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INTRODUCTION
Diabetes mellitus is one of the most widespread en-
docrine diseases, which currently occupies one of the 
leading places in terms of medical and social impor-
tance, next to cardiovascular and oncological pathol-
ogies. Nowadays, the number of people with diabetes 
in Ukraine reaches 1.5-3% of the entire population [1]. 
Due to wide distribution of this pathology, the variety 
of complications, the severity of manifestations and 
the difficulty in selecting treatment, a thorough and 
comprehensive study of changes in the microstruc-
tural organization of tissues of the affected organs is 
indicated. Generalized vascular damage, specifically 
at the microcirculatory level is characteristic of both 
insulin-dependent and non-insulin-dependent types 
of diabetes, and largely determines the course and 
prognosis of the disease [2].

The incidence of ophthalmic diseases ranges globally 
approximately from 65% to 98%. Numerous clinical and 

experimental studies have established the relationship 
between eye tissue diseases and the state of somatic 
health, in particular, the state of the endocrine system 
and, as a result, the development of keratitis [3-8]. Dia-
betes mellitus significantly involves changes in tissues 
of the eyeball. The most numerous and at the same 
time contradictory information concerns the vascu-
lar concept of chronic damage to the membranes of 
the eyeball, which was formulated in the last century 
[9,10]. To date, it has not been definitively established 
whether the nerve fiber is primarily affected, as a result 
of a trophic disturbance, or a vessel, as the object of 
neurotrophic influence [11].

With a chronic, ongoing state of hyperglycemia, there is 
a higher probability of bacterial damage to the structures 
of the eyeball, in particular the cornea [12, 13]. On the one 
hand, this may be related to a change in the conjunctival 
flora in this group of patients due to an increase in the con-
tent of gram-positive cultures (mainly coagulase-negative 
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staphylococcus) due to an increase in the concentration 
of glucose in tears and the frequent use of antibiotics [14]. 

On the other hand, specific structural and functional 
changes of the corneal tissues due to diabetes, is charac-
terised by the development of diabetic keratopathy, which 
occurs as the background of diabetic corneal neuropathy. 
According to various authors, diabetic keratopathy occurs 
in 50–70% of patients with diabetes and is characterized by 
an asymptomatic course [12, 15]. 

However, eye trauma or any other surgical injury of a 
cornea being in such condition can lead to incomplete and 
delayed regeneration and is often the cause of reduced 
visual acuity due to clouding of the stroma and uneven 
surface [12, 15].

Bacterial keratitis occurs more often in patients with 
diabetes than in the general population, and has a more 
severe course [16–18]. A key role in the development 
and regulation of the inflammatory reaction is controled 
by cytokines — a group of mediators of intercellular 
interaction of a protein nature, which is the main non-
specific humoral factor of immunity. According to their 
biological effect, cytokines are conditionally divided 
into pro-inflammatory and anti-inflammatory [19]. In 
bacterial keratitis, there is an increase in the expression 
of pro-inflammatory cytokines (interleukin 1α (IL-1 α) 
and interleukin 6 (IL-6)) in the tear fluid of the diseased 
eye [20, 21] and anti-inflammatory (interleukin 10 (IL-10)) 
— in tear fluid of the contralateral eye [20]. In patients 
with diabetes mellitus, the presence of chronic systemic 
inflammation of low intensity has been proven, which 
leads to an increase in the concentration of pro-inflam-

matory factors in blood plasma and biological fluids in 
the absence of an immunostimulator [22] and a change 
in the body’s response to inflammatory diseases [23–26].

However, immunological aspects of bacterial keratitis 
in patients with diabetes have not been identified to 
date. Taking into account the above, diabetic damage 
to the structures of the eyeball will continue to be an 
actual problem of the possible development of diabetic 
damage to the cornea.

AIM
The aim was to find out the peculiarities of the micro-
structural rearrangement of the layers of the rat cornea 
at the end of the second week of experimental strep-
tozotocin-induced diabetes.

MATERIALS AND METHODS
The research was conducted on 15 sexually mature, 
outbred white male rats, weighing 120-130 g. Experi-
mental diabetes was induced by a single intraperitoneal 
injection of streptozotocin (Sigma, ltd) at the rate of 7 
mg per 100 g of body weight (prepared in 0.1 mol citrate 
buffer, pH=4.5). The diabetes development was mon-
itored during 2 weeks of blood glucose level increase, 
which was measured by the glucose oxidase method. 
The research was conducted from the second week of 
the experiment on animals with a glucose level of more 
than 13.48 mmol per 1 liter. Two groups of animals 
were used in the work: the first group (10 animals) with 

Fig. 1.  Cornea at the end of the second 
week of experimental diabetes. Hematox-
ylin and eosin staining. Coll. x 400. 
1-loose arrangement of cells of the basal 
layer of the outer epithelium of the cor-
nea; 2-enlightenment of the cytoplasm 
of individual epitheliocytes of the basal 
layer; 3-delamination of the connective 
tissue plates of the main substance of 
the cornea.
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developing diabetes (2 weeks after administration of 
streptozotocin); the second group served as control (5 
animals) and received injections of 0.9% physiological 
solution for 2 weeks.

All animals were kept in vivarium conditions and the 
procedures related to housing, care, labeling and all 
other manipulations were carried out in compliance 
with the provisions of the “European Convention for the 
Protection of Vertebrate Animals Used for Experimen-

tal and Other Scientific Purposes” [Strasbourg, 1985], 
“General ethical principles of experiments on animals”, 
adopted by the First National Congress on Bioethics 
[Kyiv, 2001], Law of Ukraine No. 3447 - IV “On the Protec-
tion of Animals from Cruelty”. The Bioethics Commission 
of the Lviv National Medical University named after 
Danylo Halytsky found that the conducted scientific 
research meets the ethical requirements in accordance 
with the order of the Ministry of Health of Ukraine No. 

Fig. 2. Cornea at the end of the second 
week of experimental streptozotocin 
diabetes. Hematoxylin and eosin staining. 
Coll. x 400.
1-acidophilic layers on the surface of the 
outer epithelium of the cornea.  

Fig. 3. Cornea at the end of the second 
week of experimental streptozotocin 
diabetes. Hematoxylin and eosin staining. 
Coll. x 400.
1- focal destruction of the surface layer 
of the outer epithelium of the cornea.
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231 of November 1, 2000 (protocol No. 10 of December 
26, 2011), (protocol No. 2 of February 20, 2012 year). 
Before taking the material of the experimental site, 
the animal was removed from the experiment with the 
help of diethyl ether. The eyeballs of rats were used for 
microscopic examination (intersecting in the area of 
the limbus). Preparations for histological examination 
were prepared according to the generally accepted 
method [28]. Microscopic studies and photography 
of the preparations were carried out using an MBI-1 
microscope and a Nicon D 3100 digital camera.

RESULTS
Microstructural examination of the cornea at the end of 
the second week of experimental streptozotocin-induced 
diabetes of the cornea of laboratory rats revealed that the 
outer epithelium of the cornea retained its integrity. In 
the epithelium, the basal, intermediate and surface layers 
were clearly visualized. In some areas of the cornea, the 
basal cells were located loosely, lost their columnar shape, 
and basal cells of a rounded shape were visualized (Fig. 1).

The cytoplasm of individual basal cells was swollen and 
contained small acidophilic granules. At the same time, the 
cells of the basal layer with lighted vacuolated cytoplasm 
were visualized.

Epitheliocytes of the middle layer of the outer epithe-
lium of the cornea were chaotically located in individual 
areas, lumps of intensively condensed chromatin were 
often visualized in their nuclei.

Focal destruction of the cells of the surface layer of the 
cornea and focal layering in such areas of fine-grained aci-
dophilic masses of rice were noted in places. (Fig. 2, Fig. 3).

In most areas of the corneal stroma, the connective 
tissue plates were arranged in an orderly manner, and 
their collagen fibers were preserved. In some areas of the 
corneal stroma, connective tissue plates were swollen, 
their main substance was slightly swollen. 

The loose arrangement of connective tissue plates, their 
delamination, and the accumulation of optically light 
masses in such areas were also noted (Fig. 1). The endo-
thelium of the anterior chamber of the eye was preserved 
in most areas of the cornea.

 However, in some areas of the cornea, swelling of the 
cytoplasm of cells of the posterior corneal epithelium 
was noted.

DISCUSSIONS
The most frequently diagnosed eye diseases is a group 
of corneal lesions of various origins, which have differ-
ent etiology, pathogenesis, and clinical manifestations 
[3-8]. Among the main causes of their occurrence, var-

ious authors name injuries, bacterial lesions, as well as 
general metabolic changes in the body, which develop 
under the influence of both exo- and endogenous fac-
tors, as well as background of diseases that lead to the 
development of polyneuro- and polyangiopathies, in 
particular - the background of diabetes.

Chang Y.S. et al. (2020) and Badawi A.E. et al. (2017) in 
their works emphasize the significantly more frequent 
damage to the cornea by pathological processes in pa-
tients with diabetes than in the general population [6, 8]. 

The same opinion is held by Vieira-Potter V.J. et al. 
(2016), Wang B et al. (2018) [12, 13]. In order to un-
derstand the causes of diabetic keratopathies and to 
develop effective methods of their prevention and 
treatment, it is necessary to study in-depth the changes 
that occur in the structures of the cornea at the back-
ground of diabetes, starting from the early stages of its 
development. Understanding the mechanisms of their 
development will also allow to optimize and accelerate 
the processes of corneal regeneration after trauma or 
surgery in patients with diabetes.

The results of our study indicate that condition of the 
rat cornea influenced by experimental diabetes at the 
end of the second week of experiment showed the devel-
opment of focal destruction of the corneal surface layer 
cells, which can be interpreted as the initial phenomena 
of diabetic keratitis. The detected changes explain why 
even at the initial stages of the development of this pa-
thology, the examined tissues become more vulnerable 
to external stimuli, and in the absence of treatment (both 
general and local), these changes can progress and, as a 
result, cause the development of acute or chronic kera-
titis and significant decrease in visual acuity. 

In order to preserve patients’ vision and prevent the 
development of more serious complications, in our 
opinion, it is advisable to develop measures for early 
correction of detected changes already at the initial 
stages of the of diabetes development.

CONCLUSIONS
1.  The result of our study of the cornea, at the end of 

the second week of experimental streptozotocin-in-
duced diabetes found that in some areas of the 
cornea, the basal cells were located loosely, lost their 
columnar shape, and the cells of the basal layer with 
lightened vacuolated cytoplasm were visualized. 

2.  There were local zones where focal destruction of 
the cells of the surface layer of the cornea and focal 
layering of fine-grained acidophilic masses were not-
ed. In some areas of the corneal stroma, connective 
tissue plates were swollen, their main substance was 
slightly swollen. 
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week of experimental streptozotocin-induced di-
abetes indicate the initial phenomena of diabetic 
keratitis.

3.  There were foci of swelling of the cytoplasm of cells 
of the posterior corneal epithelium. These pathomo-
rphological manifestations at the end of the second 
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