVRL). Paraffin sections were prepared and subjected to different stains.
The present study revealed that, the optic pit was detected at 0.8 cm CVRL, as shallow groove on either side of the
neural folds. The optic vesicle was observed at 1.5 cm CVRL, comprising from neuroectodermal cells, which became
modified into a crescentic cup-like structure representing the optic cup at 2 cm CVRL. The optic cup was comprised
from outer pigmented epithelium and the inner neuroblastic layer. The ganglion cells were distinctly differentiated at
6 cm CVRL, which separated from neuroblastic cells by the inner plexiform layer. The inner nuclear layer was firstly
observed at 30 cm CVRL, which exhibited its full differentiation at 35 cm CVRL and became separated from the
outer nuclear layer by the outer plexiform layer. First appearance of the photoreceptor cells was observed at 55 cm
CVRL, which differentiated into outer and inner segments at 74 cm CVRL. All the layers of the retina were completely

differentiated at 98 cm CVRL, comprising ten retinal layers.

Keywords: Optic pit; Optic vesicle; Optic cup; Retinal cells;
Photoreceptors

Introduction

Knowledge of induction, neuron proliferation and differentiation
of different cell types of retina is very important to explain the causes
of some congenital anomalies that cause significant visual deficits as
retinal separation and immaturation of photoreceptor cells [1,2].
Development of the mammalian retina is a highly organized process
which originating from neuroectodermal cells through induction
of the optic pit, optic vesicle and the optic cup [3-5]. A few available
literatures described the histogenesis of camel retina as Ahmed et al.
[6] and Abdel-Moniem [7].

The present work was undertaken with the aim of establishing the
early prenatal histological and histochemical changes of camel’s retina
associating with the induction, proliferation and differentiation of the
retina.

Material and Methods

The current study was carried out on the eye balls of 60 one humped
camel embryos and foetuses, collected from El-Basateen slaughter-
house. Their Crown Vertebral Rump Lengths (CVRL) were ranged
from 0.8 cm to 115 cm. The collected specimens were divided according
to their CVRL into three groups: Group A, whole embryos from 0.8
to 5 cm CVRL were immersed directly into 10% Neutral Buffered
Formalin (NBF). Group B, the head of embryos from 6 to 13 cm CVRL
were directly immersed in the NBF. Group C, foetuses more than 15
cm CVRL, the eye ball of foetuses were gently enucleated and injected
through sclera close to the limbus with NBF [8]. After collection of
the samples, they were immersed directly into 10% NBF for at least
7 days. The preserved samples were dehydrated into a graded series
of ethanol then absolute alcohol, then cleared in 3 changes of xylene,
then embedded in paraffin wax. The blocks were serially sectioned at
4-5 pum thickness. The paraffin sections were subjected to the following
stains; Harri’s Hematoxylin and Eosin (H&E) [9], Periodic-Acid Schiff
(PAS) [10], Alcian blue technique (pH 2.5) [10,11], Heidenhain’s
iron hematoxylin stain [12], and Mallory’s Phosphotungstic Acid-
Hematoxylin method [13]. The afore-mentioned techniques were
followed as outlined after [14].

Results
At 0.8 cm CVRL stage

The optic pits were detected as a pair of shallow groove (stalk

like) on either side of the neural folds (Figure 1). The wall of the
neural fold and optic pit were formed from neuroectodermal cells
(neuroepithelial) with condensed, moderately basophilic, oval nuclei
and faintly eosinophilic cytoplasm (Figure 2). The uppermost cell layer
facing the neural groove showed fine, eosinophilic, cilia-like processes
(Figure 2).

At 1.5 cm CVRL stage

The optic vesicle was formed as a result of aggregation of
neuroectodermal cells at lateral sides of the primitive fore-brain, which
made up of highly stratified undifferentiated neuroectodermal cells
encircling an irregular lumen. The optic vesicle was closely subjacent to
the surface epithelial ectodermal cells (Figure 3). The neuroectodermal
cell layers were comprised closely packed cells with polymorphic,
moderately basophilic nuclei and slightly acidophilic cytoplasm (Figure
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Figure 1: Photomicrograph of camel embryo at 0.8 cm CVRL stage showing
the optic pit (black arrow head) as a shallow groove on either side of the
neural fold (F). Neural groove (NG), neuropore (arrow), neural crest (NC) and
notochord (white arrow head). (H&E).
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Figure 2: Photomicrograph of camel embryo at 0.8 cm CVRL stage
showing the wall of the neural fold and the optic pit (arrow head) comprising
neuroectodermal cells (NE) with cilia-like processes (arrows) facing the
neural groove (NG). (H&E).

Figure 3: Photomicrograph of camel embryo at 1.5 cm CVRL stage showing
the optic vesicle (OV) closely subjacent to the surface epithelial ectoderm
(EC). Primitive fore-brain (FB), otic vesicle (OT), hind brain (HB) and
pharyngeal arches (arrow). (H&E).

4). The uppermost cell layer was bearing fine, cilia-like processes
emerging into the vesicular lumen (Figure 4).

At 2 cm CVRL stage

The optic cup was firstly observed as a crescentic cup-like structure
comprising an outer, thinner pigmented cell layer, and an inner,
much thicker one separated by a narrow intraretinal residual space
(Figure 5). The outer thinner layer was formed from a single layer of
pigmented cells “the pigmented retinal epithelium” (Figures 5 and 6).
The pigmentation among the latter was increased at the rim of the optic
cup (Figure 5). The inner thick layer “the presumptive neural retina”
was representing the bulk of the cellular elements of the optic cup. Its
thickness was thinnest at the rim, thicker at the sides and thickest at the
bottom of the cup (Table 1) (Figure 5).

The developing neural retina was differentiated into three distinct
layers: a) an outer, thinner and esinophilic limiting membrane
facing the residual space, b) an inner, thicker neurofilamentous layer
representing the nerve fibers facing the inner vitrous space, and c) a
middle, thickest, markedly stratified neuroblastic epithelial cell layer
whose nuclear profiles were arranged into 15-25 layers (Figure 6).
Depending upon the density of the nuclear elements, the middle layer
was differentiated into three ill-distinct zones; zone I, was the thickest,
condensed and showed numerous mitotic figures. Zone II, was the
thinnest and showed less densely packed nuclei, and zone III, subjacent
to the inner neurofilamentous layer (nerve fiber layer) (Figure 6).

At 6-27 cm CVRL stage

The ganglion blastic cells were distinctly differentiated from the
neuroblastic cells forming individual layer. The latter was arranged in
about three to four nuclear layers with spherical, less condensed and
polymorphic nuclei with thickness 40.05 um, and with size 3.12 pm at 6

cm (Table 1) (Figure 7). The ganglion blastic cells were separated from
the neuroblastic layer by well demarcated inner plexiform. The nerve
fiber layer was appeared thicker than the prevoius stage, which limited
by the inner limiting membrane facing the vitreous space while the
neuroblastic cell layers were limited by the outer limiting membrane
facing the pigmented epithelium (Figure 7). The nerve fiber layer and
the inner plexiform layer were exhibited moderately alcianophilia
(Figure 8). The outer limiting membrane showed strong positive PAS
reaction while the inner plexiform layer showed slight reaction (Figure
9). High mitotic activity was observed in the neuroblastic cells nuclei as
black dots representing the chromatin granules (Figure 10). Displaced
ganglion cells were located in the inner plexiform layer representing
the amacrine cells. The latter showed large basophilic nuclei, remnant
eosinophilic cytoplasm and fine cytoplasmic processes connecting with
the neuroblastic cells (Figure 11).

At 27 cm CVRL stage, the thickness of the ganglion cell layers were
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Figure 4: Photomicrograph of camel embryo at 1.5 cm CVRL stage
showing the optic vesicle wall formed from highly stratified undifferentiated
neuroectodermal cells (NE) with cilia-like processes (arrow) emerging into the
vesicular lumen (O). (H&E).

Figure 5: Photomicrograph of camel embryo at 2 cm CVRL stage showing
optic cup (OC) with double wall, outer thinner retinal pigmented layer (RP)
and inner thicker neural retina (NR) separated by intra retinal residual space
(S). Developing Lens (DL), cornea (CO), Diencephalon (D), sclera (L) and
vitreous space (VS). Increasing the pigment granules toward to the rim of the
optic cup (arrows). (H&E).
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Figure 6: Photomicrograph of camel embryo at 2 cm CVRL stage showing
retinal pigmented epithelium (RP) and intraretinal residual space (S). Highly
condensed neuroblastic nuclei (NB) arranged in three zones (Z1, Z11 and
Z11). Nerve fiber layer (NF). Outer limiting membrane (OL). Outer sclera (L).
Inner vitreous space (VS). (H&E).
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30 8 35.54 2.72 1.92 11.9 18.9 4.8 77.03 13.7 22
35 6.02 35.6 2.82 1.94 11.5 20.73 4.88 55.77 50.77 7.15 —
50 5.51 37.18 3.01 2.01 10.01 26.03 5.18 58.61 39.57 10.04 | -
55 5.5 37.19 3.04 2.24 9.58 26.41 5.22 58.82 38.21 10.26 4.35
60 5.1 38.23 3.21 1.52 9.01 26.5 5.46 60.34 38.01 13.62 10.50
74 4.9 38.5 2.25 1.32 8.09 30.4 6.2 49.75 32.09 15.03 20.98
98 4.21 40.57 0.95 0.83 7.9 35.92 6.96 49.03 32.01 15.04 2213
105 35 40.59 0.7 0.75 7.3 33.16 7.01 44.45 28.32 14.2 225
115 3.2 42.12 0.65 0.7 7.01 31.02 7.01 30.11 14.26 12.42 24.01

Table 1: Showing the quantitative changes in the thickness (um) of retinal pigmented (RP), nerve fiber layer (NF), outer limiting membrane (OLM), inner limiting membrane
(ILM), ganglion cell layer (GC), inner plexiform layer (IP), ganglion cell size in posterior retina, outer nuclear layer (ON), inner nuclear layer (IN), outer plexiform layer (OP)

and photoreceptors (P).

decreased while the ganglion cell size was increased (Table 1) (Charts
1and2).

At 30 cm CVRL stage

The cells in the inner third of neuroblastic layer became slightly
differentiated into ill-defined layer. The latter was comprised less
condensed nuclei representing the inner nuclear layer (middle nuclear
layer) with thickness of 13.7 um (Table 1). Thin-walled blood vessels
were firstly appeared, lining by flat nuclei, spreading in the nerve fiber
layer and surrounded by dispersed oval nuclei (Figure 12).

At 35 -50 cm CVRL stage

The inner nuclear layers were distinctly differentiated and
separated from the outer nuclear layer by newly formed outer
plexiform layer (Figures 13 and 14), which contained displaced cells
nuclei (horizontal cells) with round euchromatic nuclei and apical fine
processes connecting with outer nuclear layer (Figures 13 and 14). The
inner nuclear cells were arranged in 8-10 rows with polymorphic, light
stained nuclei and low mitotic figure, while the outer nuclear cells were
arranged in 12-14 rows with oval tapered, dark stained nuclei and high
mitotic activity (Figures 13 and 14).

In this stage, marked quantitative changes were observed within the
developing retinal layers in the thickness (the pigmented epithelium,
ganglion cell layer and the inner nuclear layer were decreased while the
outer nuclear layer, the inner and outer plexiform layer and nerve fiber
layer were increased) (Table 1) (Charts 1-3).

At 55 cm CVRL stage

First appearance of the photoreceptor cells was observed with
thickness 4.35 um (Table 1) (Chart 3) as esinophilic film resting on
thin outer limiting membrane (Figure 15). Spherical cells (horizontal
cells) were located in the outer plexiform layer which connecting with
the outer nuclear layer (Figure 15). Blue oval dots were observed in
the photoreceptors layer indicating the presence of the mitochondria
(Figure 16).

At 60 cm CVRL stage

Photoreceptor cells were increased in the thickness 5.35 um (Table
1) (Chart 3). These cells became differentiated into rod and cone cells.
The rod cells were formed from long and thin processes. While the cone

cells were formed from short and conical shaped processes (Figure 17).

The photoreceptor cell and inner limiting membrane showed strong
alcianophilia indicated high amount of acidic mucopolysaccharides.
While slight alcianophilia was observed in the outer, inner plexiform
layer and the nerve fibre layer indicated fewer amounts of acidic
mucopolysaccarides (Figure 18).

At 74 cm CVRL stage

The photoreceptor cells became more differentiated into rods (long
process) and cones cells (short process). The latter cells were less in
the number than the rods cells (Figure 19). The packed components
of the photoreceptors (rod and cone cells) were differentiated into
an outer and inner segment. The narrow basal slight basophilic zone
that closed to the outer limiting membrane was represented the inner
segment while the wide apical acidophilic zone was represented the
outer segment (Figure 19).

At 98 -115 cm CVRL stage

The full retinal layers were completely formed comprising ten
retinal layers (retinal pigmented epithelium, photoreceptors, outer
limiting membrane, outer nuclear layer, outer plexiform layer ,inner
nuclear layer, inner plexiform layer, ganglion cells layer, nerve fibre
layer and inner limiting membrane) with different thickness (Table 1)
(Figure 20).

Strong alcianophilia was noticed in the outer segment of the
photoreceptor cells and inner limiting membrane, while the outer and
inner plexiform, the nerve fibre layer and outer limiting membrane was
slight reaction. The inner segment of photoreceptor cells was negatively
reacted (Figure 21).

Strong PAS positive reaction was observed in the outer segment
of the photoreceptors cells. While the inner segment, outer plexiform
layer, inner plexiform layer and the nerve fibre layer showed slight
reaction (Figure 22).

The small bodies of the mitochondria were increased and located
in the inner segment of the photoreceptor cells. By Heidenhain’s iron
hematoxylin stain, the mitochondria were appeared as black bodies
(Figure 23). While by Mallory’s Phosphotungstic Acid-Hematoxylin
method, they appeared as blue bodies (Figure 24). The outer segment
of the photoreceptors sells was negatively reacted (Figures 23 and 24).
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Discussion

At 0.8 cm CVRL, the present study detected the optic pits as a pair
of shallow groove on either side of the neural folds. This finding was in
agreement with Miyata, Samuel et al. in rat, Sharma and Ehinger and
Fletcher and Weber in human [5,15-17].

At 1.5 cm CVRL, our results had revealed that the optic vesicle was
formed as a result of aggregation of neuroectodermal cells at lateral
sides of primitive fore-brain. Similar finding was also obtained by
Kaufman et al. [3] and Moshiri et al. [4] in human. In contrast Abdel-
Moniem stated that the optic vesicle is detected at 2 cm CVRL camel
embryos [7].

The obtained results indicated that, the optic cup was firstly
observed at 2cm CVRL, as a crescentic cup-like structure comprising
an outer, thinner pigmented cell layer, and an inner, much thicker one
forming the neural retina. This finding was similar to those of Ahmed
et al. [6] in camel. Meanwhile Abdel-Moniem [7] mentioned that the
optic cup is observed at 3.8 cm CVRL camel embryos. This different

Figure 7: Photomicrograph of camel embryo at 6 cm CVRL stage showing
retinal pigmented epithelium (RP), outer neuroblastic layer (NB), inner
plexiform layer (IP), ganglion blastic layer (GB) and the nerve fiber layer (NF),
outer (OL) and inner limiting membrane (IL).(H&E).
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Figure 8: Photomicrograph of camel foetus at 16 cm CVRL stage showing
the inner plexiform layer (IP) and the nerve fiber layer (NF) were exhibited
moderate alcianophilia (arrow). Sclera (L). (Alcian blue stain).

Figure 9: Photomicrograph of camel foetus at 22 cm CVRL stage showing
the outer limiting membrane (OL) exhibited strong positive reaction (arrows).
While the inner plexiform layer exhibited slight reaction (arrow head). (PAS
stain).

Figure 10: Photomicrograph of camel foetus at 22 cm CVRL stage showing
mitotic activity (arrows) in the neuroblastic cells (NB). Retinal pigmented

epithelium (RP). (Heidenhain’s iron haematoxylin).

Figure 11: Photomicrograph of camel foetus at 27 cm CVRL stage showing
displaced cells (arrows) located in the inner plexiform layer (IP) and connected
with the neuroblastic cells (NB). Ganglion cells (GC). Nerve fiber layer (NF).

(H&E).

Le SUR 50um
Figure 12: Photomicrograph of camel foetus at 30 cm CVRL stage showing

the neuroblastic cells (NB) differentiated into inner nuclear layer (IN) (arrows).
Inner plexiform (IP). Ganglion cell layer (GC). Nerve fiber layer (NF). First

appearance of retinal blood vessels (RV). (H&E).

observation may occur as result of different sagittal histological sections
and the stage between the 2 cm CVRL and 4 cm CVRL may called the
optic cup stage with constant structure.

The current study observed numerous mitotic figures among the
cells of the neuroblastic cells that located subjacent to the outer limiting
membrane. This finding was in agreement with Rapaport and Stone
[18] in developing cat retina.

The differentiation of the ganglion cells was at 6 cm CVRL stage.
Differentiation of the inner nuclear layer was visible at 30 cm CVRL
that became well defined at 35 cm CVRL. The photoreceptor cells
were detected at 55 cm CVRL that became clearly defined at 60 cm
CVRL that differentiated into rods and cones cells. The outer segment
and inner segment were detected at 74 cm CVRL. This finding was in
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contrast to that obtained by Ahmed et al. [6], whom mentioned that the
retina could be differentiated into a photoreceptor cell layer (cones and
rods), a neuroblastic layer or bipolar cell, a ganglion cell, fibrous layer,
inner limiting membrane at 20 cm in camel embryos. The finding was
similar to that mentioned by Abdel-Moniem [7] in camel.

Our study observed that the ganglion cells were the first cells which
developed and increased in size with direct proportion to the CVRL.
This trend was found in cat, monkey and rat by Walsh et al., Walsh
and Polley and Rapaport et al. and Rapaport et al. [19-22], whom
mentioned that the small retinal ganglion cells were generated early
and increase in size at later developmental stages.
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CVRL (CM)

- A Significant negative correlation was found between CVRL and the
thickness of retinal pigmented epithelium (RP) (r= -0.945) at (p=0.05)

- A Significant positive correlation was found between CVRL and the thickness
of the nerve fiber layer (NF)(r= 0.923) at (p=0.05)

- A Significant negative correlation was found between CVRL and the
thickness of the outer limiting membrane (OLM) (r=-0.497) at (p=0.05)

- A Significant negative correlation was found between CVRL and the
thickness of the inner limiting membrane (ILM)(r=-0.602) at (p=0.05)

Chart 1: Showing the correlation between the CVRL and the thickness (um)
of retinal pigmented (RP), nerve fiber layer (NF), outer limiting membrane
(OLM) and inner limiting membrane (ILM).
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CVRL (CM)

- A Significant positive correlation was found between CVRL and the thickness
of the outer plexiform layer (OP) (r=0.867) at (p=0.05)

- A Significant negative correlation was found between CVRL and the
thickness of the outer nuclear layer (ONL) (r=-0.804) at (p=0.05)

- Non significant negative correlation was found between CVRL and the
thickness of the inner nuclear layer (INL) (r=- 0.465) at (p=0.05)

- A Significant positive correlation was found between CVRL and the thickness
of the photoreceptor cells (P)(r=0.955) at (P=0.05)

Chart 3: Showing the correlation between the CVRL and the thickness (um)
of the outer nuclear layer (ON), inner nuclear layer (IN), outer plexiform layer
(OP) and photoreceptor cell layer (P) in Posterior retina.

Figure 13: Photomicrograph of camel foetus at 35 cm CVRL stage showing
the inner nuclear layer (IN) as a distinct layer and separated from the outer
nuclear layer (ON) by newly formed outer plexiform layer (OP) that contained
displaced cell (arrows). Inner plexiform layer (IP) contained displaced
ganglion cell (arrow heads). Ganglion cell (GC). Nerve fiber layer (NF). Outer
limiting membrane (OL). (H&E).
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Thickness (UM)

- A Significant negative correlation was found between CVRL and the
thickness of the ganglion cell layer (GCL)(r=-0.734) at (p=0.05)

- A Significant positive correlation was found between CVRL and the thickness
of the inner plexiform layer (IP) (r=0.936) at (p=0.05)

- A Significant positive correlation was found between CVRL and the diameter
of the ganglion cell size (r=0.982) at (p=0.05)

Chart 2: Showing the correlation between the CVRL and the thickness (um)
of ganglion cell layer (GCL), inner plexiform layer (IP) and ganglion cell size.

Figure 14: Photomicrograph of camel foetus at 35 cm stage showing outer
nuclear layer (ON) with high mitotic activity while inner nuclear layer (IN) with
low mitotic activity. Inner plexiform layer (IP) contained displaced ganglion

cell (arrow head) while outer plexiform layer (OP) contained displaced cell
(arrows). Nerve fiber layer (NF). (H&E).

The present work observed that the retina reached its maturity at
80-115 cm CVRL stage. Our finding was similar to that observed by
Abdel-Moniem [7] in camel. This finding emphasized that the retina
reached the maturity before birth that explained why the camel is able
to see directly after birth. In contrast, the maturity was occurred in dog
at 80 days post conception [23], and at 12 days old rat [24]. This result
was also emphasized by Thomas and Alvin who stated that the ungulate
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retina is mature at birth, but the carnivore retina does not fully mature
until about 5 weeks postnatal [17].

Our study emphasized that the retina at 20 cm CVRL, showed
retinal pigmented epithelium, outer limiting membrane, inner limiting
membrane, neuroblastic cells, inner plexiform layer, ganglion cell layer
and nerve fiber layer (7 layers only). The result is not in agreement
with that described by Ahmed et al. [6] who mentioned that the retinal

Figure 15: Photomicrograph of camel foetus at 55 cm CVRL stage showing
firstly appearance of the photoreceptor cells (P) resting on outer limiting
membrane (OL). Outer plexiform layer (OP), outer nuclear layer (ON). (H&E) .

Figure 16: Photomicrograph of camel foetus at 55 cm CVRL stage showing
the mitochondria located in the photoreceptors layer (arrow heads), outer
nuclear layer (ON) and retinal pigmented epithelium (RP). (Mallory’s
Phosphotungestic Acid-Hematoxylin).

Figure 17: Photomicrograph of camel foetus at 60 cm CVRL stage showing
photoreceptor cells formed from long rod cells (R) and short cone cells (C).
Outer nuclear layer (ON). Outer plexi form layer (OP). Inner nuclear layer (IN)
with fine process (arrow heads). (H&E).
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Figure 18: Photomicrograph of camel foetus at 60 cm CVRL stage showing
the photoreceptor cell (P) and inner limiting membrane (IL) showed strong
alcianophilia (arrow). While slight alcianophilia (arrow heads) in the outer
(OP), inner plexiform layer (IP) and the nerve fiber layer (NF). (Alcian blue

Figure 19: Photomicrograph of camel foetus at 74 cm CVRL stage showing
photoreceptor cells were more differentiated into rod cells (R) and cone
cells (C). Inner segment (IS) and outer segment (OS). Clear outer limiting
membrane (arrow). Mitotic activity (arrow heads) in the outer nuclear layer
(ON). Inner nuclear layer (IN). Outer plexi form layer (OP). (H&E).
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Figure 20: Photomicrograph of camel foetus at 98 cm CVRL stage showing
full retinal layer with pigmented epithelium (RP). Outer segment (OS). Inner
segment (IS). Outer limiting membrane (arrow). Outer nuclear layer (ON).
Inner nuclear layer (IN). Outer plexiform layer (OP). Inner plexiform layer (IP).
Nerve fiber layer (NF) inner limiting membrane (arrow head). Ganglion cell

(GC). (H&E).
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Figure 21: Photomicrograph of camel foetus at 98 cm CVRL stage showing
strong alcianophilia (arrow) in the outer segment (OS) of the photoreceptor
cells and the inner limiting membrane. While slight reaction (arrow heads)
in the outer (OP) and inner plexiform (IP) and the nerve fiber layer (NF) and
outer limiting membrane (OLM). Negative reaction in the inner segment (IS).
(Alcian blue stain).

stain).

showed nearly all its normally 10 layers at 20 cm CVRL camel embryos.
Our investigation has clarified that the retinal 10 layers were appeared
at 55-74 cm CVRL. This result was similar to that recorded by Abdel-
Moniem [7] in camel.

The present work noticed the first appearance of the retinal
capillaries in the nerve fiber layer at 30 cm CVRL, Meanwhile Abdel-
Moniem [7] observed it at 49 cm CVRL camel embryos.

By Heidenhain’s iron haematoxylin stain and Mallory’s
Phosphotungstic Acid-Hematoxylin, the mitochondria were detected
as small oval bodies in the inner segments of the photoreceptor cells,
while the outer segment showed negative reaction. This observation
might lead us to suggest that the photoreceptors mitochondria were
located in the inner segments. This finding was in agreement to those
of Stone et al. [25] whom stated the mitochondria are sequestered
to the ends of the cell or to the inner segments and in some species
extend to axon terminals in the outer plexiform layer. The later authors
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Figure 22: Photomicrograph of camel foetus at 98 cm CVRL stage showing
strong positive reaction (arrows) in the outer segment of the photoreceptor
cells layer (OS). While the inner segment, outer plexiform layer (OP), inner
plexiform layer and the nerve fiber layer (NF) showed slight reaction (arrow
heads). (PAS).
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Figure 23: Photomicrograph of camel foetus at 115 cm CVRL stage showing
the oval bodies of the mitochondria (arrow heads) in the inner segment of the
photoreceptor cells (IS). Outer segment (OS), pigmented epithelium (RP),
and outer nuclear layer (ON). (Heidenhain’s iron haematoxylin).

Figure 24: Photomicrograph of camel foetus at 115 cm CVRL stage showing
the bodies of the mitochondria (arrow heads) in the inner segment of the
photoreceptor cells (IS) resting on clear outer limiting membrane (arrow).
Outer segment (OS), pigmented epithelium (RP), and outer nuclear layer
(ON). (Mallory’s Phosphotungestic Acid-Hematoxylin).

hypothesized that the mitochondria migrated to these locations

towards sources of oxygen.

The reaction of the various layers of the retina to PAS and alcian
blue stains were not described in any of the available literature. The
present study detected positive reaction to PAS in the outer limiting
membrane at 22 cm CVRL stage. At 98 cm CVRL, the outer segments
of the photoreceptor cells showed strong positive reaction indicating
their content of neutral mucopolysaccarides. AT 98 cm CVRL, the
outer segments of the photoreceptor cells layer were reacted to alcian
blue stain indicating their content of acidic mucopolysaccarides. The
inner segments of the photoreceptor cells were negatively reacted with
PAS and alcian blue stains. This observation might lead us to suggest
that the photoreceptors contained large amount of protein in the outer

segments.

References

1. Moore CP, Shaner JB, Halenda RM, Rosenfeld CS, Suedmeyer WK (1999)

20.

2

=

22.

2

w

24.

25.

Congenital ocular anomalies and ventricular septal defect in a dromedary
camel (Camelus dromedarius). J Zoo Wildl Med 30: 423-430.

Sernagor E, Eglen S, Harris B, Wong R (2006) Retinal neurogenesis.
Cambridge University Press, UK.

Kaufman PL, Alm A, Adler FH (2003) Adler's Physiology of the Eye: Clinical
Application. Mosby, Michigan, USA.

Moshiri A, Close J, Reh TA (2004) Retinal stem cells and regeneration. Int J
Dev Biol 48: 1003-1014.

Miyata T (2008) Development of three-dimensional architecture of the
neuroepithelium: role of pseudostratification and cellular ‘community’. Dev
Growth Differ 50: S105-S112.

Ahmed MA, Amar SMS, Bareedy MH, Balah A, Anis H (1985) Early
development of camel eye ball of the one-humped camel with reference to its
related structures. Accepted in the world Assoc. of Vet. Anatomists, U. S. A,
and annual Egypt, Soc. Of Histology and Cytology.

Abdel-Moniem ME (1992) Prenatal development of the retina in one humped
camel. Assiut Veterinary Medical Journal 27: 42-55.

Render JA (1993) Preparation of the eyeball for microscopic examination.
Programme, the ILSI Histopathology Seminar, the Eye and the Ear of
Laboratory Animals, Nara, Japan, April 22-24.

Harris HF (1900) On therapy conversion of Haematoxylin into Haematinin
staining reaction. J Appl Microsc 111: 777- 781.

.Carson FL, Pickett JP (1983) Histochemistry in race G.J(Ed):- laboratory

medicine. Harper & Row, Philadelphia, USA.

. Luna LG (1968) Manual of histologic staining methods of the Armed Forces

Institute of Pathology (3™ edn). Blakiston Division, McGraw-Hill, USA.

. Heidenhain M (1896) Noch einmal uber die Darstellung der centralkorper

durch Eisen hematoxylin nebst einigen allgemeinen bermer Kungen uber
die hamatoxylin fabren. Zeitchrift fur wissen chaftliche Mikroskopie und fur
Mukroskopich technik 13: 180.

.Mallory FB (1897) on certain improvements in histological technique : i. A

differential stain for amoebae coli. li. Phosphotungstic-acid-haematoxylin stain
for certain tissue elements. lii. A method of fixation for neuroglia fibres. J Exp
Med 2: 529-533.

. Bancroft JD, Stevens A (1996) Theory and practice of histological techniques,

4™ edn. Churchill Livingstone, Edinburgh, Scotland.

. Samuel S, Zhang M, Colin J, Barns S (2002) Molecular Aspects of Vertebrate

Retinal Development Departments of Pathology, Ophthalmology and Visual
Science, and Neurobiology. Yale University School of Medicine.

.Sharma RK, Ehinger B (1997) Cell proliferation in retinal transplants. Cell

Transplant 6: 141-148.

. Fletcher TF, Weber AF (2008) Veterinary Developmental Anatomy. Veterinary

Embryology (CVM 6100).

. Rapaport DH, Stone J (1983) The topography of cytogenesis in the developing

retina of the cat. J Neurosci 3: 1824-1834.

.Walsh C, Polley EH, Hickey TL, Guillery RW (1983) Generation of cat retinal

ganglion cells in relation to central pathways. Nature 302: 611-614.

Walsh C, Polley EH (1985) The topography of ganglion cell production in the
cat’s retina. J Neurosci 5: 741-750.

. Rapaport DH, Fletcher JT, LaVail MM, Rakic P (1992) Genesis of neurons in

the retinal ganglion cell layer of the monkey. J Comp Neurol 322: 577-588.

Rapaport DH, Wong LL, Wood ED, Yasumura D, LaVail MM (2004) Timing
and topography of cell genesis in the rat retina. J Comp Neurol 474: 304-324.

. Parry HB (1953) Degenerations of the dog retina. I. Structure and development

of the retina of the normal dog. Br J Ophthalmol 37: 385-404.

Elbadery M (1991) Developmental anatomy of the eye ball of the albino rat by
ultra structure and immunohistochemistry of the retina. Ph.D. Thesis. Fac.Med,
Assiut University.

Stone J, van Driel D, Valter K, Rees S, Provis J (2008) The locations of
mitochondria in mammalian photoreceptors: relation to retinal vasculature.
Brain Res 1189: 58-69.

Cell Dev Biol
ISSN: 2168-9296 CDB, an open access journal

Volume 2 « Issue 1+ 1000109


http://www.ncbi.nlm.nih.gov/pubmed/10572869
http://www.ncbi.nlm.nih.gov/pubmed/10572869
http://www.ncbi.nlm.nih.gov/pubmed/10572869
http://ebooks.cambridge.org/chapter.jsf?bid=CBO9780511541629
http://ebooks.cambridge.org/chapter.jsf?bid=CBO9780511541629
http://books.google.co.in/books?id=2YlsAAAAMAAJ
http://books.google.co.in/books?id=2YlsAAAAMAAJ
http://www.ncbi.nlm.nih.gov/pubmed/15558491
http://www.ncbi.nlm.nih.gov/pubmed/15558491
http://www.ncbi.nlm.nih.gov/pubmed/18070110
http://www.ncbi.nlm.nih.gov/pubmed/18070110
http://www.ncbi.nlm.nih.gov/pubmed/18070110
http://agris.fao.org/agris-search/search/display.do?f=1996/EG/EG96035.xml;EG9602154
http://agris.fao.org/agris-search/search/display.do?f=1996/EG/EG96035.xml;EG9602154
http://books.google.co.in/books/about/Manual_of_histologic_staining_methods_of.html?id=F4UaAAAAMAAJ
http://books.google.co.in/books/about/Manual_of_histologic_staining_methods_of.html?id=F4UaAAAAMAAJ
http://www.ncbi.nlm.nih.gov/pubmed/19866848
http://www.ncbi.nlm.nih.gov/pubmed/19866848
http://www.ncbi.nlm.nih.gov/pubmed/19866848
http://www.ncbi.nlm.nih.gov/pubmed/19866848
http://www.lablife.org/p?a=products_show&id=223518
http://www.lablife.org/p?a=products_show&id=223518
http://www.ncbi.nlm.nih.gov/pubmed/9142446
http://www.ncbi.nlm.nih.gov/pubmed/9142446
http://vanat.cvm.umn.edu/vanatpdf/EmbryoLectNotes.pdf
http://vanat.cvm.umn.edu/vanatpdf/EmbryoLectNotes.pdf
http://www.ncbi.nlm.nih.gov/pubmed/6886747
http://www.ncbi.nlm.nih.gov/pubmed/6886747
http://www.ncbi.nlm.nih.gov/pubmed/6835394
http://www.ncbi.nlm.nih.gov/pubmed/6835394
http://www.ncbi.nlm.nih.gov/pubmed/3973694
http://www.ncbi.nlm.nih.gov/pubmed/3973694
http://www.ncbi.nlm.nih.gov/pubmed/1401251
http://www.ncbi.nlm.nih.gov/pubmed/1401251
http://www.ncbi.nlm.nih.gov/pubmed/15164429
http://www.ncbi.nlm.nih.gov/pubmed/15164429
http://www.ncbi.nlm.nih.gov/pubmed/13059279
http://www.ncbi.nlm.nih.gov/pubmed/13059279
http://www.ncbi.nlm.nih.gov/pubmed/18048005
http://www.ncbi.nlm.nih.gov/pubmed/18048005
http://www.ncbi.nlm.nih.gov/pubmed/18048005

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Material and Methods 
	Results
	At 0.8 cm CVRL stage 
	At 1.5 cm CVRL stage 
	At 2 cm CVRL stage 
	At 6-27 cm CVRL stage 
	At 30 cm CVRL stage 
	At 35 -50 cm CVRL stage 
	At 55 cm CVRL stage 
	At 60 cm CVRL stage 
	At 74 cm CVRL stage 
	At 98 -115 cm CVRL stage 

	Discussion
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 1
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Chart 1
	Chart 2
	Chart 3
	Figure 13
	Figure 14
	Figure 15
	Figure 16
	Figure 17
	Figure 18
	Figure 19
	Figure 20
	Figure 21
	Figure 22
	Figure 23
	Figure 24
	References



