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Abstract 

Introduction: The paper presents the results of the vascular endothelial growth factor 

of rats with experimental diabetic retinopathy (DR).  

Material and methods: Experimental studies were performed on white Wistar rats, 

which were divided into 7 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; 4th group – 60 animals with modelling of 

DR with correction of hyperglycemia, administration of aflibercept and L-arginine solution; 

5th group – 60 animals with modelling of DR with correction of hyperglycemia, 

administration of aflibercept and bromfenak; 6th group – 60 animals with modelling of DR 

with correction of hyperglycemia, administration of aflibercept, L-carnitine solution and 

bromfenak; 7th group – 60 animals with modelling of DR with correction of hyperglycemia, 

administration of aflibercept, L-arginine solution and citicoline. 

Results: The results of the analysis of the VEGF in the 2nd group confirm the 

development of DR, a particularly pronounced increase in the marker was detected on the 

180th day of the development of the pathological process. The results of the 4th group 

indicate that the involvement of a nitric oxide donor and aflibercept in the correction of DR 

http://dx.doi.org/10.12775/JEHS.2022.12.04.034
https://apcz.umk.pl/JEHS/article/view/55998
https://zenodo.org/record/14039213


 376 

has positive effect on the reduction of the VEGF level, more pronounced compared to the 3rd 

group, but it does not reach normative values. It is observed that the correction of the 

simulated pathological condition by reducing hyperglycemia, administration of aflibercept 

and bromfenac (group No. 5) gives positive results, but less pronounced, compared to the data 

of the 4th group. It was found that in rats with DR with subsequent correction of 

hyperglycemia, administration of aflibercept, L-carnitine and bromfenac (group No. 6) at the 

first stage, there is a pronounced effectiveness of the proposed method of correction in 

comparison with the previously considered methods. The most pronounced positive effect of 

normalizing the VEGF level is observed when using a hypoglycemic drug in combination 

with the administration of aflibercept, a solution of L-arginine and citicoline (group No. 7). 

Conclusions: The obtained data confirm the development of diabetic retinopathy, a 

particularly marked increase in the marker was detected on the 180th day of the development 

of the pathological process (p<0.001). Aflibercept has a positive effect on the normalization 

of this condition, but a more pronounced effect is observed in combination with long-term 

administration of L-arginine. The relationship between the normalization of the vascular 

growth factor and the correction of hypoxia was also revealed. 

Key words: experimental diabetic retinopathy; experimental diabetes; vascular 

growth factor; pathogenetic correction.  

 

Introduction. According to WHO data, diabetic retinopathy is the main cause of 

vision loss and blindness in diabetes [1-5]. It has been proven that vascular endothelial growth 

factor (VEGF) in blood serum is informative as marker of the development of diabetic 

retinopathy [6]. In the retina, under the influence of VEGF in conditions of hypoxia and with 

the participation of proteases, the initial stages of angiogenesis occur migration of endothelial 

cells in the extracellular matrix and degradation of the basal membrane of the capillary 

endothelium. VEGF regulates the development of newly formed vessels to the stage of 

involvement of pericytes, which stabilize the vascular network [7, 8]. Also, the vascular 

growth factor stimulates increased permeability of the vascular wall, disruption of the 

hematoretinal barrier functions due to the phosphorylation of tight junctions of 

endotheliocytes [9]. An increase in the permeability of the hematoretinal barrier leads to the 

development of diabetic macular edema. VEGF causes increased expression of leukocyte 

adhesion molecules VCAM1, ECAM1, PECAM-1, P-selectin, which in turn increase 

leukocyte adhesion in retinal microvessels. As a result, there is a violation of the permeability 
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of the hematoretinal barrier, loss of endotheliocytes, infiltration of the retina with leukocytes, 

and diapedesis [7, 10]. 

A network of endotheliocytes, which is formed during vasculogenesis, serves as a 

framework for angiogenesis [11-13]. Inadequate angiogenesis is the basis of such a 

pathological process as proliferative diabetic retinopathy. The causes of a progressive 

decrease in visual acuity in patients with diabetes are the excessive proliferation of vessels in 

the eyeball. An imbalance between inhibitors and stimulators of angiogenesis is characteristic 

of the development of diabetic retinopathy (DR). During retinal ischemia, hyperproduction of 

VEGF increases, which plays a key role in the activation of pathological neoplasms [11, 14]. 

The aim of work to investigate the changes in the VEGF in experimental animals, 

which were simulated diabetic retinopathy and against the background of its correction.  

Material and methods. The study was conducted on white Wistar rats weighing 180-

200 g. According to the tasks, the animals were divided into 7 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; 4th group – 60 

animals with modelling of DR with correction of hyperglycemia, administration of aflibercept 

and L-arginine solution; 5th group – 60 animals with modelling of DR with correction of 

hyperglycemia, administration of aflibercept and bromfenak; 6th group – 60 animals with 

modelling of DR with correction of hyperglycemia, administration of aflibercept, L-carnitine 

solution and bromfenak; 7th group – 60 animals with modelling of DR with correction of 

hyperglycemia, administration of aflibercept, L-arginine solution and citicoline. 

Diabetes Type II and DR were modeled by intraperitoneal administration of 

streptozotocin (Sigma, USA) dissolved in 0.1 M citrate buffer with pH 4.5. 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. 

During the work with animals, we considered the International Code of Medical Ethics 

(Venice, 1983), the European Convention for the Protection of Vertebrate Animals Used for 

Experimental and Other Scientific Purposes (Strasbourg, 1986), and the General Ethical 

Principles for Animal Experiments adopted by the First National Congress of Bioethics 

(Kyiv, 2001), Directive 2010/63/EU of the European Parliament and Council on protecting 

animals used for scientific purposes, the Law of Ukraine “On protection of animals from cruel 

treatment” No. 440-IX of 14 January 2020 [15, 16]. 
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The hypoglycemic medicine – metformin (Merck Sante, manufactured in France) - at 

at a dose of 300 mg/kg body weight 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 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) 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. Bromfenak – was introduced of 0,09 % eyes 

drop solution once per a day.  L-carnitine (manufacturing by “Sigma”, USA) was 

administrated in the form of an aqueous solution through a syringe with an intragastric probe 

at a dose of 25 mg/100 g of animal weight.    

The VEGF level in the blood serum of rats was determined immunoenzymatically 

with the sets of reagents. 

To identify changes in the studied indicators between different groups and at different 

stages, we used parametric statistical methods, which are based on operating with the 

parameters of the statistical distribution (mean and variance). The methods used are designed 

for normally distributed data, so we checked all data for normality using E.I. Pustilnyk's 

asymmetry and kurtosis criterion. All the data that we are considering turned out to be 

normally distributed, so we can pairwise compare the mean values of the samples. Note that 

in the following comparisons we perform comparisons in independent samples. These will be 

comparisons between different groups of animals or comparisons between the same group of 

animals (but since there is no correspondence between animals in the samples, they will also 

be independent). The value p<0.05 was chosen as the reliability criterion. An analysis was 

performed to see if the means differed. The results of determining the t-test give an answer 

about the equality or difference of the mean values, but they do not provide an opportunity to 

accurately measure the difference between the mean values. Note that this difference is quite 

conditional. This difference was calculated as a percentage. Thus, we demonstrated a 

comparison of mean values between different groups of animals. 

Results. The dynamics of the VEGF in the blood serum of experimental animals with 

simulated diabetic retinopathy and under the influence of various methods of its correction at 

each stage of the experiment are presented in Table 1.  
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Table 1 – The VEGF level in the blood of experimental animals with modelling 

diabetic retinopathy and its different methods of correction on the 30th, 60th and 180th day 

(М±m), (μM/l) 

Stages 

Groups 
I stage(А) 2 stage (B) 3 stage (C) 

Group 1 

28,9±0,44 30,45±0,5 30,19±0,51 

- - 1A-1B p<0,05 
1A-1C 

1B-1C 

p>0,05 

p>0,05 

Group 2 

48,5±0,4 67,32±0,42 73,94±0,38 

1A-2А p<0,001 
1B-2B 

2A-2B 

p<0,001 

p<0,001 

1C-2C 

2A-2C 

2B-2C 

p<0,001 

p<0,001 

p<0,001 

Group 3 

42,93±0,5 50,75±0,42 54,12±0,43 

1A-3А 

2А-3А 

p<0,001 

p<0,001 

1B-3B 

2B-3B  

3A-3B 

p<0,001 

p<0,001 

p<0,001 

1C-3C 

2C-3C  

3A-3C 

3B-3C 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

Group 4 

39,46±0,32 37,97±0,34 34,48±0,43 

1A-4А 

2А-4А 

3А-4А 

p<0,001 

p<0,001 

p<0,001 

1B-4B 

2B-4B 

3B-4B 

4A-4B 

p<0,001 

p<0,001 

p<0,001 

p<0,01 

1C-4C 

2C-4C 

3C-4C 

4A-4C 

4B-4C 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

Group 5 

41,27±0,43 40,65±0,61 38,92±0,53 

1A-5A 

2A-5A 

3A-5A 

4A-5A 

p<0,001 

p<0,001 

p<0,05 

p<0,01 

1B-5B 

2B-5B 

3B-5B 

4B-5B 

5A-5B 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

p>0,05 

1C-5C 

2C-5C 

3C-5C 

4C-5C 

5A-5C 

5B-5C 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

p<0,01 

p<0,05 

Group 6 

38,28±0,48 36,67±0,46 35,29±0,43 

1A-6A 

2A-6A 

3A-6A 

4A-6A 

5A-6A 

p<0,001 

p<0,001 

p<0,001 

p<0,05 

p<0,001 

1B-6B 

2B-6B 

3B-6B 

4B-6B 

5B-6B 

6A-6B 

p<0,001 

p<0,001 

p<0,001 

p<0,05 

p<0,001 

p<0,05 

1C-6C 

2C-6C 

3C-6C 

4C-6C 

5C-6C 

6A-6C 

6B-6C 

p<0,001 

p<0,001 

p<0,001 

p>0,05 

p<0,001 

p<0,001 

p<0,05 

Group 7 

33,52±0,43 31,65±0,41 30,45±0,52 

1A-7A 

2A-7A 

3A-7A 

4A-7A 

5A-7A 

6A-7A 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

1B-7B 

2B-7B 

3B-7B 

4B-7B 

5B-7B 

6B-7B 

7A-7B 

p>0,05 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

p<0,01 

1C-7C 

2C-7C 

3C-7C 

4C-7C 

5C-7C 

6C-7C 

7A-7C 

7B-7C 

p>0,05 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

p<0,001 

p>0,05 
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At the 1st stage in the second group (DR without correction) was detected an increase 

in the VEGF level compared to the control group on 67.8 % (p<0.001). At the second stage, 

an increase in the studied marker was found on 121 % compared to the intact group, and on 

38.8 % (p<0.001) compared to its group at the previous stage. At the third stage, it was 

established that the level of VEGF was on 144.9 % (p<0.001) higher compared to the intact 

group, on 52.4 % (p<0.001) higher than the value on the 1st stage group, and on 9.8 % 

(p<0.001) – of the 2nd stage. 

It was established in group No. 3 (which simulated DR with correction of 

hyperglycemia) that at the first stage, the level of the studied indicator was on 48.5 % higher 

than the results of the control group, and compared to group No. 2, it was lower on 11.5 %. In 

the second stage, an increase in VEGF is observed, its level is higher both compared to the 

intact group – on 66.7 % (p<0.001) and compared to the previous stage – on 18.2 % 

(p<0.001), compared to group 2 it is lower on 24.6 % (p<0.001). At the third stage, a more 

pronounced increase in VEGF compared to the intact group was established – on 79.2 % 

(p<0.001). It was compared to the data of its group of the first stage higher on 26 % 

(p<0.001), of the second stage – on 6.6 %, but compared to group No. 2, its increase is less 

pronounced on 26.8 % (p<0.001). 

Was found in the 4th group (experimental DR with correction of hyperglycemia, 

administration of aflibercept and L-arginine solution) at the 1st stage, an increase in the level 

of the vascular growth factor on 36.5 % (p<0.001), and compared to the 2nd in the 3rd 

groups, its values are less elevated on 18.6 % (p<0.001) and on 8 %, respectively. Was 

established at the second stage, an increase in the indicator on 24.7 % (p<0.001) compared to 

the intact group. It is noteworthy that the increase in the marker is less pronounced relative to 

the 2nd group on 43.6 % (p<0.001), relative to the 3rd group on 25.2 % (p<0.001), and in 

comparison, with the data of the group of the previous stage – on 3.8 % (p<0.001). At the 

third stage, the effect of this method of correction is even more pronounced: the level of the 

proliferation marker compared to the intact group is higher on 14.2 % (p<0.001), compared to 

group No. 2 it is lower on 53.4 % (p<0.001), with the 3rd, it is less pronounced on 36.3 % 

(p<0.001). Also, its value is smaller compared to the results of its group in the 1st stage – on 

12.6 % (p<0.001), in the 2nd stage – on 9.2 % (p<0.001). 

In the fifth group (DR with correction of hyperglycemia, aflibercept and bromfenac), 

the following data were obtained. At the 1st stage, the level of VEGF is higher on 42.8 % 

(p<0.001) compared to the intact group and on 4.6 % (p<0.01) relative to group 4. In 

comparison with group 2, its increase is less pronounced on 14.9 % (p<0.001), and in 
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comparison, with group 3 – on 3.9 % (p<0.05). At the second stage, the level of VEGF is 

higher on 33.5 % (p<0.001) compared to the 1st group, but the increase is less pronounced 

compared to the 2nd group – on 39.6 % (p<0.001), compared to the 3rd – on 19.9 % 

(p<0.001), compared to the group of the 1st stage – on 1.5 %. And compared to group 4, the 

proliferation marker increased on 7 % (p<0.001). At the third stage, VEGF increased on 28.9 

% (p<0.001) compared to group 1, and on 12.9 % (p<0.001) compared to group 4. In relation 

to all subsequent comparison groups, its increase is less pronounced - compared to group No. 

2 – on 47.4 % (p<0.001), group No. 3 – on 28 % (p<0.001), its own group of the 1st stage – 

on 5.7 % (p<0.01), and by its 2nd stage group – on 4.3 % (p<0.05). 

It was established in the sixth group (which experimental animals were corrected for 

hyperglycemia, aflibercept, L-carnitine, and bromfenac) at the first stage, the level of vascular 

growth factor is 32.4 % (p<0.001), and relative to all other groups, its rise is less pronounced: 

on 21 % (p<0.001) compared to group 2, on 10.83 % (p<0.001) compared to group 3, on 3 % 

(p<0.05) compared to the 4th group, and on 7 % relative to the 5th (p<0.001). The established 

positive trend is followed also at the 2nd and 3rd stages of the experiment, which indicates the 

effectiveness of this method of correction. 

The most pronounced positive effect is observed when using a hypoglycemic drug in 

combination with the administration of aflibercept, L-arginine solution and citicoline (in 

group No. 7). At the first stage, the level of VEGF is higher on 15.9 % (p<0.001), relative to 

all other groups of the experiment, its level is lower: compared to the 2nd group – on 30.9 % 

(p<0.001), compared to the 3rd – on 21.9 % (p<0.001), relative to group 4 it is lower on 15 % 

(p<0.001), relative to group 5 – on 18.8 % (p<0.001), and compared to the 6th group – on12.4 

% (p<0.001). At the second stage, the positive effect of corrective agents on the level of the 

proliferation marker is preserved - compared to the intact group, it is statistically insignificant 

and is 3.9 % higher. Relative to the group without correction, its value is lower on 52.9 % 

(p<0.001), and its value is also lower compared to all previous groups in which the 

pathological condition was corrected - relative to the 3rd group – on 37.6 % (p< 0.001), 

relative to the 4th - on 16.6 % (p<0.001), compared to the 5th – on 22.1 % (p<0.001), and 

relative to the 6th – on 13.7 % (p <0.001). Compared to the previous stage of its group, the 

rise is less pronounced on 5.6 % (p<0.01). At the third stage, the level of the marker is as 

close as possible to the values of the intact group - the difference is 0.9 % and is statistically 

insignificant. Compared with the data of other groups, the level of this method of correction is 

closer to the normal values – on 58.8 % (p<0.001) relative to the 2nd group, on 43.7 % 

(p<0.001) relative to the 3rd, on 11, 7 % (p<0.001) relative to the 4th, on 21.8 % (p<0.001) 
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compared to group 5, and on 13.7 % (p<0.001). Compared to the data of the same group on 

the 180th day, the result is better on 9.2 % (p<0.001) compared to the 1st stage, and on 3.8 % 

compared to the 2nd. 

Discussion. The results of the analysis of the VEGF in the 2nd group confirm the 

development of DR, a particularly pronounced increase in the marker was detected on the 

180th day of the development of the pathological process. It was established analyzing the 

data of group No. 3 that the correction of the pathological condition with hypoglycemic 

agents has partial positive effect but requires the involvement of additional means of 

correction in addition to the normalization of the level of glycemia.  

The results of the 4th group indicate that the involvement of a nitric oxide donor and 

aflibercept in the correction of DR has positive effect on the reduction of the VEGF level, 

more pronounced compared to the 3rd group, but it does not reach normative values. 

It is observed that the correction of the simulated pathological condition by reducing 

hyperglycemia, administration of aflibercept and bromfenac (group No. 5) gives positive 

results, but less pronounced, compared to the data of the 4th group. 

It was found that in rats with DR with subsequent correction of hyperglycemia, 

administration of aflibercept, L-carnitine and bromfenac (group No. 6) at the first stage, there 

is a pronounced effectiveness of the proposed method of correction in comparison with the 

previously considered methods, the established positive trend is being followed also at the 

2nd and 3rd stages of the experiment, which indicates the effectiveness of this correction 

method. 

The most pronounced positive effect of normalizing the VEGF level is observed when 

using a hypoglycemic drug in combination with the administration of aflibercept, a solution of 

L-arginine and citicoline (in group No. 7). 

Conclusions. The obtained data confirm the development of diabetic retinopathy, a 

particularly marked increase in the marker was detected on the 180th day of the development 

of the pathological process (p<0.001).  

1. Aflibercept has a positive effect on the normalization of this condition, but a 

more pronounced effect is observed in combination with long-term administration of L-

arginine.  

2. The relationship between the normalization of the vascular growth factor and 

the correction of hypoxia was also revealed. 
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