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Introduction 

Currently, one of the leading places in terms of growth rates of morbidity, disability, and 

mortality was occupied by diabetes mellitus (DM) among the so-called "diseases of 

civilization" [1,4,5,17]. Today, over 460 million people are sufferingglobally from diabetes; 

according to the predicted facts announced by the International Diabetes Federation, by 2040 

the number of patients will increase up to 642 million [11,12,18]. 

Diabetes mellitus is accompanied by the development of complications, including diabetic 

foot syndrome (DFS), one of the leading clinical symptoms of which is the persistence of an 

ulcer on the skin of the lower extremities [4,5]. 

Delayed wound healing is one of the complications of the disease due to multiple factors 

including poor circulation [4,5,12,17], prolonged inflammation, and hyperglycemia. It is a 

common cause of morbidity and mortality in patients with DM [2,5,15,16]. When the wound 

becomes chronic, it is prone to developing foot ulcers, including neuropathy and foot 

deformities [6,13,17,18]. Foot ulcers in DM are the cause of more than 50% of all non-

traumatic leg amputations [3,7,15]. Evidence has shown that hyperglycemia is one of the main 

factors contributing to slow wound healing by increasing cell apoptosis and decreasing cell 

survival in diabetic wounds. It has been shown to inhibit endothelial cell and fibroblast 

proliferation in humans [9], up to 75% slower in adult mice with DM compared to control 

mice [10]. 

At the present stage in experimental diabetology, the most widespread chemical model of 

diabetes mellitus uses substances that destroy β-cells of the islets of Langerhans [1,2, 11,12]. 

This study describes a model of diabetes mellitus in rats,induced by the introduction of a 

reduced dose of alloxan, which significantly reduces the number of animal deaths. 

The alloxan model of diabetes mellitus is one of the most widespread and studied. It is actively 

used by researchers around the world. Alloxan is a structural analog of glucose, due to which 
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it accumulates in pancreatic β-cells and leads to their death, followed by the development of 

diabetes. At the same time, damage to β-cells is accompanied by degenerative changes in the 

kidneys and liver, which leads to high mortality in laboratory animals on the first day after 

alloxan administration. The problem of violations of several types of metabolism with the 

introduction of alloxan, the prevalence of manifestations of oxidative stress as a typical 

pathological process in case of damage to the key organ involved in all types of metabolic 

processes (liver) dictate the need to prescribe pathogenetic drugs from the group of metabolic 

correctors with hepatoprotective and antioxidant orientation. One of the promising new drugs 

in this area is Rheomannisol (LLC "REKA-MED FARM" Republic of Uzbekistan) - a 

complex drug with antihypoxic, antioxidant, rheological, anti-shock, detoxifying, diuretic 

action. The main pharmacologically active substances are sodium succinate and mannitol. 

 

Aim of the study. Study of the effect of the new drug "Rheomannisol" on endogenous 

intoxication and wound healing, taking morphological aspects into the complex treatment of 

experimental diabetic foot syndrome. 

 

Materials and research methods. The work was done on experimental material. Healthy rats 

were selected for the experiment. Experimental studies were carried out on 140 outbred male 

rats weighing 220-250 g, kept in the Tashkent Medical Academy (TMA) vivarium. The rats 

were kept under optimal conditions, all rats lived in a room with a 12-hour light-dark cycle 

and a constant temperature of 22-25°C, with free access to water. All rats were given a 

sufficient amount of a normal rodent diet ad libitum. (diet for rodents, State standard No. 

GOST R50258–92) and tap water daily. Operations and all manipulations with animals were 

carried out using general anesthesia, in compliance with the principles of humanity outlined 

in the directives of the European Community (86/609/EEC) and the Declaration of Helsinki, 

by the "Rules for working with experimental animals". The experimental animals were divided 

into 4 groups: the 1st group was intact; 2nd group –the creation of an experimental model of 

alloxan diabetes mellitus; 3rd control group - against the background of alloxan diabetes, the 

creation of an experimental model of a diabetic foot using traditional complex treatment; 4th 

experimental group - on an experimental model of diabetic foot - traditional treatment and 

reomannisol. 

After a 24-hour fast, the rats were weighed. A 2% solution of alloxan diluted in 0.9% saline 

was administered intraperitoneally as a single dose, corresponding to a dose of 20, 15, 12 mg 

of alloxan per 100 g of animal weight. Food and water were given to animals only 30 minutes 

after drug administration. On the 3rd day, the level of glucose in the blood was assessed. 

 

 

 



10th -ICARHSE 
International Conference on Advance Research in Humanities, Applied Sciences and Education  

Hosted from New York, USA 
https://conferencea.org                                                                                                                                         Jan. 28th 2023  

 

183 

Results 

The body bodyweight before the experiment varied from 220 to 250 g. Group 1 - intact animals 

(10 rats each), served as controls for groups 3 and 4. 2nd group –the creation of an 

experimental model of a diabetic foot, against the background of alloxan diabetes; To do this, 

10 rats were injected intraperitoneally with 2% alloxan in an amount of 20 mg / 100 g. In this 

experimental group, in the 2nd experimental group, 8 rats died in the first 3 days as a result of 

hyperglycemic and hypoglycemic coma, which amounted to 80%. When examining the level 

of glucose in the blood with a glucometer of the remaining rats, it was 33.3 mmol/l and may 

have been higher, since the maximum range of the glucometer is 33.3 mmol/l. The remaining 

2 rats sat in the corner, there were no reactions to external stimuli, they were sedentary when 

picked up. The animals did not touch the food. On the next day 4, the remaining rats died. 

The second series of the second group of the experimental model of diabetes mellitus was 

created based on alloxan at a dose of 15 mg per 100 g from 10 rats. In this series of experiments, 

in the first 3 days the lethality was 50% (5 rats). The glucose levels of the survivors (5 rats) 

ranged from 29.8 to 33.3 mmol/l. During the next 4 days, the remaining rats died. 

 3rd series of the experiment of the 2nd group - administration of alloxan intraperitoneally at 

a dose of 12 mg per 100 g per 100 rats. During the next 72 hours, no lethal outcome was 

observed in rats, the range of blood glucose levels in rats varied between 15.5 - 17 mmol/L. In 

rats on the skin of the footpad pad of the right hind paw, a full-thickness rectangular wound 

measuring 2 mm × 5 mm was created with a scalpel. Rats were randomly divided into 2 groups, 

each group of 50 rats. So it was created 3 –a control group on 50 rats and 4 experimental 

groups n=50 rats. In both groups, until the end of the experiment (17 days), no death was 

recorded. 

Visual inspection. The first signs of diabetes were manifested in the form of a sharp increase 

in water consumption of 70-80 ml, polyphagia, polyuria, hyperglycemia. With alloxan-

induced diabetes mellitus in animals during the experiment, lethargy, apathy, low activity, 

tarnishing and loss of coat, weight loss, clouding of the pupil and sclera, small-point erosion 

in the tails and limbs were noted. The wool of animals normally has a peculiar luster and is 

usually adjacent to the skin. In dynamic observation in rats of the experimental group, by the 

seventh day, the condition began to improve. 

In the study of indicators characterizing the state of various organs, for example, indicators of 

the state of liver cells and the degree of their damage are the activity of AST and ALT enzymes. 

In our studies, the activity of these enzymes in the blood of animals in both groups was 

significantly higher than in intact animals (ALT-34U/l±1.ASTAsT-33.4 U/l±1.1), Although, 

it should be noted that already after three injections of the drug rheomannisol, in the animals 

of the experimental group, the ALT and AST enzymes recorded low numbers (52.6±1.6; 

48.4±1.4, respectively) compared with the control group (82.8± 1.4, 86.3±1.5). By the 7th day 

in the control group ALT-79±0.ASTAsT-79±1.5, which is 1.8 times more than in the 
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experimental group - ALT-44.7±0.94 AST AST-43, 3±1.0. In our study, in animals, the degree 

of elevation of the levels of enzymes alanine transferase and aspartate transferase indicates a 

pronounced violation of the cellular structure of the liver. Recorded activation of 

transaminases may indicate a violation of the integrity of hepatocyte membranes, leading to 

an increase in their permeability, and subsequently to the death of liver cells. A decrease in the 

activities of both enzymes (ALT, AST) followed the injections of rheomannisol in the 

experimental gr, out and on the 10th and 14th days, the numbers (ALT-37.5±0.62, AST-

37.1±0.69; ALT-35.3± 0.54, AST-34.9 ± 1.04, respectively) indicate the normalization of the 

functional capacity of the liver, while in the control group, the activity of ALT and AST 

enzymes even on days 10, 14 (ALT-75.5 ± 1.1, AST-74.4±1.6; ALT-57.2±1.2, AST-53.4±1.3, 

respectively) 2 times higher than in the experimental one, and remain at a high level until the 

end of the experiment (Table 1 ). 

Table 1. Biochemical parameters of animal blood in an experimental model of diabetic foot. 

     Indexes 

 

 

Group of 

animals 

      

Glucose, 

mmol/l 
ALT, U/l AST,  U/l 

Urea, 

mmol/l 

Creatinine, 

mkmol/l 

Total protein, 

g/l 

Day 

Intact 5,8+0,19  34,0+1,0 33,4+1,1 5,1+0,20 61,5+2,0 74,1+1,2 

Control 
16,6±0,29*** 75,1±1,8*** 72,7±1,3*** 13,8±0,27*** 142,6±2,4*** 58,4±1,0*** 

Main 15,2±0,43***^ 70,4±1,0***^ 66,7±1,1***^^ 13,5±0,27*** 141,0±3,3*** 58,8±0,63*** 

3 days 

Control 
15,4±0,28*** 82,8±1,4*** 86,3±1,5*** 15,0±0,40*** 145,7±1,8*** 55,5±0,73*** 

Main 12,0±0,31***^^

^ 
52,6±1,6***^^^ 

48,4±1,4***^^

^ 

9,8±0,29***^^

^ 

97,6±2,1***^^

^ 

60,1±0,86***^^

^ 

7 days 

Control 
14,1±0,20*** 79,0±0,93*** 79,0±1,5*** 12,8±0,20*** 127,6±1,8*** 59,4±0,51*** 

Main 
9,0±0,37***^^^ 

44,7±0,94***^^

^ 

43,3±1,0***^^

^ 

7,2±0,30***^^

^ 

78,2±2,6***^^

^ 
66,0±1,4***^^^ 

10 days 

Control 13,8±0,16*** 75,5±1,1*** 74,4±1,6*** 12,2±0,24*** 113,2±2,4*** 63,3±0,71*** 

Main 
7,3±0,21***^^^ 37,5±0,62*^^^ 

37,1±0,69*^^

^ 
5,8±0,19*^^^ 68,7±1,2*^^^ 73,5±0,80^^^ 

14 days 

Control 
12,9±0,19*** 57,2±1,2*** 53,4±1,3*** 9,7±0,30*** 96,7±1,6*** 68,3±0,57*** 

Main 
6,5±0,13*^^^ 35,3±0,54^^^ 34,9±1,04^^^ 5,2±0,22^^^ 63,8±1,3^^^ 75,8±0,63^^^ 
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Note: *- significantly compared with the intact group (*-P<0,05; **-P<0,01; ***-P<0,001) 

   ^ - significantly compared with the control group (^-P<0,05; ^^-P<0,01; ^^^-

P<0,001) 

One of the laboratory signs of the development of renal dysfunction indicates the content of 

urea and creatinine in the blood plasma, in the first days of the experiments, in rats of the 

experimental and control groups were almost 2.5 times (without significant differences 

between these groups) higher than in the intact group (tables No. 1). After 3-fold 

intraperitoneal administration of the drug reomannisol, on the 3rd day, the experimental group 

showed a noticeable decrease in the values of urea (9.81±0.29) and creatinine (97.6±2.1) by 

1.5 times relative to the values control group (urea-15.0±0.40; creatinine-145.7±1.8). On the 

7th day in the groups of rats treated with reomannisol, the levels of urea and serum creatinine 

(7.2±0.30 and 78.2±2.6, respectively) were lower compared to control animals (12.8±0. 20 

and 127.6±1.8, respectively) by almost 1.7 times. On days 10, 14, urea values and creatinine 

clearance (urin-5.8±0.19; creat-68.7±1.2; urine-5.2±0.22; creat-63.8±1.3 respectively) in the 

experimental group were close to those of the intact group of rats (urea-5.1±0.20; creatinine-

61.5±2.0). However, in the control group, it was accompanied by a higher value of urea and 

creatinine clearance, and on the 14th day, they were urea-9.7±0.30 and creatinine-96.7±1.6 - 

an average of 1.7 times higher than the values of the experimental group (Table 1). 

 

Conclusions 

1. The best option for creating an experimental model of a diabetic foot is the introduction of 

alloxan intraperitoneally in a single dose of 12 mg per 100 g, in which moderate diabetes 

develops. 

2. After using the drug reomannisol intraperitoneally at a dose of 1 ml / 100 g 1 time per day 

for 5 days, there was a sharp decline in EI numbers. On the 10th day, the EI values in the 

experimental group returned to normal, similar to those in the intact group. The drug 

reomannisol performs "biochemical rehabilitation", due to its inherent qualities: antioxidant, 

improves blood rheology, detoxification, and diuretic. In rats of the control group, the EI 

numbers remain at high levels until the end of the experiment. 

3. The results of biochemical studies demonstrate positive dynamics in experimental animals 

with a diabetic foot model when using the drug reomannisol. This was manifested by the fact 

that by the 10th day there was a decrease and normalization of the level of glucose in the 

peripheral blood, indicators of renal clearance (urea, creatinine), liver (ALT, AST, albumins). 

4. An open, full-thickness wound of the foot, in rats with DM, had low blood circulation, 

prolonged inflammation, and was characterized by a violation of the inflammatory and 

proliferative phases of the healing process, which is associated with hyperglycemia. Thus, this 

model of the open foot in rats provides a good approach for studying the process of wound 
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healing in DM, and this model can be regarded as creating an analog of the human diabetic 

foot syndrome in an experimental model of alloxan-induced diabetes mellitus. 

 

Ethical approval. Operations and all manipulations with animals were carried out using 

general anesthesia, in compliance with the principles of humanity outlined in the directives of 

the European Community (86/609/EEC) and the Declaration of Helsinki, by the "Rules for 

working with experimental animals". The ethical approval for the study was granted by 

Tashkent Medical Academy and the Committee of Ethical Approval for Researches under the 

Ministry of Health of the Republic of Uzbekistan. 
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