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According to the WHO, in 2019, diabetes was the di-
rect cause of 1.5 million deaths. A common consequence
of uncontrolled diabetes is hyperglycemia, which over
time leads to complications, especially of the nervous
system and blood vessels. The prevalence of diabetic
polyneuropathy, as the most common form of compli-
cations of diabetes, is high and, according to various
authors, ranges from 15.5 to 77.6%. The search for ef-
fective means of correcting complications of diabetes,
including polyneuropathy, remains relevant.

The aim of our study is to study the effectiveness of
Cocarnit in the correction of periodontal syndrome in
rats with diabetic polyneuropathy.

Diabetic polyneuropathy was simulated in experi-
mental animals by a single injection of streptozocin
(Streptozocin Sigma, USA). On the 30th day of the experi-
ment, performed a glucose tolerance test was to confirm
the presence of diabetes mellitus. Confirmation of the
development of neuropathy was assessed by measuring
the pain sensitivity threshold using the Randall-Selitto
strain-algometric test. The objects of the study were
periodontal tissues of rats in the homogenate which de-
termined the activity of catalase, total proteolytic and
antitryptic activity, the content of TBA-active products,
oxidatively modified proteins, free fucose, glycosamino-
glycans.

We found that with the development of diabetic neu-
ropathy, the total proteolytic activity probably increases
against the background of a significant increase in total
antitryptic activity, increases the content of free fucose
and glycosaminoglycans. The development of oxida-
tive stress in periodontal tissues of animals is confirmed
by a significant increase in the content of TBA-active
products, oxidatively modified proteins, and molecules
of medium weight. Thus, streptozocin-induced diabetic
neuropathy contributes to the development of periodon-
tal syndrome in rats. The injection of Cocarnit prevents
the development of pathological changes in the peri-
odontal tissues of rats in diabetic neuropathy as evi-
denced by the prevention of catabolism of glycoproteins
and proteoglycans, the development of oxidative stress,
inhibition of activation of proteolytic processes.

Key words: diabetic neuropathy, periodontium, pro-
teinase-inhibitory potential, oxidative stress, Cocarnit.

Relationship of the publication with the planned
research works. This work is a fragment of the research
“Features of the development of pathological changes
in the digestive system under different conditions and
the development of methods for their correction” (state
registration number 0120U100502).

Introduction. The number of people with diabetes in
2021 reached 537 million, and this number is projected
to increase to 643 million in 2030, and to 783 million
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in 2045 [1]. Diabetic polyneuropathy is one of the most
common chronic complications of diabetes diagnosed
in almost half of patients. Clinical manifestations of dia-
betic polyneuropathy (DN) are quite diverse and occur
in the practice of specialists in various fields. The preva-
lence of diabetic polyneuropathy, as the most common
form of complications of diabetes, is high and, according
to various authors, ranges from 15.5 to 77.6% [2].

The mechanism of development of diabetic poly-
neuropathy is described by various theories, including
edema and degeneration of nerve fibers; development
of oxidative stress due to excessive formation of free
radicals [3]; strengthening the processes of lipid peroxi-
dation, posttranslational and oxidative modification of
proteins; enhancing the activity of the polyol pathway
and, as a consequence, the accumulation of sorbitol
[2]; increased non-enzymatic glycosylation of proteins
due to chronic hyperglycemia, in particular peripheral
nerve proteins, tubulin, which leads to disruption of
their functions [4]. Believe that glucotoxicity is a leading
factor in the pathogenesis of diabetic complications and
causes structural and metabolic changes in the central
and peripheral nervous systems.

The sustainability of normoglycemia is the main
condition for the prevention and treatment of diabetic
complications. Unfortunately, a small number of pa-
tients manage to maintain normal blood glucose lev-
els, which dictates the need to find drugs that prevent
glucotoxicity. Metabolic changes mainly affect sensory
nerve fibers, resulting in paresthesias and pain. Many
authors see some prospects for the treatment of DN
not only in the fight against hyperglycemia but also in
therapy aimed at improving the metabolism of nervous
tissue. As a rule, metabolic drugs use as a part of com-
bination pharmacotherapy in various diseases and have
a secondary importance, but due to neuropathies their
role increases, because metabolic disorders in this case
are an important part of the pathogenesis. The main ad-
vantage in the treatment of diabetic polyneuropathy is
given to the means of pathogenetic orientation. Patho-
genetic therapy involves the administration of antioxi-
dants and metabolic agents [5]. Some effectiveness of
B vitamins in the treatment of diabetic polyneuropathy
show both with the introduction of one vitamin [6] and
with the use of vitamin B complex [7]. However, the
correct combination of B vitamins, dose, duration of
treatment is not fully understood. Among some drugs,
Cocarnit (World Medicine) attracts attention, which,
according to the literature, has a positive effect on
metabolic, reparative processes, improves nerve tissue
trophism, has analgesic, vasodilating effect [8, 9] and
contains not only B vitamins but macroergic substances
that improve nerve conduction.
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The aim of the study was to investigate
the effectiveness of Cocarnit in the correc-
tion of the periodontal syndrome in rats

Table 1 - The content of free fucose and GAG in the periodon-
tal tissues of rats under the conditions of DN and correction by

Cocarnit

with d'_abet'c polyneuropathy. Groups of animals GAG content, umol/g | Fucose content, umol/g
Object and methods of research. Ex- 1. Control . .

perimental research was performed on (n=10) 0,61£0,05 7,93%0,19

the basis of the scientific laboratory of the | 2. DIabe(“C_;\gliFOPathy 0,99+0,03 10,6140,38

Department of Bioorganic and Biological S Db \n= -

Chemistry Poltava state medical university | * ~'% oigfn?f(“;:;f)t v+ 0,76+0,01 7,840,16

and the research laboratory of the train- 4. Control + Cocarnit 0.3420 01 5 474011

ing and research center of the Institute of (n=8) i e

Biology and Medicine of Taras Shevchenko e P ..<0,05; P, <0,05; P.,<0,05; P, ,<0,05;
. . . . Statistical indicator L2 23 T A

National University of Kyiv. indi P, ,<0,05 P, ,<0,05

The study was performed on 41 adult
white rats of both sexes weighing 180-
200g. The experiments complied with the norms of the
Convention on Bioethics of the Council of Europe 1997,
The European Convention for the Protection of Verte-
brate Animals used for Experimental and other Scientific
Purposes, and the general ethical principles of animal
experiments adopted by the First National Congress of
Bioethics of Ukraine.

Diabetic polyneuropathy (DN) was simulated in ex-
perimental animals by a single intraperitoneal injection
of streptozocin (Streptozocin Sigma, USA) at a rate of 65
mg/kg. On days 7, 14, 21, and 28 of the experiment, glu-
cose levels were determined using a Free Style Optium
XEMV036-P0270 glucometer and Free Style Optium H
test strips. Blood was collected from the tail vein using
an intravenous catheter for measurement. On the 30th
day of the experiment, a glucose tolerance test was per-
formed. Confirmation of the development of DN was
assessed by measuring the threshold of pain sensitivity
(PBC) using strain-algometric test Randall-Selitto.

After confirmation of the development of polyneu-
ropathy on day 31 of the experiment, Cocarnit (World
Medicine) was administered intramuscularly for 9 days
at a rate of 1 mg/kg dissolved in 0.5% lidocaine hydro-
chloride [10]. The drug contains 20 mg of nicotinamide,
50 mg of cocarboxylase, 500 mcg of cyanocobalamin, 10
mg of disodium adenosine triphosphate trihydrate.

Slaughter of animals was carried out under thiopen-
tal anesthesia, by bloodletting, followed by a sampling
of biological material. The objects of the study were
periodontal soft tissues of rats in the homogenate which
determined the total proteolytic activity [11], total anti-
tryptic activity [12], the content of TBA-active products
[13], the content of oxidatively modified proteins [14],
and catalase activity [15], the content of free fucose [16]
and glycosaminoglycans (GAG) [17].

The obtained results were analyzed

Note: n is the number of animals.

Research results and their discussion. We found
that streptozocin in rats caused diabetes mellitus with
the development of DN, which was manifested by an in-
crease in PST, which was measured by the strain-algom-
etric method. As a result of the conducted research was
established that in control animals the initial PST was
100,1+3,4% and on the 14th, 28th day of PST measure-
ment fluctuated slightly within the initial level, which is
evidence of normal functioning of the neuromuscular
complex in rats. In animals simulated DN PST increased
significantly on all days of measurement compared with
the initial value: on the 14th day after administration
of streptozocin PST increased by 22,4+8,4% (p<0,05),
and on the 28th day — by 100,9+15,3% (p<0,001). And
in the group of rats injected with Cocarnit for 9 days,
PST was lower by 109,2+3,4% (p<0,001) compared with
the group of rats with diabetic polyneuropathy without
correction and did not differ from the level of PST in the
control.

Under the conditions of DN development in the
periodontal tissues of rats, the content of free fucose
increased 1,3 times and 1,6 times the content of glycos-
aminoglycans compared to the control (table 1). This
suggests that DN causes increased catabolism of rat
periodontal connective tissue polymers.

The introduction of Cocarnit reduces the catabolism
of periodontal biopolymers under conditions of diabetic
neuropathy, as evidenced by the likely reduction in fu-
cose and GAG in comparison with these values in rats,
which simulated diabetic neuropathy without correction.

Analyzing the proteinase-inhibitory balance in rat
periodontal tissues, we found that under conditions of
DN development, the total proteolytic activity probably
increases against the background of a significant in-

Table 2 - Proteinase-inhibitory balance of periodontal tissues
under the conditions of DN and correction by Cocarnit

using the methods of variation statistics. - - -
. W Groups of animals Total antitryptic Total proteolytic

The calculation of the Sha-plrg W.I|k test activity, g/kg activity, ug/gemin
was used to check the distribution for 1. Control .\ .
normality. If the data corresponded to (n=10) 32,56+1,31 3,17£0,01
the ngrmal distribution, the 5|gp|ﬁcapce 2. Dlabetlc_neuropathy 53,8540,71 3,4140,03
of their difference when comparing arith- (n=12)
metic means were determined using the | 3. Diabetic nezir:?zpla)thy + Cocarnit 38,4+1,03 3,2140,07
Student’s T-Test for independent sam- - .
ples. When the data series were not sub- 4. contr(il_gfocar”'t 16,72+0,98 2,46+0,08
ject to the normal distribution, statistical

rocessing was performed using a non- PL,<0,05; P, P, ,<0,05; P, .<0,05;
P g P g . Statistical indicator ,<0,05; 12 ﬁ, ’02035 e
parametric method — the Mann-Whitney P, <0,05 15<0s

test.

Note: n is the number of animals.
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Table 3 — Indicators of oxidative stress in periodontal tissues under the condi-
tions of DN and correction by Cocarnit

Catalase Th(;efc(;)’\r}lt:nt The content of [The content of molecules
Groups of animals activity, L TBA reactants, of medium mass,
.| conventional ) :
ucat /g min units umol/g conventional units
1'(521”530' 0,27+0,04 | 1,35:0,01 | 2,41:0,13 0,290,02
2 Diabetlc newropathy | o1140,01 | 1,76+0,03 | 4,45¢0,03 0,330,01
3-Digbetic neuropathy | 0,05:001 | 1,44:004 | 31740,12 0,29+0,02
4 Control+ S0camit | 0,68+0,04 | 0926004 | 415:011 0,26+0,02
P._<0,05; , P.<0,05; )
Statistical indicator P:<0,05; l:,lzi%%'r;’ P:<0,05; F;lzi%’%ss’
P, ,<0,05 25 P, ,<0,05 235

a significant increase in the
content of TBA-active prod-
ucts, oxidatively modified
proteins, and medium weight
molecules (table 3). Under
the conditions of correction
by Cocarnit, the content of
TBA-active products, medi-
um-weight molecules, and
OMP in periodontal tissues
was significantly reduced
compared to animals that
were simulated diabetic neu-
ropathy without correction.
Conclusions.

Note: n is the number of animals.

crease in total antitryptic activity compared to control
animals (table 2).

Under the conditions of experimental correction
by Cocarnit, the total activity of proteases in periodon-
tal tissues of rats probably decreased, which indicates
a protective effect of the drug on the development of
proteolytic processes in streptozotocin-induced diabetic
neuropathy.

Under the conditions of DN, on the 30th day of the
experiment, we found the development of oxidative
stress in periodontal tissues of animals, as evidenced by

Streptozo-
cin-induced diabetic neu-
ropathy causes periodontal

syndrome in rats. Metabolic correction by Cocarnit
prevents depolymerization of proteoglycans and glyco-
proteins, prevents the development of proteolysis, and
helps to suppress free radical oxidation in the periodon-
tal tissues of rats in diabetic neuropathy.

Prospects for further research. Based on the re-
ceived biochemical data for confirmation of the effi-
ciency of use of Cocarnit at a diabetic neuropathy it is
planned to carry out morphological and histologic re-
search of periodontal tissues.
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KOPEKLIA METABO/IIYHMX NOPYLWEHb Y TKAHMHAX NAPOAOHTA LUYPIB CNPUYUHEHUX CTPENTO30LMU-
HIHAYKOBAHOIO AIABETUYHOO HEMPOMATIED

KotBuupKa A. A., Kpusopyuko T. [I., Henopagaa K. C., beperosuii C. M.

Pe3stome. poOTArOM OCTaHHIX POKiB 3HA4YHO 3pOCAA MOLWMPEHICTb LYyKPOBOro Aiabety. OCTaHHI AaHi BUAAHHA
Diabetes Atlas IDF nokasytoTb, wo 0,5 mapa Aopocaunx ntogen y BCbOMy CBiTi 3KUBYTb 3 LyKpOBUM giabeTom. Hanno-
LIMPEHILIMM YCKNaAHEHHAM LlyKpoBoro aiabety € nepudbepuyHa giabeTnyHa HeliponaTis, AKa NPU3BOAUTL A0 PO3-
BUTKY NaTONOMYHMX 3MiH HEPBOBOI CUCTEMM | KDOBOHOCHUX CYAMH Ta 3HAYHO 3HUKYE AKICTb XKUTTA XBOPUX.

AKTyanbHot npobsemoto Ha CbOroAHILLHIN AeHb € NoWyK ePpeKTUBHUX NpenapaTiB KopeKLii nofiHeponarTii Ta
iHWKWX YCKNaZHEHb LyKpoBoro giabety. Hawy yBary npvBepHyB npenapaT meTaboniyHoi aji KokapHiT, Ao cknagy
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AKoro BxoAnTb 20 Mr HikoTMHamiay, 50 mr Kokapbokcunasm, 500 MKr LiaHKobanamiHy, 10 mr AMHATPIlO aAeHO3UH-
Tpudocoaty Tpurigpary.

MeToto Hawoi poboTu € gocnianTn edbeKkTUBHICTL NpenapaTy KoKapHIT Npu KopeKLii napofoHTasIbHOrO CUHAPO-
MY Y LLypiB 3a yMOB AiabeTnyHoi noniHelponarii.

EkcnepumeHTanbHy AiabeTuyHy noniHeMponarTito 4OCAIAHUM TBApPMHAM MOAENIOBANN LWAAXOM OAHOPA30BOroO
BBEAEHHA CTpenTo3oumHy (Streptozocin Sigma, USA). ns nigTeepArKeHHsA po3BUTKY LlyKpoBoro Aiabety Ha 30 goby
eKCMepMMeHTY NPOBOAW/IM FOKO30TONePaAHTHUI TecT. PO3BUTOK fiabeTMYHOT HeliponaTii OLiHI0BAAM BUMIpOOUN
nopir 60/1b0BOI YyTAMBOCTI 33 AONOMOrO TeH30aAromeTpuyHoro Tecty Randall-Selitto. O6’ekTamn gocaigKeHHs
6yNY TKAHWUHW NAPOAOHTA LLYPIB Y rOMOreHaTi AKUX BU3HaYanu BMicT TBK-akTMBHUX NPOAYKTiB, OKMCHO-MOAMbiKO-
BaHMX BinKiB, BifIbHOI PYyKO3M, IMiKO3aMiHOMNiIKaHIB, aKTUBHICTb KaTanasu, 3arasibHy NPOTEOITUYHY Ta aHTUTPUNTHY-
HY aKTUBHICTb.

BcTaHoBNEHO, WO AiabeTMyHa HelponaTis BUKAMKAE PO3BUTOK NAPOLOHTANbHOIO CUHAPOMY NPO WO CBIAYNTD
BiporigHe 3pOoCTaHHSA 3arasibHOI NPOTEOITUYHOT aKTUBHOCTI Ha TNl OCTOBIPHOIO 36iNblWEHHA 3ara/ibHOi AHTUTPUN-
TUYHOI aKTUBHOCTI, 30i/blUEHHA BMICTy BinbHOI PyKO3M Ta iKo3amiHOMiKaHiB, Ta iHTeHcMdiKauia BinbHO-paau-
KaNbHOTO OKMCHEHHSA. BBeaeHHA KoKapHiTy 3anobirae po3BUTKY MATONOMYHMX 3MiH Y TKAHWMHAX NapoAOHTa LLypiB
33 yMoB giabeTnyHoi Helponaril.

Knwouosi cnoBa: giabetnyHa HelponaTia, NAapOAOHT, MPOTEIHAa3HO-iHFIOITOPHUI NOTeHLian, OKCUAATUBHWUIA
cTpec, KokapHiT.

CORRECTION OF METABOLIC DISORDERS IN PARODONTAL TISSUES OF RATS CAUSED BY STREPTOZOCININ-
INDUCED DIABETIC NEUROPATHY

Kotvytska A. A., Kryvoruchko T. D., Neporada K. S., Berehovyi S. M.

Abstract. The prevalence of diabetes has increased significantly in recent years. The latest Diabetes Atlas IDF
data shows that 0.5 billion adults worldwide live with diabetes. The most common complication of diabetes is pe-
ripheral diabetic neuropathy, which leads to the development of pathological changes in the nervous system and
blood vessels and significantly reduces the quality of life of patients. An urgent problem today is the search for effec-
tive drugs to correct polyneuropathy and other complications of diabetes. Our attention was drawn to the metabolic
drug Cocarnit, which contains 20 mg of nicotinamide, 50 mg of cocarboxylase, 500 mcg of cyanocobalamin, 10 mg
of disodium adenosine triphosphate trihydrate.

The aim of our study was to investigate the effectiveness of Cocarnit in the correction of periodontal syndrome
in rats with diabetic polyneuropathy.

Experimental diabetic polyneuropathy was simulated in experimental animals by a single injection of streptozo-
cin (Streptozocin Sigma, USA). To confirm the development of diabetes on the 30th day of the experiment, a glucose
tolerance test was performed. The development of diabetic neuropathy was assessed by measuring the pain sensi-
tivity threshold using the Randall-Selitto strain-algometric test. The subjects of the study were periodontal tissues
of rats in the homogenate which determined the content of TBA-active products, oxidatively modified proteins, free
fucose, glycosaminoglycans, catalase activity, total proteolytic and antitryptic activity.

Diabetic neuropathy has been shown to cause periodontal syndrome, as evidenced by a probable increase in
total proteolytic activity with a significant increase in total antitryptic activity, increased free fucose and glycosami-
noglycans, and intensification of free radical oxidation. The introduction of Cocarnit prevents the development of
pathological changes in the periodontal tissues of rats in diabetic neuropathy.

Key words: diabetic neuropathy, periodontium, proteinase-inhibitory potential, oxidative stress, Cocarnit.
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