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Purpose: To determine the features of the microstructure of choreoretinal complex in rats 
with diabetes induced by streptozotocin in the presence of axial myopia.
Material and Methods: Fifty-five Wistar rats (110 eyes; age, 2 weeks to 14 weeks) were used 
in experiments. Four groups were formed: group 1 (axial myopia only); group 2 (diabetes 
only); group 3 (both myopia and diabetes); and group 4 (controls; intact animals). High 
form-deprivation myopia was produced in two-week animals by surgically fusing the eyelids 
of both eyes and these animals were maintained under conditions of reduced illumination for 
two weeks to induce a more intense myopization of the globe. Eyelid sutures were removed 
on completion of these two weeks. Two weeks thereafter, type 2 diabetes mellitus was induced 
in rats with induced axial myopia and intact rats. A 50 mg/kg intraperitoneal streptozotocin 
injection for 5 days was used for this purpose. Elongated axial length and increased 
anterior chamber depth as measured by in vivo ultrasound were an objective criterion of 
the development of myopia in experimental animals. A glucose level of ≥ 4.5 mmol/L was a 
criterion of the development of diabetes. Two months after inducing diabetes, 14-week rats 
were sacrificed, and their eye tissue samples were processed by a routine method and assessed 
by electron microscopy. Ultrastructure of the choroid, RPE, and retinal photoreceptor cells 
were examined. Ultra-thin sections were cut, stained with lead citrate according to the 
procedure described by Reynolds, and observed with a PEM-100-01 Transmission Electron 
Microscope.
Results: Our ultrastructural study found that myopization of the rat globe with elongation 
of the axial length somewhat reduced the severity of some ultrastructural changes in the 
choreoretinal complex in induced type 2 diabetes due to reduced choroidal swelling and 
dominance of compensatory processes with increased energy producing, protein synthesis 
and other functions in the endothelial vessels and choriocapillaries  as well as RPE cells. 
Out findings seem to corroborate the concept that myopized eyes have capacity to somewhat 
buffer the development of severe diabetic retinopathy, likely due to some compensatory-and-
restorative processes.
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Introduction
Diabetes mellitus (DM) is a multifactorial disease with 

pathological changes in numerous organs, including the 
eyes. Diabetic retinopathy (DR) is one of the most severe 
complications of DM. Clinical and experimental studies 
have determined the structural changes in the ocular tissues 
in DR. Vascular changes (vessel wall defects, reduced 
capillary filling, neovascularization, and glial and retinal 
neuronal damage [1]) may be considered major structural 
changes in the ocular tissues in DR.

An experimental study by Zhdankina [2] noted that 
the pathomorphogenesis of the choreoretinal complex 
of the retina in rat models of retinopathy (e.g., diabetic 
retinopathy) was primarily associated with the development 
of microvascular changes and oxidative damage in 
the retina and choroid. The author believes that these 
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factors are a trigger of degeneration of the chorioretinal 
complex in general and neurodegeneration in particular. 
In addition, diabetes contributes to some features of the 
mechanisms of the development of structural changes in 
the retina and choroid. Thus, long-term non-compensated 
hyperglycemia induces retinal degeneration as a result 
of biochemical cascade. Initial endothelial damage with 
swelling and destruction of intracellular organelles and 
development of inflammatory responses in vessel walls 
is observed. This is followed by degeneration of pigment 
cells, massive degradation of neurosensory cell outer 
segment membranes, massive ganglion neuron death, and 
impaired interneuronal cooperation.

Myopia is a common refractive error, and the global 
number of people with myopia has been steadily increasing. 
Particularly, the rate of high myopia has been increasing 
worldwide [3], and high myopia may cause some retinal 
complications.

High myopia may contribute not only to retinal 
changes, but also to changes in the choroid, leading to 
chorioretinopathy. The function of this ocular structure 
includes metabolism of the retinal pigment epithelium 
(RPE) and supplying blood to the outer retinal layers. In 
an OCT study by Barteselli and colleagues [4], regression 
analysis demonstrated that choroidal volume decreased 
with an increase in the axial length of the eye. Reduced 
choroidal thickness may lead to reduced supply of oxygen 
and nutrients to the retina.

It has been demonstrated [5] that an increase in myopia 
resulted in significant thinning of the central choroid. The 
authors supposed that reduced choroidal volume resulting 
in altered blood flow may play an important role in 
complications of high myopia.

Although numerous studies have been conducted on 
the pathogenesis and treatment of such a severe disease as 
diabetic retinopathy, there are still open questions in this 
area [6]. The morphological changes in the posterior eye 
in diabetes developing in the presence of high myopia are 
still to be elucidated.

Concomitant diseases (particularly, eye diseases) 
are still an issue. Usually, in concomitant diseases, their 
symptoms and course become more intense. Myopia 
in diabetes mellitus is somewhat paradoxic. Diabetics 
with high myopia rarely develop severe retinopathy, and 
practically do not exhibit proliferative DR [7, 8]. Changes 
in the optic disc and retinal neovascularization are less 
apparent and uncommon in myopic eyes of patients 
with diabetes mellitus [9]. In patients with monocular 
high myopia (-13.0 D), there were no signs of diabetic 
retinopathy in the myopic eye, whereas the emmetropic 
eye exhibited various stages of retinopathy, from severe 
non-proliferative retinopathy to proliferative retinopathy.

Although the exact mechanism of this phenomenon is 
not clear, it has been reported that myopic eyes exhibited 
reduced blood flow, which was associated with less altered 
microcirculation in eyes of patients with diabetes mellitus 
[7].

The purpose of the study was to determine the features 
of the microstructure of choreoretinal complex in rats with 
diabetes induced by streptozotocin in the presence of axial 
myopia.

Material and Methods
Fifty-five Wistar rats (110 eyes; age, 2 weeks to 14 

weeks) were used in experiments. All manipulations 
were performed in compliance with the provisions of the 
European Convention for the Protection of Vertebrate 
Animals used for Experimental and other Scientific 
Purposes (Strasbourg, 1986) and General Ethical Principles 
for Experiments on Animals adopted by the 3rd National 
Congress (Kyiv, 2007).

Deprivation myopia was produced in two-week 
animals by surgically fusing the eyelids of both eyes 
[10]. Thereafter, these animals were maintained under 
conditions of reduced illumination for two weeks to 
induce a more intense myopization of the globe [11]. 
Eyelid sutures were removed on completion of these two 
weeks. Two weeks thereafter, type 2 diabetes mellitus was 
induced in rats with induced axial myopia and intact rats. 
A 50 mg/kg intraperitoneal streptozotocin injection for 5 
days was used for this purpose [12]. The control group 
was composed of intact animals which were maintained 
under conditions of natural illumination. Therefore, four 
groups were formed: group 1 (axial myopia only, 30 eyes); 
group 2 (diabetes only, 30 eyes); group 3 (myopia and 
diabetes, 30 eyes); and group 4 (controls; intact animals; 
20 eyes). Elongated axial length and increased anterior 
chamber depth as measured by in vivo ultrasound were 
an objective criterion of the development of myopia in 
experimental animals. A glucose level of ≥ 4.5 mmol/L 
was a criterion of the development of diabetes. Two 
months after inducing diabetes, 14-week rats were 
sacrificed, and their eye tissue samples were assessed by 
electron microscopy. Ultrastructure of the choroid, RPE, 
and retinal photoreceptor cells were examined.

Tissue samples were fixed in 2.5% glutaraldehyde in 
phosphate buffer (pH 7.4), post-fixed with 1% osmium 
tetroxide in phosphate buffer (pH 7.4), dehydrated through 
an ascending ethanol series, and embedded in an Epon/
Araldite mix. Thereafter, ultra-thin sections were cut, 
stained with lead citrate according to the procedure 
described by Reynolds, and observed with a PEM-100-
01 Transmission Electron Microscope (Selmi, Sumy, 
Ukraine).

Results
In the choroid of intact rats, the interstitial loose 

connective tissue showed collagen fibers with a normal 
ultrastructure, and the ground substance and fibroblasts 
with various functional states. Lumens of large and 
medium-sized vessels were filled with red cells. Some 
of their endothelial cells showed normal ultrastructure, 
whereas other showed somewhat clear cytosol. In the 
choriocapillaris layer, lumens of some capillaries of 
were occluded by the endothelial nucleus at some sites, 
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and endothelial cells with increased number of typical 
organelles were occasionally seen (Fig. 1).

In the RPE, there were cells with various functional 
states. Some of them showed normal ultrastructure, i.e. 
components of smooth endoplasmic reticulum (SEPR), 
mitochondria and other typical organelles. Other RPE 
cells showed (1) moderate electron-density of cytosol with 
increased number of typical organelles or (2) somewhat 
clear cytosol, loose arrangement of the components of 
SEPR, small number of mitochondria, solitary large 
phagosomes, small lysosomes and residual corpuscles, 
possibly due to their increased functional loads. Nuclei 
of all cells were large and oval-shaped, had well-shaped 
nuclear pores and nucleolus, and their karyoplasm was of 
moderate electron density. At the basal cell surface, folds 
were arranged irregularly: there were sites with long and 
tortuous folds, and others with short and even folds, and 
some other sites showed almost no folds. Apical microvilli 
were normal.

Most photoreceptor cells had normal structure. In 
individual photoreceptor cells, outer segments contained 
not membranes but a vesicle-like structure. It is likely 
that this was the early stage of membrane formation. In 
addition, these cells had clear cytoplasm and dilated 
cisternae of the granular endoplasmic reticulum (GEPR).

In rats with induced myopia, as opposed to intact rats, 
swelling of the ground substance and connective tissue 
cells were seen at some stromal sites. Endothelial cells of 
vessels and capillaries had cytoplasm either of an increased 
electron density in which ultrastructural components were 
poorly determined or with clear cytosol and organelle 
swelling. In the choriocapillaris layer, lumens of individual 
capillaries were significantly reduced in size or completely 
obliterated by endothelial cell bodies. However, at some 
sites, the above choriocapillaris structures showed a 
normal ultrastructure.

In the RPE layer, some cells showed signs of 
hydropic changes, with clear cytosol, swelling of inner 
mitochondrial matrix with focal or complete destruction 
of mitochondrial cristae and dilated components of GEPR 
and SEPR. Other RPE cells had an electron-dense cytosol 
and swelling of cytoplasmic membrane organelles. Their 
cytoplasm also contained myelin-like coils formed as a 
result of disruption of cell membrane structures. RPE 
cells with normal ultrastructure were occasionally seen. 
The basal surface of RPE cells displayed short or tortuous 
folds, although these folds were practically absent at some 
sites, indicating impaired transport processes between 
the choriocapillaris and RPE cells. At the apical surface 
of RPE cells, microvilli were thick or fragmented, and 
accumulation of photoreceptor outer segment debris was 
seen beneath RPE cells, indicating impaired phagocytosis 
in these cells. The debris showed pathological changes 
(Fig. 2).

At the sites of contact with photoreceptor inner 
segments, photoreceptor outer segments showed a structure 
resembling that for intact animals, and the disconnection 

of membranes was seen only in some segments. The 
detachment of a part of the outer segment from the inner 
segment was occasionally seen. In addition, photoreceptor 
inner segments with some cisternae of the granular 
endoplasmic reticulum appeared dilated, destruction of 
cristae of individual mitochondria was seen, and some of 
them showed organelle destruction. The cytoplasm and 
nuclei of photoreceptors showed no remarkable structural 
changes. Swelling of Muller cell processes was observed 
in the area of photoreceptor nuclei.

In rats with induced diabetic retinopathy, the 
connective tissue of the choroid showed a clear ground 
substance and loose collagen fibrils. Lumens of vessels 
and capillaries were filled with red cells. In addition, 
they were significantly reduced in size at some locations. 
The ultrastructure of endothelial cells of vessels and the 
choriocapillaris was heterogeneous: some cells showed a 
normal structure, whereas other showed signs of hydropic 
degeneration or compensatory-and-restorative processes, 
with increased amount of cytoplasmic organelles, 
large nucleus and diffuse chromatin in the nucleolus. 
It is noteworthy that fenestrations were well seen at the 
thinned cytoplasmic sites of endothelial cells of the 
choriocapillaris, and solitary microvilli were seen at the 
luminal surface of these cells.

Polymorphic changes were noted in the RPE layer. 
Some RPE cells showed a practically normal structure, 
with exclusion of loosely arranged vesicles of SEPR and 
lysosome accumulation in the cytoplasm. Others showed 
signs of nuclear membrane and cytosol swelling and a 
reduced amount of organelles. Some cells had signs of 
organelle destruction, with total loss of cytoplasm at 
individual sites. The basal surfaces of RPE cells showed 
no folds at some sites, and either deep and even or tortuous 
and short folds at other sites. Their state reflected the 
activity of the pump function between these sites of RPE 
cells and endothelial cells of the choriocapillaris. The 
apical microvilli of RPE cells were focally fragmented 
(Fig. 3).

Intercellular swelling was noted in the photoreceptor 
cell layer. Photoreceptor outer segment debris with focal 
destruction of disc membranes was accumulated beneath 
RPE cells. Disconnection of membranes was observed 
in the outer segments of photoreceptors. Mitochondrial 
pathology and dilated cisternae of the GEPR were seen 
in the inner segments.  Swelling of the Goldgi apparatus 
and GEPR components was observed in the cytoplasm of 
photoreceptors (Fig. 4).

Signs of swelling of stromal components and 
endothelial cells of vessels and capillaries of the 
choriocapillaris were less frequently observed after 
inducing diabetic retinopathy with myopia. However, there 
were differences in the lumens of vessels and, especially, 
the choriocapillaris. At some sites, the lumens were 
dilated, electron-lucent, and included solitary red cells. At 
other sites, the lumens were of a normal size and plasma 
had an increased electron density, or the lumens were of a 
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significantly reduced size due to a large nuclear portion of 
endothelial cells. There were polymorphic changes in the 
RPE cells. Some RPE cells had signs of altered organelles, 
others had an increased number of organelles, which 
indicated compensatory-and-restorative processes. Each 
of the latter cells had two nuclei with dispersed chromatin, 
the nucleoli were seen at the nuclear membrane (which 
indicated active metabolic processes between the nucleus 
and cytoplasm), accumulation of polysomes was observed 
beneath the folds of the basal surface, and mitochondria 
with a normal structure were arranged around the nuclei 
and distributed across the entire cytoplasm. This, in 
general, reflected increased energy producing, protein 
synthesis and other functions (Fig. 5). However, apical 
microvilli of some cells were commonly fragmented or 
destroyed, which prevented phagocytosis. In the area of 
photoreceptor cells, we noted extracellular swelling, focal 
destruction of individual outer segments, dilated cisternae 
of the GEPR, and pathology of some mitochondria in the 
inner segments and cytoplasm. Swelling was typical of 
Muller cell processes at the outer plasmatic membrane.

Discussion
A protective effect of high myopia on the retina 

in diabetes has been extensively discussed in the 
ophthalmological literature, but the mechanisms of this 
effect have not been elucidated. It is not understood in 
which way myopia (particularly, high myopia) prevents 
the development of severe retinopathy and especially 
proliferative DR in diabetics [7-9].

Lim and colleagues [14] investigated the relationship 
between refractive error, ocular biometry, and DR, and 
concluded that myopic refraction and longer axial length 
are associated with a lower risk of complications in DR. 
Man and colleagues [15] concluded that, in persons with 
diabetes, eyes with longer axial lengths are less likely to 
have DR and diabetic macular edema. A meta-analysis 
by Fu and colleagues [16] confirmed that both myopic 
refraction and longer AL are associated with a lower risk 
of DR. All studies, however, noted that, the mechanisms 
of the protective effect myopia against the development of 
diabetic retinopathy have not been investigated.

Some studies [17, 18] supposed that it is a reduced 
retinal blood flow that contributes to a reduction in the 
risk and severity of diabetic retinopathy in axial myopia. A 
study by Man and colleagues [19] investigated if reduced 
retinal capillary flow (RCF) is a potential mechanism 
underpinning a protective relationship between a longer 
axial length and a decreased risk of diabetic retinopathy. 
They found no association between axial length and RCF 
or between RCF and DR. Therefore, further research is 
required to determine the mechanisms underpinning the 
protective effect of myopia against the development of 
diabetic retinopathy [20].

In the current experimental study, we aimed to determine 
the features of the microstructure of choreoretinal complex 
in rats with diabetes induced by streptozotocin in the 
presence of axial myopia. 

We found that swelling was typical of the ground 
substance of the connective tissue and of the endothelial 
cells of vessels and capillaries for the choriocapillaris 
of rats with diabetes induced by streptozotocin in the 
presence of axial myopia. Mild vacuolar degeneration was 
observed in RPE cells. Retinal photoreceptor cells were 
characterized by extracellular swelling, destruction of the 
disc membranes of individual outer segments and altered 
organelles of some inner segments.

Signs of intra and extracellular swelling were more 
severe in rats with induced diabetic retinopathy in the 
choriocapillaris and RPE and photoreceptor cells than 
in rats with induced myopia. It is noteworthy that at the 
luminal surface of endothelial cells of the choriocapillaris 
there were solitary microvilli thickened at some sites, 
which increased the surface of these cells for penetration 
of nutrients from the lumens of the choriocapillaris to RPE 
cells.

Stromal swelling was somewhat reduced after inducing 
diabetes in the presence of myopia. In the endothelial cells 
of vessels and the choriocapillaris, as well as in the RPE 
cells, signs of compensatory-and-restorative processes 
were more common than signs of hydropic degeneration. 
However, photoreceptor cells were characterized by 
signs of extracellular swelling and intracellularly altered 
organelles.

Therefore, two months after inducing streptozotocin 
diabetes in the presence of axial myopia in rats, 
ultrastructural study of the chorioretinal complex found 
changes in the structure of the endothelial cells of vessels 
and the choriocapillaris, RPE cells and photoreceptors, 
which were characteristic of early diabetes and early 
myopia. At the same time, the devastating changes in the 
ultrastructure of these cells after inducing diabetes in the 
presence of myopization of the globe were somewhat 
retarded, likely due to some compensatory-and-restorative 
processes. The mechanisms of these processes should be, 
however, investigated.

In conclusion, first, myopization of the rat globe 
with elongation of the axial length somewhat reduces 
the severity of some ultrastructural changes in the 
choreoretinal complex in induced diabetic retinopathy 
due to reduced choroidal swelling and dominance of 
compensatory processes with increased energy producing, 
protein synthesis and other functions in the endothelial 
vessels and choriocapillaries  as well as RPE cells. 
Second, the ultrastructural features that we found in the 
choreoretinal complex of rats with diabetes induced by 
streptozotocin in the presence of axial myopia suggest 
a capacity of myopized eyes to somewhat buffer the 
development of severe diabetic retinopathy, likely due to 
some compensatory-and-restorative processes.
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Fig. 1. Electron micrograph. Ultrastructure of the retina 
of an intact rat. A fragment of RPE cell with a practically 
normal microstructure. Original magnification ×5,000. 
Note: RPE, retinal pigment epithelium; M, mitochondria; 
SEPR, smooth endoplasmic reticulum; N, nucleus

Fig. 2. Electron micrograph. Ultrastructure of the 
chorioretinal complex after inducing form-deprivation 
myopia in a rat. Retinal pigment epithelial cells with focal 
destruction of SEPR components.  Original magnification 
×5,000. Note: ChC, choriocapillaries; SEPR, smooth 
endoplasmic reticulum; M, mitochondria; BF, folds of the 
basal cell surface

Fig. 3. Electron micrograph. Ultrastructure of the 
chorioretinal complex after inducing diabetic retinopathy 
in a rat. Destruction of SEPR components with altered 
mitochondrial cristae and lysosome accumulation in the 
cytoplasm of RPE cells. Original magnification ×5,000. 
Note: ChC, choriocapillaries; RPE, retinal pigment 
epithelium; SEPR, smooth endoplasmic reticulum; M, 
mitochondria; N, nucleus; BF, folds of the basal cell 
surface
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Fig. 5. Electron micrograph. Ultrastructure of 
the chorioretinal complex after inducing diabetic 
retinopathy and form-deprivation myopia in a rat. An 
endothelial cell of the choriocapillaris with an electron-
transparent hyaloplasm and numerous microvilli at 
thinned cytoplasmic sites. An RPE cell with signs of 
compensatory-and-restorative processes.  Original 
magnification ×4,000. Note: ChC, choriocapillaries; EC, 
endothelial cell; SEPR, smooth endoplasmic reticulum; 
M, mitochondria; BF, folds of the basal cell surface; N, 
nucleus; AM, apical microvilli

Fig. 4. Electron micrograph. Ultrastructure of the 
chorioretinal complex after inducing diabetic retinopathy 
in a rat. Intercellular swelling and signs of hydropic 
degeneration in the inner segments of photoreceptor cells. 
Original magnification ×6,000. Note: PHIS, photoreceptor 
inner segments; PHOS, photoreceptor outer segments


