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Age Related Ultrastructural Changes in
Corneal Structure with Respect to Gender

Kornea Yapisinda Cinsiyete Gore Yasa Bagh
Ultrastriiktiirel Degisiklikler

ABSTRACT Objective: It is well known that gender plays an important role in sensitivity to vari-
ous drugs, in the etiology and onset of certain diseases and it is one of the main causes leading to
structural changes in various tissues. The degenerative effects of aging on some organs may vary in
both sexes as well. Cornea is susceptible to the degenerative effects of aging leading to impairment
of vision. The aim of the present study is to determine the effects of aging on the structure of en-
dothelial and epithelial layers of cornea comparatively in both sexes. Material and Methods: In the
present study, 14 male and 14 female Sprague-Dawley rats have been used. The control group was
composed of 10-week-old male (n=4) and female (n= 4) rats, and the older group was composed of
19-month-old male (n=10) and female (n=10) rats. Cornea samples were processed using the rou-
tine technique for transmission electron microscopical examination. Results: In the control group
it was observed that the epithelial and endothelial layers of the cornea had a normal structure in
both sexes. On the other hand, significant degenerative changes in the epithelial layer were detec-
ted in the older male group when compared to older female rats (p< 0.05). Distinct degenerative
changes were also observed in the endothelial layer in both sexes, however there was no statisti-
cally significant difference between the sexes. Conclusion: In the present study it has been shown
that aging causes changes in epithelial and endothelial layers of the cornea in both sexes, however
the detrimental changes in the corneal epithelium is more significant in older males.
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OZET Amag: Cinsiyet farkliliginin baz1 hastaliklarin etiyolojisinde, ilag duyarliginda, ozellikle de
cesitli dokularda yapisal degisikliklerin ortaya ¢ikmasinda rol oynadig: bilinmektedir. Yaglanmanin
bazi organlarda olusturdugu olumsuz etkilerin cinsiyetler arasinda degiskenlik gosterdigi bilinir.
Kornea, yaglanma sonucu gérmeyi etkileyecek diizeyde dejeneratif degisikliklerin gelismesine aday
bir organdir. Bu ¢alismada yaglanmanin kornea epitel ve endotel katmanlarinda neden oldugu de-
jeneratif degisikliklerin, erkek ve disi cinste kargilastirmali olarak belirlenmesi amaglanmgtir. Gereg
ve Yontemler: Calismamizda 14 erkek 14 disi olmak tizere, toplam 28 Sprague-Dawley sigan kul-
lamilmistir. Geng grup 10 haftalik erkek (n=4) ve disi (n= 4) sicanlardan; yash grup ise 19 aylik
erkek (n=10) ve disi (n=10) siganlardan olusturuldu. Alinan kornea 6rnekleri rutin elektron
mikroskop takibinden gegirildikten sonra transmisyon elektron mikroskopta incelenerek kornea
epitel katmanindaki degisiklik ile endotel katmanindaki vakuolizasyon, mitokondriyel dejenerasyon
ve intersellular araliklardaki degisiklikler degerlendirildi. Bulgular: Kontrol grubunda hem erkek
hem disi cinste kornea epitel ve endotel katmani normal yapida gozlendi. Buna kargin yash grupta
korneanin epitel katmaninda olusan dejeneratif degisiklikler erkek yash grupta disi yash grupla
kargilastirildiginda istatistiksel olarak anlamli bulundu (p< 0.05). Endotel katmaninda her iki
cinste de benzer dejeneratif degisiklikler belirlendi. Ancak istatistiksel olarak birbirine gére an-
lamli bulunmad:. Sonug: Sonug olarak bu ¢aligma yaglanmanin her iki cinste de korneanin endotel
ve epitel katmanlarinda degisikliklere neden oldugunu ancak erkek cinste, disi cinse gore korneanin
epitel katinin yaghliktan daha olumsuz yonde etkilendigini gostermistir.

Anahtar Kelimeler: Kornea; yaglanma
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everal mechanisms have been asserted in an
Seffort to explain the aging process of cells. Se-

veral studies were done on different tissues in
relation to this topic. Corneal endothelium was eva-
luated in most of the cellular aging studies that we-
re performed on the cornea. Corneal endothelium is
situated on the inner side of the cornea and it is ma-
de up of one layered hexagonal cells.! Light micros-
copic studies show that corneal endothelium cell
volume increases and cell density decreases in paral-
lel to aging.” Roszkowska et al. have evaluated the
morphological alterations connected with aging in
the corneal endothelium and emphasized that the
degeneration in peripheral regions is more conspi-
cuous than that in the central region.? Similarly, an
ageing dependant decrease in keratocyte density has
also been observed.? Niederer et al. have emphasized
that the ageing dependant decrease in keratocyte
density is more conspicuous in the anterior part of
the stroma than it is in the posterior part.” It has be-
en reported that the linear loss of corneal keratocy-
tes as a function of age is parallel to the decrease in
density of endothelial cells.>* On the other hand, as
electron microscopical studies conducted on samp-
les, it has been emphasized that the number of mi-
tochondria in the front-stroma-keratocytes is
roughly twice as the number of mitochondria in the
central-stroma or back-stroma- keratocytes.> How-
ever, any age related alteration in the structure and
density of epithelium cells has not been observed.?
Jun et al. examined the effects of aging on the des-
cement membrane had emphasized that they obser-
ved a gradual thickening of the back part of the
descement membrane whereas there was no morp-
hologic alteration or thickening in the front part.®
Several morphometric analyses and clinical studies
related to the aging-dependant alterations in the
cornea conducted via confocal and specular mic-
roscope support the afore mentioned findings.** Ho-
wever, electron microscopic studies have usually
been limited to scanning electron microscope.' The-
refore in this study it will be determined at the ul-
trastructural level whether the degenerations
observed at the endothelial and especially epitheli-
al layer of the peripheral cornea differ among sexes
and which one is affected more severely due to ag-
ing.

1980

I MATERIAL AND METHODS

In the study, a total of 28 Sprague-Dawley rats (14
males and 14 females) were obtained and housed in
Baskent University, Medical and Surgical Experi-
mental Research Center (temperature 20 + 2 °C, hu-
midity 50 + 10% and 12h light- 12h dark cycle). Rats
were supplied with standard laboratory diet and tap
water ad libitum. All experimental procedures invol-
ving animals were approved by the Ethical Animal
Committee of Baskent University, Faculty of Medi-
cine, Baskent Turkey (2008/AP-623; 07.07.2008).
Twenty eight rats were randomly assigned to three
groups: (1) Control group, ten-week old males (n=4)
and ten-week-old females (n=4), (2) Nineteen-
month-old male group (n=10), (3) Nineteen-month-
old female group (n=10).All animals in the study
were anesthetized using 60 mg/kg ketamine hy-
drochloride and 10 mg/kg xylazine hydrochloride.
Following this process, they were sacrified. As no
significant difference was noted between right and
left eyes in the previous studies, right eyes of all an-
imals were used in this study.®> Whole globes were
enucleated immediately and placed in 0.1 M phosp-
hate-buffered containing 2.5% gluteraldehyde, for
24 hours. After incubation, corneas were excised
outside the limbus, immediately postfixed in 1% os-
mium tetraoxide (OsO,), for 1h 0.1 M phosphate-
buffered and dehydrated in a series of graded alcohol
(25-100%). After passing through propylene oxide,
specimens were embedded in araldyte CY 212,
DDSA (2-dodecenyl succinic anhydride), BDMA
(benzyldimethyl amine) and dibutylpytalate. Semi-
thin sections (1pm) through the peripheral cornea
were stained with toluidin blue and examined under
a light microscope. Ultra-thin sections of peripheral
cornea were stained with uranyl acetate and lead cit-
rate and examined with LEO 906E transmission elec-
tron microscope (TEM). For each animal, a
minimum of four TEM images were obtained from
four different sections obtained from the same block.

Existence or absence of the changes in the ep-
ithelial layer of cornea, vacuolisation in the endote-
lial cells, and dilatation in interendotelial gaps were
evaluated. SPSS 12.5 was used for statistical analy-
ses. Statistical comparison was performed using Fis-
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her’s exact test, since expected frequencies were low,
a P value <0.05 was considered significant.

I RESULTS

In this study, aging-related changes that emerge in
the epithelium and endothelial layers of peripheral
cornea were examined at the ultrastructural level
and the results were compared for gender and age.
In the younger group stratified squamous epithe-
lium and endothelial layers of the peripheral cor-
nea were normal in both male and female samples
(Figure 1, 2). Only few rats in the older female gro-
up had degenerative changes in the epithelial
layer. These alterations were as follows: Vacuoli-
zation in cytoplasms of epithelial cells nucleus de-
generation in some epithelial cells, and dilation of
cellular borders in epithelial cells (Figure 3, 4). Ho-
wever, statistical analysis showed that these alte-
rations were not significant when compared to the
young control female group (p> 0.05). Epithelial
layer was found to be degenerated in almost every
member of the older male group. Statistical analy-
sis indicated that these degenerative changes sho-
wed significant difference when compared to
those of the older female group (Table 1) (p=
0.035). Of these changes, especially deep invagi-
nations accompanied by basal membrane on the

FIGURE 1: Control (young) group, stratified squamous epithelium of cornea
with a normal structure (X 1670).
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FIGURE 2: Control (young) group, endothelial layer of cornea with a normal
structure (X 7750).

FIGURE 3: Degenerated cellular nuclei (asteriks) and vacuolization (arrow)
in epithelial cells -older female group (X 2156).

basal surface of the cells located at the basal layer
of corneal epithelium were very interesting (Figu-
re 5, 6). Moreover, nuclei of many epithelial cells
had degenerative alterations such as karyolysis. Al-
though it was observed less frequently, the inter-
cellular gap between the surface cells of
epithelium layer had also been dilated. Although
the epithelial layer was found normal in many ol-
der female rats, the endothelial layer of the corne-
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FIGURE 4: Expansion of epithelial cell borders (asteriks)- older female group
(X 3597).

TABLE 1: Comeal epithelial degenerative changes in
the older groups.

Epithelial degenerative changes

Present Absent-
Female 2 8
Male 7 3

P=0.035.

FIGURE 5: Deep invaginations (asteriks) accompanied by basal membrane
on the basal surface of the cells, which are located at the basal layer of
corneal epithelium — older male group (X 6000).

1982

FIGURE 6: Deep invaginations (asteriks) accompanied by basal membrane
on the basal surface of the cells, which are located at the basal layer of
corneal epithelium — older male group (X 6000).

a was vastly degenerated in almost every member
of this group. The common structural changes ob-
served in endothelial cells were vacuolization (Fi-
gure 7), mitochondrial degeneration (Figure 8) and
dilation of intercellular gaps (Figure 9). Similar to
older female group, the mostly affected layer was
the endothelial cell layer in the older male group.
When compared to the younger group, corneal en-
dothelial layer was extremely thinner and irregu-
larly aligned in the older group, due to the
deformation of cell structure (Figure 10). The en-
dothelial cells of almost all of the rats in the older
male group had similar alterations with those ob-
served in the older female group: vacuolization,
mitochondrial degeneration and substantial wide-
ning of intercellular gaps (Figure 11).

In both sexes, degenerative changes in the en-
dothelial layer were grouped as vacuolization, mi-
tochondrial degeneration and dilatation of
intercellular gap. No statistically significant diffe-
rence was observed between the two sexes with re-
gard to the degenerative changes in endothelial
layer due to age (p> 0.05) (Table 2).

I DISCUSSION

It is known that particularly cells with limited pro-
liferation capacity cannot maintain their normal

Turkiye Klinikleri ] Med Sci 2010;30(6)



Histology and Embryology

Karabay et al

FIGURE 7: Vacuolization (asteriks) in endothelial cells-older female group
(X 10 000).

dothelial cells-older female group (X 6000).

and healthy forms for a long period of time.” Cor-
neal endothelial cells have a limited regenerative
capacity and low replication rates. In the studies
conducted on man and other mammals it was ob-
served that the rate of endothelial cell division oc-

currences following trauma or disease is low. 81

Besides, exposure to light has a crucial role on
the variation and proliferation of endothelial cells.®
Corneal endothelial separates the aqueous humor

Turkiye Klinikleri ] Med Sci 2010;30(6)

that is situated at the anterior segment from the hy-
drophilic corneal stroma and it secretes the Desce-
met’s membrane which lies between the stromal
and endothelial layers of cornea. Corneal endothe-
lium is responsible for the control of corneal
hydration, and thereby maintenance of the trans-
parency of cornea *''? Along with all its known
functions, it is the layer with highest amount of ag-

ing related degenerative changes because of its low

FIGURE 9: Substantial dilation (d) of intercellular gaps in the endothelial layer-
older female group (X 7750).

FIGURE 10: Corneal endothelial layer is extremely thinn and irregularly
aligned due to the deformation of cell structure-older male group (X 3597).
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FIGURE 11: Mitochondrial degeneration (m) and dilation (d) of intercellular
gaps-older male group (X 10000).

proliferation capability. The mechanism behind
the aging-related endothelial cell loss has not been
explicitly explained. However, it could be affected
from hormonal changes, UV irritation, or from en-
vironmental changes such as chemical toxicity.
Degradation of the enzymes present especially in
the anterior segments which metabolize hydrogen
peroxide and other free radicals cause injury on the
endothelial layer." Just as an organism regenerates
its cells, an aging cell also renews its molecular
structure and gets rid of its unnecessary organelles.
Degeneration of these macromolecules and the ac-
cumulation of them in cells start the cellular aging
process and kills the cell gradually.!* Somatic mu-
tations accumulate in the aging cell and cause the
production of lots of defective proteins. As a result
of this process, the density of defective lytic enz-
ymes increases, and cellular autophagy capability
decreases. Consequently, waste substances accu-
mulate in the aging cell’s cytoplasm, and in time,
the ratio of these substances to the functionally ac-

tive structures increases. Therefore, the elder cells
have larger volumes when compared to the young
cells. From the ultrastructural point of view aspect,
degenerations observed in mitochondria and lyso-
somes are the most conspicuous changes among the
alterations that occur in aging cells. Mitochondri-
al swelling, disappearance and degeneration of cris-
tae (cristalysis) and excessive growth in some
mitochondria can be observed. '>¢ It was also ob-
served in this study that the endothelial mitochon-
dria of both sexes in the control group seemed
normal, on the other hand, in the older male and
female group, the mostly affected organelle of en-
dothelial cells were mitochondria. The most frequ-
ent mitochondrial degeneration in both sexes was
the disappearance of the cristae.

Light microscopic studies emphasize that the
volumes of corneal endothelial cells increase where-
as their cellular density decrease with aging.? A
study conducted on cats, dogs, rats, horses and
humans also supported this argument, and asserted
that the density of corneal endothelial cells decrea-
se with aging. It has been reported that the de-
crease in the density of endothelial cells appears first
with transition from childhood to adulthood, as cor-
neal diameter increases in this period and that the
density continues to decrease for the lifetime."!72

Age-related decrease in the number of endot-
helial cells and changes in cell size and shape re-
sults in impaired endothelial functions. Besides,
decreased functions due to aging-related decrease
in the high energy metabolism decreases in the
number of endothelial cells, and the variations in
cellular shape and size affect endothelial functi-
ons.?! Similarly in our study it has been observed
that the change in size and shape of endothelial
cells in both older male and female groups mani-
fested itself as thinning thus irregular alignment of
and the endothelium. Thickening of the Desce-

TABLE 2: Corneal endotelial degenerative changes in the older groups.

Endothelial Degenerative Changes

Dilation of Inter endothelial Cell Gaps

Vacuolization Mitochondrial Degeneration

Present Absent- Present Absent-
8 2 9 1
4 6 6 4

Present Absent-
Female 9 1
Male 8 2
P=0.500, p=0.085 P=0.152
1984
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met’s membrane accompanies the decrease in the
number of endothelial cells by advancing age.®
Age-related Descemet’s membrane studies conduc-
ted on two rat species (ddY and C3H) have shown
that two-year-old rats showed signs of focal thick-
ening instead of the uniform thickening observed
in old people.” Morphological studies have shown
that the density of human corneal endothelial cell
is higher in the peripheral part of the cornea than
it is in the central part.?® Density of corneal endot-
helial cells in the peripheral and central region of
young and elder donors for the post-wounding pe-
riod has been analyzed. Although there was no dif-
ference between the peripheral and central regions
of the young donors, markedly higher cellular den-
sity has been reported in elder in the peripheral re-
gion donors when compared to the central regions.
These findings reflect either that decreased num-
bers of endothelial cells at the central region of the
cornea have the capacity of migrating to the wo-
unded region or that the response speed to the in-
cidence of wounding is markedly low.?* Corneal
endothelial cell density has been studied by specu-
lar microscope in different age groups and adults
with different sexes. Although no difference has
been noted in cellular density with respect to sex,
it has been shown that for all individuals, the en-
dothelial cell density is higher in the central part
of cornea than it is in the peripheral compartments
of the same samples. It has been noted that endot-
helial cell density increases with aging. While the
decrease in the density of endothelial cells for the
young and middle aged individuals (20-44 years)
has been homogenous in the peripheral and cen-
tral parts, for the elder individuals (especially for
the ones over 70 years of age) the decrease has
shown a significant difference between the central
and peripheral parts and that the loss of cells in the
peripheral parts has been more conspicuous than it
has been in the central part.?

Since aging affects the peripheral part of the
cornea more severely than the central part, the pe-
ripheral part of the cornea has been used in our
study. Although cells with limited proliferative ca-
pability, such as corneal endothelium, frequently
show signs of aging-related degeneration, cells that
divide frequently and relatively short living daugh-

Turkiye Klinikleri ] Med Sci 2010;30(6)

ter cells that come into existence consequently de-
generate much less. In such kind of cells, no appa-
rent degeneration is observed even at the end of
their lifespan.”

Corneal epithelium has a stratified squamous
structure and regeneration time is rather short. Be-
cause of this feature, the number of aging-related
degenerations is relatively low. Although no signi-
ficant aging-related change in epithelial cell den-
sity has been detected in a study, it has been noted
that corneal innervations reduced notably and it
has been asserted that this reduction caused a delay
in healing of corneal wounds.? No aging-related al-
terations have been detected in a study conducted
on a small sample of normal corneal epithelium ta-
ken from elder individuals.?® Similarly in the cur-
rent study, ageing-related degenerations in the
corneal epithelial layer of older female rats have
not been found to be significant. On the contrary,
Alvarado et al. have detected some specific aging-
related alterations on their studies conducted on
basement membrane of normal corneal epithelial
layer taken from specimens with varying ages.”
These changes manifest themselves as a progres-
sive thickening either accompanied or not accom-
panied by reduplication on the basal membrane.
This thickening has been assessed in relation with
the adhesive changes in the corneal epithelium.
Similarly in this study, degenerations observed in
corneal epithelial layers of older male rats have be-
en found to be more significant than those in older
female rats. Of these changes, especially deep in-
vaginations that were accompanied by basal mem-
brane have been detected on the basal surface of
the cells located at the basal layer of corneal epit-
helium. Moreover, nuclei of many epithelial cells
have degenerative alterations such as karyolysis.

Gender-related differences are believed to play
a role in the etiology of some diseases and changes
in tissue structure.?®? For example, coronary artery
disease and osteoporosis are reported to be gender-
related. The risk of sudden death owing to acute
myocardial infarction before hospital admission is
higher in men.?* Conversely, women are more sus-
ceptible to osteoporosis than men.” Although the
causes of these gender- related differences are not
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well understood, differences in sex hormones in
men and women have been suggested.*® Further-
more, corneal thickness has been found to incre-
ase with higher levels of estrogen in women; it de-
creases at the end of menses and increase again at
ovulation.?! Physiological research has shown that
the interfibrillar spacing of corneal collagen decre-
ases with age, whereas the collagen bundles be-
come thicker.?? These structural changes may alter
the rigidity and elasticity of the cornea, then corne-
al irregularity increases with age. Aging-related
changes in the slope of cornea make one theoreti-
cally think that some intrinsic factors just as chan-
ge in ocular axial length have influence on cornea
and that the possible effect can be the lack of sex
hormones.** Sex hormone (predominantly andro-
gen, estrogen and progesterone) receptor mRNAs

have been identified in rat, rabbit and human cor-
nea.** Aging decreases either the sex hormone level
or functional hormone receptors in the cornea.®
The decrease in sex hormone levels may have a
great influence on the change in corneal curvature
in men than in women.*

As a conclusion, in our study we have reached
the following opinions: The reason for the similar
degenerations observed in corneal endothelium in
both sexes is that corneal endothelium has a lim-
ited regeneration capability. Considering the fact
that both sexes lived under the same laboratory
conditions, hormonal effect should play its role on
females and eventually can be the answer of why
degeneration of epithelial layer has been found to
be more significant in males than in females.
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