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Diabetes mellitus (DM) is a global medical and social problems of the XXI century and the WHO definition as non-infectious pandemic. Over the past 10 years the number of diabetic patients in Ukraine increased by more than 1.5 times, and more than 1.3 million people. According to modern concepts of the pathogenesis of diabetes type II, pro-inflammatory cytokines, namely interleukin-1 (IL-1), play one of the leading roles in the development of disease. The paper presents the results of an experimental study of hypoglycemic properties of original recombinant antagonist IL-1 receptor raleukin on the model of II type diabetes. Determined that the model of streptozotocin-induced diabetes in rats with nicotinamide raleukin found antidiabetic properties, namely, showed hypoglycemic action, inhibits the development of hyperinsulinemia and reduced signs of insulin resistance. According to the hypoglycemic effect and influence on insulin resistance index HOMA-IR raleukin did not inferior reference drugs metformin and anakinra, to influence the level of insulin in the blood serum of experimental animals raleukin inferior metformin and did not differ significantly from anakinra. The obtained results confirm the important role of IL in the development of type II diabetes and do raleukin promising drug for further preclinical and clinical study to include in the complex therapy of diabetes. 

Despite advances in modern pharmacology and diabetology, diabetes mellitus (DM) is an incurable disease and its complications rank third after cardiovascular disease and cancer is the leading cause of disability and mortality worldwide. The International Diabetes Federation (IDF) has recently published revised data showed that in patients with diabetes worldwide 347 million [1]. It is predicted that in 2035 the total number of those suffering from diabetes will increase by 55% to reach 592 million people, with over 90% of them have type II diabetes [10]. Over the past 10 years the number of diabetic patients in Ukraine increased by more than 1.5 times of more than 1.3 million patients with diabetes, which is more than 2% of the total population. Therefore, optimization of treatment of diabetes is one of the pressing health and social problems [4].
Numerous world and national research devoted to developing new treatments for type II diabetes considering its pathogenetic mechanisms. Formulated in recent years multyhenna concept of DM allowed to move away from "glucose-centric" theory, which justified the treatment of diabetes for several years, and to identify new approaches to treatment. Today priority should be given antidiabetic drugs, whose pharmacodynamics are not limited hypoglycemic action, and can detect a positive impact on several key pathogenic disease links [1, 4]. According to modern ideas anti-interleukin therapy is one of the most promising areas of optimizing treatment of type II diabetes [8, 15]. 
It is known that obesity adipose tissue cells secrete proinflammatory cytokines (TNF-α, IL-6 and IL-1), involved in the development of inflammation and the formation of insulin resistance. Interleukin-1 (IL-1) also inhibits the secretion of insulin, which causes inhibition of glucose utilization by tissues and depression of glycogen formation. Thus, insulin resistance, increased gluconeogenesis inhibition of glucose utilization and ultimately lead to the development of hyperglycemia and to impaired glucose tolerance [2, 7, 11-14].
As shown part of proinflammatory cytokines, including IL-1 in the pathogenesis of type II diabetes, the question arises as to study possibilities blockade of receptors for IL-1 as one of the promising areas of improvement pathogenetic therapy of diabetes.
Hence, the aim of this work was to study experimental hypoglycemic properties of the original recombinant receptor antagonist IL-1 raleukin received in St. Petersburg Research Institute of Pure Biochemicals, in a model of diabetes in rats.
Materials and Methods. 

Model pathology we reproduced using a single intraperitoneal administration white outbred rats streptozotocin in a dose of 65 mg/kg every 15 min after intraperitoneal administration of nicotinamide in dose of 230 mg/kg [5]. 
As reference drugs were selected metformin (diaformin of JSC "Farmak" tab. 0.5 g) and anakinra (kineret of «Swedish Orphan Biovitrum» (Sweden) powder f/inj 0.1 g). The choice of the comparator due to the fact that metofmin is a standard hypoglycemic drug, which is a standard treatment of both types of diabetes [3, 9] and anakinra - recombinant receptor antagonist IL-1 with proven hypoglycemic activity, which is analogous to the study drug [7, 16].
The substances were administered in preventive- therapeutic mode start playing pathology model within 28 days 1 time per day: raleukin in a dose of 7 mg/kg and anakinra in a dose of 8 mg/kg - sc [2], metformin in a dose 30 mg/kg - intragastric [3]. Hypoglycemic properties of the drugs evaluated on the following criteria: basal glycemia in dynamics – on 1, 14 and 28 day study; 28 day study – content insulin in serum, insulin resistance index HOMA-IR.
Blood glucose evaluated by glucose-oxidase method by using enzymatic glucose analyzer "Exan-G" (Lithuania) [6] insulinemia - by immuno-enzyme method by using test set (Marburg, Germany). HOMA-IR was calculated using the formula (1) [5]: 

HOMA-IR =  glucose in mmol/l ( insulin in mkU/ml                   (1)

                                                     22,5
When accounting results as mean ± standard error statistical reliability intergroup differences were calculated by Student's t criterion with Bonferoni correction.
Results and discussion. 
The results are shown in Tables 1-2.
The basis of this model of diabetes reproduction is partial protection (-cells from cytotoxic streptozotocin through appropriate dose of nicotinamide. Introduction nicotinamide 15 minutes before intraperitoneal streptozotocin administration promotes stable moderate basal hyperglycemia and 40% stock holding insulin. The above model is characterized by intolerance to carbohydrates, relative deficiency of insulin secretion in response to elevated glucose levels and preserving the secretory response to nonglucose secretogens, that allows you to play major pathogenic characteristics of type II diabetes in humans [5]. 
Established that insulin binding to membranes of liver cells under the conditions of the model is progressively reduced from 15 days after induction of diabetes and reaches a maximum after 60 days from the beginning of the experiment, which leads to development of secondary insulin resistance [5, 9]. 
Thus, on the first day of study glucose level in the blood serum of the animals of control pathology group significantly increased by 2.1 times, to 14 - 1.8 times at 28 day - 2.3 times compared to the performance of the rats of intact control (Table 1). 
Table 1

The content of insulin in the blood serum of animals on 28 day of the experiment decreased in 1.7 times, and insulin resistance index HOMA-IR increased by 4 times compared with those of a group of intact control (Table 2). The results indicate a development of moderate basal hyperglycemia, decreased insulin secretion and insulin resistance formation. 
Table 2

On the first day study basal glycemia in all groups of animals treated with the substance, not significantly different from indicator of the group of control pathology, and metformin group even exceeded the figure in 1.1 times. But the further application of all substances helped reduce hyperglycemia. Thus, under the action of raleukin glucose level in the blood serum of animals at 14 and 28 days was significantly lower than in the control pathology group in 1.7 and 1.6 times, respectively. On 28 day experiment insulin content in blood serum of animals treated raleukin was in 1.6 lower than the content of insulin in the blood of animals of the control pathology group was not significantly different from the corresponding figure in the group intact controls. Also showed a significant reduction in insulin resistance, as evidenced by the significant reduction in HOMA-IR was in 2.5 times compared to the control pathology.
Under the action of anakinra basal glycemia at 14 day experiment decreased in 1.4 times, at 28 day – in 1.3 times compared to the indicators of control pathology group. The level of insulin in the blood serum of rats injected anakinra, at 28 day study was in 1.9 times lower than in the control pathology group, HOMA-IR index was significantly decreased by 2.6 times.
Introduction of metformin contributed to a significant reduction of glucose in the blood serum of animals at 14 and 28 days on average in 1.2 times relative measure of control pathology. The level of insulin in the background metformin significantly decreased in 2.4 times, the index HOMA-IR – in 2.9 times. That is, the effect on insulinemia metformin significantly superior effect raleukin and anakinra. A similar trend was observed also in the impact on HOMA-IR, but significant differences in these parameters in groups of animals treated with the substances, not fixed (Table 2).
That is, in this study, all study medication was significantly reduced hyperglycemia, insulin resistance and insulinemia and thus hampered the development of type II diabetes model. For normalizing influence on the dynamics of basal glucose raleukin and anakinra slightly superior to metformin action, but significant differences in performance were observed. For normalizing effect on insulin levels in the blood serum of experimental animals was significantly higher than the effect of metformin raleukin and anakinra and its effect on HOMA-IR - showed a tendency to excess. The results match those many studies on the mechanism of action of metformin and pharmacodynamics, related primarily to a decrease in insulin resistance against the backdrop of diabetes [3, 9]. Raleukin slightly better than anakinra reduced basal hyperglycemia symptoms, but significant differences between corresponding recorded.

Conclusions
So, on the model of streptozotocin-induced diabetes in rats with nicotinamide raleukin found antidiabetic properties, namely, showed hypoglycemic action, inhibits the development of hyperinsulinemia and reduced signs of insulin resistance. According to the hypoglycemic effect and influence on insulin resistance index HOMA-IR raleukin did not inferior reference drugs metformin and anakinra, to influence the level of insulin in the blood serum of experimental animals raleukin inferior metformin and did not differ significantly from anakinra. The obtained results confirm the important role of IL in the development of type II diabetes and do raleukin promising drug for further preclinical and clinical study to include in the complex therapy of diabetes.
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Table 1

Influence of raleukin on the hyperglycemia dynamics 
on the model of streptozotocin diabetes with nicotinamide (n = 7)
	Group of animals
	Glucose level in the blood serum 

(mmol/l) on …. a day

	
	1
	14
	28

	intact control
	3,9 ( 0,2
	4,1 ( 0,2
	3,9 ( 0,2

	Control pathology
	8,0 ( 0,2*
	10,3 ( 0,1*
	9,0 ( 0,2*

	Raleukin, 7 mg/kg
	8,0 ( 0,2*(
	6,9 ( 0,2*/**(
	6,2 ( 0,2*/**(

	Metformin, 30 mg/kg
	9,1 ( 0,2*/**
	8,6 ( 0,2*/** 
	7,8 ( 0,2*/**

	Anakinra, 8 mg/kg
	8,3 ( 0,2*(
	7,3 ( 0,2*/**(
	6,8 ( 0,2*/**(


Note. Statistically significant differences (p ≤ 0,05): * - to the group of intact controls; ** - to the group control patology, ( - to metformin; n – number of animals in the group.
Table 2

Influence of raleukin on the HOMA-IR and level of insulin 

in blood serum on the model of streptozotocin diabetes with 
nicotinamide in rats on 28 day of study (n = 7)
	Indicators
	intact control
	Control pathology
	Raleukin, 
7 mg/kg
	Metformin, 30 mg/kg
	Anakinra, 
8 mg/kg

	Іnsulin

mkU/ml
	1,7 ( 
0,1
	2,9 ( 
0,2*
	1,8 ( 
0,1**(
	1,2 ( 
0,1*/** 
	1,5 ( 
0,1*/**(

	HOMA-IR
	0,30 ( 
0,02
	1,2 ( 0,10*
	0,48 ( 
0,04*/**
	0,41 ( 
0,03*/**
	0,47 ( 
0,04*/**


Note. Statistically significant differences (p ≤ 0,05): * - to the group of intact controls; ** - to the group control patology, ( - to metformin; n – number of animals in the group.
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