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Electron microscopic studies on the nervous layer of the eye in 
donkeys

Introduction

The retina is composed of a network of glial and neuron cells and 
constitutes the innermost layer of the eyeball (Fine and Yanoff, 1979). 
This is a highly specialized sensory organ that is able to convert light into 
electrical signals, which are then sent to the brain's visual centers via the 
optic nerve. After being absorbed by the visual pigment in the photore-
ceptors, photons are converted into a biochemical message and then into 
an electrical signal that can excite all of the retina's subsequent neurons. 
The highly ordered structure of the retinas of all vertebrates is made up of 
two layers of synapses and three layers of cells (Crispin et al., 1990).  Cone 
and rod photoreceptor cell bodies make up the outer nuclear layer; radial 
Mueller glial cells and neurons (horizontal, bipolar, and amacrine cells) 
make up the inner nuclear layer; and ganglion cells make up the ganglion 
cell layer (Marc, 1999). Together, these cells have significant functions in 
the processing of visual stimuli, including color, motion, intensity, and di-
rectionality (Masland, 2001). The nuclear layers are separated by the outer 
and inner plexiform synaptic layers. The convergence of the ganglion cell 
axons at the exit of the optic nerve forms the nerve fiber layer (Glasgow 
and Foos, 1993). All vertebrates share a general similarity in retinal micro-
anatomy. However, owing to the various species' various environmental 
circumstances, there are species-specific variances (Crispin et al., 1990).

It became clear during the research of retinal pathology in ocular 
illnesses in donkeys that there isn't a thorough description of the mor-
phological structure of this area of the eye in the literature. Even though 
the general structure of the individual layer sequence is almost the same 
in all vertebrates, a number of significant morphologic differences were 
found when comparing the retinal structure of other domestic animals, 

which prompted a more thorough morphologic analysis using light and 
electron microscopic studies. 

Materials and methods

Animals and histological sample preparation

Ten mature donkey eyes were obtained from Donkeys that were eu-
thanized Faculty of Veterinary Medicine at Assiut University, Egypt. The 
donkeys’ eyes were placed in 10% paraformaldehyde (PFA). The retina 
was dissected and prepared for routine histological procedures accord-
ing to previous studies (Attaai et al., 2022; Hussein et al., 2022; Semiekaa 
et al., 2023).

Ethical approval

The Ethical Committee in the Faculty of Veterinary Medicine at Assiut 
University, Egypt has approved this study (06/2023/0082).

Scanning electron microscopy

Small retinal specimens were fixed in mixture of paraformaldehyde 
solution (2.5%) and glutaraldehyde solution (2.5%) in phosphate buf-
fer (pH 7.3) for 24 hours.  The samples were washed in 0.1M phosphate 
buffer, dehydrated in ascending grades of ethanol, critical point-dried in 
liquid carbon dioxide, and then coated with gold palladium in sputtering 
device. The samples were then examined and photographed using JSM-
5400LV Scanning electron microscope operated at 20 KV in the EM center 
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ARTICLE INFO ABSTRACT

The microanatomy of the donkey eye is important to understand because pathological disorders affecting 
them are relatively common. The current study aimed to document the cellular components of donkey's retinae 
using light and electron microscopic studies. Ten donkey retinae were dissected and processed for semi-thin 
sections and electron microscopic studies. The photoreceptor layer was made up of the outer and inner seg-
ments of rods and cones. The outer segments were filled with invaginations of cell membranes that form stacks 
of membranous disks. Shed discs of photoreceptor outer segments could be seen in the photoreceptor layer 
as well as near the Müller cells. The inner segments of cones were conical in shape, while those of rods were 
slim rod-shaped. Both were filled with long thin mitochondria and free ribosomes. Three rows of photoreceptor 
cell nuclei made up the outer nuclear layer. The rod nuclei had more electron-dense chromatin than those of 
the cones. There were two rows of cell nuclei in the inner nuclear layer that represent the following four cell 
classes: horizontal cells, bipolar cells, amacrine cells, and Müller cells. Bipolar cells constitute the bulk of the 
inner nuclear layer. They were elongated in shape and had thick branched dendrites. Amacrine cells were in the 
inner face of the INL. It could be observed within IPL and known as displaced amacrine cells. Muller glial cells 
were irregular elongated in shape with many cytoplasmic processes. They were distributed in the INL among 
the bipolar cells. Müller cells were observed in the inner plexiform layer, the ganglion cell layer, and the nerve 
fiber layer.  In conclusion, this study characterized the detailed cytological organization and ultrastructure of the 
healthy donkey retina. which maintains the fundamental laminar architecture characteristic of other mammalian 
retinas, and consists of 10 distinguishable layers. When compared to previously described retinal morphologies 
in domestic species, some distinctive characters were observed in donkey retinal cells.
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of Assiut University, Egypt.

Semithin sectioning and transmission electron microscopy

Small retinal specimens were kept at 4°C for 48 h by immersing them 
in a solution of 3% paraformaldehyde–glutaraldehyde in 0.1 M sodium 
cacodylate buffer, pH 7.2 (Morris, 1965). The samples were rinsed in the 
same buffer before being postfixed for 2 h at room temperature in 1% 
osmic acid in 0.1 M sodium cacodylate buffer. The specimens were dehy-
drated in an ethanol gradient, followed by propylene oxide, before being 
embedded in an Araldite–Epon mixture. Toluidine was used to stain 1 
μm-thick semithin sections. A Leitz Dialux 20 microscope was used to 
view stained sections, and images were taken with a Canon digital cam-
era (Canon Power shot A 95). At Assiut University’s Electron Microscopy 
Unit, ultrathin sections (70 nm) were stained with lead citrate and uranyl 
acetate and photographed using a JEOL 100 II transmission electron mi-
croscope (JEOL, Tokyo, Japan). 

Digital colorization of TEM images 

To increase the visual contrast between several structures on the 
same electron micrograph, we digitally colored specific elements (e.g., bi-
polar cells, amacrine cells, horizontal cells, Müller cells, and ganglion cells) 
to make them more visible to the readers. All elements were meticulously 
hand-colored in Adobe Photoshop software version 6 ( Abdel-Maksoud 
et al., 2019; Mokhtar et al., 2019; Hussein and Abdel-Maksoud, 2020; Hus-
sein et al., 2020; Mokhtar et al., 2022; Abdel-Maksoud et al., 2023a; Ab-
del-Maksoud et al., 2023b; Fadl et al., 2023).

Results

The retina of donkeys was composed of ten layers: (1) retinal pigment 
epithelium, (2) photoreceptor layer, (3) outer limiting membrane, (4) out-
er nuclear layer, (5) outer plexiform layer, (6) inner nuclear layer, (7) inner 
plexiform layer, (8) ganglion cell layer, (9) nerve fiber layer, and (10) inner 
limiting membrane (Fig. 1 A, B and Fig. 2). The retinal pigmented epithe-
lium (RPE) was made up of a single layer of cuboidal polygonal cells that 
contained numerous pigmented melanin granules (Fig. 1B).

The photoreceptor layer was made up of the outer and inner seg-
ments of rods and cones. The outer segment regions of both rods and 
cones were filled with invaginations of cell membranes that form stacks 
of membranous disks where photopigments exist. Shed discs of photo-
receptor outer segments could be seen in the photoreceptor layer. They 
resemble whorls of membranes. The inner segments of cones were con-
ical in shape, while those of rods were slim rod-shaped. Both were filled 

with long thin mitochondria and free ribosomes. The inner segments 
lied close to the outer limiting membrane which separates the photo-
receptors from their nuclei in the outer nuclear layer. The cell bodies of 
the two types form the outer nuclear layer (ONL), which is made up of 
approximately three rows of cell nuclei. The rod nuclei had more elec-
tron-dense chromatin than the cone nuclei. Cone nuclei were found near 
the outer limiting membrane, whereas rod nuclei were found at all levels 
of the ONL (Figs. 1C and Fig. 3). 

The outer and inner nuclear layers were separated by the outer plexi-
form layer (OPL). The inner nuclear layer (INL) consisted of horizontal 
cells, bipolar cells, amacrine cells, and Müller cells (Figs. 4 and  6).
Horizontal cells: They were found on the INL’s outer margin. They had 
large vesicular nuclei with regularly distributed loose chromatin. There 
are numerous vacuoles in the cytoplasm and extend two large cytoplas-
mic processes (Fig. 4 A, B).
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Fig. 1.  General view of the donkey retina. A, B: Semi-thin sections stained with toluidine 
blue Showing the different layers of donkey retina: 1: PRE, 2: Photoreceptor layer, 3: Outer 
limiting membrane, 4: Outer nuclear layer, 5: Outer plexiform layer, 6: Inner nuclear layer, 
7: Inner plexiform layer, 8: Ganglion cell layer, 9: Nerve fiber layer (NFL), 10: Inner limit-
ing membrane. Notice: Ganglion cell (G); Muller cells (M). C: Digitally colored image of 
TEM showing the outer nuclear layer (brown), the outer and inner segments of rods (R) and 
cones (C). Notice; outer limiting membrane (arrow).

Fig. 2. General view of the donkey retina. A–D: Digitally colored SEM images showing the 
various layers of the donkey retina: photoreceptor layer (violet), outer limiting membrane 
(OLM), outer nuclear layer (ONL), outer plexiform layer (OPL), inner nuclear layer (INL), 
inner plexiform layer (IPL).

Fig. 3. Digitally colored TEM images. A–C: The photoreceptor layer is made up of the outer 
(OS) and inner (IS) segments of rods (blue) and cones (brown). The inner segments are 
filled with long thin mitochondria (m). The black square showing the connection between 
the outer and inner segments. Take note of the shed discs of photoreceptor outer segments 
(green). D: the outer nuclear layer is made up of the cell bodies of rods and cones. The rod 
nuclei (blue) have more electron-dense chromatin than the cone nuclei (brown) which are 
found near the outer limiting membrane (green).



Bipolar cells: They constituted form the bulk of the inner nuclear layer. 
They were elongated in shape and had thick branched dendrites that 
projected toward the OPL and thin axons that projected into the IPL (Fig. 
4 A-C).
Amacrine cells: They were in the inner face of the INL. It could be ob-
served within IPL and known as displaced amacrine cells (Fig. 4 B-D).

Muller and ganglion cells: Muller glial cells were irregular elongated in 
shape with many cytoplasmic processes. They were distributed in the INL 
among the bipolar cells. Müller cells were observed in the inner plexiform 
layer, the ganglion cell layer, and the nerve fiber layer (Fig. 5). By TEM 
Muller cells were darkly stained with long processes and vacuoles. Their 
processes were in close contact with Rods and cones (Fig. 6A), as well as 
rod and cone bipolar cells (Fig. 6 B-D). Shed discs of photoreceptor outer 
segments could be seen near the Müller cells (Fig. 6 B). The ganglion cells 
synapsed with Müller cells (Fig. 6E). Large ganglion cells were rounded in 
shape. They had round pale nucleus. The cytoplasm contained numerous 
Nissl’s granules (Figs. 1 A& 5).

Discussion

A thorough understanding of retinal cytoarchitecture serves as an 
essential foundation for identifying and interpreting retinal abnormali-
ties. However, descriptions of donkey retinal morphology remain limited, 
precluding in-depth investigation and histopathological analysis of reti-
nal diseases in this species. Additionally, inter-species variations in reti-
nal structure necessitate species-specific characterization. In agreement 
with the previous studies in different species (Dowling and Boycott, 1966; 
Dowling, 1970; Hoon et al., 2014), the current study showed the retina 
histologically consists of ten layers. The inner nuclear layer houses the 
bipolar, horizontal and amacrine cells. The ganglion cell layer contains 
the soma of retinal ganglion neurons. Interposed between the nuclear 
layers are the outer and inner plexiform layers, which contain synapses 
between the different retinal neuron types. In current study the photo-
receptors appeared by TEM consists of inner and outer segments. The 
detection of light begins at the photoreceptors, which are the specialized 
neuronal cells located in the outermost nuclear layer of the retina - the 
outer nuclear layer. Photoreceptors initiate visual phototransduction by 
converting light signals into electrical signals that are transmitted to inner 
retinal neurons. There are two types of photoreceptors in the retina: rods 
and cones. Rods are highly light-sensitive photoreceptor cells optimized 
for dim-light, scotopic vision. They contain the photopigment rhodopsin, 
which allows rods to function under low-illumination conditions like at 
night. Cones, on the other hand, have lower light sensitivity than rods 
but are able to distinguish color as they contain photopigments (such as 
S-cone opsin, M-cone opsin, L-cone opsin) that are specific for different 
wavelengths of light in the visible spectrum. As such, cones are responsi-
ble for high acuity, photopic color vision during daylight conditions (Hus-
sey et al., 2022). Photoreceptors release the neurotransmitter glutamate 
at synaptic contacts with bipolar cells located within the outer plexiform 
layer. Bipolar cell bodies reside in the inner nuclear layer as recorded in 
the current study, just deep to this synaptic layer. Bipolar cells thus act as 
relay interneurons, transmitting the photoreceptor signal to the inner ret-
ina while providing a means to segregate the ON and OFF pathways in-
volved in light/dark detection. Their synaptic connections within the inner 
plexiform layer are vital for signal processing and the generation of the 
neural impulse that is conveyed to the brain (Ichinose and Habib, 2022). 
In the current study, amacrine cells were also observed using transmis-
sion electron microscopy (TEM). Amacrine cells reside in the inner nuclear 
layer and have processes that arborize extensively within the inner plexi-
form layer. They modulate the excitation of retinal ganglion cells through 
either direct contact with ganglion cell dendrites or indirect contact via 
bipolar cell axon terminal bulbs (Bloomfield and Xin, 2000). Horizontal 
cells were also observed in the present study. These cells have long slen-
der dendrites that arborize mainly in the outer plexiform layer, where 
they form synaptic contacts with photoreceptor terminals. Horizontal 
cells function to modulate the communication between photoreceptors 
and bipolar cells through a negative feedback mechanism called lateral 
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Fig. 4. Horizontal, bipolar cells and amacrine cells in the retina of a donkey. A-D: Digitally 
colored TEM images showing the inner nuclear layer is made up of horizontal cells (pink), 
bipolar cells (BP, yellow), amacrine cells (A, green), and Müller cells (M, violet). Horizon-
tal cells show large vesicular nuclei and small vacuoles (V) in their cytoplasm.

Fig. 5. Digitally colored SEM images showing the distribution of Müller cells (blue) in var-
ious retinal areas: A: in the inner plexiform layer, B, C: in the ganglion cell layer and nerve 
fiber layer. Notice, Ganglion cells (violet), glial cells (green) partially cover the ganglion 
cells displaced amacrine cells (red) in the inner plexiform layer. D–F: in the outer nuclear 
layer. Notice, the photoreceptor layer (violet).   

Fig. 6. Digitally colored TEM images of Müller and ganglion cells in the retina of a donkey. 
A-D: Müller cells (violet) are darkly stained with long processes and vacuoles (V). Their 
processes are in close contact with Rods and cones (brown), as well as rod and cone bipolar 
cells (yellow). Notice: Shedded discs of photoreceptor outer segments (green colored) in 
form of whorls of membranes (black squares). Displaced amacrine (A, green). E: The gan-
glion cells (blue) synapse with Müller cells (M).



inhibition (Poché and Reese, 2009). Finally, the current work was reported 
the presence of the Müller cells. These are the principal glial cells of the 
retina and play an integral role in retinal function and homeostasis. Müller 
cells span the entire width of the retina from the inner limiting membrane 
to the outer limiting membrane. In doing so, their processes cover and 
make contact with nearly all retinal neurons, including photoreceptors, 
bipolar cells, amacrine cells and ganglion cells. Müller cells perform vital 
supporting functions such as recycling neurotransmitters from the syn-
aptic clefts, preventing glutamate neurotoxicity, supplying nutrients to 
neurons, and maintaining the blood-retinal barrier. They are also involved 
in forming the outer limiting membrane (Bringmann et al., 2013). Surpris-
ingly, shed discs of photoreceptor outer segments were observed around 
the Müller cells in our current study. This backs up previous findings that 
Müller cells phagocytize outer segment discs shed from cones (Long et 
al., 1986; Wang and Kefalov, 2011).

Conclusion

This study characterized the detailed cytological organization and 
ultrastructure of the healthy donkey retina. The results demonstrate that 
the donkey retina maintains the fundamental laminar architecture char-
acteristic of other mammalian retinas, consisting of 10 distinguishable 
layers. When compared to previously described retinal morphologies in 
domestic species, some distinctive characters were observed in donkey 
retinal cells.
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