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Age Related Ultrastructural Changes in
Corneal Structure with Respect to Gender

AABBSS  TTRRAACCTT OObb  jjeecc  ttii  vvee::  It is well known that gen der plays an im por tant ro le in sen si ti vity to va ri -
o us drugs, in the eti o logy and on set of cer ta in di se a ses and it is one of the ma in ca u ses le a ding to
struc tu ral chan ges in various tis su es. The de ge ne ra ti ve ef fects of ag ing on so me or gans may vary in
both se xes as well. Cor ne a is sus cep tib le to the de ge ne ra ti ve ef fects of ag ing le a ding to im pa ir ment
of vi si on. The aim of the pre sent study is to de ter mi ne the ef fects of ag ing on the struc tu re of en -
dot he li al and epit he li al la yers of cor ne a com pa ra ti vely in both se xes. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: In the
pre sent study, 14 ma le and 14 fe ma le Spra gu e-Daw ley rats  ha ve be en used. The con trol gro up was
com po sed of 10-we ek-old ma le (n= 4) and fe ma le (n= 4) rats, and the ol der gro up was com po sed of
19-month-old ma le (n= 10) and fe ma le (n= 10) rats. Cor ne a samp les we re pro ces sed using the ro u -
ti ne tech ni qu e for trans mis si on elec tron mic ros co pi cal exa mi na ti on. RRee  ssuullttss:: In the con trol gro up
it was ob ser ved that the epit he li al and en dot he li al la yers of the cor ne a had a nor mal struc tu re in
both se xes. On the ot her hand, sig ni fi cant de ge ne ra ti ve chan ges in the epit he li al la yer we re de tec -
ted in the ol der ma le gro up when com pa red to ol der fe ma le rats (p< 0.05). Dis tinct de ge ne ra ti ve
chan ges we re al so ob ser ved in the en dot he li al la yer in both se xes, ho we ver the re was no sta tis ti -
cally sig ni fi cant dif fe ren ce bet we en the se xes. CCoonncc  lluu  ssii  oonn:: In the pre sent study it has be en shown
that aging ca u ses chan ges in epit he li al and en dot he li al la yers of the cor ne a in both se xes, ho we ver
the det ri men tal chan ges in the cor ne al epit he li um is mo re sig ni fi cant in ol der ma les. 

KKeeyy  WWoorrddss:: Cornea; aging 

ÖÖZZEETT  AAmmaaçç::  Cinsiyet farklılığının bazı hastalıkların etiyolojisinde, ilaç duyarlığında, özellikle de
çeşitli dokularda yapısal değişikliklerin ortaya çıkmasında rol oynadığı bilinmektedir. Yaşlanmanın
bazı organlarda oluşturduğu olumsuz etkilerin cinsiyetler arasında değişkenlik gösterdiği bilinir.
Kornea, yaşlanma sonucu görmeyi etkileyecek düzeyde dejeneratif değişikliklerin gelişmesine aday
bir organdır. Bu çalışmada yaşlanmanın kornea epitel ve endotel katmanlarında neden olduğu de-
jeneratif değişikliklerin, erkek ve dişi cinste karşılaştırmalı olarak belirlenmesi amaçlanmıştır. GGeerreeçç
vvee  YYöönntteemmlleerr:: Çalışmamızda 14 erkek 14 dişi olmak üzere, toplam 28 Sprague-Dawley sıçan kul-
lanılmıştır. Genç grup 10 haftalık erkek (n= 4) ve dişi (n= 4) sıçanlardan; yaşlı grup ise 19 aylık
erkek (n=10) ve dişi (n=10) sıçanlardan oluşturuldu. Alınan kornea örnekleri rutin elektron
mikroskop takibinden geçirildikten sonra transmisyon elektron mikroskopta incelenerek  kornea
epitel katmanındaki değişiklik ile endotel katmanındaki vakuolizasyon, mitokondriyel dejenerasyon
ve intersellular aralıklardaki değişiklikler değerlendirildi. BBuullgguullaarr:: Kontrol grubunda hem erkek
hem dişi cinste kornea epitel ve endotel katmanı normal yapıda gözlendi. Buna karşın yaşlı grupta
korneanın epitel katmanında oluşan dejeneratif değişiklikler erkek yaşlı grupta dişi yaşlı grupla
karşılaştırıldığında istatistiksel olarak anlamlı bulundu (p< 0.05). Endotel katmanında her iki 
cinste de benzer dejeneratif değişiklikler belirlendi. Ancak istatistiksel olarak birbirine göre an-
lamlı bulunmadı. SSoonnuuçç:: Sonuç olarak bu çalışma yaşlanmanın her iki cinste de korneanın endotel
ve epitel katmanlarında değişikliklere neden olduğunu ancak erkek cinste, dişi cinse göre korneanın
epitel katının yaşlılıktan daha olumsuz yönde etkilendiğini göstermiştir.
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e ve ral mec ha nisms have been asserted in an
ef fort to exp la in the ag ing pro cess of cells. Se -
ve ral stu di es we re do ne on dif fe rent tis su es in

re la ti on to this to pic. Cor ne al en dot he li um was eva -
lu a ted in most of the cel lu lar ag ing stu di es that we -
re per for med on the cor ne a. Cor ne al en dot he li um is
si tu a ted on the in ner si de of the cor ne a and it is ma -
de up of one la ye red he xa go nal cells.1 Light mic ros -
co pic stu di es show that cor ne al en dot he li um cell
vo lu me in cre a ses and cell den sity dec re a ses in pa ral-
lel to ag ing.2 Rosz kows ka et al. ha ve eva lu a ted the
morp ho lo gi cal al te ra ti ons con nec ted with ag ing in
the cor ne al en dot he li um and emp ha si zed that the
de ge ne ra ti on in pe rip he ral re gi ons is mo re cons pi -
cu o us than that in the cen tral re gi on.3 Si mi larly, an
age ing de pen dant dec re a se in ke ra tocy te den sity has
al so been ob ser ved.3 Ni e de rer et al.ha ve emp ha si zed
that the age ing de pen dant dec re a se in ke ra tocy te
den sity is mo re cons pi cu o us in the an te ri or part of
the stro ma than it is in the pos te ri or part.2 It has be -
en re por ted that the li ne ar loss of cor ne al ke ra tocy -
tes as a func ti on of age is pa ral lel to the dec re a se in
den sity of en dot he li al cells.2,4 On the other hand, as
elec tron mic ros co pi cal stu di es con duc ted on samp -
les, it has be en emp ha si zed that the num ber of mi-
toc hon dria in the front-stro ma-ke ra tocy tes is
ro ughly twi ce as the num ber of mi toc hon dri a in the
cen tral-stro ma or back-stro ma- ke ra tocy tes.5 How-
ever, any age re la ted al te ra ti on in the struc tu re and
den sity of epit he li um cells has not be en ob ser ved.2

Jun et al. exa mi ned the ef fects of ag ing on the des -
ce ment mem bra ne ha d emp ha si zed that they ob ser -
ved a gra du al thic ke ning of the back part of the
des ce ment mem bra ne whe re as the re was no morp -
ho lo gic al te ra ti on or thic ke ning in the front part.6

Se ve ral morp ho met ric analy ses and cli ni cal stu di es
re la ted to the ag ing-de pen dant al te ra ti ons in the
cor ne a con duc ted vi a con fo cal and spe cu lar mic -
ros co pe sup port the afore men ti o ned fin dings.24, Ho -
we ver, elec tron mic ros co pic stu di es ha ve usu ally
be en li mi ted to scan ning elec tron mic ros co pe.1 The -
re fo re in this study it will be de ter mi ned at the ul-
tras truc tu ral le vel whet her the de ge ne ra ti ons
ob ser ved at the en dot he lial and es pe ci ally epit he li -
al la yer of the pe rip he ral cor ne a dif fer among se xes
and which one is af fec ted mo re se ve rely du e to ag -
ing.

MA TE RI AL AND MET HODS
In the study, a to tal of 28 Spra gu e-Daw ley rats (14
ma les and 14 fe ma les) we re ob ta i ned and ho u sed in
Bas kent Uni ver sity, Me di cal and Sur gi cal Ex pe ri -
men tal Re se arch Cen ter (tem pe ra tu re 20 ± 2 °C, hu-
mi dity 50 ± 10% and 12h light- 12h dark cycle). Rats
we re supp li ed with stan dard la bo ra tory di et and tap
wa ter ad li bi tum. All ex pe ri men tal pro ce du res in vol -
ving ani mals we re ap pro ved by the Ethi cal Ani mal
Com mit te e of Bas kent Uni ver sity, Fa culty of Me di -
ci ne, Bas kent Tur key (2008/AP-623; 07.07.2008).
Twenty eight rats we re ran domly as sig ned to thre e
gro ups: (1) Con trol gro up, ten-we ek old ma les (n=4)
and ten-we ek-old fe ma les (n=4), (2) Ni ne te en-
month-old ma le gro up (n=10), (3) Ni ne te en-month-
old fe ma le gro up (n=10).All ani mals in the study
we re an est he ti zed using 60 mg/kg ke ta mi ne hy-
droch lo ride and 10 mg/kg xyla zi ne hydroch lo ri de.
Fol lo wing this pro cess, they we re sac ri fi ed. As no
sig ni fi cant dif fe ren ce was no ted bet we en right and
left eyes in the pre vi o us stu di es, right eyes of all an-
i mals we re u sed in this study.3 Who le glo bes we re
enuc le a ted im me di a tely and pla ced in 0.1 M phosp -
ha te-buf fe red con ta i ning 2.5% glu te ral dehy de, for
24 ho urs. Af ter in cu ba ti on, cor ne as we re ex ci sed
out si de the lim bus, im me di a tely post fi xed in 1% os-
mi um tet ra o xi de (OsO4), for 1h 0.1 M phosp ha te-
buf fe red and dehy dra ted in a se ri es of gra ded al co hol
(25-100%). Af ter pas sing thro ugh propy le ne oxi de,
spe ci mens we re em bed ded in arald yte CY 212,
DDSA (2-do de cenyl suc ci nic anhy dri de), BDMA
(benzy ldi methyl ami ne) and di butyl pyta la te. Se mi-
t hin sec ti ons (1µm) thro ugh the pe rip he ral cor ne a
we re sta i ned with to lu i din blu e and exa mi ned under
a light mic ros co pe. Ul tra-thin sec ti ons of pe rip he ral
cor ne a we re sta i ned with uranyl ace ta te and le ad cit-
ra te and exa mi ned with LE O 906E trans mis si on elec-
tron mic ros co pe (TEM). For each ani mal, a
mi ni mum of fo ur TEM ima ges we re ob ta i ned from
fo ur dif fe rent sec ti ons ob ta i ned from the sa me block.

Exis ten ce or ab sen ce of the chan ges in the ep-
it he li al la yer of cor ne a, vacu o li sa ti on in the en do te -
li al cells, and di la ta ti on in in te ren do te li al gaps we re
eva lu a ted. SPSS 12.5 was used for sta tis ti cal analy-
ses. Sta tis ti cal com pa ri son was per for med using Fis -
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her’s exact test, sin ce ex pec ted fre qu en ci es we re low,
a P va lu e <0.05 was con si de red sig nifi cant.

RE SULTS
In this study, ag ing-re la ted chan ges that emer ge in
the epit he li um and en dot he li al la yers of pe rip heral
cor ne a we re exa mi ned at the ul tras truc tu ral le vel
and the results were compared for gender and age.
In the yo un ger gro up stra ti fi ed squ a mo us epit he -
lium and en dot he li al la yers of the pe rip he ral cor -
ne a we re nor mal in both ma le and fe ma le samp les
(Fi gu re 1, 2). Only few rats in the ol der fe ma le gro -
up had de ge ne ra ti ve chan ges in the epit he li al
layer. The se al te ra ti ons we re as fol lows: Va cu o li -
za ti on in cytop lasms of epit he li al cells nuc le us de-
ge ne ra ti on in so me epit he li al cells, and di la ti on of
cel lu lar bor ders in epit he li al cells (Fi gu re 3, 4). Ho -
we ver, sta tis ti cal analy sis showed that the se al te -
ra ti ons we re not sig ni fi cant when com pa red to the
yo ung con trol fe ma le gro up (p> 0.05). Epit he li al
la yer was fo und to be de ge ne ra ted in al most every
mem ber of the ol der ma le gro up. Sta tis ti cal analy-
sis indicated that the se de ge ne ra ti ve chan ges sho -
wed sig ni fi cant dif fe ren ce when com pa red to
tho se of the ol der fe ma le gro up (Tab le 1) (p=
0.035). Of the se chan ges, es pe ci ally de ep in va gi -
na ti ons ac com pa ni ed by ba sal mem bra ne on the

ba sal sur fa ce of the cells lo ca ted at the ba sal la yer
of cor ne al epit helium we re very in te res ting (Fi gu -
re 5, 6). Mo re o ver, nuc le i of many epit he li al cells
had de ge ne ra ti ve al te ra ti ons such as kar yoly sis. Al-
t ho ugh it was ob ser ved less fre qu ently, the in ter -
cel lu lar gap bet we en the sur fa ce cells of
epit he li um la yer had al so be en di la ted. Alt ho ugh
the epit he lial la yer was fo und nor mal in many ol -
der fe ma le rats, the en dot he li al la yer of the cor ne -
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FIGURE 1: Control (young) group, stratified squamous epithelium of cornea
with a normal structure (X 1670).

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).



a was vastly de ge ne ra ted in al most every mem ber
of this gro up. The com mon struc tu ral chan ges ob-
ser ved in en dot he li al cells we re va cu o li za ti on (Fi -
gu re 7), mi toc hon dri al de ge ne ra ti on (Fi gu re 8) and
di la ti on of in tercel lu lar gaps (Fi gu re 9). Si mi lar to
older fe ma le gro up, the mostly af fec ted la yer was
the en dot he lial cell la yer in the ol der ma le gro up.
When com pa red to the yo un ger gro up, cor ne al en-
dot he li al la yer was ex tre mely thin ner and ir re gu -
larly alig ned in the ol der gro up, du e to the
de for ma ti on of cell struc tu re (Fi gu re 10). The en-
dot he lial cells of al most all of the rats in the ol der
ma le gro up had si mi lar al te ra ti ons with tho se ob-
ser ved in the ol der fe ma le gro up: va cu o li za ti on,
mi toc hon dri al de ge ne ra ti on and subs tan ti al wi de -
ning of in ter cel lu lar gaps (Fi gu re 11).  

In both se xes, de ge ne ra ti ve chan ges in the en-
dot he li al la yer we re gro u ped as va cu o li za ti on, mi-
toc hon dri al de ge ne ra ti on and di la ta ti on of
in ter cel lu lar gap. No sta tis ti cally sig ni fi cant dif fe -
ren ce was ob ser ved bet we en the two se xes with re-
gard to the de ge ne ra ti ve chan ges in en dot he li al
la yer du e to age (p> 0.05) (Tab le 2).

DIS CUS SI ON
It is known that par ti cu larly cells with li mi ted pro-
li fe ra ti on ca pa city can not ma in ta in the ir nor mal
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Epithelial degenerative changes
Present Absent-

Female 2 8

Male 7 3

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

P=0.035.

FIGURE 4: Expansion of epithelial cell borders (asteriks)- older female group
(X 3597).

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).

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).



and he althy forms for a long pe ri od of ti me.7 Cor -
ne al en dot he li al cells ha ve a li mi ted re ge ne ra ti ve
ca pa city and low rep li ca ti on ra tes. In the stu di es
con duc ted on  man and ot her mam mals it was ob-
ser ved that the ra te of en dot he li al cell division oc-
cur ren ces fol lo wing tra u ma or di se a se is low. 8-10

Be si des, ex po su re to light has a cru ci al ro le on
the va ri a ti on and pro li fe ra ti on of en dot he li al cells.6

Cor ne al en dot he li al se pa ra tes the aqu e o us hu mor

that is si tu a ted at the an te ri or seg ment from the hy-
drop hi lic cor ne al stro ma and it sec re tes the Des ce -
met’s mem bra ne which li es bet we en the stro mal
and en dot he li al la yers of cor ne a. Cor ne al en dot he -
li um is res pon sib le for the con trol of cor ne al 
hydra ti on, and the reby ma in te nan ce of the trans-
pa rency of cor ne a 9,11,12 Along with all its known
func ti ons, it is the la yer with hig hest amo unt of ag -
ing re la ted de ge ne ra ti ve chan ges be ca u se of its low
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FIGURE 7: Vacuolization (asteriks) in endothelial cells-older female group
(X 10 000).

FIGURE 8: Mitochondrial degeneration (m) and vacuolization (arrow) in en-
dothelial cells-older female group (X 6000).

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).



pro li fe ra ti on ca pa bi lity. The mec ha nism be hind
the ag ing-re la ted en dot he li al cell loss has not be en
exp li citly exp la i ned. Ho we ver, it co uld be af fec ted
from hor mo nal chan ges, UV ir ri ta ti on, or from en-
vi ron men tal chan ges such as che mi cal to xi city.
Deg ra da ti on of the enz ymes pre sent es pe ci ally in
the an te ri or seg ments which me ta bo li ze hydro gen
pe ro xi de and ot her fre e ra di cals ca u se in jury on the
en dot he li al la yer.13 Just as an or ga nism re ge ne ra tes
its cells, an ag ing cell al so re news its mo le cu lar
struc tu re and gets rid of its un ne ces sary or ga nel les.
De ge ne ra ti on of the se mac ro mo le cu les and the ac-
cu mu la ti on of them in cells start the cel lu lar ag ing
pro cess and kills the cell gra du ally.14 So ma tic mu-
ta ti ons ac cu mu la te in the ag ing cell and ca u se the
pro duc ti on of lots of de fec ti ve pro te ins. As a re sult
of this pro cess, the den sity of de fec ti ve lytic enz -
ymes in cre a ses, and cel lu lar au top ha gy ca pa bi lity
dec re a ses. Con se qu ently, was te subs tan ces ac cu -
mu la te in the ag ing cell’s cytop lasm, and in ti me,
the ra ti o of the se subs tan ces to the func ti o nally ac-

ti ve struc tu res in cre a ses. The re fo re, the el der cells
ha ve lar ger vo lu mes when com pa red to the yo ung
cells. From the ul tras truc tu ral point of view as pect,
de ge ne ra ti ons ob ser ved in mi toc hon dri a and lyso-
so mes are the most cons pi cu o us chan ges among the
al te ra ti ons that oc cur in ag ing cells. Mi toc hon dri -
al swel ling, di sap pe a ran ce and de ge ne ra ti on of cris -
ta e (cris taly sis) and ex ces si ve growth in so me
mi toc hon dri a can be ob ser ved. 15,16 It was al so ob-
ser ved in this study that the en dot he li al mi toc hon -
dri a of both se xes in the con trol gro up se e med
nor mal, on the ot her hand, in the ol der ma le and
fe ma le gro up, the mostly af fec ted or ga nel le of en-
dot he li al cells we re mi toc hon dri a. The most fre qu -
ent mi toc hon dri al de ge ne ra ti on in both se xes was
the di sap pe a ran ce of the cris ta e.

Light mic ros co pic stu di es emp ha si ze that the
vo lu mes of cor ne al en dot he lial cells in cre a se whe re -
as their cel lu lar den sity dec re a se with ag ing.2 A
study con duc ted on cats, dogs, rats, hor ses and 
hu mans al so sup por ted this ar gu ment, and  as ser ted
that the den sity of cor ne al en dot he li al cells dec re a -
se with ag ing. It has be en re por ted that the de-
c rea se in the den sity of en dot he li al cells ap pe ars first
with tran si ti on from child ho od to adult ho od, as cor -
ne al di a me ter in cre a ses in this pe ri od and that the
den sity con ti nu es to dec re a se for the li feti me.1,17-20 

Age-re la ted dec re a se in the num ber of en dot -
he li al cells and chan ges in cell si ze and sha pe re-
sults in im pa i red en dot he li al func ti ons. Be si des,
decreased func ti ons du e to ag ing-re la ted dec re a se
in the high energy me ta bo lism dec re a ses in the
num ber of en dot he li al cells, and the va ri a ti ons in
cel lu lar sha pe and si ze af fect en dot he li al func ti -
ons.21 Similarly in our study it has be en ob ser ved
that the chan ge in si ze and sha pe of en dot he li al
cells in both ol der ma le and fe ma le gro ups ma ni -
fes ted it self as thin ning thus ir re gu lar align ment of
and the en dot he li um. Thic ke ning of the Des ce -
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FIGURE 11: Mitochondrial degeneration (m) and dilation (d) of intercellular
gaps-older male group (X 10000).

Endothelial Degenerative Changes Dilation of Inter endothelial Cell Gaps Vacuolization Mitochondrial Degeneration
Present Absent- Present Absent- Present Absent-

Female 9 1 8 2 9 1

Male 8 2 4 6 6 4

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

P=0.500,       p= 0.085,   P=0.152



met’s mem bra ne ac com pa ni es the dec re a se in the
num ber of en dot he li al cells by ad van cing age.6

Age-re la ted Des ce met’s mem bra ne stu di es con duc -
ted on two rat spe ci es (ddY and C3H) ha ve shown
that two-ye ar-old rats sho wed signs of fo cal thic k-
e ning ins te ad of the uni form thic ke ning ob ser ved
in old pe op le.22 Morp ho lo gi cal stu di es ha ve shown
that the den sity of hu man cor ne al en dot he li al cell
is hig her in the pe rip he ral part of the cor ne a than
it is in the cen tral part.23 Den sity of cor ne al en dot -
he li al cells in the pe rip he ral and cen tral re gi on of
yo ung and el der do nors for the post-wo un ding pe-
ri od has be en analy zed. Alt ho ugh the re was no dif-
fe ren ce bet we en the pe rip he ral and cen tral re gi ons
of the yo ung do nors, mar kedly hig her cel lu lar den-
sity has be en re por ted in el der in the pe rip he ral re-
gi on do nors when com pa red to the cen tral re gi ons.
The se fin dings ref lect eit her that dec re a sed num-
bers of en dot he li al cells at the cen tral re gi on of the
cor ne a ha ve the ca pa city of mig ra ting to the wo -
un ded re gi on or that the res pon se spe ed to the in-
ci den ce of wo un ding is mar kedly low.24 Cor ne al
en dot he li al cell den sity has be en stu di ed by spe cu -
lar mic ros co pe in dif fe rent age gro ups and adults
with dif fe rent se xes. Although no dif fe ren ce has
be en no ted in cel lu lar den sity with res pect to sex,
it has be en shown that for all in di vi du als, the en-
dot he li al cell den sity is hig her in the cen tral part
of cor ne a than it is in the pe rip he ral com part ments
of the sa me samp les. It has be en no ted that en dot -
he li al cell den sity in cre a ses with ag ing. Whi le the
dec re a se in the den sity of en dot he li al cells for the
yo ung and midd le aged in di vi du als (20-44 ye ars)
has be en ho mo ge no us in the pe rip he ral and cen-
tral parts, for the el der in di vi du als (es pe ci ally for
the ones over 70 ye ars of age) the dec re a se has
shown a sig ni fi cant dif fe ren ce bet we en the cen tral
and pe rip he ral parts and that the loss of cells in the
pe rip he ral parts has be en mo re cons pi cu o us than it
has be en in the cen tral part.3

Sin ce ag ing af fects the pe rip he ral part of the
cor ne a mo re se ve rely than the cen tral part, the pe-
rip he ral part of the cor ne a has be en used in our
study. Alt ho ugh cells with li mi ted pro li fe ra ti ve ca-
pa bi lity, such as cor ne al en dot he li um, fre qu ently
show signs of ag ing-re la ted de ge ne ra ti on, cells that
di vi de fre qu ently and re la ti vely short li ving da ugh-

ter cells that co me in to exis ten ce con se qu ently de-
ge ne ra te much less. In such kind of cells, no ap pa -
rent de ge ne ra ti on is ob ser ved even at the end of
the ir li fespan.25

Cor ne al epit he li um has a stra ti fi ed squ a mo us
struc tu re and re ge ne ra ti on ti me is rat her short. Be-
ca u se of this fe a tu re, the num ber of ag ing-re la ted
de ge ne ra ti ons is re la ti vely low. Although no sig ni -
fi cant ag ing-re la ted chan ge in epit he li al cell den-
sity has be en de tec ted in a study, it has be en no ted
that cor ne al in ner va ti ons re du ced no tably and it
has be en as ser ted that this re duc ti on ca u sed a de lay
in he a ling of cor ne al wo unds.2 No ag ing-re la ted al-
te ra ti ons ha ve be en de tec ted in a study con duc ted
on a small samp le of nor mal cor ne al epit he li um ta -
ken from el der in di vi du als.26 Similarly in the cur-
rent study, age ing-re la ted de ge ne ra ti ons in the
cor ne al epit he li al la yer of ol der fe ma le rats ha ve
not be en fo und to be sig ni fi cant. On the con trary,
Al va ra do et al. ha ve de tec ted so me spe ci fic ag ing-
re la ted al te ra ti ons on the ir stu di es con duc ted on
ba se ment mem bra ne of nor mal cor ne al epit he li al
la yer ta ken from spe ci mens with var ying ages.27

The se chan ges ma ni fest them sel ves as a prog res -
si ve thic ke ning eit her ac com pa ni ed or not ac com -
pa ni ed by re dup li ca ti on on the ba sal mem bra ne.
This thic ke ning has be en as ses sed in re la ti on with
the ad he si ve chan ges in the cor ne al epit he li um.
Similarly in this study, de ge ne ra ti ons ob ser ved in
cor ne al epit he lial la yers of ol der ma le rats ha ve be -
en fo und to be mo re sig ni fi cant than tho se in ol der
fe ma le ra ts. Of the se chan ges, es pe ci ally de ep in-
va gi na ti ons that we re ac com pa ni ed by ba sal mem-
bra ne ha ve be en de tec ted on the ba sal sur fa ce of
the cells lo ca ted at the ba sal la yer of cor ne al epit -
he li um. Mo re o ver, nuc le i of many epit he li al cells
ha ve de ge ne ra ti ve al te ra ti ons such as kar yoly sis.

Gen der-re la ted dif fe ren ces are be li e ved to play
a ro le in the eti o logy of so me di se a ses and chan ges
in tis su e struc tu re.28,29 For examp le, co ro nary ar tery
di se a se and os te o po ro sis are re por ted to be gen der-
re la ted. The risk of sud den de ath owing to acu te
myo car di al in farc ti on be fo re hos pi tal ad mis si on is
hig her in men.24 Con ver sely, wo men are mo re sus-
cep tib le to os te o po ro sis than men.25 Alt ho ugh the
ca u ses of the se gen der- re la ted dif fe ren ces are not
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well un ders to od, dif fe ren ces in sex hor mo nes in
men and wo men ha ve be en sug ges ted.30 Furt her -
mo re, cor ne al thick ness has be en fo und to in cre -
a se with hig her le vels of es tro gen in wo men; it de-
c re a ses at the end of men ses and in cre a se aga in at
ovu la ti on.31 Physi o lo gi cal re se arch has shown that
the in ter fib ril lar spa cing of cor ne al col la gen dec re -
a ses with age, whe re as the col la gen bund les be-
co me thic ker.32 The se struc tu ral chan ges may al ter
the ri gi dity and elas ti city of the cor ne a, then cor ne -
al ir re gu la rity in cre a ses with age. Ag ing-re la ted
chan ges in the slo pe of cor ne a ma ke one the o re ti -
cally think that so me in trin sic fac tors just as chan -
ge in ocu lar axi al length ha ve inf lu en ce on cor ne a
and that the pos sib le ef fect can be the lack of sex
hor mo nes.33 Sex hor mo ne (pre do mi nantly an dro -
gen, es tro gen and pro ges te ro ne) re cep tor mRNAs

ha ve be en iden ti fi ed in rat, rab bit and hu man cor -
ne a.34 Aging dec re a ses eit her the sex hor mo ne le vel
or func ti o nal hor mo ne re cep tors in the cor ne a.35

The dec re a se in sex hor mo ne le vels may ha ve a
great inf lu en ce on the chan ge in cor ne al cur va tu re
in men than in wo men.36

As a conc lu si on, in our study we ha ve re ac hed
the fol lo wing opi ni ons: The re a son for the si mi lar
de ge ne ra ti ons ob ser ved in cor ne al en dot he li um in
both se xes is that cor ne al en dot he li um has a li m-
i ted re ge ne ra ti on ca pa bi lity. Con si de ring the fact
that both se xes li ved un der the sa me la bo ra tory
con di ti ons, hor mo nal ef fect sho uld play its ro le on
fe ma les and even tu ally can be the ans wer of why
de ge ne ra ti on of epit he li al la yer has be en fo und to
be mo re sig ni fi cant in ma les than in fe ma les.
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