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Abstract 
Purpose: to examine the lens epithelial cells in diabetic patients with pseudoexfoliation to 
ultramicroscope and to compare the findings with those of patients without diabetes mellitus (DM) 
and/or without pseudoexfoliation (PEX). 
Materials and Methods: Forty patients aged 65-86 years were enrolled in the study. All patients 
had senile cataract and were divided into four groups of ten patients in each group. Group I: 
patients without pseudoexfoliation, without DM, Group II: without pseudoexfoliation, with DM, 
Group III: with pseudoexfoliation, without DM, Group IV (Pseudoexfoliation-Diabetic Group): with 
pseudoexfoliation, with DM. In all cases, part of the central portion of anterior lens capsule was 
removed during routine cataract surgery, and was properly prepared in order to be examined 
under a transmission electron microscope. 
Results: In the control group, mainly degenerative alterations to varying extents were observed. In 
all groups, intracellular and extracellular oedema, multilayering, apoptosis, completely destroyed 
cells adjacent to normal cellswere described. In the diabetic group, alterations were more severe 
with respect to group I. In PEX cases, the additionalirregularity of the epithelium surface, loose 
intercellular connection, as well as the loose connection between cells and basement membrane 
were described with the presence of PEX material free and within the basement membrane. In 
cases with PEX and DM, degenerative alterations and PEX material were observed as well, but the 
epithelium was better conserved compared to the PEX group. 
Conclusion: the observed lesions were more extended and more frequent in the pseudoexfoliation 
group, followed by the diabetic group. The pseudoexfoliation-diabetic group presented less intense 
modifications raising questions about the interaction of these different diseases. 
Keywords: pseudoexfoliation syndrome, senile cataract, diabetes mellitus, lens epithelium cells, 
electron microscopy 
Abbreviations: DM = Diabetes Mellitus, PEX = Pseudoexfoliation, PXM = Pseudoexfoliative 
Material, AD = Alzheimer disease, TGF-β1 = Transforming Growth Factor beta 1, WHO = World 
Health Organization, LEC = Lens Epithelium Cells, BM = Basement Membrane, CM = Cytoplasmic 
Membrane 

 
 

Introduction 

Pseudoexfoliation syndrome (PEX) is an age-
related systemic microfibrillopathy characterized by 
the progressive deposition of whitish-gray 
extracellular material, the pseudoexfoliative material 
(PXM), in various intraocular and extraocular tissues. 
Indeed, PXMcan also be found in many different 

organs such as the heart, liver, kidneys, lungs, 
cerebral meninges, vessel walls and skin and, 
according to many studies, it could be associated with 
numerous systemic abnormalities including transient 
ischemic attacks, hypertension, angina, myocardial 
infarction, cerebrovascular and cardiovascular 
disease, aortic aneurysm, renal artery stenosis, 
Alzheimer disease (AD) and hearing loss [1-2]. 
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PEX is commonly observed in people older than 
50 years of age. In fact, different epidemiological 
studies concluded that, in all populations, occurrence 
is negligible in the middle-aged population (49–54 
years), and the prevalence of the disease increases 
markedly with age [3,4]. Although it has been 
reported in all population types and races, there is a 
significant variation of incidence and prevalence of 
PEX in different countries and regions. PEX 
principally affects northern Europeans and especially 
Scandinavians [3,4]. Even though the exact etiology of 
PEX still remains unclear, it is well known that 
multiple factors, including genetic, geographic, and 
environmental factors are implicated in its 
pathogenesis, explaining the different prevalence of 
the disease worldwide [4]. 

The PEX-fibrotic matrix process is a stress-
induced elastosis [5]. Indeed, according to several 
studies, cellular stress conditions (oxidative, 
ischemia/hypoxia) play a crucial role in the 
pathobiology of PEX [6,7]. PEX-fibrosis is 
characterized by an excessive production and 
abnormal cross-linking of elastic microfibrils into 
fibrillar PEX aggregates. This fibrotic process could be 
triggered by many different conditions such as 
increased expression and activity of transforming 
growth factor beta 1 (TGF-β1) [8], imbalance between 
matrix metalloproteinases and their tissue inhibitors 
[9,10], increased oxidative stress [11,12], anterior 
chamber hypoxia [13], low-grade inflammatory 
processes [2,5]. Furthermore, recent genetic studies 
identified LOXL1 variants highly correlated to PEX as 
they are present in almost 100% of PEX patients 
worldwide. LOXL1 is a cross-linking enzyme 
important for elastic fiber formation and stabilization 
in the extracellular matrix. Thus, LOXL1 risk variants 
are considered the most important risk factor for 
manifestation of the PEX phenotype [5]. The site of 
production of this material is unclear, but PXMcan 
potentially originate from the iris, lens epithelium, 
ciliary body, or the trabecular meshwork [14,15].  

On the other hand, Diabetes Mellitus (DM) is a 
very common pathology among aged people. 
According to World Health Organization (WHO), the 
prevalence of DM is high and rising in every country 
[16]. DM is a complex metabolic disease 
characterized by chronic hyperglycemia, resulting 
from defects in insulin secretion, insulin action, or 
both, and involves a wide range of genetic and 
environmental factors [17]. It is well known that the 
influence of this metabolic disorder on the ocular 
structures can lead to several conditions such as 
diabetic retinopathy, diabetic papillopathy, glaucoma, 
cataract, and ocular surface diseases. Diabetic ocular 
complications represent one of the major causes of 
blindness even though early detection and timely 
treatment may ameliorate visual prognosis [18]. 

More specifically, cataract is one of the major causes 
of visual impairment in diabetic patients [19] and 
cataract formation in diabetics seems to be related to 
the levels and duration of hyperglycemia. In addition, 
DM seems to precipitate senile lens opacity [20]. 
Indeed, diabetic patients develop cataract at an 
earlier age and 2-5 times more frequently compared 
to the general population [21,22]. Although the exact 
pathogenesis is not fully understood, there are 
several different mechanisms that contribute to 
diabetic-cataract formation [18], including increased 
osmotic stress caused by activation of the polyol 
pathway [23], non-enzymatic glycation of lens 
proteins [24,25] and increased oxidative stress 
[26,27].  

Regarding the lens epithelium, Struck et al. 
(1997) found that there is a significantly lower mean 
cell density in type-II diabetics [28] and Kim et al. 
concluded that the apoptosis in lens epithelium cells 
(LEC) is increased in cataract patients with DM [29]. 
In vivo and in vitro experiments triggered the 
induction of apoptosis and the attenuated cell growth, 
resulting in decreased lens epithelial cell density in 
diabetic patients [30-32]. 

The aim of this paper was to study and confront 
the changes of the anterior capsular bag and the LEC 
in cataract patients with pseudoexfoliation and 
diabetes mellitus and to investigate if there is an 
interaction of these conditions on this tissue. 

Material and methods 

Forty patients were enrolled in this study. All 
patients were adults aged between 65 and 86 years 
and they were all programmed for routine cataract 
surgery. Patients with non-senile cataract and 
patients with type I diabetes were excluded from this 
study. Only patients with type 2 diabetics with 
disease duration of over ten years were included in 
this study. 

Before the operation, the nature of the study was 
thoroughly explained and patients signed informed 
consent forms. The Ethical Committee of the Aristotle 
University of Thessaloniki approved the study. 

All patients had senile cataract and were divided 
into four groups. Each group consisted of 10 patients: 

Group I – Control Group: without 
pseudoexfoliation, without Diabetes Mellitus; 

Group II: without pseudoexfoliation, with 
Diabetes Mellitus; 

Group III: with pseudoexfoliation, without 
Diabetes Mellitus; 

Group IV: with pseudoexfoliation, with Diabetes 
Mellitus. 

In all cases, samples of anterior capsular bag were 
collected intraoperatively during uneventful cataract 
surgery. During the routine cataract surgery, more 
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specific during capsulorhexis, part of the central 
portion of anterior lens capsule was removed in order 
to gain access and remove the crystal lens. For this 
study, this material was collected in order to be 
examined ultramicroscopically. 

All types of samples were processed along 
identical protocols. 

For this study, the tissues were immediately 
placed in fixative (3% glutaraldehyde) solution for 2 
hours. Then, the tissues were postfixed in 1% osmium 
tetroxide for 1 hour and after they were washed in 
distilled water, they stained en bloc with 2% aqueous 
uranyl acetate for 16-20 h at 4°C in dark. After 
dehydration of the tissues through an increasing 
density of alcohols, they were embedded in Epon 
(epoxy resin, Sigma, Japan) embedding medium. 

Finally, thin sections (60-150 nm) were cut with an 
ultramicrotome (LEICA EM UC6), stained with 
Reynold’s solution, and were examined under a TEM 
JEOL-1011 in 80 KV transmission electron 
microscope. 

All statistical analysis was performed using SPSS 
v.25.0 (IBM Corp., Armonk, NY, USA). 

Results 

The study included 40 eyes of 40 participantsaged 
between 65 and 86, with a mean age of 77.4 ± 5.5 
years (mean ± standard deviation) and 57.5% were 
women. 

The demographic data of the patients included in 
each group are shown in Table 1. 

 
Table 1. Demographic data 

Group Description 
Number of 

participants 
Gender M:F 

Age 
(mean ± standard 

deviation) 
I Control Group 10 6:4 77.9 ± 5.3 

II DM Group 10 4:6 75.6 ± 6.8 

III PEX Group 10 4:6 77.1 ± 5.3 

IV DM-PEX Group 10 3:7 78.9 ± 4.5 

 
In the ultrastructural study, the anterior lens 

epithelial cells revealed changes between the four 
groups. 

In the control group/ group I (Fig. 1), we 
observed degenerative alterations to varying extents. 
Intracellular vacuoles of various sizes, oedema with 

cytosolic dilution and apoptotic nuclei were observed. 
Moreover, there were cytoplasmic processes that 
coveredthe neighboring cells and so we observed a 
multilayer epithelium. The attachment of the 
basement membrane (BM) was generally smooth and 
tight. 

 

 

 
 
 
 
 
 
 
 
Fig. 1(a) Group I: Degenerative alterations with 
features of intracellular oedema and damaged 
cells with pycnotic nuclei (N); (b,c) vacuoles 
(black asterisks), cytoplasmatic processes and 
multilayering (black arrows); (d) tight 
epithelium attachment to basement membrane 
(BM) 
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The alterations in group II with DM (Fig. 2) were 
serious. Intracellularly, there were more vacuoles, 
enlarged endoplasmic reticulum, swollen 
mitochondria, and more apoptotic nuclei. Large 
intracellular spaces and many damaged cells were 
noticed. Many cells were connected with the 

basement membrane, but there were some that 
completely detached from it. More cytoplasmic 
processes, not only to the upper side of the epithelium 
but also towards the underside of it, were noticed and 
so the epithelium was multilayered. 

 

 
 

The alterations in group III with PEX (Fig. 3) 
were more severe. More pronounced cytoplasmic 
processes of different sizeswere observed to the 
upper and underside of the epithelium 
(multilayering). In some areas, the lens epithelial 
cellswere totally lost. Many times, the thickness of 
cytoplasmic membrane (CM) was larger and the 
surface of the epithelium was rough with some 
round-shaped formations, probably from the cell 

membrane. Abnormal deposits of fine randomly 
arranged, electron dense material was noticed in the 
ground substance or in the basement membrane. 
Many totally damaged cells and many 
intracellularvacuoles (small, large, lamellar), swollen 
mitochondria, enlarged rough endoplasmic reticulum, 
many apoptotic nuclei, edema and increased 
intercellular spaces were observed. 

 

 
 
 

 
 
 
 
 
 
 
Fig. 2 Group II: Complete destruction of cells 
with ruptures of the cell membrane adjacent to 
normal cells, extensive diffuse intracellular 
oedema (a,c), intercellular vacuoles (black 
asterisks), apoptotic nuclei (N), (b,d) 
cytoplasmatic processes on both sides of the 
epithelium and multilayering (black arrows) 
round-shaped formations (white asterisks)  
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The alterations in group IVwith PEX and DM (Fig. 
4) were similar with the ones in group III. The 
extracellular material was abundant in the upper side 
of the epithelium and in the basement membrane. The 

intracellular alterations were more intensive, but 
there were fewer round-shaped formations of the 
outer surfaces of the cell membrane. 

 

 
 

Discussion 

Histologically, the crystal lens is composed of the 
lens capsule, the lens epithelium, and the lens fiber-
cortex. The anterior lens capsule is a modified 
transparent basement membrane attached to the lens 
epithelial cells. It is secreted by the lens epithelial 
cells and it is the thickest basement membrane in the 
human body. Anterior lens epithelial cells are 
flattened cuboidal hexagonal cells, tightly packed in a 
single layer with very little intercellular space and 
they contain a round nucleus with a few apically 
distributed organelles [33,34]. 

The lens capsule and the lens epithelium, acting 
as a regulating barrier between the aqueous humor 
and the lens fibers, allow the passive and active 
exchange of ions, nutrients, and liquid. They play a 
crucial role in maintaining appropriate lens 
osmolarity in order to preserve lens transparency. 
When the transport processes, morphology or 
biochemistry of the lens capsule and the epithelium 
are disturbed, lens transparency could be 
compromised leading to cataract formation[33-34]. 

The present study was directed towards 
investigating transmission electron microscopic 
findings of the anterior lens capsule epithelium 

 
 
Fig. 3 Group III: there are many totally damaged cells (c,d), intracellular 
vacuoles (black asterisks), apoptotic nuclei (N), oedema, increased 
intercellular spaces, cytoplasmatic processes to the upper and underside of 
the epithelium with multilayering (black arrows), rough and irregular 
surface of the epithelium, round-shaped formations (white asterisks) (b), 
abnormal electrodense material (white arrow) in the ground substance (a) 
and within the basement membrane (BM). The attachment to the BM and the 
intercellular connection is very loose and very often a total detachment of 
the cells occurs (c,d) 
 

 
 
 
 
Fig. 4 Group IV: Degenerative lesions of the lens 
epithelium of various severity are described with 
apoptotic nuclei (N), diffuse intracellular oedema 
(a,b), degenerative vacuoles of different size 
(black asterisks), cytoplasmatic processes 
covering adjacent cells and aspect of 
multilayering (black arrows), irregularity of the 
apical surface of the epithelium (c). (d) Free 
microgranular, electron-dense material (white 
arrow) is observed above the apical cellular 
membrane of the lens epithelium and round-
shaped formations (white asterisks) at the outer 
cellular membrane surface. Intercellular 
connection and attachment to the basement 
membrane (BM) is well preserved 
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incataract patients with PEX and DM and comparing 
them with those from age matched controls.  

In age-related cataract, the capsule, and the 
epithelium present typical 
agingmorphologicalchanges, such as altered 
hexagonal cellular arrays and changes in the 
endoplasmic reticulum, the Golgi apparatus, and the 
mitochondria [34,35]. According to different studies, 
the transmission electron microscopy findings of 
senile cataract are mainly apoptotic and degenerative 
changes, with the presence of intercellular and 
intracellular vacuoles influencing the appearance of 
both the nucleus and the entire cell, cytoplasmic 
processes over adjacent cells and multilayering of 
LECs [36-42]. According to Charakidas’ et al. (2005), 
the epithelial apoptosis in cataract does not result in 
significant cell density decrease because epithelial 
gaps could be replaced by cell proliferation at the 
germinative zone of the anterior lens capsule [41]. 
More severe and intense changes are present in cases 
of mature cataract. In these cases, epithelial cells 
could be severely damaged with loss of cell 
membrane integrity and complete destruction of the 
cell [43]. So, in senile cataract, the severity and the 
extension of these lesions could vary depending on 
the patients’ age and the maturity of the cataract and, 
in many cases, normal appearing epithelial cells were 
found adjacent to severely damaged cells [35,42,44]. 
The findings of our study were in accordance with the 
above-described observations, as degenerative 
alterations to varying extents were described in all 
samples of group I. 

As far as diabetic cataract is concerned, despite its 
morphological similarity, lenses with cataracts in 
diabetics have lower epithelial cell density than those 
in healthy individuals [34,45-47]. Indeed, the 
anterior capsular bag and the LEC in DM presents all 
the above-described morphological features of aging 
[28,34] with higher rate of apoptosis [48,49]. Erol et 
al. suggested that diabetes mellitus affects foremost 
the organelles of anterior lens capsule epithelium by 
promoting structural abnormalities of organelles 
including mitochondrial crystalysis, dilation of the 
endoplasmic reticulum cistern and apoptotic dense 
nucleus [34]. In our study, the alterations of the LECs 
in group II with DM were indeed like the ones in the 
control group but more severe and extended. There 
were more vacuoles and larger intracellular spaces. 
Also, many damaged cells were noticed and many 
cells were completely detached from the basement 
membrane. 

Regardingpseudoexfoliation syndrome, the 
incidence of cataract formation is increased in 
patients with PΕX [50]. In addition, in cases of 
uniocular PΕX, the affected eye often demonstrates 
the more advanced cataract [51-53]. Although the 

cataract formation could simply be a consequence of 
the advanced age of PΕX-patients as no causal link has 
been proven [2,50], Oltuluet al. suggested that the 
pathophysiological mechanism for the higher rate of 
cataracts in PEX cases is the increased apoptosis in 
LECs, along with the ocular ischemia hypothesis [54]. 

The first to perform light microscopy on an eye 
with PEX was Archimede Busacca and later the 
advent of the electron microscope allowed a more 
detailed analysis of this tissue [55,56]. Degenerative 
alterations, with intra- and inter-cellular vacuoles, 
cellular edema, apoptotic changes, irregularity of the 
epithelium surface, cytoplasmic processes and 
abnormal electrodense material free and within the 
basement membrane are the main features of the 
LECs described in literature [42,55,56]. Overall, the 
severe alterations described above are comparable to 
the lesions observed in our samples. 

Pseudoexfoliation syndrome in diabetic patients 
has not been fully studied yet. Although the 
coexistence of aging, diabetes mellitus and 
pseudoexfoliation is expected to cause more severe 
alterations, the abnormalities of the LECs described in 
our study were less intense. The general impression 
was that the whole epithelium was more compound 
in comparison with group II and III, although we 
expected more extended and severe modifications. 
This was probably because of the interaction of these 
conditions, which is still unclear. At this point, we 
must underline that the present study was limited by 
the small size of our sample. Further and more 
extended research is needed in order to extract more 
secure conclusions for group IV. 

Conclusions 

Comparing the findings between the four groups, 

the observed lesions were more extended and more 

frequently described in the exfoliation group, 

followed by the diabetic group. Surprisingly, the 

pseudoexfoliation-diabetic group presented less 

intense modifications, which raised questions about 

the interaction of these different diseases. From this 

interesting observation, interesting questions about 

the interaction of these conditions could be raised. 

The small size of the sample of this study and the fact 

that pseudoexfoliation syndrome in diabetic patients 

is not yet fully explored in literature leads to the 

conclusion that further research is needed to justify 

these results. 
 

Conflict of Interest  
No potential conflict of interest is reported by the 

authors. 
 



Romanian Journal of Ophthalmology 2021; 65(1): 38-45                                                                         Akritidou et al. 

 

 
44 

© 2021 The Authors.  
Romanian Journal of Ophthalmology 

Informed Consent and Human and Animal Rights 
statements 

Informed consent has been obtained from all 
individuals included in this study. 

 
Authorization for the use of human subjects 

Ethical approval: The research related to human 
use complies with all the relevant national 
regulations, institutional policies, is in accordance 
with the tenets of the Helsinki Declaration, and has 
been approved by the Ethics Committee of General 
Hospital of Serres, Serres, Greece. 

 
Acknowledgements 

The data that support the findings of this study 
are available on request from the corresponding 
author, Fani Akritidou. The data are not publicly 
available due to privacy restrictions. 

 
Sources of Funding 

The authors received no specific funding for this 
work. 

 
Disclosures 

None. 

References 

1. Schlötzer-Schrehardt UM, Koca MR, Naumann GO, Volkholz H. 
Pseudoexfoliation syndrome. Ocular manifestation of a 
systemic disorder?. Arch Ophthalmol. 1992 Dec; 
110(12):1752-6.  

2. Ritch R. Systemic Associations of Exfoliation Syndrome. Asia 
Pac J Ophthalmol (Phila). 2016 Jan-Feb; 5(1):45-50. doi: 
10.1097/APO.0000000000000187.  

3. Ritch R, Schlötzer-Schrehardt U. Exfoliation syndrome. Surv 
Ophthalmol. 2001; 45:265-315. 

4. Tekin K, Inanc M, Elgin U. Monitoring and management of the 
patient with pseudoexfoliation syndrome: current 
perspectives. Clin Ophthalmol. 2019; 13:453-464. doi: 
10.2147/OPTH.S181444. 

5. Schlötzer-Schrehardt U. 
NeuepathogenetischeErkenntnissezumPseudoexfoliations-
Syndrom/Glaukom. Therapeutisch relevant? New 
pathogenetic insights into pseudoexfoliation 
syndrome/glaucoma. Therapeutically relevant?. 
Ophthalmologe. 2012; 109(10):944-951. doi: 
10.1007/s00347-012-2531-1. 

6. Yagci R, Gurel A, Ersoz I et al. Oxidative stress and protein 
oxidation in pseudoexfoliation syndrome. Curr Eye Res. 2006; 
31:1029-1032. 

7. Gartaganis SP, Patsoukis NE, Nikolopoulos DK et al. Evidence 
for oxidative stress in lens epithelial cells in pseudoexfoliation 
syndrome. Eye (Lond). 2007; 21:1406-1411. 

8. Schlötzer-Schrehardt U, Zenkel M, Küchle M, Sakai LY, 
Naumann GO. Role of transforming growth factor-beta1 and 
its latent form binding protein in pseudoexfoliation syndrome. 
Exp Eye Res. 2001; 73(6):765-780. doi: 
10.1006/exer.2001.1084. 

9. Schlötzer-Schrehardt U, Lommatzsch J, Küchle M, Konstas AG, 
Naumann GO. Matrix metalloproteinases and their inhibitors 
in aqueous humor of patients with pseudoexfoliation 
syndrome/glaucoma and primary open-angle glaucoma. 

Invest Ophthalmol Vis Sci. 2003; 44(3):1117-1125. doi: 
10.1167/iovs.02-0365. 

10. Ho SL, Dogar GF, Wang J et al. Elevated aqueous humour 
tissue inhibitor of matrix metalloproteinase-1 and connective 
tissue growth factor in pseudoexfoliation syndrome. Br J 
Ophthalmol. 2005; 89(2):169-173. doi: 
10.1136/bjo.2004.044685. 

11. Koliakos GG, Konstas AG, Schlötzer-Schrehardt U, Bufidis T, 
Georgiadis N, Ringvold A. Ascorbic acid concentration is 
reduced in the aqueous humor of patients with exfoliation 
syndrome. Am J Ophthalmol. 2002; 134(6):879-883. doi: 
10.1016/s0002-9394(02)01797-x. 

12. Koliakos GG, Konstas AG, Schlötzer-Schrehardt U et al. 8-
Isoprostaglandin F2a and ascorbic acid concentration in the 
aqueous humour of patients with exfoliation syndrome. Br J 
Ophthalmol. 2003; 87(3):353-356. doi: 10.1136/bjo.87.3.353. 

13. Helbig H, Schlötzer-Schrehardt U, Noske W, Kellner U, 
Foerster MH, Naumann GO. Anterior-chamber hypoxia and 
iris vasculopathy in pseudoexfoliation syndrome. Ger J 
Ophthalmol. 1994; 3(3):148-153. 

14. Schlötzer-Schrehardt U, Naumann GO. Ocular and systemic 
pseudoexfoliation syndrome. Am J Ophthalmol. 2006; 
141(5):921-937. doi: 10.1016/j.ajo.2006.01.047. 

15. Elhawy E, Kamthan G, Dong CQ, Danias J. Pseudoexfoliation 
syndrome, a systemic disorder with ocular manifestations. 
Hum Genomics. 2012; 6(1):22. Published 2012 Oct 10. doi: 
10.1186/1479-7364-6-22. 

16. Forouhi NG, Wareham NJ. Epidemiology of diabetes. Medicine 
(Abingdon). 2014; 42(12):698-702. doi: 
10.1016/j.mpmed.2014.09.007. 

17. American Diabetes Association. 2. Classification and Diagnosis 
of Diabetes: Standards of Medical Care in Diabetes-2018. 
Diabetes Care. 2018; 41(Suppl 1):S13-S27. doi: 
10.2337/dc18-S002. 

18. Sayin N, Kara N, Pekel G. Ocular complications of diabetes 
mellitus. World J Diabetes. 2015; 6(1):92-108. doi: 
10.4239/wjd.v6.i1.92. 

19. Drinkwater JJ, Davis WA, Davis TME. A systematic review of 
risk factors for cataract in type 2 diabetes. Diabetes Metab Res 
Rev. 2019; 35(1):e3073. doi: 10.1002/dmrr.3073. 

20. Khanorkar P, Agrawal BK, Sodavadiya KKB. Role of 
biochemical markers in type 2 diabetic patients of cataract 
and retinopathy attending Index Medical College, Hospital and 
Research Centre, Indore (M.P) International Journal of Clinical 
Biochemistry and Research. January-March 2018; 5(1):17-22. 
doi: 10.18231/2394-6377.2018.0004. 

21. Klein BE, Klein R, Wang Q, Moss SE. Older-onset diabetes and 
lens opacities. The Beaver Dam Eye Study. Ophthalmic 
Epidemiol. 1995; 2(1):49-55. doi: 
10.3109/09286589509071451. 

22. Klein BE, Klein R, Moss SE. Incidence of cataract surgery in the 
Wisconsin Epidemiologic Study of Diabetic Retinopathy. Am J 
Ophthalmol. 1995; 119(3):295-300. doi: 10.1016/s0002-
9394(14)71170-5. 

23. Srivastava SK, Ramana KV, Bhatnagar A. Role of aldose 
reductase and oxidative damage in diabetes and the 
consequent potential for therapeutic options. Endocr Rev. 
2005; 26(3):380–392. doi: 10.1210/er.2004-0028. 

24. Ahmed N. Advanced glycation end products-role in pathology 
of diabetic complications. Diabetes Res Clin Pract. 2005; 
67(1):3-21. doi: 10.1016/j.diabres.2004.09.004. 

25. Stitt AW. The maillard reaction in eye diseases. Ann N Y Acad 
Sci. 2005; 1043:582-597. doi: 10.1196/annals.1338.066. 

26. Ookawara T, Kawamura N, Kitagawa Y, Taniguchi N. Site-
specific and random fragmentation of Cu, Zn-superoxide 
dismutase by glycation reaction. Implication of reactive 
oxygen species. J Biol Chem. 1992; 267(26):18505-18510. 

27. Agte VV, Tarwadi KV. Combination of diabetes and cataract 
worsens the oxidative stress and micronutrient status in 
Indians. Nutrition. 2008; 24(7-8):617-624. doi: 
10.1016/j.nut.2008.03.005.  



Akritidou et al.                                                                         Romanian Journal of Ophthalmology 2021; 65(1): 38-45 

 

 
45 

© 2021 The Authors.  
Romanian Journal of Ophthalmology 

28. Struck HG, Hammer U, Seydewitz V. Einfluss des Diabetes 
mellitus auf das 
vorderezentraleLinsenepithelbeiKataraktpatienten. Effect of 
diabetes mellitus on anterior central lens epithelium in 
cataract patients. Ophthalmologe. 1997; 94(5):327-331. doi: 
10.1007/s003470050123. 

29. Kim B, Kim SY, Chung SK. Changes in apoptosis factors in lens 
epithelial cells of cataract patients with diabetes mellitus. J 
Cataract Refract Surg. 2012; 38(8):1376-1381. doi: 
10.1016/j.jcrs.2012.04.026. 

30. Gonzalez K, McVey S, Cunnick J, Udovichenko IP, Takemoto DJ. 
Acridine orange differential staining of total DNA and RNA in 
normal and galactosemic lens epithelial cells in culture using 
flow cytometry. Curr Eye Res. 1995; 14(4):269-273. doi: 
10.3109/02713689509033525. 

31. Murata M, Ohta N, Sakurai S et al. The role of aldose reductase 
in sugar cataract formation: aldose reductase plays a key role 
in lens epithelial cell death (apoptosis). Chem Biol Interact. 
2001; 130-132(1-3):617-625. doi: 10.1016/s0009-
2797(00)00289-1. 

32. Takamura Y, Kubo E, Tsuzuki S, Akagi Y. Apoptotic cell death 
in the lens epithelium of rat sugar cataract. Exp Eye Res. 2003; 
77(1):51–57. doi: 10.1016/s0014-4835(03)00083-6. 

33. Danysh BP, Duncan MK. The lens capsule. Exp Eye Res. 2009; 
88(2):151-164. doi: 10.1016/j.exer.2008.08.002. 

34. Erol Ozdamar Y, Ozogul C, Elgin U, Helvacioglu F, Zilelioglu O. 
Electron Microscopic Investigation of Anterior Lens Capsule 
and Epithelium in Patients with Diabetes Mellitus. 
International Journal of Clinical Medicine. 2018; 09.778-786. 
doi: 10.4236/ijcm.2018.910064. 

35. Straatsma BR, Lightfoot DO, Barke RM, Horwitz J. Lens capsule 
and epithelium in age-related cataract. Am J Ophthalmol. 
1991; 112(3):283-296. doi: 10.1016/s0002-9394(14)76729-
7. 

36. Hess C. Pathologie und Therapie des Linsensystem. Handbuch 
der gesamtenAugenheilkunde, 6 Band, 1905, Leipzig, 
Germany, Verlag von Wilhelm Engelmann. 

37. Vogt A. Klinischer und anatomischerBeitragzurKenntnis den 
Cataractasenilis. Vakuolenbindugen. Albrecht v. Graefes Arch. 
Opthal. 1914; 88:362-365. 

38. Jensen OA, Laursen AB. Human senile cataract. Light- and 
electron-microscopic studies of the morphology of the 
anterior lens structures, with special reference of anterior 
capsular/subcapsular opacity. Acta Ophthalmol (Copenh). 
1980; 58(4):481-495. doi: 10.1111/j.1755-
3768.1980.tb08289.x. 

39. Bleckmann H, Khodadadyan C, Schnoy N. Licht- und 
Elektronenmikroskopie der humanen, 
anteriorenKataraktkapsel [Light and electron microscopy of 
the human, anterior cataract capsule]. FortschrOphthalmol. 
1989; 86(6):556-560. 

40. Synder A, Omulecka A, Ratyńska M, Omulecki W. 
Ocenakomóreknabłonkasoczewki w 
mikroskopieświetlnymielektronowymorazmetodamiimmuno
histochemicznymi w zaćmachróznegotypu. A study of human 
lens epithelial cells by light and electron microscopy and by 
immunohistochemistry in different types of cataracts. Klin 
Oczna. 2002; 104(5-6):369-373. 

41. Charakidas A, Kalogeraki A, Tsilimbaris M, Koukoulomatis P, 
Brouzas D, Delides G. Lens epithelial apoptosis and cell 
proliferation in human age-related cortical cataract. Eur J 
Ophthalmol. 2005; 15(2):213-220. doi: 
10.1177/112067210501500206. 

42. Sorkou KΝ, Manthou ME, Meditskou S, Ziakas N, Tsaousis KT, 
Tsinopoulos IT. Severe Abnormalities of Lens Epithelial Cells 
in Exfoliation Syndrome: A Transmission Electron Microscopy 
Study of Patients with Age-Related Cataract. Medicina 
(Kaunas). 2019; 55(6):235. doi: 10.3390/medicina55060235. 

43. Harocopos GJ, Alvares KM, Kolker AE, Beebe DC. Human age-
related cataract and lens epithelial cell death. Invest 
Ophthalmol Vis Sci. 1998; 39(13):2696-2706. 

44. Sargon MF, Celik HH, Orhan M. Electron microscopy of the 
senile changes in lens epithelium. Okajimas Folia Anat Jpn. 
1997; 74(2-3):75-79. doi: 10.2535/ofaj1936.74.2-3_75. 

45. Creighton MO, Trevithick JR, Mousa GY et al. Globular Bodies: 
A Primary Cause of the Opacity in Senile and Diabetic 
Posterior Cortical Subcapsular Cataracts?. Canadian Journal of 
Ophthalmology. 1978; 13,166-181. 

46. Bron, AJ, Brown NA, Harding JJ et al. The Lens and Cataract in 
Diabetes. International Ophthalmology Clinics. 1998; 38,37-
67. 
https://doi.org/10.1097/00004397-199803820-00005. 

47. Struck HG, Heider C, Lautenschlager C. Changes in the Lens 
Epithelium of Diabetic and Non-Diabetic Patients with Various 
Forms of Opacities in Senile Cataract. 
KlinischeMonatsblätterfürAugenheilkunde. 2000; 216,204-
209. 

48. Ahn YJ, Kim MS, Chung SK. Calpain and Caspase-12 Expression 
in Lens Epithelial Cells of Diabetic Cataracts. Am J Ophthalmol. 
2016; 167:31-37. doi: 10.1016/j.ajo.2016.04.009. 

49. Yang J, Zhao S, Tian F. SP1-mediated lncRNA PVT1 modulates 
the proliferation and apoptosis of lens epithelial cells in 
diabetic cataract via miR-214-3p/MMP2 axis. J Cell Mol Med. 
2020; 24(1):554-561. doi: 10.1111/jcmm.14762. 

50. Desai MA, Lee RK. The medical and surgical management of 
pseudoexfoliation glaucoma. Int Ophthalmol Clin. 2008; 
48(4):95-113. doi: 10.1097/IIO.0b013e318187e902. 

51. Hietanen J, Kivelä T, Vesti E, Tarkkanen A. Exfoliation 
syndrome in patients scheduled for cataract surgery. Acta 
Ophthalmol (Copenh). 1992; 70(4):440-446. doi: 
10.1111/j.1755-3768.1992.tb02112.x. 

52. Puska P. Lens opacity in unilateral exfoliation syndrome with 
or without glaucoma. Acta Ophthalmol (Copenh). 1994; 
72(3):290-296. doi: 10.1111/j.1755-3768.1994.tb02761.x. 

53. Puska P, Tarkkanen A. Exfoliation syndrome as a risk factor 
for cataract development: five-year follow-up of lens opacities 
in exfoliation syndrome. J Cataract Refract Surg. 2001; 
27(12):1992-1998. doi: 10.1016/s0886-3350(01)00972-5. 

54. Oltulu P, Oltulu R. The Association of Cataract and Lens 
Epithelial Cell Apoptosis in Patients with Pseudoexfoliation 
Syndrome. Curr Eye Res. 2018; 43(3):300-303. doi: 
10.1080/02713683.2017.1406524. 

55. Blackstad TW, Sunde OA, Troetteberg J. On the ultrastructure 
of the deposits of Busacca in eyes with glaucoma simplex and 
so-called senile exfoliation of the anterior lens capsule. Acta 
Ophthalmol. 1960; 38:587-598. 

56. Bertelsen TI, Drabloes PA, Flood PR. The so-called senile 
exfoliation (pseudoexfoliation) of the anterior lens capsule, a 
product of the lens epithelium. 
Fibrillopathiaepitheliocapsularis. A microscopic, histochemic 
and electron microscopic investigation. Acta Ophthalmol. 
1964; 42:1096-1113. 

 
 


