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Introduction. Increased susceptibility to infections in patients with type 1 diabetes mellitus is associated with impaired body protective
functions as a result of suppressed immunity, increased cellular adhesion of microorganisms, susceptibility to catabolic processes.

Purpose — to determine the morphofunctional features of tissues and blood in rats against the background of experimental diabetes mellitus
(EDM): to investigate the effect of the extract of seven medicinal plants BNO 1030 in them.

Materials and methods. Experimental studies were conducted on 20 male Wistar rats in order to determine their level of nicotineamidead-
eninedinucleotide (NAD), reactive oxygen species in white blood cells and superoxide dismutase. All animals were separated: the Group 1 was
the control group of healthy rats, the Group 2 — the control group receiving BNO 1030 extract, the Group 3 included animals with the EDM
without treatment, the Group 4 — rats with the EDM, which received the BNO 1030 extract.

Results. After 6 weeks of development of the EDM, the NAD blood level in diabetic rats was reduced and reached (0.270+0.017) umol/L,
which is lower than that in the control group ((0.357+0.021) umol/L).

The group of diabetic rats treated with BNO 1030 extract showed its increase to (0.341+0.012) umol/L compared to the group of diabetic
animals, which did not receive the drug. While assessing the viability of white blood cells, it has been established that the death of most of these
cells occurs by apoptosis against the background of the EDM. When BNO 1030 was used in the group of diabetic rats, the level of apoptotic
cells decreased and amounted to 13.7% compared to the group, which was not administered with the drug (20.8%). In addition, the level of
apoptosis in control rats, which also received BNO 1030, decreased by 3% versus the control group.

Conclusions. The reduction of NAD content in tissues and blood in experimental animals with the EDM was determined, and its increase
by 24% following the administration of BNO 1030 was established, which proves positive effect of the drug on the course of energy processes
and glycolysis — the main route of carbohydrate metabolism.

When carrying out experiments with laboratory animals, all bioethical norms and recommendations were observed.

No conflict of interests was declared by the authors.
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MopdodyHKUiOHaNbHIi 0COONMMBOCTIi TKAHMH Ta KPOBI Y LLypiB
Ha T/l eKCNepuMeHTaJIbHOIro LlYyKPOBOro giabeTty

10.B. MaBpuneHkol, A.A. Jlariko', B.B. CuHns4eHko!, M.A. Kusunya2, T.M. Ocag4a3
THauioHansHMiA yHiBepCUTET OXOPOHM 300P0B's Ykpaiu imeHi M.J1. Lynwuka, m. Knis
2MenmuHui LeHTp «KinderKlinik», M. Kui, Ykpaina

3HaujoHanbHWI NeparoriyHnii yHisepcuteT imeHi M.I1. paromarosa, M. Kuig, YkpaiHa

BeTyn. [igBuleHa CnpuiHATANBICTb A0 IHOEKLIA Y NaLIEHTIB i3 LyKPOBUM AiabeToM 1-ro TUMny NoB'A3aHa 3 MOPYLIEHHAM 3aXMCHUX OYHKLM
OpraHiamMy BHaCniAoK NPUrHIYEHOro iMYHITETY, MiABULLIEHOI KNITMHHOI aareaii MikpoopraHiamis Ta CXMALHOCTI A0 KaTabonivHVX MPOLECIB.

MeTta — BU3HAYUTV MOPPODYHKLIIOHANBHI OCOBAMBOCTI TKAHWMH Ta KPOBI LyPIB HA T eKCNepuUMEHTaNbHOro LykpoBoro aiabety (EL):
BMBYMTY BMINB HA HIX EKCTPAKTy cemu nikapcbkmx pocnvH BNO 1030.

Marepianu Ta meTtoaun. EkcnepumeHTanbHi AOCHioxXeHHA npoBefeHo Ha 20 wypax-camusx kil Bictap 3 MeTolo BM3HAYEHHSA B HUX
piBHA HIKOTVHaMigaaeHiHauHykneotvay (HALL), aktmBHMX GOPM KUCHIO B NenkoumTax Ta CynepokcuaamcMyTasu. Yci TBapuH MOAiNeHO:
rpyna 1 — KOHTPOMbHA rpyna 300POBKIX LWyPIB, rpyna 2 — KOHTPO/bHA rpyna, gka oTpumysana ekctpakt BNO 1030, rpyna 3 — tBapuHn 3 ELLLL
6e3 nikysaHHs, rpyna 4 — wypw 3 ELLZ, aki otpumysanu ekctpakt BNO 1030.

Pesynbratun. Hepes 6 TvxHiB podsutky ELL piseHb HAZL y kpoBi AiabeTuiHmX ypiB 3HM3MBes | gocar (0,270+0,017) MKMOAb/, WO HUXYE,
HIXX Yy KOHTpONbHIM rpyni ((0,357+0,021) Mkmonb/1).

[pyna aiabetnyHnx Wwypis, aki otpumysani ekctpakt BNO 1030, nokasana noro 36insiienHs A0 (0,341+20,012) MKMOsb/N NOPIBHAHO 3 rpynoto
niabeTnyHVX TBApWH, aki He oTprMyBany npenapar. OUiHIOYN XUTTE3AATHOCTI NEKOLIWTIB, BCTAHOBNEHO, LLIO 3arnbenb OiNbLIOCTI LIMX KNITAH
BiAOYBAETLCA WNAXOM anontosdy i HatomicTe ELLAL. Y pagsi 3actocysanHi BNO 1030 y rpyni giabetmyHnx WwypiB piBeHb anonTOTUHHWX KNITAH
3HWU3MBCS Ta CTaHoBMB 13,7% NOPIBHAHO 3 rpynoto, v ki npenapar He BBoann (20,8%). KpiM TOro, piBeHb anonTo3y B KOHTPOSbHMX LLYPIB,
1o Takox orpumysanv BNO 1030, 3H131BCA Ha 3% NOPIBHSAHO 3 KOHTPOSMIBHOIO MPYMOIO.

BucHoBKMU. BCTaHOBNEHO 3HWXEHHA BMICTY HALL vy TKaHMHAxX Ta KPOBI B €KCNEpUMEHTabHVX TBapuH 3 ELL/, a Takox Moro niaBuLLEeHHs
Ha 24% nicnsa BeeneHHa BNO 1030, 1o A0BOAWTL MO3UTUBHMI BIAMB Npenapary Ha nepebir eHepreTuyHKX NPOLLECIB Ta Mikonidy — OCHOB-
HOrO WASIXY BYIEBOAHOrO OOMIHY.

g vac excneprmeHTiB i3 nabopaTopHVIMI TBAPUHAMY BCi DIOETUYHI HOPMK Ta pekoMeHaaLii AOTPUMAHO.

ABTOPV 3a8BASOTh MPO BIACYTHICTb KOHMIIKTY IHTEPECIB.

KniouoBi cnoBa: excnepumveHTtansHui Lykposuin giabet, BNO 1030, nenkoumntu, aHTmokcuaaHTHa cnuctema.
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Introduction

isorders of the major metabolic
Dpathways in the body that occur in
type 1 diabetes mellitus (T1DM) are
closely linked to the compromise of the immune
system [8]. Increased susceptibility to infections
in patients with T1DM is associated with impaired
protective functions of the body as a result of sup-
pressed immunity, increased cellular adhesion
of microorganisms, and susceptibility to catabolic
processes. The oxidative stress is one of the main
pathogenetic mechanisms lying at the core of de-
velopment of many late complications of T1DM,
in particular micro- and macroangiopathies, and
nephropathy [11]. Under these conditions, there
is an excessive production of reactive oxygen spe-
cies (ROS) and boosted processes of glucose auto-
oxidation. At the same time, there is an imbalance
between prooxidant processes and the antioxidant
protection system in the body [1]. The ROS, which
are produced under physiological conditions, are
involved in regulatory processes, are signaling
molecules, have an effect on the activity of some
proteinases and phosphatases, as well as gene
expression. However, due to their extremely high
activity and excessive concentrations of the ROS,
they are capable of causing cell metabolism distur-
bance as a result of oxidative stress, which Iseads
to disruption of membrane transport processes,
changes in enzyme activity, gene mutations, dam-
age to protein structure, lipids, etc. [6]. More-
over, the oxidative stress induced by hyperglyce-
mia triggers the B-cell damaging mechanisms, and
thus accelerates the development and progression
of TIDM.

Therefore, constant regulation of the pro-
duction of ROS in order to maintain their level
within the physiological limits is essential for the
functioning of cells in human and animal bodies.
The antioxidant system (AOS) performs such re-
gulation against the harmful effects of the overpro-
duction of the ROS. Its main links are enzymatic
and non-enzymatic. The superoxide dismutase
(SOD) is one of the key components of the AOS
enzymatic link. It catalyzes the conversion of
the superoxide anion radical with the formation
of hydrogen peroxide and, subsequently, oxygen
and water. High activity of the SOD was detected
in the liver, heart, and red blood cells [12].

Treatment of T1DM patients with other chron-
ic comorbidities, such as chronic tonsillitis (CT),
is a particularly complex clinical issue in pediat-
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rics. Under these conditions, CT exacerbates the
metabolic disorders induced by T1DM, leads to
decompensation of carbohydrate metabolism and
ketoacidosis, which, in turn, exacerbates the course
of the pathological process in the tonsils [7].
Therefore, complex therapy with modern immune
rehabilitation medicinal products is of great impor-
tance in treatment of TI1DM in the presence of CT.

Among the means of non-specific immunophar-
macotherapy, BNO 1030 (an active ingredient
in the composition of Imupret, manufactured by
Bionorica SE, Germany), is of particular interest
in terms of clinical efficacy. Its ingredients are the
active components of marshmallow root, chamo-
mile flowers, horsetail herbs, walnut leaves, yar-
row herb, oak bark, and medicinal dandelion herb.
Due to these components, the drug has a clear
immunomodulatory effect, which is aimed at ac-
tivating the non-specific immune protection
(increase in the number and activity of phagocytes,
killer protection, as well as the restoration of an-
tibody formation in the setting of immunosup-
pression). Yet, no studies on the use of this drug
in children with CT and T1DM have been found
in the literature.

Purpose of the study — is to determine the mor-
phofunctional features of tissues and blood in rats
against the background of the experimental diabe-
tes mellitus (EDM) and to investigate the effect
of the BNO 1030 extract in them.

Materials and methods

Experimental studies were carried out at
Shupyk National Healthcare University of Ukraine
and Palladin Institute of Biochemistry of the NAS
of Ukraine on 20 male Wistar rats, of which the
Group 1 (C) was the control group of healthy
rats, the Group 2 (C + BNO 1030) — the control
group receiving BNO 1030 extract, the Group 3
(EDM) included animals with the EDM without
treatment, the Group 4 (EDM + BNO 1030) —
rats with the EDM, which received the BNO
1030 extract.

The EDM was induced in animals by a single
intraperitoneal administration of Streptozoto-
cin (S0130, Sigma-Aldrich Co. LLC, USA) at a
dose of 55.0 mg/kg diluted in 0.1 M citrate buffer,
pH 4.5. Rats in the control group of the same
age were intraperitoneally injected with 0.5 mL
of 0.1 M citrate buffer, pH 4.5. After four weeks
of EDM development, rats were administered
with the BNO 1030 extract for 14 days per os at
a dose of 0.05 mL/animal 3 times a day, the cho-
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sen concentration meets the instructions for use of
a daily dose for children over 12 years old and
adults, taking into account the species-specific
resistance factor for humans and rats (0.45 and
1.89, respectively)

Animal blood from the retrobulbar venous sinus
of the eye was used as a study material to identify
the key enzymes of antioxidant blood protection:
the ROS level in white blood cells (WBCs) serum
SOD activity level, living, apoptotic, and necrotic
count in WBCs by flow cytofluorometry, state of
tissue energy processes based on the nicotineamide
adenine dinucleotide (NAD) content in peripheral
blood using a spectrophotometer.

Determination of ROS production in WBCs
was measured using 2’,7-dichlorofluorescin dia-
cetate (Sigma-Aldrich) at a final concentration
of 25 ymol /L.

The contents of living, apoptotic, and
necrotic WBCs were detected using GFP-con-
jugated Annexin V (Green fluorescent Pro-
tein) and PI (Propidium iodide, Sigma-Aldrich,
USA). To achieve that, the cells were resuspended
in 1 mL of annexin-binding buffer (10 mol /L Hepes,
140 mol/L NaCl, 2.5 mol/L CaCly) and pre-
cipitated at 400g for 7 min. The supernatant
was removed, the cells were resuspended
in 500 pL of annexin-binding buffer with the
addition of annexin-GFP at a final concentra-
tion of 0.6 pg/mL, PT — 5.0 ug/mL. The samples
were vortexed and incubated at room temperature
for 15 min.

The samples were then analyzed using
a COULTER EPICS XL flow cytometer. The
fluorescence signals of the test samples were re-
corded on the FL1 channel (515-535 nm) for
GFP, and FL3 (620-630 nm) for PI. More than
20,000 events from each sample were analyzed. The
results were processed using FCS Express V3.

The SOD activity was determined using the
microplate technique, the total volume of the
sample was 0.25 mL. 25 pL of the sample was
added to 200 pL of freshly prepared mixture
(0.1 mmol/L EDTA, 62 mmol/L NBT (nitro blue
tetrazolium), 294 mmol/L. NADH in 50 mmol/L
of phosphate buffer pH 7.4). The reaction was
triggered by adding 25 pL of freshly prepared
33 mmol/L. PMS (phenazine methosulfate) in
50 mmol/L of phosphate buffer pH 7.4 containing
0.1 mmol/L. EDTA. Extinction was measured at
560 nm. Comparison of the SOD activity in the
EDM setting and exposure to the drug was per-
formed versus control, which were taken as 100%.
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Statistical processing of the obtained data sam-
ples was performed using Statistica 6.0 software.
The sets were compared using Student’s t-test.
The results are presented as a mean (M) and a stan-
dard error of the mean (+m). The difference was
considered statistically significant at P<0.05.

The meeting of the Ethics Committee of Shupyk
National Healthcare University of Ukraine ap-
proved and granted permission to conduct this
clinical study in accordance with the current
Ukrainian legislation in force, current ethical
standards and principles for experimental studies.
When carrying out experiments with laboratory
animals, all bioethical norms and recommendations
were observed.

Results

At the beginning of the experimental studies,
the body weight and blood glucose were mea-
sured in animals, which were virtually the same
in all study groups. However, after 6 weeks of EDM
development, the body weight in diabetic rats de-
creased by 19% (Fig. 1), while blood glucose levels
increased 2.3 times compared to control animals
(Fig. 2). The data obtained confirm the develop-
ment of uncompensated hyperglycemia in diabetic
animals.

According to the findings, no effect of BNO
1030 on body weight was detected in control rats.
At the same time, it has been established that
the administration of the herbal medicinal prod-
uct resulted in a slight decrease in blood glucose
in the group of diabetic animals, while the product
had no eftect on the body weight of the animals.

Based on the literature data, it is known that
depletion of energy resources in human and animal
bodies leads to disruption of many metabolic pro-
cesses. There is a possibility that significant chang-
es in the metabolism of carbohydrates, in particu-
lar, glucose, by glycolysis, the final metabolite of
which — pyruvate — enters the cycle of tricarbo-
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Fig. 1. Body weight in the study rats by observation groups (n=5)
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Fig. 2. Blood glucose levels in the study rats by observation groups (n=5)

Fig. 3. NAD blood level in the study rats by observation groups (n=5)
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Fig. 4. Relative fluorescence of Dichlorodihydrofluorescein in agranulocytes
and blood agranulocytes in diabetic rats (n=5)

xylic acids, providing synthesis of ATP, will occur
against the background of hyperglycemia.

However, as the content of NAD and its re-
duced form NADH decrease, these pathways will
undergo significant changes, so it was important
to evaluate the NAD concentration in protein-free
blood extract in diabetic rats. As the data present-
ed in Fig. 3 shows, after 6 weeks of development
of the EDM, the NAD blood level in diabetic rats
was reduced and reached (0.270£0.017) pmol/L,
which is 24% lower than that in the control group
((0.357+0.021) pmol/L).

When the NAD level was analyzed in the group
of diabetic rats treated with BNO 1030 extract, its
increase to (0.341£0.012) pmol/L (by 26%) was
observed compared to the group of diabetic ani-
mals, which did not receive the drug.

When analyzing the ROS level in WBCs, it has
been established that it increased by 17% in agra-
nulocytes of diabetic rats compared to the group
of control animals. However, the level of ROS in
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Fig. 5. Viability of WBCs by observation groups (n=5)

blood agranulocytes in diabetic rats did not change
and was the same as in the control group.

The level of ROS in blood agranulocytes in di-
abetic rats administered with BNO 1030 increased
by 8%, whereas in agranulocytes it decreased by
5% compared to the group of animals, which did
not receive the drug (Fig. 4).

When assessing the viability of WBCs, it has
been established that the death of most of these
cells occurs by apoptosis against the background
of the EDM. When BNO 1030 was used in the
group of diabetic rats, the level of apoptotic cells
decreased and amounted to 13.7% compared to the
group, which was not administered with the drug
(20.8%). In addition, the level of apoptosis in con-
trol rats, which also received BNO 1030, decreased
by 3% versus the control group (Fig. 5).

Against the background of intensifying oxida-
tive stress, it was advisable to determine the state
of the AOS. In determination of the activity of the
key AOS enzyme (SOD), it has been established
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that it decreased by 17.6% in the serum of diabetic
rats. This is an indication that the production of
superoxide radicals (O2) significantly exceeds the
functional capacity of the enzyme (Fig. 6). Ad-
ministration of BNO 1030 in diabetic rats for two
weeks led to a partial increase in SOD activity, in-
dicating its protective effect on AOS.

Discussion

In patients suffering from T1DM, the cardio-
vascular system undergoes the greatest changes, its
disorders leading to involvement of the vascular,
nervous and other systems, in particular the im-
mune system, as well as to disability and mortality,
one of the reasons for which is the accumulation of
the end products of glycosylation [5].

With the development of pathological condi-
tions, in particular T1DM, and especially with pro-
longed decompensation, significant changes occur
in the flow of energy processes, which in turn leads
to disruption of physiological oxygen consump-
tion, as well as the regulation of tissue metabolism,
one of the main roles in which is played by NAD.
Since the NAD plays an important role as a coen-
zyme of numerous dehydrogenases, alterations in
its content will lead to significant impaired cellular
metabolism, as well as suppression of humoral im-
munity, which may be accompanied by the risk of
development of susceptibility to infections in pa-
tients with TIDM [3,4].

The decrease in NAD content under the condi-
tions of the EDM may be the result of a decrease in
the content of precursors of its biosynthesis, name-
ly nicotinic acid, nicotinamide, and tryptophan,
as well as the use of the NAD as a substrate in po-
ly-ADP-ribosylation processes as a result of break-
ages in DNA molecules induced by the EDM [10].

That is, NAD is not only an important coen-
zyme of numerous dehydrogenases, but also a vital
compound for the regulation of cellular metabo-
lism, on the level of which energy processes in the
body depend.

We have obtained some data indicative of the fact,
that there is an increased production of ROS, which
triggers the development of oxidative stress and in-
creases the rate of glucose oxidation against the back-
ground of the EDM-induced hyperglycemia.

These findings are consistent with the findings
of other researchers, who have shown that there is
a relationship between the development of oxida-
tive stress in WBCs, blood glucose, blood pressure,
and C-reactive protein [2].
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Fig. 6. SOD activity in serum by observation groups (n=5)

Our data on the ability of BNO 1030 to prevent
the death of WBCs may indicate that the drug com-
ponents, when combined, are potentially capable of
exhibiting mediated antibacterial action. This may
be confirmed by data from other researchers, who
have shown that drug made of a combination of
medicinal plants effectively prevent the develop-
ment of recurrent infections of the upper respira-
tory tract [9].

Conclusions

Thus, the development of the EDM positively
leads to a decrease in body weight and an increase
in blood glucose levels in diabetic rats. Against the
background of hyperglycemia, the NAD level in
the blood of diabetic animals was significantly re-
duced by 24%. The use of the BNO 1030 extract
increased the NAD blood values, which indicates
its positive effect on the flow of energy processes,
especially on the main pathway for carbohydrate
metabolism — glycolysis.

The results of experimental studies showed that
the administration of the BNO 1030 extract led to
a slight intensification of ROS production in con-
trol and diabetic groups, but its effect positively
increased the viability of immune cells, preventing
their death.

The use of BNO 1030 increased the SOD activ-
ity by 10% compared to the group of diabetic ani-
mals, which suggests that among the components
of this medicinal product there are compounds that
have antioxidant activity and inhibit the enhanced
formation of superoxide radicals induced by the
presence of the EDM.

No conflict of interests was declared by the au-
thors.
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