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Diabetes mellitus (DM) remains the only noncontagious disease for today, which prevalence, according to the World Health 
Organization, has reached epidemic proportions. According to the results of recent research proinflammatory cytokines, 
namely interleukin-1 (IL-1), play an important role in the pathogenesis of both types of diabetes. Therefore, drugs that can 
inhibit the activity of IL-1 by suppressing its receptors, improve survival and normalize the functional activity of β-cells of 
the pancreas are promising anti-diabetic agents. The article presents the results of the pharmacological screening of hypo-
glycemic properties of receptor antagonist IL-1 raleukin obtained in the Research Institute of High-Purity Biopharmaceu-
ticals (St. Petersburg) in normoglycemic rats under conditions of tolerance tests to carbohydrates. It has been found that in 
the intraperitoneal glucose tolerance test the antagonist of IL-1 raleukin shows a significant hypoglycemic effect in the doses 
of 7 and 10 mg/kg, i.e. it is a promising antidiabetic agent. In the oral glucose tolerance test raleukin in the dose of 7 mg/kg  
revealed the same hypoglycemic activity. This dose is a conditionally effective dose of the drug by the hypoglycemic effect; 
it can be used in further studies of anti-diabetic properties of raleukin. The results experimentally substantiate the high 
efficiency and expediency of IL-1 receptors blockade as one of the ways of correcting hyperglycemia in type 1 diabetes.

Diabetes mellitus (DM) re- 
mains the only nonconta- 

gious disease for today, which pre- 
valence, according to the World  
Health Organization, has reached  
epidemic proportions [3]. Accord- 
ing to the data of the International 
Diabetes Federation in 2011 the 
number of patients suffering dia- 
betes in the world was 366 mil- 
lion. And as scientists predict, in  
2030 they will be more than 500  
million [2, 6]. In 2011 diabetes ca- 
used 4.6 million of deaths. Over 
the past 10 years the number of  
diabetic patients in Ukraine has  
increased by more than 1.5 times.  
There are more than 1 million pa- 
tients with diabetes; it is about 2%  
of the total population [6]. The ac- 
tual prevalence of diabetes is 3-4 
times greater than recorded, in-
dicating a pandemic of diabetes 
among adults. Therefore, optimi- 
zation of treatment of diabetes is  

one of the pressing health and so- 
cial problems.

Quite a great content know- 
ledge in the field of diabetes pa- 
thophysiology and the presence 
of a wide range of therapeutic op- 
portunities for its treatment have  
failed to improve the metabolic  
control of the disease at the sta- 
ge of glucose tolerance to the full- 
scaled clinical picture of diabetes.  
A great number of international  
and domestic research is devoted  
to development of new methods  
to treat diabetes taking into ac- 
count its pathogenic mechanisms  
[1, 17]. One of the perspective di- 
rections of optimization of immu- 
nosuppressive therapy is anticy-
tokine diabetes therapy [15].

According to the results of re- 
cent research proinflammatory cy- 
tokines, namely interleukin-1 (IL-1),  
play an important role in the pa- 
thogenesis of both types of dia-

betes [14, 16]. Therefore, drugs  
that can inhibit the activity of IL-1  
by suppressing its receptors, im-
prove survival and normalize the 
functional activity of β-cells of the  
pancreas are promising anti-dia- 
betic agents [10, 11, 12, 13]. The 
list of anti-diabetic drugs, which 
are in the formulary system of 
Ukraine, contains no drugs with 
such mechanism of action.

The aim of this study was to  
conduct the pharmacological scre- 
ening of hypoglycemic proper- 
ties of receptor antagonist IL-1 ra- 
leukin obtained in the Research  
Institute of High-Purity Biophar- 
maceuticals (St. Petersburg) in nor- 
moglycemic rats under conditions  
of tests of tolerance to carbohyd- 
rates.

Materials and Methods

Screening studies of the hypo- 
glycemic activity of raleukin were  
conducted within a wide range of  
doses in intact rats. The intraperi- 
toneal glucose tolerance test (IPGTT)  
was reproduced by intraperitone- 
al administration of 2 g of gluco- 
se per kg of the body weight to 
rats males. The oral glucose tole- 
rance test (OGTT) was reprodu- 
ced by intragastric administration  
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of glucose in the dose of 3 g/kg 
of the body weight [4].

Raleukin was injected subcu-
taneously once before reproduc-
tion of each test in the doses of 
3, 7 and 10 mg/kg, the reference 
drug metformin as a single intra- 
gastrical dose of 30 mg/kg [7, 9]. Do- 
ses of raleukin for screening stu- 
dies were selected according to the  
results of the previous studies [8].

Blood samples for glucose ana- 
lysis were taken before and in 1, 
2 and 3 hours after administra-
tion of the drugs under research 
in the IPGTT and in 0.5, 1, and 2 
hours in the OGTT. The glycemic 
response during the carbohydra- 
te tolerance tests was evaluated by  
the integrated glucose and the area  
under the glycemic curve (AGC) [4].

Blood glucose was evaluated 
by the glucose oxidase test using  
the glucose enzymatic analyzer “Ek- 
san-D” (Lithuania); AGC was calcu- 
lated by “Mathlab” computer pro- 
gram [4].

When recording the results as  
mean ± standard error the stati- 
stical reliability of intergroup dif- 
ferences was calculated by the Stu- 
dent t-test.

Results and Discussion

The results are shown in Tab- 
les 1-2.

Basal glycemia after the IPGTT  
in all groups of experimental 
animals was in the range of 7.11-
8.16 mg/kg (Table 1).

One hour after administration  
of only raleukin in the dose of  

7 mg/kg showed a reliable hypo- 
glycemic effect by 1.4 times reduc- 
tion of the level of glucose in the 
blood serum of animals compa- 
red to basal glycemia. Raleukin in  
other doses and the reference drug  
metformin showed a tendency to  
the hypoglycemic action (1.1 times –  
raleukin in the dose of 3 mg/kg, 
1.2 times – raleukin in the dose 
of 10 mg/kg, 1.2 times – met-
formin).

Two hours after administration  
of raleukin in the dose of 3 mg/kg  
the blood glucose level in rats sig- 
nificantly decreased 1.5 times com- 
pared to basal glycemia, but it was 
not significantly different from  
the control group value. Under 
the effect of raleukin in the dose 
of 7 mg/kg the content of gluco- 
se 1.9 times decreased in two hours,  
and it was significantly different  
from both basal glycemia, and the  
control group value. Under the in- 
fluence of raleukin in the dose of 
10 mg/kg and the reference drug 
metformin the content of gluco- 
se 1.6 times decreased. Thus, in  
two hours of the research raleu-
kin in the dose of 7 mg/kg show- 
ed the most expressed hypogly-
cemic effect.

A similar decrease in glucose 
was observed in three hours of the  
study. In the control group of rats  
the glucose content in the blood  
spontaneously decreased by 1.5 ti- 
mes in relation to the maximum 
level of glycemia (8.09±0.61). It  
was also significantly different from  
basal glycemia. Under the effect 

of raleukin in the doses of 3, 7, 
10 mg/kg the carbohydrate level  
decreased by 1.7, 2.1 and 2.1 ti- 
mes, respectively. In the group of 
animals that received raleukin in  
the doses of 7 and 10 mg/kg of 
the blood glucose levels were not 
significantly different from basal 
glycemia. Under the influence of  
raleukin in the dose of 3 mg/kg  
decrease of the blood glucose le- 
vel was not significantly different  
from the value in the control gro- 
up of rats.

In three hours of the study met- 
formin also showed the hypogly-
cemic effect, 1.9 times decreased 
the blood glucose level in rats; in  
three hours the glycemia level in  
this group of animals was not sig- 
nificantly different from that ob-
served in the control group.

The hypoglycemic effect of raleu- 
kin in the doses of 7 and 10 mg/kg,  
as well as metformin confirmed  
by the values of AGC – 601.2±52.6  
and 645.3±39.8 mg/l • min, 661.5± 
±34.7 mg/l • min, respectively,  
which were significantly differ-
ent from those observed in the 
control group (Table 1).

In the OGTT basal glycemia 
was observed within 4.97±0.25–
5.88±0.37 mmol/l (Table 2). In 
30 minutes after administration 
of the drugs under research only 
raleukin in the dose of 7 mg/kg  
revealed a reliable hypoglycemic  
activity; the glucose content in the  
blood was 1.2 times lower than 
basal glycemia and 1.4 times lo- 
wer than in the control group. Other  

Table 1
The hypoglycemic effect of raleukin in animals with the normal glucose homeostasis  

in the intraperitoneal glucose tolerance test (M±m, n=6)

Group of animals Basal glycemia, 
mmol/l

The level of blood glucose (mmol/l) in AGC
mmol/l • min1 hour 2 hour 3 hour

Control 8.09±0.61 7.95±0.94 6.64±0.49 5.32±0.34* 761.4±23.1
Raleukin, 3 mg/kg 7.86±0.54 7.21±0.67 5.23±0.56*& 4.56±0.43*& 722.7±47.3
Raleukin, 7 mg/kg 7.11±0.42 5.17±0.45*/**# 3.78±0.33**# 3.36±0.17**# 601.2±52.6**
Raleukin, 10 mg/kg 7.74±0.55 6.68±0.58 4.92±0.28*/**& 3.71±0.23** 645.3±39.8**
Metformin, 30 mg/kg 8.16±0.78 7.03±0.51 5.19±0.35*/**& 4.27±0.32*& 661.5±34.7**

Note. Statistically significant differences (p ≤ 0.05): * – to the basal glycemia; ** – to the control group, # – to metformin,  
& – to raleukin, 7 mg/kg; n – the number of animals in the group
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drugs revealed a tendency to the 
hypoglycemic action.

In the OGTT in an hour after 
administration of these drugs the  
most expressed hypoglycemic ef- 
fect was also observed in case of  
raleukin in the dose of 7 mg/kg  
(the blood glucose level was sig-
nificantly 1.2 times lower than the  
level of basal glycemia). Raleukin 
in the dose of 10 mg/kg and the  
reference drug metformin show- 
ed a reliable normoglycemic effect  
in relation to basal glycemia (the 
blood glucose was decreased by 
1.3 and 1.4 times, respectively), 
but their of the hypoglycemic ac- 
tion did not differ significantly  
from the similar value in the cont- 
rol group. Raleukin in the dose of  
3 mg/kg in an hour of the study 
showed a tendency to the hypo-
glycemic activity.

In two hours after the appli-
cation all of the drugs studied re- 
vealed a reliable hypoglycemic ef- 
fect in relation to basal glycemia  
and 1.3 times in relation to the va- 
lue of the control group. Raleukin 
in the dose of 10 mg/kg and met-
formin showed almost the same 

reliable hypoglycemic effect in re- 
lation to the control group (on the  
average 1.3 times) and in relation  
to basal glycemia (on the average  
1.5 times). Raleukin in the dose 
of 3 mg/kg significantly reduced 
the blood glucose of experimen-
tal animals by 1.3 times, but this 
value was not significantly diffe- 
rent from the value of the control 
group. By the effect on AGC only 
raleukin in the dose of 7 mg/kg 
showed a reliable normalized ef- 
fect on the control group (redu- 
ced by 1.3 times).

Thus, according to the research  
carried out raleukin in the dose 
of 7 mg/kg has demonstrated the  
most expressed hypoglycemic ef- 
fect under conditions of the glu-
cose load.

It is known that IL-1 inhibits  
the glucose stimulated insulin sec- 
retion and violates the normal struc- 
ture of islets of Langerhans; it re- 
sults in decreased survival of β-cells  
and induces their apoptosis [5, 9, 
10]. The abovementioned is con-
nected with the fact that β-cells 
themselves have the highest den- 
sity of IL-1 receptors. The ability 

of raleukin to block IL-1 receptors  
inhibits apoptosis in β-cells and 
has the protective effect on them 
(protects against violations). This  
makes it a promising antidiabe- 
tic drug that can affect the diabe- 
tes pathogenetic link, which mo- 
dern antidiabetic agents can not 
have effect on.

CONCLUSIONS
It has been found that in the 

intraperitoneal glucose tolerance  
test the antagonist of IL-1 raleu-
kin shows a significant hypogly-
cemic effect in the doses of 7 and 
10 mg/kg, i.e. it is a promising an- 
tidiabetic agent. In 3 hours after 
its introduction raleukin in the do- 
se of 7 mg/kg revealed the maxi-
mum hypoglycemic activity that 
exceeded 1.2 times the effect of 
the reference drug metformin by 
its degree of intensity. In the oral 
glucose tolerance test raleukin in 
the dose of 7 mg/kg also showed 
the highest hypoglycemic activi- 
ty. This dose is a conditionally ef- 
fective dose of the drug by the hy- 
poglycemic effect; it can be used 
in further studies of anti-diabetic  
properties of raleukin.
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ВПЛИВ РАЛЕЙКІНУ НА ПОКАЗНИКИ ГЛЮКОЗНОГО ГОМЕОСТАЗУ НОРМОГЛІКЕМІЧНИХ ЩУРІВ ПРИ ГЛЮКОЗНОМУ 
НАВАНТАЖЕННІ
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Науково-дослідний інститут особливо чистих біопрепаратів**
Ключові слова: внутрішньоочеревинний та пероральний тест толерантності до глюкози; гіпоглікемічна дія;  
ралейкін

Цукровий діабет (ЦД) на сьогодні залишається єдиним неінфекційним захворюванням, поширеність якого, за даними 
Всесвітньої Організації Охорони Здоров’я, носить характер епідемії. За даними сучасних досліджень важливу 
роль у патогенезі ЦД обох типів відіграють прозапальні цитокіни, а саме, інтерлейкін-1 (ІЛ-1). Тому препара-
ти, здатні гальмувати активність ІЛ-1 за рахунок пригнічення рецепторів ІЛ-1, підвищувати виживаність та 
нормалізувати функціональну активність β-клітин підшлункової залози, є перспективними антидіабетични-
ми засобами. У статті наведені результати фармакологічного скринінгу гіпоглікемічних властивостей анта-
гоніста рецепторів ІЛ-1 ралейкіну, отриманого у Санкт-Петербурзькому НДІ ОЧБП, у нормоглікемічних щурів в 
умовах тестів толерантності до вуглеводів. Визначено, що у внутрішньоочеревинному тесті толерантності 
до глюкози антагоніст рецепторів ІЛ-1 ралейкін в дозах 7 та 10 мг/кг виявив достовірну гіпоглікемічну дію, 
тобто він є перспективним антидіабетичним засобом. У пероральному тесті толерантності до глюкози 
теж найбільшу гіпоглікемічну активність виявив ралейкін у дозі 7 мг/кг. Ця доза є умовно-ефективною дозою 
препарату за гіпоглікемічною дією та може бути використана у подальших дослідженнях антидіабетичних 
властивостей ралейкіну. Результати експериментально обґрунтовують високу ефективність і доцільність 
блокади рецепторів інтерлейкіну-1 як одного із шляхів корекції гіперглікемії при ЦД 1 типу.

ВЛИЯНИЕ РАЛЕЙКИНА НА ПОКАЗАТЕЛИ ГЛЮКОЗНОГО ГОМЕОСТАЗА НОРМОГЛИКЕМИЧЕСКИХ КРЫС ПРИ 
ГЛЮКОЗНОЙ НАГРУЗКЕ
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Ключевые слова: внутрибрюшинный и пероральный тест толерантности к глюкозе; гипогликемическое действие; 
ралейкин

Сахарный диабет (СД) на сегодня остается единственным неинфекционным заболеванием, распространенность 
которого, по данным Всемирной Организации Здравоохранения, носит характер эпидемии. По результатам со-
временных исследований важную роль в патогенезе СД обоих типов играют провоспалительные цитокины, а 
именно, интерлейкин-1 (ИЛ-1). Поэтому препараты, способные тормозить активность ИЛ-1 за счет угнетения 
его рецепторов, повышать выживаемость и нормализовать функциональную активность β-клеток поджелу-



КЛІНІЧНА ФАРМАЦІЯ. – 2014. – Т. 18, №250 ISSN 1562-725X

дочной железы, являются перспективными антидиабетическими средствами. В статье приведены результа-
ты фармакологического скрининга гипогликемических свойств антагониста рецепторов ИЛ-1 ралейкина, по-
лученного в Санкт-Петербургском НИИ ОЧБП, у нормогликемических крыс в условиях тестов толерантности 
к углеводам. Определено, что во внутрибрюшинном тесте толерантности к глюкозе антагонист рецепто-
ров ИЛ-1 ралейкин в дозах 7 и 10 мг/кг обнаружил достоверное гипогликемическое действие, т.е. он является 
перспективным противодиабетическим средством. В пероральном тесте толерантности к глюкозе такую 
же гипогликемическую активность проявил ралейкин в дозе 7 мг/кг. Эта доза является условно-эффективной 
дозой препарата по гипогликемическому действию и может быть использована в дальнейших исследованиях 
антидиабетических свойств ралейкина. Результаты экспериментально обосновывают высокую эффективность 
и целесообразность блокады рецепторов ИЛ-1 как одного из путей коррекции гипергликемии при СД 1 типа. 
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