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Abstract 

Background The cornea of various vertebrate is considered a major part in the glop, which acts as a powerful lens, 
providing a sharp retinal image, and meantime acts as an excellent defensor for other corneal layers.

Results The four reptilian families [Scincidae (Chalcides ocellatus); Chamaeleontidae (Chameleon chameleon); Che‑
loniidae (Chelonia mydas) and Testudiniae (Testudo kleinmanni)] investigated in the current study were gathered 
across Egypt. After being taken out of the orbit, the cornea under inquiry was ready for light, specific stain and scan‑
ning electron microscopy. The epithelium, stroma, and endothelium are the three corneal layers that are common 
to all four species of reptiles. All other species lack Bowmen’s and Descemet’s membranes, with the exception of C. 
ocellatus and T. kleinmanni. The latter layers of Chalcides ocellatus display a strong affinity for Periodic Acid Schiff stain. 
Epithelial cells with a variety of forms, from hexagonal to atypical polygonal cells, cover the outer corneal surface. 
These epithelial cells are coated in short microplicae, microvilli, and microholes of varied diameters. There are a few 
blebs scattered around their surface.

Conclusion The current study concluded that various habitats have various significant effects on the cornea’s micro‑
structure characteristics and its physiological trends to accommodate different environmental surroundings.
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1  Background
Our eyes make sense of our lives, as they reflect every-
thing beautiful around us to our soul. Eyes are an impor-
tant biologic organ in most vertebrate animals as the 
morphological character and physiological function of 
the eye reflect the organism’s life system and its habita-
tion [1, 2]. The transparency of vertebral cornea has a 
vital effect on clear vision. The cornea acts as a perme-
able surface that refracts and transmits the light  to  the 
lens and the retina [3]. In the eyes of humans and other 
terrestrial vertebrates, the cornea serves as the outermost 
refractive surface. The entire refractive power of the eye 

is about 70%. It accounts for roughly 70% of the eye’s 
overall refractive power [4]. In some reptilian species, 
the refractive power of cornea represents the total power 
to compensate for the absence of refractive power of the 
lens [5].

The corneal composition of various mammals and 
animal species has drawn attention and was the focus 
of many studies [6–9]. On the other hand, little investi-
gations have been conducted on many vertebrates like 
amphibians, reptiles and aves [5, 10–12]. The cornea is 
considered a peculiar modification of a variety of connec-
tive tissue. Reptile eyes resembled mammals; their lens 
are pushed further forward to form a sharp retinal image. 
The cornea of most tetrapod is composed of three struc-
tural layers, including a stratified epithelial layer with 
protective and sensory function, hypocellular stroma of 
collagenous materials, and a regulator of corneal hydra-
tion endothelial layer [13, 14].
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In several vertebrates, the corneal layers’ main 
energy source is provided by polysaccharides. Corneal 
epithelium represents large stores of polysaccharides 
in various vertebrates [15]. A refracting cornea is cov-
ered with many cell regulator microprojections, such 
as microridges, microplicae, microvilli, microholes and 
cilia, that aid in the physiological function of the cor-
nea. About the corneal surface, each of the cell surface 
regularities has a pivotal function for ensuring the for-
mation of a sharp retinal image. Besides maintaining a 
stable structure for the corneal epithelial and healthy 
environment, the microprojections cover the epithelial 
surface [5, 8]. Scanning electron microscope revealed 
many microprojections covering the corneal surface of 
salamander Triturus Cristatus [16, 17] and cornea of 
veiled chameleon (Chamaeleo caly ptratus) [5].

Generally, the morphological and histological struc-
ture of Reptilian’s vital organs is varied because of 
their adaptation to environmental conditions. Conse-
quently, cornea is reported by many authors [18–21]. 
Probably due to insufficient sensitivity of some inves-
tigations, recent data are somewhat contradictory, and 
others are either describing or denying the existence of 
the microstructures in different species of turtles, liz-
ards and snakes [22].

To the best of our knowledge, based on review-
ing related literature, no electron-microscopic clari-
fications of the reptilian corneal’ layers have been 
published up to now. As a result, the current study’s 
objective was to examine the histological, histochemi-
cal and scanning electron architectures and to corre-
late them with the alterations in the habitat of some 
reptilian species.

Additionally, the study also shows a relationship 
between the morphological and anatomical character-
istics of the cornea for a number of species of reptiles 
and the major impact of the environmental state.

2  Methods
2.1  Experimental animals
Four reptilian families [Scincidae (Chalcides ocellatus), 
Chamaeleontidae (Chameleon chameleon), Chelonii-
dae (Chelonia mydas) and Testudiniae (Testudo klein-
manni)] were gathered from several Egypt places. They 
were identified recently by El Din [23]. Ten adult ani-
mals from each species were investigated, with weight 
ranged from 70.0 ± 2.4 g in C. ocellatus, 140.0 ± 10.0 g 
in C. chameleon, 770.0 ± 34.6  g in C. mydas and 
900.0 ± 30.7 g in T. kleinmanni. The current study pro-
vided the following information about their common 
name, distribution in Egypt, and habitat as follows:

2.1.1  Family scincidae
Chalcides ocellatus (Forsskål, 1775). The common name 
is Eyed Skink and Ocellated Skin. They distributed in 
the Eastern desert of Egypt (25.1077°N–33.7965°E) and 
Abu - Rawash (30.0131°N–31.2089°E). According to 
Leviton, Anderson [24], it inhabited sandy desert and 
banks of irrigation canals in the Nile Valley and Delta 
and they had diurnal activity.

2.1.2  Family chamaeleontidae
Chameleon chameleon (Rafinesque, 1815). The com-
mon name is Herbaya. They distributed in Abu- Raw-
ash (30.0131°N–31.2089°E) and rainy area as Behaira 
(30.8481°N–30.3436° E). It lived in desert regions 
with vegetation and trees, and it would descend to 
the ground to migrate from one bush to another. They 
inhabited all kinds of tropical and mountain rain for-
ests, and sometimes deserts and steppes, and activated 
during the day [25, 26].

2.1.3  Family cheloniidae
Chelonia mydas (Linnaeus, 1758): the common name is 
a Green sea turtle. The main distribution area in Egypt 
was recorded as Red sea coasts (20.2802°N, 38.5126°E). 
With two different populations in the Atlantic and 
Pacific oceans, as well as the Indian Ocean, it was dis-
tributed throughout the world’s tropical and subtropi-
cal seas. In addition to their primarily daily activity, 
they engaged in nocturnal activities [27].

2.1.4  Family testudiniae (Testudo kleinmanni; Lortet, 1883)
The common name is African spurred tortoise or Egyp-
tian tortoise. They distributed in the Eastern desert 
of Egypt (25.1077°N, 33.7965°E) and Abu-Rawash 
(30.0131°N, 31.2089°E). They were diurnal reptilian; 
that inhabit semiarid and arid environments with com-
pact sand and gravel plains, strewn boulders, and salt 
marshes along the coast [28]. It is primarily found in 
dry to semiarid coastal dunes and shallow sandy/rocky 
valleys along the Mediterranean coast up to around 
90–120 km of Egypt, from western Libya to the east-
ern–north Sinai Peninsula [29, 30]. The smallest desert-
dwelling Testudine found in the areas surrounding the 
Mediterranean and the Middle East is the Egyptian tor-
toise (Testudo kleinmanni Lortet, 1883) [31]. Its small 
size and vividly colored carapace offer effective camou-
flage [32].

2.2  Experimental methods
The corneas were prepared for histological, histochemi-
cal, and scanning electron examination by cutting 
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them loose from the orbit following enucleation with a 
sharpened razor blade.

2.2.1  Histological sections
To get rid of the extra fixative that had been employed, 
the fixed corneal specimens were washed. After that, 
they were dehydrated for 45 min in ethyl alcohol of vary-
ing concentrations (70, 80, 90, and 95%) before spend-
ing another 30 min in each of two changes of 100% ethyl 
alcohol. After that, cleaning in two changes of xylene took 
place for a total of 30 min. After being impregnated with 
paraplast plus (three changes) for three hours at 60  °C, 
the tissues were then implanted in paraplast plus. Slices 
with a thickness of 4–5 mm were stained with hematoxy-
lin and eosin for histological analysis [33]. The presence 
or absence of several layers was noted after analysis of the 
corneal histological sections, and the results were as fol-
lows: absent (−); one layer (+); two layers (++); and three 
layers (+++).

2.2.2  Histochemical sections (periodic acid‑Schiff’s) [34]
The fixed specimens were rehydrated using graded eth-
anol to water after being de-waxicated by xylene. Then, 
for five minutes, they were exposed to an oxidation pro-
cess using aqueous periodic acid solution 1% (H5IO6—
WINLAB; Leicestershire, UK). After being covered with 
Schiff’s reagent for 10 to 15 min, they were rinsed with 
distilled water before being rinsed for five minutes under 
running water. The specimens were then mounted on 
slips, dehydrated, and made clear with xylene. The slices 
were prepared for examination with light microscopy 
[35, 36]. The amount of carbohydrates was assessed and 
denoted by the following symbols: − is absent; + is mild; 
++ is moderate, +++ is high.

2.2.3  Scanning electron microscopy (SEM)
According to Morris [37], a modified Karnovsky solu-
tion (2% paraformaldehyde and 2.5% glutaraldehyde 
with 0.1  M cacodylate-buffer, pH 7.4) was used to fix 
the whole eye overnight. Then, the fixed specimens 
were post-fixed for two hours at 37  °C in a cacodylate-
buffered solution containing 1% osmium tetroxide after 
being washed in 0.1  M cacodylate buffer. To begin the 
dehydration process, the corneal specimens were washed 
in ethanol at increasing concentrations. The initial rinse 
took place in 50% ethanol for 5  min, was followed by 3 
rinses in 70% ethanol for 5 min, 3 rinses in 90% ethanol 
for 5 min, 2 rinses in 100% ethanol for 5 min, and finally 
2 rinses in 100% ethanol for 10  min (molecular sieve). 
Hexa-methyldisilane (HMDS) was substituted for all of 
the ethanol in the samples, and the fume hood was left in 
place for 10 min. The tops of the metal SEM stubs, which 
were similarly labeled, were covered with double-sided 

carbon tape. Joel’s fine coat Ion Sputter (SPI-Module) 
was then used to sputter gold onto the dried samples. At 
the Microanalysis Center, Beni-Suef University, Faculty of 
Science, Egypt, specimens were examined and recorded 
on camera using industry-standard microscope oper-
ating procedures. The examination was started at a low 
magnification and increased at a 15-kv accelerating volt-
age (JSM.5400LV, JEOL) [38, 39].

2.2.4  Image analysis
JEOL (JSM with accelerating voltage 5400 LV) was used 
to examine the anterior surface of the cornea in each 
of the studied species. Number of cells and area (µm2) 
of each individual epithelial cell were measured [40]. In 
addition, the mean epithelial cell density, the diameters 
of microholes and blebs were calculated. By using Image 
J software, these image analyses were digitally recorded.

2.3  Statistical analysis
One-way analysis of variance (ANOVA) was used to 
analyze the data. Mean for at least 10 measurements of 
each characteristic (microholes and blebs) on the corneal 
surface. Mean ± Standard deviation (SD) were used to 
represent the data. P values that were greater than 0.05 
(P > 0.05) were regarded statistically as non-significant, 
whereas P values that were less than 0.05 (P < 0.05) were 
considered statistically significant.

2.4  Ethics Committee approval
All animal procedures were carried out in compliance 
with the standards established in the guidelines for the 
care and use of experimental animals by the Animal Eth-
ics Committee of the Zoology Department in the Faculty 
of Science at Beni-Suef University (under approval num-
ber BSU/FS/2015/9).

3  Results
3.1  Histological observations
Both Fig. 1a, b and Table 1 illustrate different sections of 
the cornea in (C. ocellatus), which consists of the simple 
epithelium. It is formed of one layer of cuboidal cells. 
Besides, the endothelium is represented by a single layer 
of flat squamous cells. Data recorded the presence of 
both Bowman’s and Descemet’s membrane. Additionally, 
C. ocellatus’ corneal sections have a stromal matrix with 
very few keratocytes Moreover, the corneal sections of C. 
ocellatus have a stromal matrix.

The histological structure of corneal sections of C. 
chameleon revealed the presence of two cellular lay-
ers, epithelium and endothelium, and the stromal layer. 
The outer layer epithelium is composed of an inner layer 
of basal cuboidal cells with round nucleus covered by 
another layer of flat squamous cells. The endothelium 
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appears as a monolayer of flat squamous cells. Kerato-
cytes are evenly distributed throughout the stromal 
matrix, and the collagen fibrils of the stroma can be 
divided into two primary zones: the outer lamellar zone, 
which has loose fibrils, and the inner lamellar zone, 
which has condensed fibrils (Fig. 2a, b, Table 2).

Similarly, the corneal histological sections of Chelonia 
mydas represent the ideal structure of cornea (Fig.  3a, 
b and Table 1). The epithelium is made up of two layers 
of polyhedral cells, an outer layer of flat squamous cells, 
and an inner layer of basal columnar cells. Besides, the 
stromal matrix has a good distribution of keratocytes.. 
Squamous flat cells make up the endothelium layer, 

which separates the cornea from other optical compo-
nents. Additionally, it was noted that Chelonia mydas 
and C. chameleon lacked both Bowman’s membrane and 
Descemet’s membrane.

Testudo kleinmanni corneal sections are shown in 
Fig.  4a, b and Table  1. They are made of an outer epi-
thelium represented by one layer of basal short colum-
nar cells, three superficial layers of polyhedral cells, and 
a final layer of flat squamous cells. Both Bowman’s and 
Descemet’s membranes are located at the base of the 
epithelium and endothelium, the two cellular layers. In 
addition, the stroma is packed with uniformly distrib-
uted collagen lamellae and keratocytes. However, the 

Fig. 1 Photomicrographs of corneal transverse section of Chalcides ocellatus showing a epithelium (EP), stroma (S) and endothelium (EN), (H&E X 
100). b Higher magnification of a, showing keratocytes (K), Bowman’s membrane (B), Descemet’s membrane and cuboidal cells (Cu) (H&E X400)

Table 1 Comparison of the histological structure of the corneal epithelium in four species of reptiles

Absence (−), one layer (+), two layers (++), and three layers (+++); OLZ outer lamellar zone; ILZ inner lamellar zone

Species Types of epithelial’s cells Bowman’s 
membrane

Stroma 
membrane

Descemet’s 
membrane

Endothelium

Basal 
columnar

Basal 
cuboidal

Polyhedral Flat 
squamous

Chalcides ocellatus − + − − + + + +

Chameleon − + − + − OLZ+ ILZ+ −  + 

Chelonia mydas + − ++ + − + − +

Testudo kleinmanni + − +++ + + + + +

Fig. 2 Photomicrographs of corneal transverse section of Chameleon, showing a epithelium (EP), stroma (S), stroma’s outer lamellar zone (OLZ), 
stroma’s inner lamellar zone (ILZ) and endothelium (EN) (H&E X 100). b Higher magnification of a, showing squamous cells (Sq), cuboidal cells (Cu) 
and keratocytes (K) (H&E X 400)
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endothelium is represented by a single layer of flat squa-
mous cells. Significant variance (P < 0.001) is shown in 
Table 2 for the total cornea thickness between the differ-
ent species with an average of 45.80 ± 9.70, 112.80 ± 8.30, 
80.10 ± 7.70 and 202.7 ± 18.70 µm for C. ocellatus, C. cha-
meleon, C. mydas and T. kleinmanni, respectively. More-
over, there are variations in the epithelial layers thickness 
with an average value of 7.4 ± 0.7, 3.7 ± 0.7, 28.8 ± 3.5 and 
32.4 ± 4.4 µm that represented 16.1, 2.9, 35.9, and 15.9% 

of total corneal thickness for C. ocellatus, C. chameleon, 
C. mydas and T. kleinmanni, respectively. As a result, 
Table  2 shows that there is a significant relationship 
between all examined reptile species (P > 0.001).

Regarding stromal thickness, it was noted that there 
is a significant relationship between corneal stro-
mal thickness of C. ocellatus, C. chameleon, C. mydas 
and T. kleinmanni and recorded 36.3 ± 9.2 (79.2%), 
106.8 ± 13.4 (94.6%), 50.7 ± 9.8 (63.2%) and 166.8 ± 16.1 

Fig. 3 Photomicrographs of corneal transverse section of Chelonia mydas, showing a epithelium (EP), stroma (S) and endothelium (EN) (H&E X 100). 
b Higher magnification of a, showing squamous cells (Sq), polyhedral cells (Py), basal columnar cells (Bc) and keratocytes (K) (H& E X 400)

Fig. 4 Photomicrographs of corneal transverse section of Testudo kleinmanni, showing epithelium (EP), stroma (S), Descemet’s membrane 
and endothelium (EN) (H&E X100). b Higher magnification of a, showing keratocytes (K), squamous cell (Sq), polyhedral cell (Py), basal columnar cell 
(Bc) and Bowman’s membrane (B) (H& E X400)

Table 2 Comparison of the corneal layer thicknesses (mean ± SD) in four reptilian’s species (10 animals per species)

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

Species Total cornea thickness (µm) Corneal layers

Epithelium thickness (µm) 
(%)

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

Chalcides ocellatus 45.8 ± 9.7a 7.4 ± 0.7b

(16.1%)
36.3 ± 9.2a

(79.2%)
2.7 ± 0.2b

(5.8%)

Chameleon 112.8 ± 8.3c 3.7 ± 0.3a

(3.2%)
106.8 ± 13.4c

(94.6%)
2.3 ± 0.1b

(2%)

Chelonia mydas 80.1 ± 7.7b 28.8 ± 3.5c

(35.9%)
50.7 ± 9.8b

(63.2%)
2.0 ± 0.01a

(2%)

Testudo kleinmanni 202.7 ± 18.7d 32.4 ± 4.4d

(15.9%)
166.8 ± 16.1d

(82.2%)
3.4 ± 0.6c

(1.6%)

F value 578.4 1152.7 563.0 38.6

P value 0.000 0.001 0.001 0.001
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(82.2%), respectively (Table  2). However, endothelium 
layer showed significant variation (P > 0.001), whereas 
C. ocellatus, C. chameleon, C. mydas and T. kleinmanni 
recorded thickness as 2.7 ± 0.2  µm (5.8%), 2.3 ± 0.1  µm 
(2%), 2.0 ± 0.01 µm (2%) and 3.4 ± 0.6 µm (1.6%), respec-
tively (Table 2).

To summarize the present data, Table  2 reveals 
that, among the investigated reptilian cornea’s 

epithelia,  C.  mydas  has the thickest epithelial layer 
(35.9%), whereas the thickest stroma layer was recorded 
for  C. chameleon (94.6%). Moreover, C.  ocellatus  has 
the thickest endothelium layer (5.8%) incomparable to 
other reptilian cornea’s endothelial.

Table 3 Comparison of the amounts of carbohydrates found in the corneas of the four examined reptile species by using (periodic 
acid‑Schiff (PAS) stain): symbols refer to (+++) strong reaction; (++) moderate reaction; (+) weak reaction; (−) absent

OLZ outer lamellar zone, ILZ inner lamellar zone

Corneal layers

Species Epithelium Bowman’s 
membrane

Stroma Descemet’s 
membrane

Endothelium

Chalcides ocellatus ++ +++ + +++ +++

Chameleon ++ − +(OLZ) ++(ILZ) − ++

Chelonia mydas ++ − +++ − +++

Testudo kleinmanni +++ − ++ − +++

Fig. 5 A light micrograph of Chalcides ocellatus’ transverse corneal section, showing a epithelium (EP) had moderate content of polysaccharides, 
endothelium (EN) had a high content of polysaccharides and stroma (S) appear weakly stained (PAS X100). b Higher magnification of a, showing 
high PAS activity in Bowman’s membrane (B) and Descemet’s membrane (PAS X400)

Fig. 6 A light micrograph of Chameleon ’ transverse corneal section, showing a: moderate amount of PAS‑positive materials in the stroma (S), 
endothelium (EN) and epithelium (EP) (PAS X100). b Higher magnification of a, displaying outer lamellar zone (OLZ) of the stroma had very low 
activity of PAS reaction and inner lamellar zone (ILZ) had moderate content of polysaccharides (PAS X400)
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3.2  Histochemical observations
Table 3 and Figs. 5a, b, 6a, b, 7a, b and 8a, b reveal that T. 
kleinmanni has a highly positive PAS reaction in the cor-
neal epithelial layer, whereas C. ocellatus, C. chameleon 
and C. mydas exhibit a moderate PAS reaction (Figs. 5a, 
6a, 7a, 8a). Furthermore, there was strong PAS-positive 
reaction in the stroma of C. mydas and was moderately 
stained in the inner lamellar zone of C. chameleon and 
T. kleinmanni. However, it appeared weakly stained in 
C. ocellatus and the outer lamellar zone of C. chame-
leon. Moreover, Bowman’s membrane and Descemet’s 
membrane showed strong PAS-positive reaction only in 
C. ocellatus (Fig. 5b). It was obvious that heavy stain was 
recorded in the endothelium of C. ocellatus, C. mydas 
and T. Kleinmanni, whereas moderate stained affinity 
was recorded in C. chameleon.

3.3  SEM observations
The cell densities of reptilian species show high signifi-
cance (P < 0.000), which varied between 4985.20 ± 200.0 
cells/mm2 for C. chameleon, 4515.7 ± 254.3 cells/mm2 
in C. ocellatus, 3682.66 ± 162.5 cells/mm2 in Testudo 
kleinmanni, however, and 3675.9 ± 327.4 cells/mm2 in C. 
mydas (Table 4).

In addition, the central cornea of four investigated rep-
tilian species possesses different types of epithelial cells, 

which vary from the hexagonal shape in C. ocellatus 
(Fig.  9a) to regular polygonal in C. mydas (Fig.  9c) and 
irregular polygonal cells in C. chameleon and Testudo 
kleinmanni (Fig. 9b, d, respectively).

Depressions (De) appear at the central corneal surface 
and are considered as the main character in the cornea of 
three studied reptilian species (C. chameleon, C. mydas 
and T. kleinmanni), which represented small breaks at 
the cell membrane. Microplicae are composed of a com-
plex of tiny projections that overlap and are distributed 
over the corneal surface. They are sorted into three types 

Fig. 7 A light micrograph of Chelonia mydas transverse corneal section, exhibiting a: moderate PAS‑positive reaction in the epithelium (EP). Stroma 
(S) and endothelium (EN) appear strongly stained (PAS X100). b Higher magnification of a, displaying high activity of PAS reaction at squamous 
epithelial cells (Sq). Basal cuboidal epithelial cells (Cu) appear low PAS‑positive reaction. (PAS X400)

Fig. 8 A light micrograph of Testudo kleinmanni transverse corneal section, exhibiting a high PAS‑positive materials in the epithelium (EP) 
and endothelium (EN). Stroma (S) was moderately stained (PAS X100). b Higher magnification of Fig. [41], displaying high activity of PAS reaction 
at squamous epithelial cells (Sq). Basal columnar epithelial cells (BC) appear moderate PAS‑positive reaction (PASX400)

Table 4 Comparison of the cell density (Mean ± SD) and 
diameter of blebs and microholes in corneal epithelial layer of 
four reptilians species (10 animals per species)

Measurements that not sharing common superscripts denote significant 
differences (P < 0.05). NM not measured

Species Epithelial cell 
density (cells/
mm2)

Blebs (µm) Microholes (µm)

Chalcides Ocellatus 4515.7 ± 254.3b NM 4.9 ± 0.7c

Chameleon 4985.2 ± 200.0c NM 0.8 ± 0.1b

Chelonia mydas 3675.9 ± 327.4a NM 1.0 ± 0.2b

Testudo kleinmanni 3682.6 ± 162.5a 0.90 ± 0.05 0.3 ± 0.02a

F value 42.2 NM 188

P value 0.000 NM 0.000
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of polymorphic cells, according to the scatter electron on 
the corneal surface, which are light (L), medium (M) and 
dark (D) in C. ocellatus and C. mydas. The light type is 
distinguished by abundant microprojections covering the 
corneal surface, whereas the dark type is made up of dark 
epithelial cells with reduced density of microplicae. The 
semi-dark cells that make up the medium cells are cov-
ered in microplicae at a moderate density. Microvilli dif-
fuse on the corneal surface of C. ocellatus, besides blebs 
dispersed at the corneal surface of T. kleinmanni, with 
small diameter 0.90 ± 0.05 µm (Figs. 9a, 10d, Table 4).

The examined reptilian species central corneal sur-
faces varied in pattern, diameter and distribution of 
microholes, and this variation was statistically signifi-
cant (P < 0.000) among the different species. Moreover, 
microholes are surrounded by overlapping elongated 
microplicae (Mp) in C. ocellatus with a higher diameter 

of 4.9 ± 0.7  µm (Fig.  10a). On the other hand, the cen-
tral corneal surface came out as a surface fenestrated by 
microholes with small diameters 0.8 ± 0.1 µm in C. cha-
meleon (Fig.  10b); aligned in rows with equal diameters 
1.0 ± 0.2  µm, regularly shaped and surrounded by short 
microplicae in C. mydas (Fig.  10c and its intercept); 
and diffused randomly with blebs of various diameters 
0.3 ± 0.02 µm and shapes in T. kleinmanni (Table 4).

4  Discussion
The corneal structure of reptiles like snakes, turtles and 
desert monitors has only been the subject of a few pub-
lished investigations [5, 12, 42–45]. Generally, the rep-
tilian eye is very similar to that of mammals, although 
there are differences. The iridocorneal angle has some 
similarities to that of mammals, although it is less well-
developed [46, 47].

According to Lawton and Martin (2006), although 
the Descemet’s membrane is present in geckos [48] and 
the retina is avascular (Panagiotis), the reptile cornea 

Fig. 9 SEM micrographs of the corneal epithelial cells of four species 
of reptiles showing a Chalcides ocellatus; b Chameleon; c Chelonia 
mydas; d Testudo kleinmanni. Note: Regular polygonal epithelial 
cells (RPC), hexagonal epithelial cells (Hx), irregular polygonal 
epithelial cells (IPC), depression (De), microvilli (Mv) and three types 
of polymorphic cells of microplicae according to the scatter electron, 
(L) light type, (M) medium type and (D) dark type (Scale bar = 10 µm)
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Fig. 10 SEM micrographs of the corneal epithelial cells of four 
reptilian species showing a Chalcides ocellatus; b Chameleon; c 
Chelonia mydas; d Testudo kleinmanni. Note: Microholes (MH), 
micrpblicae (Mp) and Blebs (Bb). (Scale bar = 5 µm). The intercept 
showing higher magnification of SEM micrograph of c: Chelonia 
mydas 
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is thin and almost devoid of the Bowman’s layer and 
Descemet’s membrane of the cornea. The existence of 
ossicles in the sclera, which preserve the shape and size 
of the eye, is one of the primary anatomical differences.

The present study’s objective is to determine how 
environmental condition affect the corneal structure 
of various reptilian species. The reptilian cornea ana-
tomically resembles other vertebrates in its structure 
and composition, and it acts as a refracted lens for ter-
restrial species, not only for aquatic ones [14]. Histo-
logically, All animals exhibit similar patterns in their 
corneal epithelia, stroma, and endothelial cells, despite 
they differ in density and thickness. Although reptile 
corneal layers’ cellular patterns were visible throughout 
the experiment, certain variations in endothelial cell 
density, keratocyte distribution, and stroma appearance 
were observed. The differences in cellular densities 
between our results and those of previous investiga-
tions may be partially explained by variations in micro-
habitat, age, or animal species.

The corneas of C. ocellatus and C. chameleon were 
represented by the simple squamous epithelium of 
cuboidal cells with basal nuclei, while the corneas of Che-
lonia mydas and Testudo kleinmanni were illustrated by 
stratified squamous epithelial layer. These architecture 
arrangements were similarly recorded in terrestrial rep-
tiles, e.g., Caretta and Mabuya quinquetaeniata [49]. 
According to El-Dawi [50], the underlying layers of the 
cornea are protected from the high temperatures of the 
environment by an increase in the quantity and variety of 
epithelial cells.

Concerning stromal matrix, it is arranged as parallel 
collagen fibrils with uniformly distributed keratocytes in 
the three investigated species C. ocellatus, C. mydas and 
T. kleinmanni. The parallelism and complexity of stromal 
lamellae aid in tissue stiffness and dehydration of stroma 
to ensure a sharp retinal image for adaptation with the 
diversity of environmental conditions. Many authors 
recoded the same arrangement and the complexity of the 
stromal lamellae in other reptiles as Periophthalmus wal-
toni [10, 51]. In contradiction with the present results, in 
Chamaeleo calyptratus’ the keratocytes in anterior and 
posterior stroma were absent [5].

The present data revealed that middle stromal lamellar 
zones contained condensed fibrils and keratocytes, which 
are uniformly distributed in the stromal matrix. These 
results came in agreement with the findings of Akhtar, 
Khan [5] in case of Chamaeleo calyptratus. The only mid-
dle stromal lamellae that had long processes and very 
long cells (keratocytes) were joined to form a continu-
ous layer in the stroma, and their keratocytes had a big 
nucleus and endoplasmic reticulum. There were several 
parallel lamellae in the middle and posterior stroma.

The epithelium, stroma and endothelium are the three 
layers that make up the cornea of the C.chameleon, 
according to the findings of the present study. In con-
trast to Akhtar and Khan’s [5] findings, as observed in 
other animals, the available data showed that the corneal 
stroma of C. chameleon is characterized by two lamellar 
zones; loosed outer lamellae zone (OLZ) and compacted 
inner lamellae zones (ILZ). Similar to forested reptiles, 
C. chameleon has a high ability to hide from enemies. 
This is aided by their lamellar organization and its large 
interfibrillar spaces that allow the entrance of more light 
to form a sharp retinal image, hence improving corneal 
transparency [52, 53]. The cornea of the C. chameleon’s 
gives the total refractive power of their eyes to compen-
sate for other negative power of the lens. The chameleon 
uses this method to recognize and distinguish prey from 
the background without moving its head or body [5]. 
The stroma, inner epithelium and endothelium, which 
is covered with microvilli, are the three layers of the ball 
python’s (Python regius) cornea, according to the avail-
able knowledge [45]. The cornea of the veiled chameleon 
(Chamaeleo calyptratus) is exceedingly thin and is made 
up of endothelium, Descemet’s membrane, stroma and 
epithelium, according to Akhtar, Khan [5]. According 
to their data, the cornea’s stroma made up 82.0% of the 
cornea while the epithelium made up 16.64% of it. The 
epithelial cells were separated by the cell and were either 
dark or electron-dense. These data corroborated the find-
ings of the current investigation, which showed that the 
thickness of stroma varies in descending order from 94.8, 
82.6 and 77.7% for Testudo kleinmanni, Chalcides ocella-
tus and Chelonia mydas, respectively, while Chamaeleon 
has the lowest stroma thickness 65.4%.

Regarding Bowman’s membrane, it is considered as a 
modified part of the stromal layer, which is arranged as a 
basal strand of collagen lamellae and bound cellular epi-
thelium layer in only two of the studied species, C. ocel-
latus and T. kleinmanni (high-temperature terrestrial 
habitat), although it is absent in C. chameleon (forested 
habitat). Similar identification was reported in the cornea 
of lacertilian reptiles and sea lamprey, while it was absent 
in geckos (forested habitat) [8, 48, 54, 55]. The Bowman’s 
layer was also shown to be lacking in the veiled chame-
leon (Chamaeleo calyptratus), but present in humans, 
tree shrews, zebrafish and sharks by Akhtar and Khan 
[5]. Large lucent gaps found in stromal lamellae and the 
mucous layer of salamanderfish are similar [56]. This 
mucous layer keeps the cornea’s upper portion moist and 
allows it to rotate, guarding against dryness. According to 
Akhtar and Khan [5], these lucent spaces could compen-
sate for the lack of the Bowman’s layer by holding mucus 
to prevent stromal components from drying up in hot 
desert or terrestrial climates. The inner layers of the eye 
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may also be protected by lucent spaces, which can act as 
a strong UV-B radiation filter (280–330 nm).

Bowman’s membrane is concurrently present or absent 
depending on the epithelial structure and its ability to 
allow or impair the flow of aqueous materials to or from 
the stroma. These data were confirmed by Collirt and 
Collin [52] and Collin and Collin [8], who discuss the 
importance of the epithelial structure as a corneal bar-
rier to sodium, as well as its necessity in water movement 
to the cellular layer. This function increases flushing of 
tears and corneal transparency to adapt to their higher 
temperature habitat. According to Kolozsvári, Nógrádi 
[57], many ultraviolet (UV) radiations are significantly 
absorbed by the epithelium and Bowman’s layers in the 
eyes of some animals that inhabit desert climates, keep-
ing the water in their eyes and tears from evaporating.

As discerned in the present study, a basement mem-
brane separates the epithelium from the stroma [58]. 
The chameleon cornea’s stroma is made up of collagen 
fibril lamellae. Extracellular matrix (ECM) secreted by 
the mesenchymal stromal cells known as keratocytes 
is mainly made up of proteoglycans and collagen fibrils 
[59]. The presence of keratocytes in the middle of the 
stroma suggests that they have a role in the synthesis of 
proteoglycans and collagen fibrils there, according to 
Akhtar and Khan [5].

Analyzing keratocyte density would provide useful data 
for numerous investigations, particularly those looking at 
corneal wound healing. Some comparison studies have 
examined the density of endothelium and superficial 
cells in animals using scanning electron microscopy and 
have addressed the influence of technical preparations 
for histological investigations [60–62]. The present data 
revealed that the stroma is packed with uniformly dis-
tributed collagen lamellae and keratocytes in both Chelo-
nia mydas and Testudo kleinmanni. C. ocellatus’ stromal 
matrix has very few keratocytes. On the other hand, Cha-
meleon recorded collagen fibrils of stroma that is consists 
of two main zones that may be distinguished: an inner 
lamellar zone (ILZ) with condensed fibrils and an outer 
lamellar zone (OLZ) with loose fibrils. Their keratocytes 
are uniformly distributed in the stromal matrix. In other 
species, within the matrix substance, the stromal kerat-
ocyte nuclei were visible as hyperreflective structures. 
The density of keratocytes could be measured, and it was 
discovered that the anterior stroma had a higher density 
than the posterior stroma [62].

Descemet’s membrane (DM) helps maintain the phe-
notype and function of corneal endothelial cells under 
a variety of physiological or environmental conditions 
[34]. DM could prevent the infiltration of certain pro-
teins from the aqueous humor into the corneal stroma 
[63–65]. The distinctive corneal endothelium is anchored 

by DM, a particular basement membrane of the corneal 
endothelium, which is mostly composed of glycopro-
teins arranged within a three-dimensional filamentous 
network and collagen types III and VIII and serves as 
a stable scaffold during morphogenesis [66]. Corneal 
endothelial cells produce Descemet membrane both 
during prenatal and after birth [67], and it thickens with 
age 32 [68]. In the present  study, the Descemet mem-
brane was described as a band of collagen fibers in the 
two species that were examine, C. ocellatus (lizards) and 
T. Kleinman, where it is considerably thicker in C. ocel-
latus than other species, in comparison to that explained 
by Collirt and Collin [52] and Collin and Collin [8]. They 
reported that Descemet’s membrane is formed of two 
parts; the anterior part is banded and the posterior ones 
are not banded. The DM importance manifests in the 
form of mechanical strength for endothelium layers and 
in preserving the stromal integrity and phenotype of the 
endothelium, which helps in controlling the eye shape 
during their movement in a different habitat. The current 
findings are consistent with and parallel to those of Law-
ton and Martin [47] in Saura (lizards) and rhyncocephalia 
(Sphenodon punctatus), in contrast to geckos which lack 
it.

It is generally known that the neural crest gives rise 
to corneal endothelial cells, which develop into a mon-
olayer of hexagonal cells on the cornea’s posterior sur-
face [69]. Our findings demonstrate that the endothelial 
layer in the reptile cornea is composed of a single layer of 
flat squamous cells. Similar findings have been recorded 
in different vertebrate groups by Collirt and Collin [52]; 
Collin and Collin [8]; El-Dawi [10] and Yee, Edelhauser 
[41], such as amphibians, reptiles, birds, mammals, as 
well as fishes. They suggested that squamous cells play a 
vital role in the corneal transparency by controlling the 
hydration process and pulling bicarbonate ions and water 
from the stroma. Moreover, squamous cells separate the 
stroma from the aqueous humor to adapt to their terres-
trial and aquatic habitat.

Regarding the central corneal thickness of the studied 
reptilian species, the findings show a high statistically 
significant variation, where the epithelial layer recorded 
the lowest thickness in C. ocellatus and the highest thick-
ness in T. kleinmanni. In addition, the stromal thickness 
recorded a higher measurement in T. kleinmanni and a 
lower one in C. ocellatus. Moreover, the endothelium 
layer registered high thickness in T. kleinmanni and low 
thickness in C. ocellatus. Our results indicated that the 
examined reptilian species T. kleinmanni possesses high 
corneal thickness, for the purposes of protecting the 
rest of optical parts due to its higher temperature envi-
ronment (arid terrestrial habitat), increasing its cor-
neal transparency by increasing the dehydration of the 
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stromal layer and its refractive power and providing 
more lubrication for the cornea. Moreover, the present 
data conform to other studies [8, 52, 70] with regard to 
Ctenophorus ornatus (Terrestial habitat).

The reported high corneal thickness of T. kleinmanni 
may be due to the presence of climatic variations. In 
accordance with the animal’s habitat, whether terres-
trial, aquatic or semi-aquatic, Al-Zahaby and Elsayed 
[21] reported that Testudines species exhibit consider-
able histological changes. Whereas tortoises live on the 
land [18–20], turtles inhabit purely aquatic environments 
[71–73], and the third are semi-aquatic species [74, 75].

The histochemical structure of the examined species 
revealed that the epithelium has high polysaccharide 
content in T. kleinmanni (higher temperature terrestrial 
habitat) and moderate content in the other investigated 
species. As for stroma, it contains a high amount of car-
bohydrates in C. mydas, but less amount in C. ocellatus. 
All of the investigated reptile species, with the exception 
of the C. chameleon, had high endothelium layer affinities 
to PAS activity. Only Bowman’s and Descemet’s mem-
branes, two basement membranes, are stained with PAS 
in C. ocellatus.

It is observed that polysaccharides are considered the 
primary energy source for different vital metabolic activi-
ties (aerobic glycolysis) in the corneal layers [15]. The 
polysaccharide contents might increase with increasing 
the metabolic activities and biochemical reactions in the 
cornea as in terrestrial T. kleinmanni [76–78]. Further-
more, the stroma represented the main bulk of cornea 
which is composed of collagen lamellae embedded in 
polysaccharides matrix, as observed in C. mydas [78]. 
These findings are compatible with previous recordings 
obtained by Peng, Katsnelson [15] and Lee, Wells [79]

Regarding the scanning electron microscopy investiga-
tions, the recorded variations in the cell density among 
investigated reptilian species are due to differences in 
mean cell size and shapes. These variations affect epithe-
lial cell packing [8, 80]. In the present study, low epithelial 
cell density is noticed in C. mydas (aquatic species) and 
a higher cell density was found in C. chameleon (terres-
trial species). Analysis of these results shows high statisti-
cally significant variance, which indicates the variation in 
osmotic stress on the corneal layers as in aquatic species 
(Crocodilus porosus) [8, 61].

Our results show an epithelial cell density of the ter-
restrial species that is higher than that of the aquatic 
ones. This variation aids in providing minimum evapora-
tion and more corneal strength for terrestrial habitats to 
control the eye shape [8, 61]. Moreover, the central cor-
neal epithelial cells have a wide range of shapes, which 
appear as a hexagonal in C. ocellatus, and as an irregu-
lar polygonal cell in C. Chameleon (forested habitat) and 

T. kleinmanni. The same result is found in ornated liz-
ard Ctenophorus oratus (forested habitat) [8]. However, 
they are of regular polygonal shape in C. mydas (aquatic 
habitat), which is similarly illustrated in the cornea of the 
crocodile, Crocodilus porosus and Acanthodactylus boski-
anus [8, 11]. They proposed that the regularity and hex-
agonality of corneal epithelial cells aid in regulating light 
entrance and forming a sharp retinal image.

The observed depressions in the present study came 
in accordance with Pfister [81] and Akpek, Klimava [82], 
where they traced such cell membrane breaks to the vari-
ety of the corneal surface changes to adapt to the differ-
ent environmental conditions, in only three examined 
reptilian species, e.g., C. Chameleon; T. kleinmanni (as 
terrestrial habitats) and C. mydas (aquatic habitat). Cell 
membrane breaks appeared with various shapes such as 
round and irregular and with different diameter in the 
investigated species. These breaks are responsible for 
the secretion of mucus to lubricate the corneal surface in 
case of terrestrial habitat and to protect the outer corneal 
surface from abrasion and dryness of high osmolarity of 
saltwater in case of aquatic habitat [8].

Concerning corneal surface microstructures, they 
appeared in various types on the cornea of examined spe-
cies as a form of microplicae, which represented a devel-
opmental precursor to microridges and an intermediate 
form between microvilli and microridges. They appeared 
with three types, dark, medium and light, in C. ocellatus 
(forested habitat) and C. mydas (high-temperature habi-
tat). These findings are in accordance with the ornate liz-
ard, Ctenophorus ornatus (high-temperature habitat), 
and the loggerhead turtle, C. caretta (aquatic habitat) 
[8, 11]. In agreement with the present data, the cornea’s 
inner epithelium is covered by microvilli in some reptile 
species, e.g., snake Python molurus [45] and Chamaeleo 
calyptratus [5]. Both microplicae and microvilli are 
essential in terrestrial habitat to increase surface area, 
form sharp retinal image and exit metabolic products. 
Additionally, in an aquatic habitat, they aid in the absorp-
tion of oxygen and provide dehydrated stroma. These 
results were supported in other species, e.g., Mabuya 
quinquetaeniata and Ctenophorus ornatus [8, 11] and a 
ball python [45].

A distinguishing feature of the species under study is 
the distribution of microholes across the corneal surface, 
where they were surrounded by elongated microplicae in 
C. ocellatus and short microplicae in C. mydas, though 
by blebs in T. kleinman. Their diameter shows a high 
significant relationship among the studied species. They 
represent external openings for secreting mucus, which 
aids in lubrication of the corneal surface, protects the 
corneal surface by forming mucous coat, and, meantime, 
plays a vital role in cellular exfoliation. Similar findings 
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are reported in Ctenophorus ornatus and Caretta by [8]. 
They reported that microholes are most frequently cov-
ered by microplicae or microvilli and are responsible for 
the secretion of mucus to lubricate the corneal surface in 
case of terrestrial habitat and to protect the outer corneal 
surface from abrasion and dryness of the high osmolarity 
of saltwater in the case of aquatic habitat.

In addition, Al-Zahaby, Elsayed [21], found similar 
microholes and microplicae that are responsible for 
the secretion of mucous. They proposed that massive 
mucous secretion lubricates organ’s surface of Testudines 
living under different micro-climatic circumstances [83, 
84]. However, as noted in the present study, cornea’s epi-
thelium contained small projections or microvilli in some 
reptilian species, e.g., lacertilians [85, 86], chelonians 
[87], and veiled chameleon (Chamaeleo calyptratus) [5]. 
Later authors reported that such microprojections are 
covered by lipid and glycocalyx that are represented by 
electro dense granular material. Microholes, microplicae 
and blebs that form on the corneal epithelial surface help 
to stabilize the tear film, increase cell surface area and 
make it easier for water and metabolic products to pass 
through the outer cell membrane [8, 11, 81, 88].

5  Conclusion
The histology, histochemical and ultrastructural levels 
of the cornea were significantly impacted by the diverse 
habitats of the examined species to adapt to various envi-
ronmental circumstances. The information collected will 
increase our awareness of the environmental restrictions 
on the corneas of reptiles and advance our understanding 
of how this tissue evolved. In addition, to the best of our 
knowledge, our work is the first to assess the endothelial 
cell density in Testudo kleinmanni and Chelonia mydas 
that may aids in providing minimum evaporation and 
more corneal strength to control the eye shape.
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