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Abstract 
Purpose: To evaluate the histopathologic alterations of organelles in the epi-
thelium of the anterior lens capsule. Methods: The interventional study in-
cluded 26 eyes; of which 11 had non-proliferative diabetic retinopathy (di-
abetic group) and cataract, and 15 had age-related cataract (control group). 
We investigated the anterior lens capsule in patients with diabetes mellitus by 
using electron microscopy and to compare it between diabetic eyes and 
healthy eyes. Anterior capsule samples were obtained by circular continuous 
capsulorhexis during phacoemulsification procedures. All the samples were 
fixed and conventionally processed for electron microscopy analysis. Results: 
Demographic characteristics of the diabetic group and the control group were 
similar (p > 0.05). In the diabetic group, electron dense cells with an apoptot-
ic appearance were seen and these cells had an apoptotic nucleus and promi-
nent mitochondrial crystalysis. In addition, there was dilatation of the en-
doplasmic reticulum cistern. In the control group, lens epithelial cells and all 
their elements had a normal pattern. Neither cells with an apoptotic appear-
ance nor mitochondrial crystalysis was seen, but there was dilatation of the 
endoplasmic reticulum cistern. Conclusions: Diabetes mellitus can engender 
structural abnormalities of organelles in the epithelium of the anterior lens 
capsule including mitochondrial crystalysis, dilatation of the endoplasmic re-
ticulum cistern and apoptotic dense nucleus. It can be suggested that diabetes 
mellitus affects organelles of anterior lens epithelium in eyes with cataracts, 
while it causes non-proliferative changes in the retina. 
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1. Introduction 

Diabetes mellitus (DM) is the most significant cause of blindness in the world. 
Diabetes-related reactions are responsible for structural and functional changes 
in the eyes, and these changes are suspected of contributing to development of 
long-term diabetic complications like cataracts, glaucoma and retinopathy if DM 
is not kept under control well [1] [2]. 

Cataracts are one of the complications of DM starting the earliest. How excess 
glucose initiates cataract development in patients with diabetes mellitus has not 
been explained yet. Many of the common factors including sorbitol formation 
associated with aldose reductase activity, oxidative stress, protein glycation and 
formation of advanced glycation end products (AGE) have been implicated in 
diabetic cataract development [3] [4] [5]. The structure of the normal lens is al-
most perfectly transparent, which is regulated by physical and chemical processes. 
Disruption of these processes in the lens capsule and the epithelium can result in 
lens opacification and cataract formation [6]. However, histopathologic altera-
tions of organelles in the epithelium of the anterior lens capsule with diabetic 
eyes have not been studied previously. Therefore, we investigated transmission 
electron microscopic findings of the epithelium of the anterior lens capsule in 
patients with DM and compared them with those from age matched controls. 

2. Patients and Methods 

This clinical prospective interventional study was performed at University of 
HealthSciences-Ulucanlar EyeEducationandResearchHospital. The study proto-
col was approved by the ethics committee of the hospital and the study was car-
ried out in accordance with the Declaration of Helsinki. Written informed con-
sent was obtained from all the patients included in the study.  

The study comprised a total of 26 eyes with cataracts, of which 11 belonged to 
patients with Type II DM consecutively presenting to hospital (Diabetic Group = 
DG) and 15 belonged to nondiabetic patients with age related cataract (Control 
Group = CG). The diabetic patients were outpatients at Retina Department of 
Hospital and they had non-proliferative diabetic retinopathy. In both groups, 
anterior lens capsules were obtained during elective cataract surgery. Exclusion 
criteria included trauma, uveitis, glaucoma, history of previous intraocular sur-
gery and history of long-term systemic or ocular therapy and systemic diseases. 
Cataracts were in nuclear or cortical forms in all the eyes and the subjects with 
mature or white cataract morphology were excluded from the study.  

Glycosylated hemoglobin (HbA1c) levels were determined. Diabetic patients 
with HbA1c > 10 were not included in the study and DG only included type 
II-diabetic patients. All the patients were examined by an internal physician be-
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fore surgery and non-diabetic patients with normal basal glycaemia were in-
cluded in the study. None of the participants in the control group had ocular 
diseases except for senile cataracts. 

All the cases underwent a comprehensive ophthalmic examination including 
best corrected visual acuity using the Snellen chart (20 feet), intraocular pressure 
measurement, slit lamp biomicroscopy and fundoscopy preoperatively. Results 
of blood tests including complete blood count, liver and renal function tests, 
fasting glucose levels and HbA1c levels were evaluated by an experienced inter-
nal specialist and the patients eligible for phacoemulsification surgery were de-
termined.  

All the cases underwent uncomplicated phacoemulsification surgery under 
local anesthesia. All the operations were performed by the same experienced 
surgeon (YOE). The anterior chamber was entered with a 2.8 mm keratome at 
the limbus. An ophthalmic viscosurgical device was injected into the anterior 
chamber. An anterior capsule flap was created with a cystotome and a circle of 
the central capsule with a diameter of 5 - 5.5 mm was carefully removed by con-
tinuous curvilinear capsulorhexis with forceps. The anterior capsule was fixed 
immediately. The lens capsule was not stained in all eyes. 

The samples of the anterior lens capsule were kept in 2.5% glutaraldehyde for 
24 hours for primary fixation. Then, these samples were washed with Sorenson’s 
Phosphate Buffer solution (pH: 7.4) and post-fixed in 1% osmium tetroxide. Af-
ter post-fixation, they were washed with the same buffer and dehydrated in in-
creasing concentrations of alcohol series. Following dehydration, the tissues 
were washed with propylene oxide and embedded in epoxy resin embedding 
media. The semi-thin and ultrathin sections of the obtained tissue blocks were 
cut with an ultramicrotome (LKB Nova, Sweden). These semi-thin sections, 
which were 2 micrometers in thickness, were stained with methylene blue and 
examined under a light microscope (Nikon, Japan). Following this procedure, 
the tissue blocks were exposed to trimming and their ultrathin sections, which 
were about 60 nanometers in thickness, were taken by the same ultramicrotome. 
These ultra-thin sections were stained with uranyl acetate and lead citrate and 
examined under Jeol JEM 1200 EX (Japan) transmission electron microscope. 
The electron micrographs of the specimens were taken by the same microscope. 
Anterior lens capsule wrinkles were not observed during the preparation of the 
tissues. 

Mann-Whitney U test and One-sample Chi-square test were used to compare 
the demographics characteristics. P < 0.05 was considered statistically signifi-
cant. Statistical analyses were performed with the Statistical Package for the So-
cial Sciences for Windows (SPSS, version 10.0, Inc., Chicago, IL, USA). 

3. Results 

The study included 26 eyes of 26 patients, of whom 11 formed the diabetic group 
(DG) and the remaining 15 formed the control group (CG). DG consisted of 5 
males (45.5%) and 6 females (54.5%) and the mean age of this group was 67.18 ± 
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6.38 years. CG included 7 males (46.7%) and 8 females (53.3%) with a mean age 
of 65.38 ± 7.25 years. HbA1c levels were between 5.9 and 10 in DG. There were 
no significant differences in age and gender between CG and DG (p > 0.05).  

Electron microscopic examination of the anterior lens capsules revealed sig-
nificant ultrastructural changes in DG when compared to CG. In DG, electron 
dense cells with an apoptotic appearance were seen and these cells had an apop-
totic nucleus and prominent mitochondrial crystalysis. Also, there was dilatation 
in the endoplasmic reticulum cisterns (Figure 1 and Figure 2). In CG, lens epi-
thelial cells and all their elements had a normal pattern. Neither cells with apop-
totic appearance nor mitochondrial crystalysis was observed, but there was dila-
tation in the endoplasmic reticulum cistern (Figure 3 and Figure 4). 
 

 
Figure 1. The appearance of apoptotic cells (red arrow) in DG. 

 

 
Figure 2. The dilatation of endoplasmic reticulum cistern (red arrow) and mitochondrial 
crystalysis (yellow arrow) in DG. 
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Figure 3. The normal epithelial cell in CG. 

 

 
Figure 4. The normal appearance of epithelial cell and mitochondria (yellow arrow) and 
the dilatation of endoplasmic reticulum cistern (red arrow) in CG. 

4. Discussion 

Histologically, the structure of the lens comprises the lens capsule, the lens epi-
thelium and the lens fiber [7] [8] [9] [10]. A modified transparent basement 
membrane secreted by the lens epithelial cells, the lens capsule is the thickest 
basement membrane having a specific structure and functions in the human 
body. The lens epithelium exhibits a characteristic epithelial morphology. Ante-
rior lens epithelial cells are flattened cuboidal hexagonal in shape, are tightly 
packed in a single layer with very little intercellular space and contain a round 
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nucleus with a few apically distributed organelles, i.e. ribosomes, polysomes, 
smooth and rough endoplasmic reticulum (ER), and Golgi bodies. These cells 
have small mitochondria with irregular cristae. Each mitochondrion is sur-
rounded by a smooth outer membrane and a folded inner membrane. The cris-
tae, the folds of the inner membrane, considerably increase the surface area of 
the inner membrane and the surface area for ATP synthesis and reactions re-
lated to electron transport, Krebs citric acid cycle, and oxidative phosphoryla-
tion. Histologically, ER is made up of interconnected tubules and vesicles, the 
lumens of which are called the cistern, and it is the main site of protein synthesis 
[11] [12]. 

The lens capsule and the lens epithelium act as a regulating barrier between 
the aqueous humor and the lens fibers. Also, they allow for passive exchanging 
of metabolic substrates, expelling of wastes and selectively filtering molecules 
based on size and charge. They play a crucial role in preservation of lens trans-
parency. Any factor which disturbs the transport processes, morphology or bio-
chemistry of the lens capsule and the epithelium would lead to cataract forma-
tion [6] [13]. 

The present study was directed towards investigating transmission electron 
microscopic findings of organelles in the anterior lens capsule epithelium with 
DM and comparing them with those from age matched controls. All the diabetic 
anterior capsules in this study showed significant ultrastructural changes. To the 
best our knowledge, this is the first study to evaluate histopathological altera-
tions in organelles of the anterior lens capsule epithelium of diabetic cataracts.  

Cataracts are considered a major cause of visual impairment in patients with 
DM [14]. However, the exact pathogenesis of diabetic cataract development is 
completely unknown. Several factors including oxidative stress and generation 
of reactive oxygen species (ROS), aldose reductase and sorbitol pathway hyper-
activity, and protein glycation and formation of AGEs have been held responsi-
ble for the development of diabetic cataracts in recent studies [3] [4] [5]. 

Until today, aldose reductase and sorbitol pathway hyperactivity have been 
reported in many studies to be associated with diabetic cataracts and it has been 
shown that increased intracellular sorbitol leads to localized osmotic stress. It is 
also known that intracellular accumulation of sorbitol and AGEs in the human 
lens leads to osmotic stress and hydropic degeneration of lens fibers. Increased 
osmotic stress initiates an apoptotic process in epithelial cells contributing to the 
cataract formation [3] [4] [5] [15]. Furthermore, aldose reductase and sorbitol 
pathway hyperactivity have been proposed to initiate oxidative stress and gener-
ation of ROS [16]. Moreover, it has been reported in many studies that chronic 
hyperglycemia may cause oxidative stress and formation of ROS [15]. Hypergly-
cemia related to mitochondrial dysfunction is the basic source of formation of 
oxidative stress specimens [17]. Additionally, stress of ER resulting from osmot-
ic stress is another source of oxidative specimens [15] [18]. It can be estimated 
that mitochondrial dysfunction and ER stress in lens epithelial cell accelerate 
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lens opacification [14]. In addition, formation of AGEs through non-enzymatic 
glucose-protein reactions has been implicated in excessive glucose levels in DM. 
Normal accumulation of AGEs has also been observed in normal aging process 
[19]. 

Adults who have type 2 diabetes display cortical and/or posterior subcapsular 
opacities, which are often accompanied by nuclear sclerosis and which resemble 
typical senile cataracts of nondiabetics. Despite their morphological similarities, 
lenses with cataracts in diabetics have lower epithelial cell densities than those in 
healthy individuals [20] [21] [22]. The capsule and the epithelium of eyes with 
cataracts have morphological features, typical of aging cells such as altered hex-
agonal cellular arrays, and changes in the endoplasmic reticulum, the Golgi ap-
paratus and the mitochondria [23]. 

In the present study, epithelial cells in abnormal lens with an apoptotic nuc-
leus with prominent mitochondrial crystalysis were observed in the anterior 
capsules of the diabetic patients. It can be suggested that these ultrastructural 
changes may be caused by intracellular accumulation of sorbitol and AGEs and 
osmotic stress and associated with over expression of intrinsic mitochondrial 
apoptotic pathways in the lens capsules of these patients.  

It has been noted in the literature that osmotic stress creates stress in the ER 
in diabetic patients [24] [25]. The stress in the ER initiates a series of protective 
signal transduction pathways from ER to the cytoplasm and nucleus, known 
collectively as the unfolded-protein response (UPR) [12]. The amount of un-
folded protein can be monitored in the ER lumen. When it is higher than a cer-
tain threshold, ER sensors activate a signal transduction pathway. The responses 
activated by this pathway are referred to the UPR. Several cellular insults impair 
protein folding and lead to deposition of unfolded protein in the ER lumen. If 
there is not an adequate UPR adaptive response to repair the protein folding de-
fect, apoptotic death of the cells starts. Furthermore, apoptosis is activated 
through cell death pathways which include multiple caspases and the release of 
produced reactive oxygen species and these outcomes may also lead to a UPR 
response [12] [24] [25]. It can be suggested that accumulation of UPR might 
have led to dilatation of ER cisterns in anterior lens capsules of the patients with 
DM in the current study. Additionally, the formation of reactive oxygen species 
and age-related AGE products might have caused retention of UPR and dilata-
tion of ER cisterna in the control group. 

The limitations of this study are that the study sample was small and only in-
cluded non-proliferative diabetic eyes with type II DM. For this reason, the 
findings cannot be generalized to all diabetic patients.  

In conclusion, DM can lead to some significant changes including apoptotic 
dense nucleus, prominent mitochondrial crystalysis and dilated endoplasmic re-
ticulum in the anterior lens epithelium of eyes with non-proliferative stage. It 
can be suggested that diabetes mellitus may affect organelles of anterior lens ep-
ithelium in eyes with cataracts, while it causes non-proliferative changes in the 
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retina. It can be expected that understanding of the complex mechanisms would 
lead to discovery and development of innovative therapeutic intervention strate-
gies for diabetic patients. 
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