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In the structure of endocrine diseases diabetes mellitus (DM) occupies the second place after the thyroid gland pathology.
In 2012 there were more than one million people with diabetes in Ukraine, that is why optimization of therapy for this
disease is one of the most pressing health and social problems of our time. The pathogenesis basis of the most serious com-
plications of diabetes (thrombosis, atherosclerosis, kidney failure, cataract, etc.) is nonenzymatic glycosylation processes.
Taking into account the presence of antioxidant properties [14] in recombinant receptor antagonist IL-1 raleukin and the
hypoglycemic action proven in previous studies it was of interest to study its effect on the initial reactions of nonenzymatic
glycosylation. This article presents the results of studying the effect of recombinant receptor antagonist IL-1 raleukin
obtained in the State Research Institute of High-Purity Biopharmaceuticals of St. Petersburg on the model of dithizonic
diabetes in rabbits. It has been found that on the model of dithizonic diabetes in rabbits recombinant receptor antagonist
IL-1 raleukin has a strong hypoglycemic effect, which intensity is not inferior to anakinra and exceeds metformin. The
results of these studies indicate the prospects of further study of the anti-diabetic properties of raleukin in order to include

this drug in the treatment of type I diabetes.

n the structure of endocrine

diseases diabetes mellitus
(DM) occupies the second place
after the thyroid gland patholo-
gy. In 2012 there were more than
one million people with diabetes,
10-15% of them were with type
[ diabetes in Ukraine [3, 7]. Thus,
currently one in ten people in the
world suffers from explicit or im-
plicit form of diabetes. That is why
optimization of therapy for this
disease is one of the most press-
ing health and social problems of
our time.

Today we know a lot of rea-
sons that can cause diabetes, such
as heredity, genetic or metabolic
disorders, viral infections, obe-
sity, poor diet, lack of exercise,
stress, poisoning, environmental
pollution, complications as a re-
sult of taking certain medicines,

etc. [1]. In some cases type I dia-
betes is an autoimmune disease,
which is based on a defect of the
immune system [8].

The pathogenesis basis of the
most serious complications of dia-
betes (thrombosis, atherosclero-
sis, kidney failure, cataract, etc.) is
nonenzymatic glycosylation pro-
cesses. Formation of products of
early and enhanced glycosylation
begins with formation of a cova-
lent bond between the aldehyde
group of glucose molecules and
the amino reactive protein, which
is often localized at the N-termi-
nus of the lysine moiety. The al-
dimino-bound Schiff base is a vo-
latile compound that within a few
hours is subjected to slow chemi-
cal transformation into a more stab-
le Amadori product (fructose-ly-
sine), which HbA1lc and fructos-
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amine belong to [2, 12]. Nonenzy-
matic binding of glucose to pro-
teins initially leads to reversible
and then irreversible metabolic
disorders [4].

Taking into account the pre-
sence of antioxidant properties
[14] in recombinant receptor an-
tagonist IL-1 raleukin and the hy-
poglycemic action determined in
previous studies it was of interest
to study its effect on the initial
reactions of nonenzymatic glyco-
sylation leading to the formation
of products Amadori - HbAlc and
fructosamine [11].

The aim of this work is the ex-
perimental study of hypoglycemic
properties of receptor antagonist
IL-1 raleukin obtained in the Sta-
te Research Institute of High-Pu-
rity Biopharmaceuticals of St. Pe-
tersburg on the model of dithizo-
nic diabetes in rabbits.

Materials and Methods

The experimental model of dia-
betes induced by dithizone - a com-
pound with chelating properties
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Table 1

Dynamics of basal glycemia in rabbits with dithizonic diabetes under the influence of raleukin

introduction during 30 days (n=5)

Dynamics of basal glycemia after injection in ... days
. Initial level, (mmol/l) AGC, mmol/l/day
Siciziciuin: I ey (the 30-th day)
10 20 30

Intact control 3.54+0.26 3.69+0.34 4.12+0.37 4.09+0.43 114.5+13.2
Control pathology 16.23+0.88 15.41+0.63* 17.58+0.79* 18.67+0.94* 523.1+44.8*
Raleukin, 7 mg/kg 16.08+0.74 | 13.07+£0.45%*/**& | 11.27+0.49*/**#& | 9.34+0.51%*/**#& 394.8+28.7%/**
Metformin, 30 mg/kg | 17.27+£1.12 15.13+0.81* 13.44+0.42%/**& | 11.52+0.67*/**& 431.9+£39.1*
Anakinra, 8 mg/kg 15.61+£0.97 12.78+0.59& 11.6520.73*#& 8.88+0.74*#& 367.3£26.4%/**

Note. Statistically significant differences (p < 0.05): * — to the intact control group; ** — to the control pathology group;
# — to metformin; & - to the initial level; n - the number of animals in the group.

is a model of the absolute insulin
deficiency of direct -cytotoxic ge-
nesis [4, 12].

H. Okamoto has formulated the
“zinc theory”, according to which
zinc interacts with a diabetoge-
nic factor - dithizone to form to-
xic complexes leading to irrever-
sible destructive changes in pan-
creatic B-cells [4, 10].

The model pathology was cau-
sed by a single intravenous injec-
tion of dithizone solution in the
dose of 35 mg/kg given to male
rabbits of Chinchilla breed with
the weight of 2.8-3.4 kg previous-
ly fasted for 16-18 hours [4]. As
reference drugs metformin (dia-
formin of “Farmak” ]JSC, tablets,
0.5 g) and anakinra (Kineret pro-
duced by “Swedish Orphan Bio-
vitrum” (Sweden), powder for in-
jections, 100 mg) were selected.

The choice of reference drugs
is conditioned by the fact that me-
tofmin is the reference hypogly-
cemic drug included to the stan-
dard therapy of both types of dia-
betes, as well as it directly inhi-
bits formation of products of non-
enzymatic glycosylation [6, 10, 13],
and anakinra is a recombinant re-
ceptor antagonist IL-1 with the pro-
ven hypoglycemic activity, which
is a complete analogue of the drug
under research [15].

These drugs were administe-
red in the therapeutic regimen: ra-
leukin in the dose of 7 mg/kg and
anakinra in the dose of 8 mg/kg -
subcutaneously [16], metformin

in the dose of 30 mg/kg - intraga-
strically [9] once within 30 days
from the next day after introduc-
tion of dithizone.

Intravenous glucose toleran-
ce test (IGTT) was reproduced in
rabbits by introduction of intra-
venous glucose solution in the do-
se of 500 mg/kg on the 30-th day
of the study. Blood samples for glu-
cose analysis were taken before
and after 5, 10, 30 and 60 min of
glucose load [4, 9].

Hypoglycemic properties of
drugs were assessed by the fol-
lowing parameters: basal glyce-
mia in dynamics on the 10-th,
20-th and 30-th day of the study,
on the 30-th day the area under
the glycemic curve (AGC), the co-
efficient of B-cell function (CBF),
the dynamics of glycemia during
IGTT [4].

The intensity of the initial re-
actions of nonenzymatic glyco-
sylation was detemined by the
values of glycosylated hemoglo-
bin (HbAlc) and fructosamine
levels in the blood serum of rab-
bits on the 30-th day of the re-
search [2, 4].

Blood glucose was evaluated
by the glucose oxidase test using
the glucose enzymatic analyzer
“Eksan-D” (Lithuania); AGC was
calculated by “Mathlab” comput-
er program [6].

Sensitivity of peripheral tissu-
es to the action of insulin was de-
termined by the HOMA method
(Homeostatic Model Assessment) -

a mathematical model of insulin-
glucose relationship by the for-
mula 1 [5].

CBF = 20 x fasting insulin
fasting glucose - 3.5

-(1)

The concentration of insulin
is measured in microns U/ml, and
the concentration of glucose is in
mmol/l.

The level of HbAlc was de-
termined by the colorimetric me-
thod using the reaction with thio-
barbituric acid, the fructosamine
content - by the method of John-
son R.N. [5].

When recording the results as
mean * standard error the statis-
tical reliability of intergroup dif-
ferences was calculated by the Stu-
dent t-test.

Results and Discussion

The results are shown in Tab-
les 1-4.

Dithizone is 8-hydroxybenzo-
pyridine, which is capable of for-
ming chelate complexes with zinc
and can induce insulin-depend-
ent diabetes. Most studies indi-
cate that zinc is actively involved
in the synthesis, deposition and
secretion of insulin and it is main-
ly located in the secretory granu-
les of B-cells. It is believed that
zinc ions contribute to the trans-
formation of proinsulin into in-
sulin and hormone excretion as
a stable crystalline form of zinc-
insulin [4].
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Table 2

The effect of raleukin on glycemic dynamics in the conditions of the intravenous glucose
tolerance test in rabbits with dithizonic diabetes (n=5)

Basal glycemia Glycemia in ... min, mmol/I
Group of animals Ul !
mmo 5 10 30 60
Intact control 3.86%0.21 5.23+0.17 6.69+0.32 4.48+0.29 4.15+0.37
25.32+ 29.94+ 2761+ 23.37+
*
Control pathology 18.45+0.92 0.88*& 156%& 1.72%&, 0.78*&
. 15.58+ 18.36+ 13.49+ 11.61x
* /%%
Raleukin, 7 mg/kg 9.27+0.63%/ 0.71*/** & 1.08*/** &t 0.92*/**& 0.66*/**#
. 22.63+ 25.82+ 17.81+ 15.56+
* /%%
Metformin, 30 mg/kg | 12.13+£0.84%/ 1.45%8 0.96*/%%&, 1.04%/%%& 0.70% /%%,
. 1641+ 1891+ 13.04+ 11.22+
* %%
Anakinra, 8 mg/kg 9.12£0.76%/ 0.82%/**& 0.69%/** & 0.47%/** & 0.93%/**4

Note. Statistically significant differences (p < 0.05): * — to the intact control group; ** — to the control pathology group;
# — to metformin; & - to the initial level; n — the number of animals in the group.

Therefore, on the second day
after injection of dithizone in ex-
perimental animals there was a
sharp increase in basal hypergly-
cemia (on the average by 4.6 ti-
mes), which remained there to the
end of the study (on the average
3.8 times higher than the value in
the group of intact animals) (Tab-
le 1). This indicates the absence of
spontaneous remission and rele-
vance of the chosen model for testing
anti-diabetic properties of raleukin.

Basal glycemia in all groups of
the experimental animals with dia-
betes at baseline (the second day
after administration of dithizone)
was equal to about 16-17 mg/dL
and was also accompanied by a
double decrease in the concentra-
tion of insulin in the blood serum.
In this case only an absolute de-
ficiency of insulin without the in-
clusion of autoimmune components
corresponding to type 1 diabetes
in humans was reproduced [2, 4].

The increased area under the
glycemic curves (AGC) on the 30-th
day of the research (Table 1) te-
stified the marked insulin defici-
ency in rabbits of the control pa-
thology group.

It has been found that the use
of all drugs under research within
a month contributes to a significant
reduction of basal hyperglycemia
and AGC value though the values
of animals from the intact control
group are not reached (Table 1).

By the normalized effect on
basal glycemia on the 20-th and
30-th days of the study raleukin
(1.2 times) and anakinra (1.2 ti-
mes on the 20-th and 1.3 times -
on the 30-th day) exceeded met-
formin. Raleukin and anakinra al-
so significantly reduced AGC by 1.3
and 1.4 times, respectively, com-
pared to the similar value of the
control pathology group. Metfor-
min showed only a tendency to
AGC decrease. There was no sig-

nificant difference between the
hypoglycemic action of raleukin
and anakinra.

Introduction of drugs studied
within thirty days contributed al-
so to the possible reduction of glu-
cose tolerance, and it was proven
in the conditions of IGTT. Under
the influence of raleukin and ana-
kinra in 60 minutes glycemia was
not significantly different from the
basal one in the corresponding
group, and on the background of
metformin it was 1.3 times high-
er than the basal one (Table 2).

In the conditions of IGTT a dis-
tinct insulin deficiency was obser-
ved in animals of the control patho-
logy group as evidenced by 5.2 ti-
mes increase in the AGC value and
112.5 times decrease of the CBF
value compared to those of the in-
tact control group (Table 3).

A significant increase of CBF
(3.2 times under the action of ra-
leukin, 3.4 times under the influ-

Table 3

The effect of raleukin on the values of glucose homeostasis in the conditions of the intravenous
glucose tolerance test in rabbits with dithizonic diabetes on the 30-th day (n=5)

Value Intact Control Raleukin, Metformin, Anakinra,
control pathology 7 mg/kg 30 mg/kg 8 mg/kg
Basal glycemia, mmol/L 4.15%£0.37 23.37£0.78*& | 11.61+0.66*/**# | 15.56£0.79*/**& | 11.22+0.93%*/**#
AGC, mmol/l/min 240.3+17.5 1254.6+89.4* | 626.4+£57.1%/**# | 830.7£63.6*/** | 610.2+47.2%/**#
CBF 2767.5+228.1 24.6+1.8% 78.7+6.4%/**# 54 3+45.7%/** 82.6+6.9%/**#

Note. Statistically significant differences (p < 0.05): * - to the intact control group; ** — to the control pathology group;
# — to metformin; n — the number of animals in the group.



ISSN 1562-725X

CLINICAL PHARMACY. -2014.-Vol. 18, No. 1 21

Table 4

The effect of raleukin on the concentration of initial products of nonenzymatic glycosylation
in rabbits with dithizonic diabetes on the 30-th day (n=5)

Value Intact Control Raleukin, Metformin, Anakinra,

control pathology 7 mg/kg 30 mg/kg 8 mg/kg
HbA1, % 2.26+0.19 6.41+0.52* 3.07+0.34%*4 4.14+0.28*/** 2.75+0.21%*#
Fructosamine, mmol/L 0.81+0.10 2.77+0.56* 1.74+0.26** 1.57+£0.32+ 1.39+0.14**

Note. Statistically significant differences (p < 0.05): * — to the intact control group; ** - to the control pathology group;
# — to metformin; n — the number of animals in the group.

ence of anakinra, 2.2 times on the
background of metformin) and dec-
rease of AGC (2 times on the back-
ground of raleukin and anakinra
and 1.5 times under the action of
metformin) were also the confir-
mation of insulin deficiency reduc-
tion in animals with the model
diabetes who received the drugs
under research. It indicates de-
crease of the hyperglycemic re-
sponse to glucose load (Table 3).
By the normalized effect on the
values of CBF and AGC raleukin
and anakinra significantly exceed-
ed metformin.

Determination of HbAlc in the
blood serum of rabbits in the cont-
rol pathology group revealed its
significant increase by 2.8 times
compared to the intact control gro-
up confirming the presence of per-
sistent hyperglycemia within thir-
ty days (Table 4).

Application of raleukin, ana-
kinra and metformin led to a sig-
nificant reduction in the above-
mentioned value. It confirms the
data about improvement of the
glycemic control. So, on the back-
ground of raleukin and anakinra

the content of HbA1lc was not sig-
nificantly different from the va-
lue of the intact control group,
under the influence of metform-
in it significantly differed from
the values of the intact control
group and groups of raleukin and
anakinra.

The level of fructosamine in
the blood serum in rabbits of the
control pathology group on the
30-th day of the research signifi-
cantly increased by three times
compared to the value of the in-
tact control group (Table 4). Int-
roduction of both receptor anta-
gonists IL-1 and metformin pro-
moted a significant decrease in the
fructosamine concentration (1.6 ti-
mes on the background of raleu-
kin, twice on the background of
anakinra, 1.8 times under the in-
fluence of metformin). It also con-
firms the positive impact of these
drugs on glucose homeostasis.

Thus, our study has shown the
presence of hypoglycemic proper-
ties in raleukin on the model of
dithizonic diabetes in rabbits. By
the intensity of the hypoglycemic
effect raleukin is not significant-
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EKCIIEPUMEHTAJIbHE BUBYEHHS BIJIUBY PAJIEUKIHY HA NIEPEBIT IMTU30HOBOI'O JIABETY B KPOJIIB
LI1.Byxmisapoea, C.M./lpozoso3*, €.M.KosaseHko

JoHeybkuil HayioHaabHUll MmeduyHuii yHieepcumem im. M.I'opvkozo, HayionavHuil ghapmayeemuyuHuii yHisepcumem*

Karouosi cnosa: dumusoHosuli diabem; npodykmu HedhepMeHMaAmu8HO20 2AIKO3UN08AHHS; 2ino2aikemivyHa 0isi; paselikiH

Y cmpykmypi endokpunHux 3axeoprosaHs yykposguli diabem (L]/[]) nocidae dpyze micye nicas namosoeii yyumonodi6-
Hoi 3aa03u. Y 2012 p. 6 Ykpaini 3apeecmpogaro noHad 1 maH xeopux Ha L|/], momy onmumisayis mepanii yiei xeopo6bu
€ 00Hi€el0 3 akmyaabHux MeduYHUX ma coyianbHux npobaem cyvyacHocmi. B ocHosi namozeHe3y Hallbinbw ceplio3HUX
yckaaoxeHs L[/l (mpom6o3sis, amepockaeposy, HUpKo8oi HedocmamHocmi, Kamapakmu moujo) /iexcams npoyecu Hegep-
MEHMamueHo20 2aiko3u108aHHs. Bpaxosyruu HasieHicmb y pekomMbiHaHMHO20 aHmazoHicma peyenmopie 1/I-1 paseti-
KIHy aHmMuokcudaHmHux es1acmusocmetl ma eu3Ha4eHoi y nonepedHix docaidsxceHHsx 2inoanikemiuHoi 0ii, Mu susuuau
tliozo ensius Ha noyamkosi peakyii HeghepmenHmamueHozo aaiko3uaiosarHs. HasedeHi pesysbmamu eugyeHHs 6naugy
peKombBiHaHmMHoz20 aumazonicma peyenmopis 1/1-1 paseiikiny, ompumanozo y Caukm-Ilemep6ypsvkomy H/]I OUBII, na
nepebiz dumusoHosozo0 diabemy y kpo.ie. BusHaueHo, wjo Ha modeai dumu3oHo8020 diabemy y Kpoaie peKoMOiHaHMHUll
aHmaezoHicm peyenmopia L/I-1 paaeiikin yuHumb gupaiceHy 2inoaaikemiuHy 0ito, 3a upasceHicmio sikoi He nocmynaemau-
cs1 pepepenm-npenapamy aHaKiHpa ma nepesaxcae memgopMmiH. Pezyromamu nposedeHux docaidxceHsb cgiduams npo
nepcnekmueHicms n00a/1bW o020 8UB4eHHS1 aHmMudiabemuyHux esaacmugocmell paaelkiHy 3 Memor 8KAIYeHHs JaH020
npenapamy do komniaekcHoi mepanii LJ/] I muny.

3KCIIEPUMEHTAJ/IbHOE NU3YYEHME BJIMAHUA PAJIENKMHA HA IPOTEKAHME IMTH30HOBOI0 IMABETA
Y KPOJIEH

H.I1.Byxmusaposa, C.M./Ipozoeo3*, E.H.KosaseHko

JoHeykuii HayuoHa1bHuIU MeduyuHckuii yHugepcumem um. M.I'opvkozo, HayuoHaavHbill hapmayeemuyeckuii
YHugepcumem#*

Katouesble cno6a: dumusoHosbsiil duabem; npodykmbl HeghepMeHMamuHO20 2AUKO3UAUPOBAHUS; 2UNO2AUKeMUYECKoe
delicmasue; paselikuH

B cmpykmype 3HOOKpuHHbIX 3a6041e8aHull caxapHulii duabem (C/]) 3aHumaem emopoe Mecmo noc/ae namo102uu Wu-
mosudHoli xcesesbl. B 2012 2. 8 YkpauHe 3apezucmpuposaHo 6osee 1 MaH 604bHbIX C/], noamomy onmumusayusi mepa-
nuu amoeo 3a601e8aHusl s184151emcs 00HOU U3 AKMYa1bHbIX MEOUYUHCKUX U COYUANbHbIX NPOb.aeM cospemeHHOoCmU. B
0CHOBe namozeHe3a Hauboiee cepbe3Hblx ocaoxcHeHull CJ] (mpom6o3bl, amepockaepos, noveyHass HedocmamovHocme,
Kamapakma u dp.) sex}cam npoyeccovl HeghepMeHmamueHo20 2AUKO3UAUPOBAHUSL. Yuumul8as Haauyue y peKoMOUHaHM-
Hoz20 aHmazoHucma peyenmopog HU/I-1 paaelikuna aHmuokcudaHmHuIx ceolicme u dokazaHHo20 8 npedbldywux uccae-
008aHUSX 2UNO2AUKEMUYECKO20 delicmaus, Mbl U3yHUauU e20 8AUsHUe HA HAYa/1bHble peakyuu HehepMeHmamueHozo
2AuKo3uaupogarust. [lpusedensl peysbmamol U3y4eHus 8AUSIHUSL PEKOMOUHAHMHO20 aHmazoHucma peyenmopos HJI-1
pasaelikuHa, noayveHHozo 8 Cankm-Ilemep6ypackom HUH OYBII, Ha npomekaHue dumu3oHoso20 duabema y Kpo.ell.
OnpedeseHo, Ymo Ha mModeau dumu3oH08020 duabema y KpoJell peKoM6UHaHMHbIU aHmazoHucm peyenmopog HJI-1
paselikuH okasbleaem blpaiceHHOe 2unoz2aukemuieckoe delicmaue, no 8blpajxceHHOCMU KOMopo20 OH He ycmynaem
pedepeHc-npenapamy aHakuHpa u npegocxodum memgopMuH. Pezyrbmamol npoeedeHHbIx uccaedosaHull caudemesns-
cmaylom o nepcnekmusHocmu daJ/ibHeliwe2o usyvyeHuss aHmuduabemuyeckux ceolicms pa/neliiKuHa ¢ Yyeasvto 8KA1YeHUs
daxHO20 npenapama 8 komnaekcHyro mepanuto C/] I muna.
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