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Abstract 

Background: Light is the critical factor that affects the eye’s morphology and auxiliary plans. The ecomorphological 
engineering of the cornea aids the physiological activities of the cornea during connections between photoreceptor 
neurons and light photons. Cornea was dissected free from the orbit from three avian species as ibis (Eudocium albus), 
duck (Anas platyrhynchus domesticus) and hawk (Buteo Buteo) and prepared for light and scanning electron micros‑
copy and special stain for structural comparison related to function.

Results: The three investigated avian species are composed of three identical layers; epithelium, stroma, and 
endothelium, and two basement membranes; bowman’s and Descemet’s membrane, separating two cellular layers, 
except for B. buteo which only has a Descemet’s membrane. The corneal layers in the investigated species display 
different affinity to stain with Periodic Acid Schiff stain. The external corneal surface secured by different normal 
epithelial cells ran from hexagonal to regular polygonal cells. Those epithelial cells are punctured by different diam‑
eter microholes and microplicae and microvilli of various length. Blebs are scarcely distributed over their surface. The 
present investigation utilized histological, histochemical and SEM examination.

Conclusions: The study presents a brief image/account of certain structures of cornea for three of Avian’s species. 
Data distinguish the anatomic structures of the owl’s eye. The discussion explains the role of some functional ana‑
tomical structures all through the vision.
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1  Background
Light is the crucial factor that influences the eye’s mor-
phology and structural plans [1]. Eye’s architecture, 
inception and level of sensibility fluctuate extraordinar-
ily relying upon assortment ecological conditions and 
functional impediments [2, 3]. Tamayo-Arango, Baraldi-
Artoni [4] consider the glop as a vital biologic organ in 
most vertebrate. Its ecomorphological architecture rep-
resents the features of the setting and the species’ life-
style in an evolutionary context. The ecomorphological 
architecture of the cornea, illustrated by Tamayo-Arango, 
Baraldi-Artoni [4], assists in the physiological actions 

of the cornea during interactions between photorecep-
tor neurons and light photons (refraction capacity, bio-
chemical responses, lodging, etc.). Clark [5] considers 
the corneal  tissue a powerful defense in the front of the 
eye, whereas the cornea is able to protect the eye’s inner 
components and has a protective function based on the 
outer eye tunic’s mechanical strength. Statistically, Meek 
[6] pointed out that the cornea forms only 15% of the eye 
ball’s outer layer, whereas the sclera forms the remaining 
85%.

Theoretically,  the refractive characteristics of the cor-
nea are controlled by Snell’s law, according to Leonard 
and Meek [7], which states that the angle of refraction 
is proportional to the difference in refractive indices 
between the two media when light moves between two 
isotropic media, such as water, glass or air. Therefore, 
Land and Nilsson [3] concluded that the noteworthy 
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variety in these refractive records constrained the func-
tioning vertebrate eyes in the two media to be hyperopic 
in water and myopic in air.

The two cellular layers epithelium and endothelium are 
more characterized by higher rate of corneal metabo-
lism of glycogen [8]. Glycogen constitutes the primary 
source of energy for all corneal layers in different verte-
brates; whereas, the main bulk of the polysaccharides is 
represented in the corneal stroma [9]. Assortment envi-
ronmental conditions affect the appearance of corneal 
microprojection [10]. Arrangement of microprojection 
may be affected by annexed of the eye of birds, like the 
need for lubrication during flight, reduction of friction, 
and the presence or absence of nictating membrane and 
eyelids [11].

With the aid of an adequate understanding of the 
detailed morphological and physiological patterns of 
corneal structure, scanning electron microscopy (SEM) 
studies can underline such gaps. In this manner, the 
present study aims to delineate and investigate the dis-
tinctive creation of the corneal layers using histological, 
histochemical and SEM examinations. Consequently, the 
present research considers their natural environmental 
conditions in the investigations and discussion sections. 
In addition, the present Avian’s cornea structures will be 
compared and integrated with the published outcomes in 
the reviewed studies.

2  Methods
2.1  Experimental animals
Three avian families as follows: (1) Threskiornithidae 
(Eudocium albus), (2) Anatidea (Anas platyrhynchus 
domesticus) and (3) Accipitriformes (Buteo Buteo) were 
collected from different locations of Egypt. They were 
identified according to recent reviews by Goodman and 
Meininger [12] and [13]. Ten adult birds from each spe-
cies were investigated and weighting 450 ± 12.9  g in 
Eudocium albus, 1000 ± 250  g in Anas platyrhynchus 
domesticus and 2.000 ± 480 g in Buteo Buteo. Their com-
mon name, distribution in Egypt and habitat were docu-
mented in the present investigation as follows:

2.1.1  Family Threskiornithidae
Eudocium albus (Linnaeus, 1758). The Common name is 
Whit ibis. They distributed in the agriculture field along 
Nile River in Egypt, such as Behira (30.8481° N, 30.3436° 
E) and Sharquia (30.7327° N, 31.7195° E). They were com-
monly found in muddy pools, on mudflats and even wet 
lawns and have diurnal activity [14].

2.1.2  Family anatidea
Anas platyrhynchus domesticus (Linnaeus, 1758). 
Common name is Pekin duct. They distributed in the 

agriculture field along Nile River in Egypt, such as Beni_
Suef (29.0661° N, 31.0994° E) and El Gharbia (30.8754° N, 
31.0335° E). They have coastal habitats such as beaches, 
marshes and ponds and have diurnal activity (Long, 
1981).

2.1.3  Family accipitriformes
Buteo Buteo (Linnaeus, 1758). Common name is Com-
mon buzzard. They distributed in Sinai (29.5000° N, 
34.0000° E). They inhabit the forests, medium altitude 
mountains. Nests in trees and among rocks in treeless 
areas. They activated all day with weight [15].

2.2  Experimental methods
After enucleation the corneas were dismembered free 
from the orbit with a sharp out zor blade and prepared 
for histological, histochemical and scanning electron 
microscopy investigation as pursues:

2.2.1  Histological sections preparation
The fixed specimens of the cornea were washed to 
remove the excess of the used fixative. They were then 
dehydrated in ascending grades of ethyl alcohol 70, 80, 90 
and 95% for 45 min each, then in two changes of absolute 
ethyl alcohol each for 30 min. This step was followed by 
clearing in two changes of xylene, each for 30 min. The 
tissues were then impregnated with paraplast plus (three 
changes) at 60  °C for three hours and then embedded 
in paraplast plus. Sections of 4 to 5  µm thickness were 
prepared with a microtome and stained with haema-
toxylin and eosin for histopathological examination[16]. 
After light examination for the corneal histological sec-
tions; the presence and absence of different layers were 
recorded as follows: absent (−); one layer (+); two layers 
(++) and three layers (+++).

2.2.2  Histochemical sections preparation by periodic 
acid‑Schiff’s [17]

The fixed specimens de-waxicated by xylene and rehy-
drated through graded ethanol to water. Then they oxi-
dized with 1% aqueous periodic acid solution  (H5IO6; 
WINLAB; Leicestershire, UK) for five minutes. After 
that, they were rinsed in distilled water and the sections 
were covered with Schiff’s reagent for 10–15  min then 
rinsed in running tap water for five minutes. Finally, the 
specimens were dehydrated, clear with xylene, mount-
ing, and covered slipping. The sections were ready for 
examining by light microscope [18, 19]. The degree 
of carbohydrates was evaluated and represented as − 
= absence; +  = mild; ++  = moderate and +++  = high.
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2.2.3  Preparation for scanning electron microscopy (SEM)
The whole eye was immediately fixed overnight with 
modified Karnovsky solution (2% paraformaldehyde and 
2.5% glutaraldehyde containing 0.1  M cacodylate-buffer, 
pH 7.4). The fixed specimens were then washed in 0.1 M 
cacodylate buffer, and post-fixed in cacodylate-buffered 
solution of 1% osmium tetroxide at 37  °C for 2  h. The 
corneal specimens were rinsed in increasing concentra-
tions of ethanol to commence dehydration which the 
first rinsed in 50% ethanol for 5  min; then 3 times for 
5  min with 70% ethanol; rinsed 3 times for 5  min with 
90% ethanol; rinsed 2 times for 5  min in 100% etha-
nol; and finally rinsed 2 times for 10 min in 100% etha-
nol (molecular sieve) all ethanol was removed from the 
samples and replaced with hexamethyldisilane (HMDS) 
in fume hood and left for 10 min. The base of the metal 
SEM stubs was labeled and applied double-sided conduc-
tive carbon tape to the top of the stubs. The dried speci-
mens were then sputtered with gold in Joel fine coat Ion 
Sputter (SPI-Module). Specimens were then examined 
and photographed using standard microscope operating 
procedures JEOL SEM (JSM-5400 LV) for visualization 
of specimens in the Microanalysis Centre, Faculty of Sci-
ence, Beni-Suef University, Beni-Suef Egypt. The analysis 
was commenced at low magnification, then the magni-
fication increased gradually at an accelerating voltage of 
15kv (JSM.5400LV, JEOL) [20, 21].

2.2.4  Image analysis
The anterior surface of the investigated cornea of each 
studied species were examined by JEOL (JSM with accel-
erating voltage 5400 LV). The area of the individual epi-
thelial cells (µm2) and the number of cells were measured 
[22]. Moreover, the mean of epithelial cell density was 
calculated in additional to diameters of both microholes 
and blebs. These image analyses were digitally recorded 
using Image J software.

2.3  Statistical analysis
Data were analyzed using one- way analysis of variance 
(ANOVA). Mean for ten readings for corneal surface for 
each parameter (microholes and blebs) at least for meas-
uring. Data were expressed as mean ± standard deviation 
[23]. Values of P > 0.05 were considered statistically non-
significant, while values of P < 0.05 were considered sta-
tistically significant.

3  Results
3.1  Histological observations
The present cornea data of the types of Avian, for exam-
ple: Eudocimus albus, Anas platyrhunchus and Buteo 
buteo, delineated the upper epithelium layer, the middle 
center hypocellular stroma and the ended endothelium 

layer (Fig. 1). Epithelial layer is arranged as one layer of 
basal columnar cells in both E. albus and A. platyrhun-
chus, then two layers of polyhedral cells in E. albus, but 
three layers in A. platyrhunchus. Furthermore, both of E. 
albus and A. platyrhunchus’s epithelial layer is terminated 
with one row of flat squamous cells. Epithelium B. buteo 
was formed of four layers of oblate squamous cells.

Stromal lamellae were arranged uniformly with scat-
tering keratocytes in E. albus and A. platyrhunchus; 
however, it was distinguished into two zones; condensed 
outer lamellar zone with compact collagen fiber and light 
inner lamellar zone with loose collagen fiber. Bowmen’s 
and Descemet’s membranes were shown only in E. albus, 
A. platyrhunchus and B. buteo; however, Bowman’s mem-
brane was absent in B. buteo (Fig. 1 and Table 1).

Table  1 illustrates the variance of the epithelial thick-
ness in the investigated avian species, in the statisti-
cal analysis (P < 0.05) ranging from 235.5 ± 8.4  μm in E. 
Albus,346.8 ± 41.3  μm in B. Buteo, and 262.6 ± 21.9  μm 
in A. platyrnchus. It occupied 5% of the complete avian 
cornea density.

Avian’s B. Buteo reported an elevated statisti-
cal variability in its stromal layer, with a thickness of 

Fig. 1 Photomicrograph of transverse section of cornea of Eudocimus 
albus (a, b), Anas platyrhynchus (c, d) and Buteo buteo (e, f). a, c, e H&E 
X 100. b, d, f higher magnification (H& E X 400)
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5972.8 ± 472.1 μm, followed by E. albus with a thickness 
of 4403.0 ± 348.8 μm, whereas the smallest stroma thick-
ness was 4006.6 ± 247.9 μm in A. platyrnchus (Table 2).

Furthermore, the studied species’ endothelium layers 
were 50.2 ± 2.1; 56.7 ± 2.7 and 65.7 ± 3.2 μm in E. albus; 
A. platyrnchus and B. Both buteo, respectively. Table  2 
shows the elevated statistical variability (P > 0.001) of 
B.buteo with the other two species investigated and 
shows that the endothelium is about 1% of the total den-
sity of the examined cornea.

3.2  Histochmical observations
With regard to avian cornea, Fig.  2 and Table  3 show 
the epithelium layer, which showed an intense quantity 
of PAS-positive materials in Eudocimus albus; whereas, 
it was mildly stained in Buteo buteo, and slightly stained 
in Anas platyrhynchus (Fig. 2). There was a high affinity 
to PAS stain in the stroma of A. platyrhynchus and outer 
lamellar zone of stroma of B. buteo; however; it was mod-
erately stained in Eudocimus albus and weakly stained in 
the inner lamellar zone of stroma of B. buteo. The stroma 
of the three species was perforated at the anterior region 
with interfibrillar spaces. The endothelium layer pos-
sessed high affinity to PAS reaction in the three investi-
gated species E. albus, A. platyrhynchus and B. buteo.

In the case of Anas platyrhynchus, Bowman’s mem-
brane showed a strong reaction to PAS stain, while Eudo-
cimus albus appeared mildly stained and was absent in 
Buteo buteo (Fig. 2). Although the Descemet’s membrane 
(DM) showed an intense favorable PAS response in Anas 
platyrhynchus ’ cornea, it was stained mildly in Buteo 
buteo (Fig. 2a).

3.3  SEM observations
There was great variation and high significance in the 
cell density between B. buteo with 4861.8 ± 322.7 cells 
per mm2 and 147.7 ± 20.4 cells per mm2 in A. platy-
rhyncus (Table 4). The epithelial cells of the investigated 
avian species were mostly regular polygonal cells in A. 
platyrhyncus and hexagonal in B. buteo with elevated cell 
borders, the surface of which was covered with densely 
packed microvilli and central nuclei projecting from the 
cell membrane of B. buteo (Fig. 3).

Perforated corneal surface of the examined avian 
species appeared as cell breaks with different diam-
eters (0.63 ± 0.13  µm) and high significant relation-
ship in E. albus, and as coral sea with various diameters 
(4.0 ± 0.8 µm) in A. platyrhyncus; however, B. Buteo had 
less density of microholes with a width (1.0387 ± 0.15 µm) 
smaller than the other two investigated species. Micro-
villi were densely packed around microholes and were 

Table 1 Comparison between corneal layers and its histological structure in three species of Aves

Layer Epithelial layer (types of cells/ layers) Bowman’s 
membrane

Stroma Descemet’s 
membrane

Endothelium

Aves Basal 
columnar

Basal 
cuboidal

Polyhedral Flat squamous

Eudocimus albus + – ++ + + + + +
Anas platyrnchus + – +++ + + + + +
Buteo buteo – – – ++++ – + + +

Table 2 Comparison between the thicknesses (Mean ± SD) of corneal layers in three Avian’s species (10 animals per species)

Layer’s thickness that not sharing common superscripts denote significant differences (P < 0.05)

Species Total thickness (µm) Corneal layers

Epithelium thickness 
(µm)
(%)

Stroma thickness (µm) (%) Endothelium 
thickness 
(µm)
(%)

Eudocimus albus 4688.8 ± 309.5b 235.5 ± 8.4a 4403.0 ± 348.8b 50.2 ± 2.1a

5.0% 93.3% 1.0%

Anas platyrnchus 4351.2 ± 291.3a 262.6 ± 21.9b 4006.6 ± 247.9a 56.7 ± 2.7b

6.0% 92.0% 1.3%

Buteo buteo 6473.6 ± 358.4c 346.8 ± 41.3c 5972.8 ± 472.1c 65.7 ± 3.2c

5.3% 92.2% 1.0%

F value 164.0 52.2 102.0 94.6
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distinguished into elongated microvilli in B. buteo and 
shorted ones in E. albus (Figs. 4 and 5 and Table.4). Cilia 
were diffused over the surface of E. albus and A. platy-
rhyncus (Fig.  5). Little number of blebs with different 
diameters 13.0 ± 3.8  µm and microridges were spread 
over the epithelial cells of A. platyrhyncus (Fig. 6).

4  Discussion
The inspected species of birds represent a normal type 
of cornea, which is composed of five morphological lay-
ers; highly squamous epithelium, foremost and anterior 
basement film bowman’s film, lamellated stroma with 
mucopolysaccharides ground lattice, posterior basement 
membrane Descemet’s membrane, and lastly a single row 
of endothelium. Comparable architecture was seen in 
numerous fowls and in different vertebrates [24, 25].

Concerning avian corneal epithelium of the stud-
ied species, it is arranged as a stratified squamous non-
keratinized epithelium, a basal columnar cell, followed by 
polyhedral layers, ranging from two to three, and ending 
with one layer of flat squamous cells. It is noticed that the 
characteristic feature of the stratified epithelium declined 
in the examined epithelial layer from E. albus (forested 
habitat) to B. Buteo (higher temperature desert area). 
One explanation for this decrease in the stratification of 
epithelium layer is accommodation with various habitats, 
which in turn stimulate the structural modifications in 
the epithelial layers [26].

As for the epithelium of forested species ibis (Eudo-
cium albus), it acts as excellent protective cover for the 
rest optical layers due to its highly regenerative capacity 
during regenerations phases [27]. Similar explanations 
were reported in diurnal birds such as Circaetus gallicus 
[28] and Bubo bubo [29]. Furthermore, [30] traced the 
visual acuity in birds to the large cranial volume. These 
findings are confirmed in the present study in E. albus, as 
well as in other domestic ibis [31]

Magnification of the stratification traits in the epithe-
lial layer of B. buteo can be traced to the reduction of 
light scattering and corneal opacity, besides the improve-
ment of corneal transparency. Therefore, the epithe-
lium of birds of B. buteo that inhabit high temperature 
desert areas represented highly refractive power lens for 
enhancement of its visual acuity and formation of sharp 
retinal image. These findings are in agreement with that 
observed in other predators [32, 33]

The recorded high variability in the stratified epithe-
lium layer provides a protective layer against sever ter-
restrial surrounding habitats. Comparability of these 
observations are recorded in pensions and albatross [30, 

Fig. 2 Photomicrograph of transverse section of the cornea of 
Eudocimus albus (a, b), Anas platyrhynchus (c, d) and Buteo buteo (e, 
f) showing PAS reaction in the corneal layers. a, c, e PAS X 100. b, d, f 
higher magnification (PAS X 400)

Table 3 Comparison between three investigated avian species according to carbohydrate content in cornea by using Periodic Acid 
Schiff stain (PAS)

Aves Epithelium Bowman’s 
membrane

Stroma Descmet’s 
membrane

Endothelium

Eudocimus albus +++ ++ ++ – ++++
Anas platyrhynchus + +++ +++ +++ +++
Buteo buteo ++ – (OLZ)

+++
(ILZ)
+

++ +++
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34]. The present data are in disagreement with the find-
ings of other studies conducted on other avian species 
and the Redtail Hawk (Buteo jamaicensis) [35–37].

Epithelium constitutes an effective power lens in the 
aquatic habitat, and a protective shield in the terrestrial 
habitat. Like many diver birds which have water accom-
modation range that enables them to control the corneal 
curvature and change it according to the surround-
ing habitats [28]. The greater curvature, high refractive 
power and increasing intensity of light enable them to 

overcome the variety of refractive indices of the aquatic 
optical system [28].

Regarding classic H & E investigations, the sec-
ond layer of stroma illustrats the normal distribu-
tion of collagen lamellae. In case of E. albus and 
A.platyrhuncus, the collagen fibrils in their stroma 
condense as only one lamellar zone and have relatively 
small interfibrillar spaces. Such structure is consid-
ered the basic resistance to intraocular pressure, bears 
the tensile forces of the external environmental con-
ditions, and protects intraocular tissues from trauma 
[38]. Similar findings are reached in Gallus gallus [39], 
and some vertebrates [40, 41].

Concerning Buteo buteo stroma, the present data dis-
tinguished it into two main bulks; loosed inner and com-
pacted outer lamellar zones. The outer zone is perforated 
anteriorly by mostly circular interfibrillar space like a 
large entrance for the light beam that allows increas-
ing the intensity of the light required for sharp retinal 
image and enhancement of the corneal transparency. 

Table 4 Measurements of cell density and the diameter of 
various types of blebs and microholes for avian studied species: 
NM: not measured

All measures of epithelial cell density are calculated from central cornea

Class Species Epithelial cell 
density (cells/
mm2)

Blebs (µm) Microholes 
(µm)

AVES Educimus albus NM NM 0.6315 ±  0.13a

Anas platyrhncus 147.7 ± 20,4 NM 4.0 ± 0.8b

Buteo buteo 4861.8 ± 322.7 13.0 ± 3.8 1.0387 ± 0.15a

F value 1274.5 NM 83.8

P < 0.000 NM 0.000

Fig. 3 SEM micrograph of the corneal epithelial cells in a Anas 
platyrhuncus, b Buteo buteo showing: hexagonal cells (HX); regular 
polygonal cells (RPC) and Central Nuclei (CN) (Scale bar, 50 µm). The 
intercept showing higher magnification of SEM micrograph of a Anas 
platyrhuncus, b Buteo buteo. Note: Microvilli (Mv) and Cell Borders (CB)

Fig. 4 SEM micrograph of the corneal epithelial cells of a Eudocimus 
albus b Anas platyryuncus; c Buteo buteo showing: Microholes (MH); 
Microvilli (Mv) (Scale bar, 5 µm)
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Harsh habitats of these predators and their necessities for 
accurate vision to catch up their prey stimulate its mor-
phological ultrastructure to adapt with their ecological 
surroundings [30].

As a result of these modifications, the collagen lamel-
lae enables cornea to rotate their globes in a stable way 
and provides a clear protective goggle [42]. Previous 
studies, e.g. Boyce, Jones [43] and Neagu and Petraru 
[28], have revealed that the preying mechanism is based 
on the vision properties and the anatomical structure of 
eyes of both predators and preys. Whereas the predators 
possessed large eyes with more curved cornea, the preys 
have laterally small eyes and flattened cornea.

[38] proposed that the compacted lamellae of the 
stroma have a tendency to corneal opacity and cloudy 
properties, due to the low intensity of light passing 
through the narrow interfibrillar spaces which results in 
not frequently formation of sharp retinal image. Similar 
observations are made in the present study, whereas the 
corneal transparency of B. buteo is higher than that of the 
other two studied species, and are in agreement with the 
findings in Peregrine falcon (Falco peregrinus) and Red-
tail Hawk (Buteo jamaicensis) [37].

Accessory of the stromal layers of the three investi-
gated species is formed from the polysaccharides ground 
matrix and proteoglycans producers (Keratocytes). They 
are distributed with moderate density in the two stud-
ied species E. albus and A. platyrhncus. Despite being 
extensively dispersed in the stroma of B. buteo espe-
cially, the anterior portion of the outer lamellar zone is 
aligned along its collagen lamellae. These observations 
are in agreement with Tsukahara, Tani [39] and Akhtar, 
Khan [44] in various species of domestic birds. Moreover, 
these observations illustrate the integrated function of 
the keratocytes as an enhancer for corneal transparency. 
Both Inoue, Watanabe [45] and Meek and Knupp [38] 
indicated that the light intensity strongly correlated with 
intensity of collagen in the stroma and stromal thickness 
in birds requiring high visual acuity and also in a number 
of proteoglycans. Therefore, keratocytes form more than 
15% of corneal transparency [46–48].

The present histological demonstrations revealed the 
presence of two basal lamina (bowman’s and Descemet’s 
membranes) in A. platyrhunicus and E. albus, limiting 
the two cellular layers epithelium and endothelium. In 
spite of their absence in the case of B. buteo cornea, they 
are well developed and identified in domestic birds, e.g. 
pigeon,penguins and albatross (aquatic aves) [28].

Generally, in various vertebrate groups, Bowman’s and 
Descemet’s membranes contribute morphologically with 
less than 4% to the total corneal thickness and function-
ally with less than 30% to the corneal transparency [49]. 
Both of the two limiting membranes appeared in con-
tinuous state without any detectable interpretations 
or abnormalities in the investigated cornea [50]. Their 
homogenous elastic fibers are correlated to their cellular 

Fig. 5 SEM micrograph of the corneal epithelial cells of a Eudocimus 
albus b Anas platyrhuncus showing: Cilia (Ci) (Scale bar, 50 µm)

Fig. 6 SEM micrograph of the corneal epithelial cells of a Anas 
platyrhuncus, b Buteo buteo showing: Microridges (MR); Blebs (Bb) and 
Microvilli (Mv) (Scale bar, 20 µm)
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layers such as Struthio camelus and Dromaius novaehol-
landiae [51].

Bowman’s membranes not only protect the inertocu-
lar layers from the harmful UV radiations, but also they 
protect producers of ground matrix of the stromal layers 
[44]. Recently, many authors reported that both bow-
man’s and endothelium have high absorption coefficient 
compared to that of the stromal layer, which exceeds 30% 
of the total percent of absorption [52]. These could be 
due to the especially molecular composition and absorp-
tion coefficient of bowman’s membrane and the elevated 
ratio of ascorbic acid content of epithelium layer, both of 
them acted as effective filter to protect the ocular tissue 
from harmful UV- radiation [44, 53].

However, absorption coefficient of stromal layer 
referred to the higher thickness and large polysaccharide 
content in their extra cellular matrix, besides microstruc-
tural organization of collagen fibers in Eolophus rosei-
capillus [54] and Bubo strix [55]. In case of absence of 
bowman’s membrane from corneal ultrastructure, as in 
B. buteo, stromal collagen fibrils are affirmably packed 
and are characterized by thin diameter to act as effective 
filter for absorption of the excessive UV spectra.

Generally, posterior basement membrane (Desec-
met’s membrane) is considered a secretory product of 
endothelium layers during pre and postnatal stages as it 
is thickening with age. Chen, Li [56] reported that Desec-
met’s membrane is constituted from different sorts of 
collagen fibrils and organized glycoprotein. They added 
that such posterior basement membrane is responsible 
for preserving the phenotypic and morphometric fea-
tures of endothelium, besides maintaining the endothe-
lium function under normal physiological conditions. 
Furthermore, Desecmet’s membrane provides anchoring 
to the posterior corneal surface during its morphogenesis 
process through acting as a stable scaffold (Chen et  al. 
2017). Akhtar, Khan [44] proposed that the thickness of 
Desecmet’s membrane does not exceed 0.5% of the total 
thickness, in spite of its vital role in preserving arid sur-
rounding conditions on the stromal layer to prevent the 
corneal opacity. Moreover, this membrane has a regener-
ator property for the endothelium layer under mechani-
cal scraping or wounding this layer in different animals 
[56].

The present study documented regular arrangement 
of the endothelium layer as single row of flat squamous 
cells at the separating boundary between corneal stroma 
and aqueous humor of the anterior chamber in the three 
studied species. Relatively, the same arrangement was 
assumed in penguin (Spheniscus magellanicus), Gallus 
gallus and Struthio camelus [55].

Pigatto, Laus [55] suggested that the endothelium layer 
is considered as a generator for most corneal tasks, such 

as declining stromal hydration, preserving corneal thick-
ness, and improvement of corneal transparency. In addi-
tion to the small thickness of the endothelial layer in 
most vertebrates, especially birds, that does not exceed 
5% of the total thickness, it works as very active pump of 
inflow water from aqueous humor and stromal matrix.

Moreover, thickness of corneal layers of the examined 
avian species recorded very high statistical significant 
variance (P < 0.000), where B. buteo (predators investi-
gated species) demonstrated the higher thickness of the 
epithelial, stroma and endothelium layers, compared 
to the other two investigated species. Saadi-Brenkia, 
Hanniche [41] illustrated that higher thickness of stro-
mal lamellae and corneal layers improve the corneal 
transparency and increase the corneal curvature. Such 
adaptations, according to the authors, are due to their 
functional transparency for the high temperature in arid 
habitat to catch preys.

A sharp retinal image stimulating excellent visual acu-
ity, that is required for predator birds, can result from an 
enhanced corneal transparency and enlargement of light 
entrance. This can be achieved through increasing the 
thickness of corneal epithelium, protective google of the 
cornea and minimal stratification character [57]. Previ-
ous data demonstrated similar findings in Redtail Hawk 
Buteo jamaicensis and Peregrine falcon Falco peregrinus 
[37]. Additionally, high stromal thickness may be traced 
to large interfibrillar spaces between collagen lamel-
lae, whereas it is responsible for increasing the quantity 
of incoming light and, therefore, declining the corneal 
opacity and light scattering that result from alteration of 
refractive indices of various visual habitats, as in falcons 
[37, 58].

Interestingly, species of intermediated habitat (amphib-
ious vision), such as A. platyrhunces, possess relatively 
thinner stroma than the other two studied species. This 
can be traced to the high variability of their inhabiting 
conditions and their refractive indices of different optical 
medium. For these reasons, the thinner stroma has great 
impact on adaptation in various optical systems, which 
in turn increases corneal curvature and improves corneal 
transparency, as in albatross and penguin which are char-
acterized by emmetropic cornea in air and water [59, 60].

Higher thickness of corneal endothelium maintains 
the phenotypic morphological composition and declines 
stromal hydration, as confirmed in various studies of 
pigeon and other species of birds [4].

Considering applying PAS stain on avian cornea, gly-
cogen content is distributed relative to the biological 
requirements of the corneal layers for accommodation 
with different terrestrial, either forested or arid, habi-
tat. The superficial corneal layer (epithelium) is loaded 
with variable degrees of PAS stain among the examined 
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species; where it is strongly stained in E. albus; moder-
ately stained in B. buteo, and weakly stained in A. plat-
yrhunces. High glycogen content could be traced to the 
high metabolic activity and aerobic glycolysis of epithelial 
layer that result from biochemical reaction and oxygen 
consumption in different ecological conditions. These 
findings are similar to that documented in chick and 
domestic pigeon by Albuquerque, Pigatto [61].

The present study demonstrated these results in E. 
albus and its biological requirements to elevate the 
ratio of polysaccharides content and ensure its oxygen 
consumptions in case of the hydration state of stro-
mal layer [8]. Previous studies reached similar findings 
in Gallus gallus domesticus and widespread species of 
birds [55].

The highly stained PAS cornea in the studied epithelial 
layer could be traced to the high absorption coefficient 
of UV- radiation. Exposure to UV radiation stimulates 
increasing the concentration of glycogen and glucose in 
the concerned tissue [26].

Moreover, moderated stained epithelium in B. Buteo 
revealed a high level of glycogen as a result of exposure 
to excess of UV spectra in their arid environment. Subse-
quently, low affinity of PAS reaction in the epithelium of 
A. platyrhunces came in agreement with the findings of 
previous researches conduced on sea otter, penguin and 
some species of falcons [4, 26, 28, 37].

The examined stroma of the three studied species 
recorded a strong affinity to PAS reaction in the outer 
lamellar zone of B. buteo and A. platyrhunces, but was 
weakly stained in E. albus. This may be due to the meta-
bolic activity of the two examined species B. buteo and A. 
platyrhunce than E. albus, because of their body weight. 
The latter species raise their metabolic glycolysis and also 
their glycogen content as previously recorded in falcons 
and domestic pigeon [41]. In addition, B. buteo is charac-
terized by higher daily activity, including catching preys 
and travelling long distances with high speed [30]. There-
fore, their metabolic activity is higher and their glycogen 
composition is more elevated than other E. albus species.

The endothelium layer was recognized in the three 
studied species with strong affinity of PAS stain. This 
could be due to its cellular activity and higher oxygen 
consumptions that in turn stimulate concentration of 
polysaccharides [8]. Additionally, bowman’s and Descem-
et’s membrane showed high polysaccharides content in 
A. platyrhunces with amphibious visual characters. The 
absorption coefficient of UV radiation of these base-
ment membranes is mailnly responsible for increasing 
glycogen composition. These cellular layers preserve 
the corneal stiffness and resist any tensile forces in most 
amniotes [62].

The investigated avian epithelial cell density showed 
very high statistically significant variations (P < 0.000), 
where great significance between B. buteo and A. platyr-
hunces is observed. Obviously, there is sharp decreasing 
in epithelial cell density in A. platyrhunces which may be 
due to absence of the role of corneal adaptation and acti-
vated lenticular accommodation. In case of submerged 
eye, such as that of A. platyrhunces in our investigation 
and that of cormorants [59], it is suggested that the lens 
is stimulated as an accommodative agent to adjust proper 
retinal image and compensate for the corneal transpar-
ency loss that results from similarity of refractive indices 
in aqueous humor and water.

Another critical point concerned the high epithelial 
cell density of B. buteo which could be due to its critical 
requirements for sharp retinal image and high visual acu-
ity. Therefore, they are characterized by emmetropic eye 
in the terrestrial habitat and hyperopic in air to adapt to 
travelling large distances with high speeds and enhance-
ment of its catching preys capacity. Relative significance 
of the cell density in epithelial layers was demonstrated in 
Chicken (Gallus gallus), Redtail Hawk (Buteo jamaicen-
sis) and Peregrine falcon (Falco peregrinus) [37]. On the 
contrary, the flattened corneal species suffer from rela-
tive loss of corneal transparency during submerging and 
equality of refractive indices in cornea and water. Sub-
sequently, the adaptive structural modification of their 
optical system stimulated their lenticular accommoda-
tion, whereas the optical lens compensated the corneal 
transparency loss. Such findings are equally suggested in 
penguins, albatrosses and seals [59].

Organizations of surface epithelial cells of avian corneal 
surface are characterized by highly regular polygonal epi-
thelial cells in A. platyrhunces and sharp hexagonal cells 
with elevated borders and concentric notable nucleus 
in B. buteo. The high regularity of epithelial cells pro-
tects from the hydration status of the stromal layer, and 
ensures declining wet table epithelium and hydrated 
stroma [21, 63]. Some species of aves, like Phoenicopterus 
chilensis, Eolophus roseicapillus, Australian galah and 
Struthio camelus, exhibit the same regularity of polygonal 
cells mixed with hexagonal cells [10, 64]

The corneal surface microprojections, like microvilli, 
are elongated in B. buteo and shorted in A. platyrhunces. 
Microvilli contribute to 50% of the corneal transparency 
and are necessary for stabilization of tear film via adsorp-
tion of more mucin. This role coats and protects against 
infections from the surrounding habitat, as in the case 
of Dromaius novaehollandiae and Eudyptala [21]. Par-
tially, sea otter and Penguins, as aquatic species, exhib-
ited the same shorted microvilli that support nutritional 
exchanges [65].
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The spreading of microholes over their corneal surface 
showed a high statistical significance in A. platyrhunces 
among the examined species. Dispersion of microholes 
over the corneal surface of the investigated species of 
birds is responsible for lubrication of the outer corneal 
surface and reducing the friction resistance that results 
from rapid movement of ocular adnexa [66].

Diffusion of cilia structure over the corneal surface of 
E. albus isolated the morphological features of epithe-
lial cells and packed densely over the surface. Primary 
cilium represented microtubules that arise from inside 
organelle and protrude outside of plasma membrane 
and are responsible for morphogenesis and organiza-
tion of corneal epithelial. On the other hand, cilia were 
represented rarely over the corneal surface of A. plat-
yrhaunces. Surprisingly, the packing of cilia over corneal 
surface strongly correlated with increasing the cell den-
sity and enhancement of corneal transparency, according 
to Grisanti, Revenkova [67].

5  Conclusions
The present study gives a brief account of some struc-
tures of cornea for three Avian’s species in Egypt and 
elaborated on the role of some functional anatomi-
cal structures throughout the vision. The data take into 
account the environmental circumstances of the three 
species’ surroundings which are reflected on the distribu-
tion of microprojections over the corneal surface, such 
as cilium in ibis (Ediusmus albus) which covered the 
whole cornea. Furthermore, the study offers a big num-
ber of cornea structure photomicrographs, compared 
and integrated with the reviewed published outcomes. 
In addition, the present data concentrate on the unique 
organizational stromal lamellae of the birds of prey, such 
as the hawk (Buteo buteo), which assisted in flight, hunt-
ing and other biological process. The evolutionary varia-
tions in avian cornea from various existing species have 
showed different distribution of microprojections over 
the corneal surface.
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