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Abstract 

The purpose of the study was to analyze the histological changes in the structures of 

the eyeball in experimental diabetic retinopathy and its correction with metformin, aflibercept, 

L-arginine solution and citicoline. 

The obtained results indicate about the development of pathological changes in the 

retina against the background of the progression of experimental diabetes when streptozotocin 

is administered at dose 55 mg/kg of animal weight against the background of a high-fat diet. 

The development of simulated streptozotocin diabetes is accompanied by disturbance in the 

retina in the form of edematous shifts of fibers and swelling of the cells forming it, uneven 

distribution of cells of the ganglion layer and vacuolization of the cytoplasm some of them. 

The using of corrective drugs complex for metabolic disorders and angiopathy, which are 

characteristic of diabetes mellitus, affects on the retina condition. Under the influence of 

http://dx.doi.org/10.12775/JEHS.2020.10.12.042
https://apcz.umk.pl/czasopisma/index.php/JEHS/article/view/JEHS.2020.10.12.042
https://zenodo.org/record/7112906


 427 

aflibercept, solution of L-arginine, citicoline, and metformin administration was established 

that edematous changes in its structural elements are significantly reduced, the number of 

vessels on the border with the retina visually increases, and the staining of the cells of the 

ganglion layer becomes more freshly. 

Key words: experimental diabetic retinopathy; streptozotocin diabetes; 

histological examination; correction; metformin; aflibercept; L-arginine; citicoline. 

 

Introduction. According to the WHO, diabetic retinopathy (DR) is the main cause of 

vision loss and blindness in diabetes. This pathology is the main cause of visual impairment in 

the population of economically developed countries [1-4] and is diagnosed in 40-85 % of 

patients suffering from diabetes. 

It is noting that even with the compensation of carbohydrate metabolism, the 

development of DR continues. An important factor in the development of retinopathy in 

diabetes is not only hyperglycemia, but also arterial hypertension [5-9]. The key role of 

endothelial dysfunction in the occurrence and progression of DR has been proven [10,11]. 

The pathogenesis of complications of diabetes mellitus is multifactorial in nature. Factors 

such as increased permeability of blood vessels, disruption of the energy balance, changes in 

the metabolism of cell membranes, and the induction of polypeptide growth factors are 

significant. In each specific case, the set and severity of individual chronic complications vary 

from their paradoxical almost complete absence, despite the significant duration of the 

disease, to a combination of all possible options in severe form [12, 13]. 

The aim of work – is the analysis of histological changes in eyeball structures in 

experimental diabetic retinopathy and its correction with metformin, aflibercept, L-arginine 

solution and citicoline.  

Materials and methods. The study was conducted on white Wistar rats weighing 

180-200 g. According to the tasks, the animals were divided into 3 groups: 

1st group – intact animals;  

2nd group – 60 animals with modelling of DR without correction (control pathology);  

3rd group –60 animals with modelling of DR with correction of hyperglycemia, 

administration of aflibercept, L-arginine solution and citicoline. 

Type 2 diabetes and DR were modeled by intraperitoneal administration of 

streptozotocin (Sigma, USA) dissolved in 0.1 M citrate buffer with pH 4.5 [14, 15]. Dose of 

streptozocin of 55 mg/kg of animal weight was divided into two administrations. 

Administration of streptozocin was preceded by a high-fat diet for 28 days [16]. 
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Animals were subjected to research by decapitation in accordance with the "Rules for 

the performance of work using experimental animals", approved by the Order of the Ministry 

of Health of Ukraine No. 249 of 01.03.2012 and the Law of Ukraine No. 3447-IV "On the 

Protection of Animals from Cruelty" (as amended on 15.12.2009 and 16.10.2012).  

The hypoglycemic medicine – metformin (Merck Sante, manufactured in France) - at 

at a dose of 300 mg/kg body weight [17] in a 0.9 % sodium chloride solution through a 

syringe with an intragastric probe daily, during the entire experiment. 

The introduction of L-arginine solution, which is NO donor, (SIMESTA, 

manufactured in China, quality standard USP32) was carried out by intragastric 

administration of L-arginine solution in 0.9 % sodium chloride solution at a dose of 

500 mg/kg [18] through a syringe with an intragastric probe.  

Aflibercept (anti-VEGF therapy) was administered in the form of subconjunctival 

injections at a dose of 0.08 ml (25 mg/ml) [19] with an interval of 1 injection every 30 days. 

Citicoline – 81.8 mg/kg (0.33 ml/kg) was administered intramuscularly once per a day 

[20]. 

Histological examination: after removing the rats from the experiment, enucleation 

was performed. One eyeball was fixed for 24 hours in a 4 % paraformaldehyde solution, then 

the obtained materials were passed through alcohols of increasing concentration and poured 

into celloidin according to the generally accepted method. From the obtained blocks, 

histological sections of 7-9 microns were made, which were stained with hematoxylin-eosin. 

The obtained preparations were examined under a light microscope and structural changes in 

the formations of the eyeball were determined. 

Results of study and their discussion: 

The study of histological preparations of the retina of a healthy rat showed the 

following. The retina is a multi-layer formation according to its organization. The outer 

(pigment) layer is formed by flattened cells with flattened oval nuclei, the cytoplasm of which 

contains individual melanin granules of various sizes. The layer above them is formed by 

columnar structures of eosinophilic staining – rods and cones. This layer is covered with a 

thin, dense, uniform membrane. A sufficiently wide layer of cells with rounded nuclei of 

different chroma is located closer to the inside (Fig. 1.) 

Nucleus is a different size, mostly medium. The cytoplasm of cells is represented by a 

thin rim around the nucleus. It is colored pale eosinophilic. The outer granular, the outer edge 

of this layer is weakly expressed. This layer is separated from more internal formations by 
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layer that is formed by irregularly arranged short thin fibers. Above it is a layer with rounded 

cells that have medium, pale colored nuclei and a thin rim of cytoplasm. 

 

Fig. 1. Retina of healthy rat. An outer granular layer with a wavy outer edge. A thin 

inner granular layer with cells with large nuclei. The ganglionic layer contains neurons with 

different chrominity of the nuclei. Tinc. Hematoxylin-eosin. Phf.: х 300. 

 

These cells are similar in appearance to the previously described outer granular layer, 

but it is visually smaller in width. Above it is a layer formed by thin, delicate, short, pale 

eosinophilic fibers. Closer to the eye cavity, there are ganglion cells in one row, which are 

characterized by the presence of medium-sized nuclei with varying degrees of staining 

intensity and sufficiently large volume of very palely stained cytoplasm. A thin layer of 

disordered thin fibers is defined above it, some of which form arch-like formations. The retina 

is covered with a thin homogeneous, strongly eosinophilic membrane. 

Histological examination of the rat’s retina with simulated diabetes showed the 

following. The layered organization of the experimental animals’ retina is preserved. The 

outer pigment layer is represented by one row of cells, mainly with flat nuclei, which lack 

pigment granules. The density of cells is visually slightly lower than in the control. There is 

also the presence of single cells with rounded nuclei, the staining of which is lighter than that 

of flat cells. The outer glial membrane is thin, pale eosinophilic. The layer of rods and caps is 

represented by dense structures arranged in columns. The peculiarity of this layer in 

experimental animals was the unequal intensity of their staining, next to moderately 
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eosinophilic formations. Pale columnar structures were present, and there were also small 

"gaps" in this layer. 

The outer granular layer is visually the same width as in intact animals. The cells 

located in it have rounded, moderately chromic nuclei. The peculiarity of experimental rats is 

that instead of the slight undulation of the outer edge of this layer in intact rats, in them it 

forms rather significant protrusions in which the cells are rarefied, most likely due to edema. 

The outer flexiform layer is formed by short thin fibers, pale eosinophilic. In contrast to the 

control, the location of the fibers is swollen and rarefied. The number of fibers is visually 

reduced. The inner granular layer is thinned and represented by cells with rounded nuclei and 

varying degrees of chromicity. The peculiarity of this layer in the experimental animals was 

the pronounced rarefaction of their distribution and the uniformly small size of the nuclei. 

This may be due to a decrease in the number of cellular elements or tissue swelling. The 

width of the inner reticular layer of the retina corresponds to the data of control animals. In 

that part of this layer, which is adjacent to the ganglion layer, the presence of areas of 

edematous-thinned areas is observed. The fibers that form this layer are thin, pale 

eosinophilic, and short. The layer of ganglion cells is distinguished by an uneven distribution 

of cells. Areas with evenly distributed neurons border areas where such cells are single. 

Vacuolation of a significant part of ganglion cells should be emphasized. At the same time, in 

areas with a denser arrangement of cells, the vacuoles in their cytoplasm are small, and the 

nuclei are large enough, with a moderate chrominity. In areas where ganglion cells are 

rarefied in their cytoplasm, the vacuoles are large and the nuclei are small, darkly stained. 

(Fig. 2). 

 

Fig. 2. Retina of rat with simulated diabetes. 60th day of research. Thinning of the 

inner granular layer. Rarefaction of cells in the ganglionic layer, their different chroma. Tinc. 

Hematoxylin-eosin. Phf.: х 300. 
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In the layer of nerve fibers, the arch organization of their distribution is smeared, and 

the fibers themselves are swollen. The outer glial membrane with areas of swelling and 

loosening, pale-colored. A feature of the eye structure of these animals was the presence of 

individual dark granules in the lens closer to its outer surface (Fig. 3). 

 

Fig. 3. The presence of inclusions in the lens of a rat with experimental diabetes. Tinc. 

Hematoxylin-eosin. Phf.: х 300. 

 

A morphological study of the retina of rats with a model of diabetes mellitus, which 

received complex correction, revealed several positive changes in comparison with the data of 

animals in which the pathological process was simulated without further correction. The state 

of the outer pigment layer is practically no different from the intact group. It mainly consists 

of cells with flattened nuclei, there are individual cells with rounded light nuclei. Granules of 

the pigment are individual, separate, small, rarely found. The peculiarity of this group was the 

presence of moderately full blood vessels, which were adjacent to the pigment layer. Visually, 

they are slightly more than in animals with uncorrected diabetes. 

The outer glial membrane is thin, homogeneous, pale eosinophilic. The layer of rods 

and cones is represented by columnar structures of monotonous moderate eosinophilic 

staining. Gaps in this layer were observed in animals with uncorrected diabetes, visually they 

are individually smaller than in animals in the previous group. The outer granular layer is 

characterized by a width that is close to the control indicators. Its feature is that these cells 

form either dense clusters or areas with moderate distribution density. The cells of this layer 

have rounded nuclei, freshly colored, mostly of medium size. Another feature of this layer is 

the weak expression of the waviness of the outer layer. The layer of fibrous fibers differs in 

that the areas where single fibers are located border the areas where cells from the granular 

layers penetrate (Fig. 4). 
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Fig. 4. Rat’s retina on the 60th day of the diabetes modelling with correction. Outer 

granular layer of different density of cell distribution. Penetration of cells into the reticular 

layer. Tinc. Hematoxylin-eosin. Phf.: х 300. 

 

The inner granular layer is thin, the distribution of cells is even. Edematous rarefaction 

is not pronounced. Only single cells penetrate neighboring layers. The inner layer of fibers 

(layer of nerve fibers) is quite homogeneous. The fibers are pale colored. A feature of this 

layer in rats that received complex correction is the absence of pronounced edema or 

vacuolization of the structures of this layer. It should be emphasized that this is more 

pronounced in the part of this layer that is close to the granular layer. As for the ganglion 

layer, visually, the density of the distribution of cells on it is higher in animals with corrected 

pathological condition. However, this is due to the appearance between neurons of cells with 

colored nuclei, which have separated from the internal granular layer. Ganglion cells are 

characterized by swelling of the body and its indistinct borders, with rather pale colored 

nuclei. Vacuolation of cells is not observed (Fig. 5). 
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Fig. 5. Rat’s retina on the 60th day of the diabetes modelling. Rarefaction of the inner 

granular layer. Rarefaction of cells in the ganglionic layer, their different chroma. 

Tinc. Hematoxylin-eosin. Phf.: х 300. 

The layer of nerve fibers is characterized by their swelling and disordered distribution. 

Dark, punctate inclusions remain in the lens. 

 

Conclusions: 

1. The obtained results indicate about the development of pathological changes in 

the retina against the background of the progression of experimental diabetes when 

streptozotocin is administered at dose 55 mg/kg of animal weight against the background of a 

high-fat diet.  

2. The development of simulated streptozotocin diabetes is accompanied by 

disturbance in the retina in the form of edematous shifts of fibers and swelling of the cells 

forming it, uneven distribution of cells of the ganglion layer and vacuolization of the 

cytoplasm some of them.  

3. The using of corrective drugs complex for metabolic disorders and angiopathy  

affects on the retina condition.  

4. Under the influence of aflibercept, solution of L-arginine, citicoline, and 

metformin administration was established that edematous changes in its structural elements 

are significantly reduced, the number of vessels on the border with the retina visually 

increases, and the staining of the cells of the ganglion layer becomes more freshly. 
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