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Abstract. Background. In the pathogenesis of type 1 diabetes mellitus (DM1) and many of its complica-
tions, an important place belongs to a violation of the functional capacity of the immune system, which is
the subject of numerous studies. Considering the effectiveness of immunomodulating therapy for DM1 and
its complications, one of the most important problems is the search for new effective and harmless immu-
nocorrecting agents with high pharmacological activity. The purpose of this study was to evaluate the effect
of the phytopreparation BNO 1030 on the phagocytic activity of blood leukocytes in rats with DM1. Materials
and methods. Experimental DM1 in rats was induced by a single intraperitoneal injection of streptozotocin.
The percentage of phagocytic cells and macrophage uptake of live fluorescent bacteria in the samples were
determined using fluorescent live bacteria Escherichia coli. Results. The effect of the drug BNO 1030 on the
phagocytic activity of white blood cells with DM1 in rats was investigated. Under hyperglycemia it was found
changes in the redistribution of the main types of leukocytes, namely granulocytes and agranulocytes. The ad-
ministration of the drug BNO 1030 to both control and diabetic animals resulted in an increase in the number
of agranulocytes, which may indicate a modulating effect of the drug on the immune system of animals. Under
these conditions, phagocytic activity of leukocytes was decreased as phagocytic number in group of diabetic
rats was reduced by 42 % in comparison with group of control animals. BNO 1030 administration to diabetic
rats caused an increase of phagocyte number by 24 % compared to the group of diabetic animals. These
changes, in turn, are also accompanied by a decrease of phagocytic index as in diabetes, and when drug was
administered to experimental groups, indicating disorders in nonspecific cellular immune system. Conclu-
sions. BNO 1030 due to its immunomodulatory effect is effective in the treatment of DM1 and its comorbidity
with other chronic diseases.
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Introduction

Type 1 diabetes mellitus (DM1) is a multifacto-
rial and chronic endocrine disease characterized by
losing of insulin-producing pancreatic B-cells, which
occurs as a result of an autoimmune reaction by for-
ming autoantibodies and autoreactive T-lymphocytes
in these cells factors [8, 13, 15]. Patients with DM 1
have an increased susceptibility to infections, espe-
cially viral ones, which is associated with the inhibi-
tion of the protective functions of the body as a result
of immune system disorders, increased cell adhe-
sion of microorganisms, the presence of micro- and

macroangiopathy, neuropathy, and the development
of other pathogenetic processes [7, 12, 16]. In the
pathogenesis of DM1 and many of its complica-
tions, an important place belongs to the violation of
the functional capacity of the immune system, which
is the subject of numerous studies [4, 6]. Patients
with DM1 have significant changes in chemotaxis,
a decrease in the bactericidal activity of neutrophils,
increased production of reactive oxygen species,
leukotrienes, secretion of lysosomal enzymes, and
changes in the level of intracellular calcium are often
observed [2, 16].
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Diseases of the ENT organs and respiratory tract
are frequent reasons for seeking medical help. A spe-
cial attention and methodological approach requires
the treatment of DM1 in the case of its combina-
tion with other chronic diseases, for example, with
chronic tonsillitis (ChT). ChT increases metabolic
and functional disorders in the body, and also leads
to decompensation of carbohydrate metabolism and
even to ketoacidosis, which deteriorate the patholo-
gical process in the tonsils [1, 3]. In conditions when
the development and course of DM1 is complicated
by the activation of foci of infection and often sep-
tic states, the evaluation of the functional activity
of phagocytes, in which neutrophils dominate, may
allow a more correct justification of the use of effe-
rent therapy [1, 5].

Considering the effectiveness of immunomodula-
tory therapy for DM1 and its complications, one of
the most important problems is the search for new ef-
fective and harmless immunocorrecting agents with
high pharmacological activity. Therefore, it was re-
levant to study the effect of BNO 1030 Bionorica AG
(Germany) on the functional and phenotypic charac-
teristics of cells of tonsil in patients with chronic ton-
sillitis in vitro. Accordingly, one possible explanation
for the abnormal leukocyte function in diabetes melli-
tus might be a down-regulation of adhesion molecules
that regulate leukocyte recruitment during the course
of inflammatory processes. The impaired local exu-
dative cellular reaction in alloxan-induced diabetic
rats is a consequence of defective leukocyte-endo-
thelial interactions. Intravital microscopic examina-
tion of the internal spermatic fascia microcirculatory
network showed that a reduced number of leukocytes
rolling along the venular endothelium is observed
from the early stages of diabetes. Considerable sup-
port to these clinical investigations was given by ex-
perimental studies on diabetic rats. Insulin restores
the appropriate response to injury through a direct or
indirect action on endothelial cells and leukocytes.
For future studies the challenge remains to better un-
derstand the integration of adaptive immune systems
with the endocrine system, providing new insights
into how inflammation is regulated.

The purpose of this study was to evaluate the effect
of the BNO 1030 on the phagocytic activity of blood
leukocytes in rats with DM 1.

Materials and methods

The studies were carried out on intact male Wistar
rats weighing 130—150 g. The maintenance of animals
and conducting experiments with them were carried out
in accordance with generally accepted international
requirements for work with experimental animals and
in accordance with the relevant national provisions for
conducting experimental work [4]. The experimental
animals were kept on a standard ration of the vivarium,
with free access to food and water. Experimental DM 1
in rats was induced by a single intraperitoneal injec-
tion of streptozotocin (Sigma-Aldrich Co. LLC, USA)
with a dose of 55 mg/kg body weight, diluted in 0.1 M

citrate buffer, pH 4.5 before administration to animals.
The rats of the control group of the same age were in-
traperitoneally injected with 0.5 ml 0.1 M citrate buf-
fer, pH 4.5. Blood sampling in animals was performed
in the morning after fasting (12 hours) from the retro-
bulbar venous sinus of the eye, under light ether anes-
thesia. The blood glucose level was determined using a
Precision Xtra Plus blood glucose meter (MediSense
UK Ltd., UK). Leukocytes were obtained on the day of
the experiment from peripheral blood of experimental
animals by osmotic shock of erythrocyte membranes.
To this end, the heparinized blood was mixed with
a cold lysis solution (0.15 mol/L NH4Cl, 1 mmol/L
KHCO3, 0.1 mmol/L EDTA, pH 7.2—7.4) in a ratio
of 1 : 20 and after a thorough shaking Incubated for
10 minutes at 37 °C. After the lysis time of the erythro-
cytes, the samples were centrifuged (400 g, 5 min) for
the precipitation of leukocytes. The supernatant was
removed and the pellet was washed twice with saline
by centrifugation (400 g, 5 min). The washed pellet was
resuspended at a concentration of 2 x 106 cells/ml in
phosphate buffered saline (PBS) (Phosphate buffered
saline, pH 7.2). Blood serum was obtained by centrifu-
gation of whole blood in a centrifuge Eppendorf 5§ 10R
(USA) at 1300 g for 7 min at 22 °C. Serum was stored
at —72 °C until use.

Evaluation of redistribution between different
leukocyte populations was carried out using two pa-
rameters of the COULTER EPICS XL protocol cyto-
fluorimeter (Beckman Coulter, USA) equipped with
an argon laser (A = 488 nm): direct (FS, cell size) and
lateral light scattering (SS, granularity Cells), Fig. 1.

The percentage of phagocytic cells and macro-
phage absorption by live fluorescent bacteria in the
samples were determined using fluorescent live bac-
teria Escherichia coli, according to the method of [9].
The cells were incubated for 1 hour at 37 °C with live
fluorescent bacteria of Escherichia coli at a concen-
tration of 6 x 106 bacteria/ml in 1% BSA/PBS buffer.
After washing in 1% BSA/PBS buffer, an analysis was
made of the percentage of phagocytic cells in the flow
cytofluorimeter, Fig. 2.
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Figure 1. A typical histogram of the distribution
between leukocyte populations in terms of the
direct (FS) and lateral light scattering (SS)
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Figure 2. Histograms reflecting the fluorescence of macrophage cells with the FL3 channel. The blue color
is marked with macrophage cells without the addition of fluorescent bacteria E.coli

The principle of the method for determining
phagocytic activity is based on the absorption of E.coli
by phytochemicals, monocytes and macrophages (ca-
pable of expressing Green Fluorescent Protein (GFP)
with a molecular weight of 26.9 kDa by the phagocy-
tosis). This protein fluoresces with green light when
excited by light blue (laser, 488 nm). Accordingly, the
more bacteria are absorbed by the cell, the higher the
fluorescence intensity of GFP in it.

The statistical processing of the obtained results
was carried out using the Statistica 6.0 program. Sam-
ples were compared using Student’s t-test. The results
are presented as the mean value (M) and the standard
error of the mean value (= m). The difference was
considered statistically significant at p < 0.05.

Results

DMI1 occurs as a result of autoimmune inflam-
mation and caused by various exogenous degradation
factors of B-cells of the pancreas, accompanied by
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Figure 3. Redistribution of blood leukocytes in groups
of experimental animals

numerous complications due to relative and/or abso-
lute insufficiency of insulin [15, 19]. A characteristic
feature of the development of DM is a disruption of
the metabolism of carbohydrates, which results in an
increase in blood glucose concentration. Therefore, to
validate the experimental model of DM, it was im-
portant to determine the level of glucose in the blood
of the animals. At the beginning of the experiments,
blood glucose levels were almost the same in all the
studied groups, but after six weeks of DM-1develop-
ment, glucose levels in the blood increased 2.3-fold
compared to control animals, which is a confirmation
of the development of uncompensated hyperglycemia
in animals.

As evidenced by the data obtained, shown in
Fig. 3, changes in the redistribution of leukocytes
were detected. Thus, the amount of agranulocytes in
the blood of diabetic rats increased by 15 % compared
with the control animals, while the number of granu-
locytes, on the contrary, decreased. The revealed
changes in their redistribution indicate the reaction
of the hematopoietic apparatus to the development
of pathological processes in the organism of animals
induced by diabetes mellitus, which is consistent with
the literature data, which indicate that changes in the
distribution of the main types occur at various blood
diseases and the appearance of other pathological
conditions [10, 14].

When Imupret was administered to both control
and diabetic rats, an increase in the amount of agranu-
locytes was also observed. Since the components
of the agglutination are lymphocytes and monocytes,
the data obtained may indicate modulating the effect
of the drug on the immune system.

For a more complete evaluation of phagocytic
activity, the phagocytic number (the average num-
ber of microbes that are absorbed by one phagocyte)
was determined. The obtained data indicate that the
phagocyte count in the group of rats with DM1 sig-
nificantly decreases, namely, less than 42 % compared
to the control animals, Fig. 4. When administered to
control rats of the drug BNO 1030, no reliable chan-
ges in the magnitude of the phagocytic number were
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Figure 4. The phagocytic number is expressed
in the relative intensity of the fluorescence
of Escherichia coli in one cell (n = 5)

30.00

Phagocytic cells, %

- —_ N N
w o w o (9]
o © © © ©
o o o o o

o
o
S

Control (C)  C+Imupret Diabetes (D) D + Imupret

Figure 5. Phagocytic index of leukocytes (n = 3)

detected. However, in the group of diabetic rats re-
ceiving BNO 1030, an increase in phagocytosis was
found to be 24 % compared to a group of diabetic ani-
mals that did not receive the drug.

It was observed both in diabetes and in the admi-
nistration of the drug to experimental animals in com-
parison with the control group evaluating the phago-
cytic index (the ratio of phagocytic cells to the total
number of cells in leukocytes) (Fig. 5). It should be
noted that the observed decrease in the phagocytic in-
dex correlates with the total content of granulocytes in
the samples (Fig. 3), taking into account the redistri-
bution between the two major types of leukocytes in
the blood at the experimental DM1. The decrease of
the investigated parameters of activity of phagocyto-
sis testifies to violations in the system of non-specific
cellular immunity. This can be the result of reduced
production of phagocytes, their rapid decay, violation
of their mobility, violation of absorption and neutra-
lization of foreign agents, and the like.

Discussion

According to the obtained data, it becomes appa-
rent that hyperglycemia leads to a decrease in the
activity of the immune system, which agrees with the
results of other authors who found that patients with

diabetes form a risk group for susceptibility to infec-
tions as a result of reduced immunity [8, 11].

Studies with diabetic rats and also showed a de-
creased neutrophil migration, phagocytosis capacity
and hydrogen peroxide production. Furthermore, the
reduction of blood glucose levels by insulin treatment
of diabetic patients or rats has been reported to be sig-
nificantly correlated with improvement of neutrophil
phagocytosis capacity. During an inflammatory re-
sponse, leukocytes roll along the lining endothelium
of post-capillary venules and eventually become firmly
attached to the vascular wall before migrating into tis-
sues. Specific adhesion glycoproteins expressed on the
surface of leukocytes and endothelial cells play a re-
levant role in the accumulation of leukocytes in the
inflammatory lesion. Members of the selectin family
of cell adhesion molecules are thought to mediate leu-
kocyte rolling along the walls of the microvasculature.

Another important advance in understanding the
pathogenesis of neutrophil dysfunction and inflamma-
tory disorders in diabetes is the observation that glu-
cose or its analogues interact with proteins or lipids.
The end products of this non-enzymatically catalyzed
reaction, termed advanced glycation (glycosylation or
glycoxidation) end products (AGEs), have been linked
to the development of long-term complications of
diabetes. Early glycation and oxidation processes re-
sult in the formation of reversible Schiff bases, which
undergo an intramolecular rearrangement to form the
Amadori products like glycated hemoglobin (HbAlc)
that is elevated in diabetic patients. A small proportion
of these products undergo further slow and irreversible
chemical rearrangements to form AGEs, which ac-
cumulate in the vasculature under conditions that are
accelerated during hyperglycemia and when protein
turnover is delayed.

Conclusions

Thus, the data obtained indicate a pronounced
reduction in the body’s resistance to various infec-
tions, especially when they occur on the background
of DM1.

A confirmation of this is the process of phagocy-
tosis, which undergoes significant changes in patients
with DM1.

These changes, in the light of experimental data,
partially prevent the use of the drug BNO 1030, which
is able to exhibit immunomodulatory effect in patients
with DM1.

1. It was established that in the experimental DM 1
changes in the redistribution of the main types of leu-
kocytes occur. When BNO 1030 was administered
to control and diabetic animal, the amount of agranu-
locytes increased, which may indicate a modulating
effect of the drug on the immune system.

2. The phagocyte count in the group of DM1 pa-
tients was significantly lower and decreased by 42 %
compared with the control animals. When adminis-
tered to diabetic rats, BNO 1030 showed an increase in
phagocyte count by 24 % compared to a group of dia-
betic animals that did not receive the drug.
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3. The reduction of the phagocytic index in both
groups indicates a violation of the system of nonspe-
cific cellular immunity
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HaLioHOABHO MEANYHQA QKQAEMIsT MICASIAMIAOMHOI OCBiTy iMeHi [.A. LLyrvka, m. Kuis, YkpaiHa

Bnaue dpitonpenapary BNO 1030 Ha PparouUTapHy AKTUBHICTb
AEVKOUMUTIB KPOBI NpU LYKPOBOMY Aia6eTi 1-ro Tmny B LWypis

Pe3tome. Axmyaavnicmp. Y martoreHesi LyKpoBoro aiabery
1-ro Tuny (LI11) i 6aratbox #Oro yCcKjiaaHEeHb BaKJIMBE Miclie
MOCiAal0Th MOPYLIEHHSI (QYHKIIOHATBHOI 3IaTHOCTI iMyHHOL
CHCTEMH, 1110 € MPEIMETOM YUCICHHUX TOCIiIKEeHb. 3 OTJISIIY
Ha e(peKTUBHICTh iMyHOMOY II0I040i1 Tepartii npu LIJ11 i itoro
YCKJIAAHEHHSIX OJTHI€I0 3 HABaXKJIUBILIMX MTPOOJIEM € MOUIYK
HOBUX e(DEKTUBHUX i OE3MeUYHNX iIMyHOKOPUTYIOUUX 3ac00iB
3 BUCOKOIO (hapMaKoOJIOTIYHOK aKTUBHiCcTI0. Mema 0docaio-
Jcenns: ollinuTy BB ditonpenapary BNO 1030 Ha ¢aro-
LIMTApHY aKTUBHICTb JieMKoUMTIB KpoBi npu L1 y 1iypis.
Mamepiaau ma memodu. Excniepumentansauit LIJI1 y mrypis
IHIYKyBaJly MUISIXOM OJHOPA30BOTr0 BHYTPIlTHbOOYEPEBUH-
HOTO BBEJIEHHSI CTPENTO30TOLMHY. Bincorox darouurtyoumnx
KJIITUH 1 TOTJIMHAHHS MakpodaraMmu XXuBuX GIyopeclieHTHUX
OakTepili y 3pazkax 0yJi0 BUBHAYEHO 3 BUKOPUCTAHHIM (pi1yo-
PEeCLICHTHUX XUBMX OakTtepiii Escherichia coli. Pe3yavmamu.
Ha tni rinepriikemii BinOyBalOTbCsl 3MiHU B TNEPEPO3MOIiTi
OCHOBHUX TUIIB JICMKOLIUTIB, a came TPaHyJIOLUTIB i arpaHy-
nouutiB. BBenenns npemapaty BNO 1030 sIK KOHTPOJIBHUM,

TaKk i JiaOeTUYHMM TBapUHAM TPUBOAMIO 10 30iJIbILIEHHS
KIiJIbKOCTi arpaHyJOLMTIB, 1110 MOXEe CBIIUMTHU PO MOIYJIO-
I0UYMii BIUIMB TIperapaTy Ha iMyHHY CUCTeMY OpraHi3My TBa-
puH. 3a LIMX YMOB 3HUWXYyBajnacsl ¢haroluTapHa aKTUBHICTh
JIGMKOLMTIB: (harouuTapHe Yuciio B rpyri xsopux Ha LI 1 mry-
piB MeHIIe HiX Ha 42 % Oyi10 3HUXKEHE TOPIBHSIHO 3 IPYITOI0
KOHTPOJBHMX TBApUH. YBEICHHS MiaOeTUYHUM IIypaM ITIpe-
nmapaty BNO 1030 nmpusBoauio a0 MigBUIIEHHS (harouutap-
HOTO ymcia Ha 24 % TOpiBHSHO 3 TPYIIO0 TiabeTHYHUX TBa-
puH. Bucnogxu. 3MiHU CYTTPOBOIKYBAINCS 3HKEHHSIM (haro-
LIMTAPHOTO iHIEKCY SIK IMpU AiabeTi, Tak i Mpu BBEACHHI Mpe-
rnapary IiJyIoC/IiIHUM TpyIaM, 110 CBiIYUTb MPO MOPYLICHHS
B CUCTeMi HecrielMpiyHOro KiaiTuHHOro iMyHirery. [Ipenapar
BNO 1030 3aBmsaxu itoro iMyHOMOIYJTIOIOUil il € eheKTuB-
HUM 3aCO00M JIIKyBaHHSI LIyKPOBOTO AiabeTy Ipu HOro KoMop-
OiTHOCTI 3 iIHIIMMM XPOHIYHUMU 3aXBOPIOBAHHSMU.

Kiio4oBi ci0Ba: excriepyMeHTAILHUI IYKpOBUI JiaGeT
I-ro Tuny; BNO 1030; neiikoiutu KpoBi; haromuTapHa ak-
TUBHICTb; (paromrapHe 4Ynciio; paroluTapHuii iHaeke
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[aBpuneHko FO.B.

HaUMOHAABHQST MEAMLIMHCKQST AKAAEMUMSI TOCAEANIAOMHOIrO 06pa30BAHMSI MMeHM ./, LLyrika, r. Knes, YkpaunHa

BAaugHue ouronpenapara BNO 1030 Ha ¢ aroumtapHyo AKTUBHOCTb
ASVKOLIUTOB KPOBU NPU CAXAPHOM AnabeTte 1-ro Tuna y Kpbic

Pesiome. Axmyaavnocms. B narorenese caxapHoro auadera
1-ro Tuna (C/11) 1 MHOTHX €ro OCJIOXHEHUI BaXXHOE MECTO
3aHMMAIOT HapyleH!s (GYHKIIMOHAIBHOW CITIOCOOHOCTH M-
MYHHOU CHCTEMBI, UTO SIBJISIETCS TTPEIMETOM MHOTOUYMCIICH-
HbIX ucciaenoBanuii. C yueToM 3¢ (PeKTHBHOCTA KMMYHOMO-
nynupytoiieii Tepanuu npu CJI1 1 ero ocaoXHEHUSIX OAHOMU
M3 CaMBIX BaXXHBIX MTPOOIIeM SIBJISIETCS] TIOMCK HOBBIX 3 deK-
TUBHBIX U 0€3BPEIHBIX MMMYHOKOPPUTUPYIOIINX CPENCTB
C BBICOKOII (hapMaKOJIOTUYECKO aKTUBHOCTBIO. Ifeab uccae-
dosanus: oueHUTHL BausHue ¢uronpernapara BNO 1030 Ha
darouTapHyl0 aKTUBHOCTB JieliKomuToB KpoBu Tipu CJI1
y Kpbic. Mamepuaaot u memoodst. DxcriepuMeHTaNbHbIN CJI 1
Yy KPbIC MHAYLMPOBAIU IIyTEM OMHOKPATHOIO BHYTPUOPIO-
LIMHHOTO BBECHUS CTpenTo3oToluHa. [TpouieHT harountu-
PYIOIIMX KJIETOK 1 TIOTJIOIIeHUST MaKpoharaMu KUBBIX (HITyo-
PECLICHTHBIX O6aKTepuii B oOpa3iax onpeaessii ¢ UCITOIb30-
BaHUeM (DJIyopeclIieHTHBIX KUBBIX OakTepuii Escherichia coli.
Pe3yabmamot. Ha dhoHe runeprivkeMuu MPOUCXOST U3Me-
HEeHUS B TiepepacipeeIeHI OCHOBHBIX TUTIOB JIEUKOIIUTOB,
a UMEHHO TPaHYJIOLMTOB U arpaHyJIOLNUTOB. BBemeHue mpe-
mapata BNO 1030 kak KOHTPOJbHBIM, TaK M 11a0eTUIECKUM

JKMBOTHBIM TPUBOIMIIO K YBEJIUYCHUIO KOJUYECTBA arpaHy-
JIOLIMTOB, YTO MOXET CBUAETEJIbCTBOBATh O MOIYJUPYIOIIEM
BJIVSTHUY TIpeTiapata Ha UMMYHHYIO CUCTeMY OpraHu3Ma XH-
BOTHBIX. B 9THX yCIOBUSX CHUIKaach arounTapHast aKTUB-
HOCTb JICMKOIIMTOB: (DaroLMTaApHOE YUCJIO B IPyMIie OOIbHBIX
CJ11 xpbic MeHee YeM Ha 42 % ObLI0 CHUKEHO 10 CPaBHEHUIO
C TPYNIION KOHTPOJBHBIX XKWBOTHBIX. BBemeHue muaberu-
yecknM Kpbicam Tpermapara BNO 1030 mpuBoawio K To-
BBIIIEHUIO (haroluTapHOro uncia Ha 24 % 1mo cpaBHEHUIO
C TPYIION TMA0ETUUECKUX XKUBOTHBIX. Bbteodst. IaMeHeHUsT
COTIPOBOXKIAINCH CHIDKEHUEM (harolMTapHOTO MHIEKCa Kak
npu nuabere, TaK W MPU BBEACHUU TIperapara Moa0INbITHBIM
rpynramM, 4TOo CBMIETEJIbCTBYET O HapYLIEHMSIX B CUCTEME
HecIennGUIecKoro KJIeTOYHoro uMMmyHuTera. [Ipermapat
BNO 1030 6aromapsi ero UMMYyHOMOIYJIUPYIOIIEMY TeHCT-
BUIO sIBJIsIETCS 3(P(HEKTUBHBIM CPEACTBOM JICUCHUS CaXapHOTO
nurabera mpu ero KOMOPOUAHOCTHU C APYTUMU XPOHUUYECKUMU
3a00JIEBAaHUSIMU.

KiioueBbie €10Ba: sKcreprMeEHTANBHBIN caxapHbIiA [ruabeT
I-ro Tuna; BNO 1030; sieiikouuTsl KpoBU; (paroiiMrapHas ak-
TUBHOCTb; (haroliuTapHOE YMCIIO; (DaroMTapHbIi MHACKC
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