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Summary

The purpose of this study was to broaden the basic knowledge of corneal morphological structures in pigs,
cows and rabbits and to find morphological and histological differences in the constituent corneal structures.
After slaughter, corneal samples of 24 animals, including cows, pigs and rabbits, were investigated. Forty-eight
eyeballs (n = 48) of 8 pigs, 8 cows and 8 rabbits were used for this study. Central corneal thickness (CCT)
values in cows were higher than those in pigs (P < 0.001) and rabbits. In rabbits, CCT, as a percentage of the
eye axis length, was 55.03% greater than in cows and 40.55% greater than in pigs (P < 0.001). The thickness
of substantia propria (stroma) depended on the species and accounted for more than 80% of the thickness of
all layers of the cornea. The thickness of the anterior epithelium amounted to 15.81% of the thickness of all
layers of the cornea in cows, 11.79% in pigs, and 8.48% in rabbits (P < 0.001). The data analysis showed that
the caudal limiting membrane + endothelium was the thinnest layer of the cornea, with thickness ranging from
0.88% to 2.40% of the total thickness of all layers of the cornea in the three species under study (P < 0.001).
A statistically significant negative correlation was determined between the anterior epithelium and substantia
propria in corneas of cows, pigs and rabbits (P < 0.001). This paper describes the morphometric parameters
of the cornea in pigs, cows and rabbits. These parameters will be of use to scientists using animal models in

vision science research.
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The cornea is the front part of the eyeball and the
transparent anterior segment of the globe of the eye
that refracts light onto the retina. It is the first element
in the eye’s optical system, contributing 2/3" of the
eye’s total focusing power, and must remain essentially
clear for optimal vision to be achieved. The cornea
is also the most sensitive tissue in the body (4). The
cornea consists of five basic layers: the epithelium,
Bowman'’s layer, the stroma, Descemet’s membrane
(caudal limiting membrane) and the endothelium (8, 7).
Hayashi et al. (9) present comparative observations on
corneas, with special reference to Bowman’s layer and
Descemet’s membrane in mammals and amphibians.
According to Nautschel (14), there is disagreement
about the existence of Bowman’s layer in domestic
animals. The structure of the stroma varies significantly
between humans and animal species, such as cows,
pigs, and rats (11). The cornea covers up to 30% of the
rabbit eye. Due to its large size, the cornea is prone to

trauma or other damages, including drying-out. The
cornea, or the transparent front part of the eye, is a thin
dense fibre-like structure characterized by 4 distinctive
layers in rabbits: a keratinized layer of the epithelium
(30 to 40 um); the stroma formed by parallel bundles
of collagen; Descemet’s membrane (7 to 8 um); and
a single layer of the endothelium, which is rich in
Na'-ATPase pumps (3). The eyes of animals are fre-
quently used in (animal and human) vision science
studies, in pharmacodynamic studies of ophthalmic
drugs, as well as in healing and surgery of traumatic
eye injury (4, 5, 19, 20).

Ocular diseases in food-producing animals play
a significant role in economic losses (15). A large
body of knowledge of corneal structures and functions
is acquired from studying laboratory rodents, which
are used as animal models for human research (17).
However, the knowledge of corneal parameters in the
pig, the cow and the rabbit is limited.
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Only a few investigations of the corneal compara-
tive morphology of domestic animals have been pub-
lished. Meridano et al. (13) and Nautschel et al. (14)
measured the thickness of the corneal epithelium at
different corneal loci in pigs, cows and other species
of domestic animals.

Brunette et al. (6) conducted experiments to compare
the pig and feline models for full thickness corneal
transplantation. The eye of the domestic pig (Sus scrofa
domestica) is an ex vivo animal model often used in
vision science research (retina studies, glaucoma,
cataracts, etc.). However, only a few papers provide
anatomical descriptions of the pig’s eye (18, 19).
Damage and ulceration of the cornea are painful, as
the surface of the cornea is well innervated.

Rabbit eyes have been widely used for ophthalmic
research, as the animal is easy to handle and economi-
cal, compared to other mammals, and the size of a rab-
bit’s eye is similar to that of a human eye. Rabbit eyes
can be a good model for pharmacokinetic studies of
intraocular drugs (1).

In pigs, corneal diameter and thickness are greater
than they are in humans. Moreover, pig cornea is suit-
able for xenocorneal transplantation using the same
preservation protocol as that for human cornea with
respect to biophysical and functional properties, and
it can be stored for up to 7 days for transplantation in
human clinical trials. An age limitation of donor pigs
may be required for qualified corneal products to be
used in human trials (10).

Our study will be of interest to researchers studying
comparative ophthalmology in veterinary medicine, as
well as to those who design drug therapies for animals.
In the literature, there are no data about the morpho-
logical features of the eyes of Lithuanian black and
white cows and Lithuanian white pigs.

The purpose of this study was to broaden the basic
knowledge of corneal morphological structures in pigs,
cows and rabbits, and to find morphological and histo-
logical differences in the constituent corneal structures.

Material and methods

Eyeballs and corneal samples from 24 healthy animals
(cows, pigs and rabbits) were used in the study, including
forty-eight eyeballs of § healthy pigs, 8 cows and 8 rab-
bits. All animals were free from ocular diseases. The study
was conducted on Lithuanian black and white cows aged
16-18 months, Lithuanian white pigs aged 6 months and
white rabbits aged 12 months. All animals were females.
Immediately after slaughter, both eyeballs were enucleated.
The central corneal thickness (CCT) and the length of the
eye axis of the animals were measured using an A-type
ultrasonographic pachymeter DGH 500 (Pachette™). After
measurement of these parameters, the cornea was taken for
histological examination and light microscopy. The follow-
ing technique of light microscopy was applied: 5 x 5 mm
sections of the corneas were fixed in Buen’s solution for
24 hours, dehydrated in a series of ethanol solutions (50%,
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70%, 80%, 100%), and embedded in paraffin. The sections
(4 pm) were stained with hematoxylin-eosin. The slides
were examined under a light microscope (Olympus, Tokyo,
Japan) at X 400 magnification, and image analysis was car-
ried out by means of an Olympus BX43 light microscope
and the image analysis program Olympus Stream Essentials
version 1.9.1 (Olympus, Tokyo, Japan).

Statistical analysis. Descriptive statistics (mean =+ stan-
dard error) and Pearson’s correlation were calculated using
the R 2.1.0 package (http://www.r-project.org/). T-test was
used to detect significant differences between the groups
(the results were considered significant at P < 0.05).

Results and discussion

This study describes the corneal parameters of cows,
pigs, and rabbits determined by ultrasonic pachymetry
and histomorphometrical methods. CCT values showed
statistical difference (P < 0.001) between cows and
pigs: CCT was greater in cows. Nautschel et al. (14)
discovered that CCT was greater in cows (283.5 £16.6
um) than it was in pigs (184 £ 19.8 um). Scientists
suppose that corneal thickness is related to the habitat
of a given species (2, 12, 14). The corneal epithelium
provides a protective interface with the environment.
Ruminants and camels living in open grasslands are
more likely to be exposed to rough environmental
conditions than other animals (e.g. camels in a hot and
dry climate); However, this hypothesis has not been
scientifically confirmed (14).

In the present study the cornea of pigs was the thin-
nest as compared with that of other animals. The CCT
obtained for pigs in our investigation was similar to that
obtained by other researchers. Sanchez et al. (19) mea-
sured corneal parameters in five enucleated eyes of pigs
aged 6-8 months and determined that central corneal
ultrasound pachymetry of pigs was 877.6 £ 13.58 um
(C195% 865.70 um-889.50 um).

Rabbits have been increasingly used as an experi-
mental animal model. The CCT of white rabbits in
our study was 1.13 £+ 0.09 mm, whereas Wang et al.
(21) found a statistical difference between CTT values
in pigmented and white rabbits (390 + 14.2 and 373
+ 7.2 um). This fact is important for future studies. The
length of the eye axis was greatest in cows. Differences
between cows, pigs and rabbits were statistically sig-
nificant (P <0.001). The corneal thickness as a percent-
age of the length of the eye axis for the three species
of animals is presented in Tab 1. In rabbits, CCT as

Tab. 1. Descriptive statistics for cornea and length of eye axis

.| CCT as percentage

Species (cm[i;l;) Length(:lfnt:;/e axis | of eye ?f/‘lj length
Cow 1.29 +0.03° 32.38£0.37° 3.98+0.11°
Pig 1.10 = 0.00° 25.13 £ 0.41° 4.39+0.07°
Rabbit 1.13+0.09 18.48 £ 0.47° 6.17 £ 0.56°

Explanations: a, b, ¢ — means with different superscript letters
differ significantly at P <0.001
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a percentage of the eye axis length was
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Tab. 2. Thickness of corneal layers

55.03% greater than in cows and 40.55% : : : Caudal limiting

ter than i . P<0.001 Anterior Substantia propria AT All layers
greater than 1n pigs ( IV )- Species epithelium (stroma) otheli of cornea

Histomorphometrical studies of the (um) (um) e (um)

cornea showed that substantia propria - - - -
(stroma) constituted the thickest of all | & 70.00 £ 0.70 362.00 = 8.62 10.63 £ 0.56 442.63 + 8.28
corneal layers in all three species. The | Pig 40.19:1.97 296.44 £ 3.10° 4.39+0.28 341.01 £ 2.61°
thickness of substantia propria depended | Rabbit 13.11 £ 0.36° 140.13 £ 6.33° 1.36 + 0.05° 154.60  6.56°

on the animal’s species and accounted
for more than 80% of the thickness of all
layers of the cornea (Tab. 2). According
to Nautschel et al. (14), the corneal stroma is clearly the
thickest corneal layer in animals, and it is composed
of a uniform collagen fibril matrix that contains kera-
tocytes arranged in an elongated, flattened manner. In
the murine, porcine and bovine corneas, the stroma
shows interwoven collagen patterns (11). The thickness
of the anterior epithelium amounted to 15.81% of the
thickness of all layers of the cornea in cows, 11.79%
in pigs and 8.48% in rabbits (P <0.001) (Fig. 1). These
differences can be explained by a significant variation
in the number of cell layers in the corneal epithelium
of different animal species. The bovine epithelium
consisted of 11-15 cell rows, whereas in pigs there
were only 8-12 rows of squamous cells (14).

The analysis of the total thickness of the caudal lim-
iting membrane + endothelium indicated that this was
the finest layer, accounting for 1.36 £0.05 um or 0.89%
(Tab. 2, Fig. 1) of the all layers of cornea in the three
species (P < 0.001). The same results were obtained
by other researchers. The data analysis showed that the
thickness of the anterior epithelium, substantia propria,
and the caudal limiting membrane + endothelium
varied greatly between the species (Fig. 1).

The thickness of the anterior epithelium amounted
to 15.81% of the thickness of all layers of the cornea
in cows, 11.79% in pigs and 8.48% in rabbits (Tab. 2).
Thus, as a percentage of the total thickness of all cor-
neal layers, the anterior epithelium in cows was 34.61%
thicker than that in pigs and 85.83% thicker than that
in rabbits. As a percentage of the total thickness of
all corneal layers, the substantia propria in cows was
9.76% thinner than that in rabbits and 5.97% thinner
than that in pigs. The substantia propria layer in cows
was 8.84% thinner than that in rabbits and 5.19% thin-
ner than that in pigs (P <0.001).

A statistically significant negative correlation was
established between the anterior epithelium and
substantia propria in cow, pig and rabbit corneas
(P<0.001), and it was the same for all animal species
tested (Tab. 3).

A negative relationship was established between the
anterior epithelium and the caudal limiting membrane
+ endothelium in the pig cornea (P < 0.05), and a sta-
tistically negative correlation was found between the
substantia propria and the caudal limiting membrane
+ endothelium in the rabbit cornea (P < 0.05). The
correlation between the anterior epithelium and the

at P<0.001

Explanations: a, b, c — means with different superscript letters differ significantly
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Fig. 1. Proportions of corneal layers in cows, pigs and rabbits

Tab. 3. Correlations between corneal layers in cows, pigs and
rabbits

Anterior epithelium | Substantia propria
Species Anterior epithelium | - caudal limiting - caudal limiting
p - substantia propria membrane membrane
+ endothelium + endothelium
Cow -0.967*** -0.054 -0.203
Pig -0.995*** -0.735* 0.664
Rabbit =0.991*** 0.588 -0.691*

Explanations: * significant at P<0.05, *** significant at P<0.001

substantia propria was strongly negative. The relation-
ship between the anterior epithelium and the caudal
limiting membrane + endothelium varied from highly
negative for pigs to highly positive for rabbits. The cor-
relation between the substantia propria and the caudal
limiting membrane + endothelium also depended on
the species, varying from highly negative for rabbits
to highly positive for pigs.

No significant differences were found between the
right and left eyes. Ribeiro et al. (16) showed that
ocular measurements in the right and left eyes were
not significantly different, and the same result was
obtained with males and females of adult goats. Studies
have demonstrated a dependence of the morphological
structure of the corneal parameters on animal species
(11, 13, 14), the habitat of the species (2, 12, 14) and
environmental conditions of animals (14). Strom et
al. (20) studied 133 young healthy intact laboratory
beagles and discovered that, in all dogs, CCT increased
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with increasing age and body weight. This means that
the structure of the cornea is changeable, and in one
period cells of one layer might grow at a greater rate
than in another period.

The comparative morphological evaluation of cor-
neal parameters demonstrated the dependence of the
relation between the investigated parameters on animal
species. The data obtained open up new possibilities for
further investigation of pathological corneal changes
in veterinary ophthalmology.
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