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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 -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 7and 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.

iabetes 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-
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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 3-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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Table 1

The hypoglycemic effect of raleukin in animals with the normal glucose homeostasis
in the intraperitoneal glucose tolerance test (M+m, n=6)

Basal glycemia The level of blood glucose (mmol/l) in AGC

Group of animals 0l ! /1~ mi
mmo 1 hour 2 hour 3 hour et

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

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 e 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/] (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
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Table 2

The hypoglycemic effect of raleukin in animals with normal glucose homeostasis
in the oral glucose tolerance test (M+m, n=6)

Basal glycemia The level of blood glucose (mmol/l) in AGC

Group of animals I ! /1 mi
mmo 0.5 hour 1 hour 2 hour ARLAGLEL @

Control 5.76+0.32 5.81+0.43 5.15+£0.51 4.74+0.34* 630.0+44.2

Raleukin, 3 mg/kg 5.24+0.28 5.12+0.36 4.46+0.32 4.02+0.41* 555.6+53.1
Raleukin, 7 mg/kg 4.97+0.25 4.16%0.18%/** 3.81£0.29%/** 3.27+0.19%/**# 494 4+31.8%*

Raleukin, 10 mg/kg 5.41+0.49 4.87+0.32 4.09+0.59*% 3.56+£0.22%/** 538.2+39.5

Metformin, 30 mg/kg 5.88+0.37 4.79+0.51 4.12+0.24* 3.83+0.15%/** 582.6+27.9

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.

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 -cells
and induces their apoptosis [5, 9,
10]. The abovementioned is con-
nected with the fact that 3-cells
themselves have the highest den-
sity of IL-1 receptors. The ability
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BILJIMB PAJIEVKIHY HA TOKA3HUKH IJIIOKO3HOI'0 TOMEOCTA3Y HOPMOIIIKEMIYHUX 1Y PIB IIPU [JIIOKO3HOMY
HABAHTAYKEHHI

LI1.Byxmisipoea, C.M./I[pozoeo3*, 0.M.Iyjenko**, E./I. TopsaHuk*

Joneyvkuii HayioHarbHUll meduuHuii yHisepcumem im. M.I'opvkozo, HayioHaavHuil dhapmayesmuyuHuii yHisepcumem*,
Haykoe0-docaidnuil inHcmumym oco61u8o yucmux 6ionpenapamie**

Karouosi caoea: sHympiwHboo4epeguHHUL ma nepopaabHUlli mecm mosiepaHmuocmi do 2aA10Ko3u; einozaaikeMivyHa disi;
pasaelikin

Llykposuti diabem (1]/]) Ha cb0200Hi 3a1UWAEMbCSA EOUHUM HETHPEKYITIHUM 3aX80PHOEAHHAM, NOWUPEHICMb K020, 3a 0AHUMU
Bceceimuvoi Opeanizayii OxopoHu 300pos’s, Hocumb xapakmep enidemii. 3a daHuMu cyvacHux docaioxceHb 8axcausy
posb y namoeeHe3i L[/ o6ox munie eidiepatoms npo3anaavHi yumokinu, a came, inmep.elikin-1 (I/I-1). Tomy npenapa-
mu, 3dami zanrbMy8amu akmueHicmys 1/1-1 3a paxyHok npuzHiyeHHs peyenmopie I/I-1, nidsuwjyyeamu suxcugsaHicms ma
HopMmasnizysamu PyHKYIOHANbHY aKMUBHICMb [-KAIMuUH nidw/1yHKo80I 3a103U, € nepcnekmusHuMuU aHmudiabemuyHu-
Mu 3acobamu. Y cmammi HagedeHi pe3ysbmamu ¢papmakon02iyH020 CKPUHIH2Y einozaikeMiYHUX 81acmusocmetl aHma-
2oHicma peyenmopis 1/1-1 paseltikiHy, ompumanozo y Cankm-Ilemep6ypsvkomy H/[I OUBII, y HopmozaikemivHUX wypie 8
yMmosax mecmie mosepaHmuocmi do 8yes1es00dis. BusHaueHo, wo y 6HympiuHb004epeguHHOMY mecmi moJaepaHmuocmi
do aatoko3u anmazoHicm peyenmopie I/I-1 paseiikin 6 dozax 7 ma 10 mz/kz susigue docmogipHy zinoziikemiuHy oito,
mobmo 8iH € nepcneKMu8HUM aHmudiabemu4HuM 3acob6om. Y nepopasbHOMy mecmi mosepaHmuocmi 0o 2a10K03U
medic Halibinbuly 2inoeaikemMiyHy akmugHicme gusisue paselikin y 003i 7 mz/ke. 1]s dosa € ymosHo-edhekmugHor 003010
npenapamy 3a 2inozsaikemiuHoto diero ma mModce Gymu 8UKOPUCMAHA Y N00AAbWUX 00CAIONHCEHHSIX aHMudiabemuyHuXx
ssacmugocmell pasetikiHy. Peayabmamu ekchepumMeHmaabHo 06TpyHMo8yome 8UCOKY epekmugHicmb i doyinbHicms
6s10kadu peyenmopis iHmepelikiHy-1 sik 00H020 i3 wasxie kopekyii 2inepaaikemii npu /] 1 muny.

BJIMAHUE PéUIEﬂKPIHA HA ITOKA3ATEJIN INTIOKO3HOI'O TOMEOCTA3A HOPMOIVIMKEMHWYECKHX KPbIC ITPH
IJTIOKO3HOU HATPY3KE
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Kutouegbie c108a: 6HymMpubpowWUuHHbIU U NepopaabHbIli mecm moJiepaHmHoOCMu K 21K0K03e; 2uno2aukemuyeckoe detlicmaue;
pasetikuH

Caxapnblii duabem (C/]) Ha ce2o0Hs ocmaemcst eQUHCMBEHHbIM HeUHPEKYUOHHbBIM 3a60./1e8AHUEM, PACNPOCMPAHEHHOCMb
KOmopo20, no daHHbIM BcemupHotli Opeanuzayuu 30pasooxpaHeHrus, Hocum xapakmep anudemuu. I[lo peysbmamam co-
8peMeHHbIX UCCAed08aHULl 8ANCHYIO pOab 8 namozeHese C/] 060ux munos ueparm nposocnasumeabHble YUMOKUHbL, d
umeHHo, unmepetikut-1 (H/1-1). [losmomy npenapamul, cnocobHsle mopmo3ums akmusHocms HJ/1-1 3a cuem yeHemeHus
€20 peyenmopos, N08bIUAMb BbIHCUBAEMOCMb U HOPMAAUZ08AMb PYHKYUOHANBHYIO AKMUBHOCMb [B-K/AemOoK nodxceny-
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douHoll KHceneswl, 181510MCsl nepcheKkmu8HbIMU aHmuduabemuyeckumu cpedcmeamu. B cmamve npusedeHul pe3yabma-
mbul hapMakos02u4ecko20 CKpUHUH2a 2uno2AuKeMUyecKux cgolicme anmazoHucma peyenmopos MJI-1 paseiikutna, no-
JsyueHHoe2o 8 Cankm-Ilemep6ypeckom HUH OYEII, y HoOpMoz2aukeMu4ecKux KpbiC 8 YC/A08USX MeCmo8 moiepaHmHocmu
K yesnegodam. OnpedesieHo, Ymo 80 BHYMPUBPHOWUHHOM mecme mo/1epaHMHOCMU K 2/10K03e aHMazoHucm peyenmo-
pos HJI-1 paseiikun 6 dozax 7 u 10 mz/ke o6Hapyicun docmogepHoe 2unozaukKemudeckoe delicmaue, m.e. OH s18/151€mcsi
nepcnekmugeHbsIM npomugoduabemuyeckum cpedcmeom. B nepopasbHom mecme moaepaHmHocmMu K 2/110K03€ Makyio
Jice 2uno2auKeMu4eckyro akmueHoCms Npos8u paielikuH 8 dose 7 me/ka. Ima 003a 51815emcs ycA08HO-3ppexmugHoll
dosoli npenapama no 2unozaukemuyeckomy delicmeutro u mMoxcem 6biMb UCNO0/Ab308AHA 8 0ANbHEUWUX UCC/1e008aAHUSIX
anmuduabemuyeckux ceoticme pajetikuHa. Pe3yabmambl 3KcnepumMeHma/ibHo 060CHO8bIBAIOM 8bICOKYI0 I hekmusHocmb
u YyesnecoobpasHocms 6.10kadsl peyenmopos UJ/1-1 kak o0Ho2o u3 nymell koppekyuu 2unepaaukemuu npu C/] 1 muna.
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