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КЛІНІЧНА ТА ЕКСПЕРИМЕНТАЛЬНА МЕДИЦИНА

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 

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 
with diabetic polyneuropathy.

Object and methods of research. Ex-
perimental research was performed on 
the basis of the scientific laboratory of the 
Department of Bioorganic and Biological 
Chemistry Poltava state medical university 
and the research laboratory of the train-
ing and research center of the Institute of 
Biology and Medicine of Taras Shevchenko 
National University of Kyiv.

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 
using the methods of variation statistics. 
The calculation of the Shapiro-Wilk test 
was used to check the distribution for 
normality. If the data corresponded to 
the normal distribution, the significance 
of their difference when comparing arith-
metic means were determined using the 
Student’s T-Test for independent sam-
ples. When the data series were not sub-
ject to the normal distribution, statistical 
processing was performed using a non-
parametric method – the Mann-Whitney 
test.

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

Cocarnit
Groups of animals GAG content, μmol/g Fucose content, μmol/g

1. Control 
(n=10 ) 0,61±0,05 7,93±0,19

2. Diabetic neuropathy
(n=12 ) 0,99±0,03 10,61±0,38

3. Diabetic neuropathy + 
Cocarnit (n=21) 0,76±0,01 7,8±0,16

4. Control + Cocarnit
(n=8) 0,34±0,01 2,47±0,11

Statistical indicator Р 1-2<0,05; Р2-3<0,05;
Р1-3<0,05

Р1-2 <0,05; Р2-3<0,05;
Р1-3<0,05

Note: n is the number of animals.

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

Groups of animals Total antitryptic 
activity, g/kg

Total proteolytic 
activity, μg/g•min

1. Control
(n=10 ) 32,56±1,31 3,17±0,01

2. Diabetic neuropathy
(n=12 ) 53,85±0,71 3,41±0,03

3. Diabetic neuropathy + Cocarnit 
(n=21) 38,4±1,03 3,21±0,07

4. Control + Cocarnit
(n=8) 16,72±0,98 2,46±0,08

Statistical indicator
Р1-2<0,05; Р2-

3<0,05;
Р1-3<0,05

Р1-2<0,05; Р2-3<0,05;
Р1-3<0,05

Note: n is the number of animals.
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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 

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. 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.

Table 3 – Indicators of oxidative stress in periodontal tissues under the condi-
tions of DN and correction by Cocarnit

Groups of animals
Catalase 
activity, 

μcat /g min

The content 
of OMP, 

conventional 
units

The content of 
TBA reactants, 

μmol/g

The content of molecules 
of medium mass, 

conventional units

1. Control
(n=10 ) 0,27±0,04 1,35±0,01 2,41±0,13 0,29±0,02

2. Diabetic neuropathy
(n=12 ) 0,11±0,01 1,76±0,03 4,45±0,03 0,33±0,01

3. Diabetic neuropathy + 
Cocarnit (n=21) 0,05±0,01 1,44±0,04 3,17±0,12 0,29±0,02

4. Control + Cocarnit
(n=8) 0,68±0,04 0,92±0,04 4,15±0,11 0,26±0,02

Statistical indicator
Р1-2<0,05;
Р2-3<0,05;
Р1-3<0,05

Р1-2<0,05; 
Р2-3<0,05

Р1-2<0,05;
Р2-3<0,05;    
Р1-3<0,05

Р1-2<0,05; 
Р2-3<0,05

Note: n is the number of animals.

References
1.	 Tönnies T, Rathmann W, Hoyer A, Brinks R, Kuss O. Quantifying the underestimation of projected global diabetes prevalence by the 

International Diabetes Federation (IDF) Diabetes Atlas. BMJ Open Diabetes Research & Care 2021;9(1):e002122. DOI: https://doi.
org/10.1136/bmjdrc-2021-002122.

2.	 Sempere-Bigorra M, Julián-Rochina I, Cauli O. Differences and similarities in neuropathy in type 1 and 2 diabetes: a systematic review. 
Journal of Personalized Medicine. 2021;11(3):230. DOI: https://doi.org/10.3390/jpm 11030230.

3.	 Yakobchuk SO, Iftodii AH, Kolotylo OB, Moskaliuk OP. Pytannia patohenezu diabetychnoi neiropatii. Bukovynskyi medychnyi visnyk. 
2012;16(63):142-145. [in Ukrainian].

4.	 Feldman EL, Callaghan BC, Pop-Busui R, Zochodne DW, Wright DE, Bennett DL, et al. Diabetic neuropathy. Nature Reviews Disease 
Primers. 2019;5(1):41. DOI: https://doi.org/10.1038/s41572-019-0092-1.

5.	 Javed S, Petropoulos IN, Alam U, Malik RA. Treatment of painful diabetic neuropathy. Therapeutic Advances in Chronic Disease. 
2014;6(1):15-28. DOI: https://doi.org/10.1177/2040622314552071.

6.	 Beltramo E, Mazzeo A, Porta M. Thiamine and diabetes: back to the future? Acta Diabetologica. 2021;58:1433-1439. DOI: https://doi.
org/10.1007/s 00592-021-01752-4.

7.	 Karaganis S, Song X. B vitamins as a treatment for diabetic pain and neuropathy. Journal of Clinical Pharmacy and Therapeutics. 
2021;46:1199-1212. DOI: https://doi.org/10.1111/jcpt.13375.

8.	 Popov SV, Melekhovets’ OK, Demikhova NV, Vynnychenko LB. Drug with a high metabolic activity, cocarnit, in the treatment of diabetic 
cardiac autonomic neuropathy. Lik Sprava. 2012;3-4:75-81. 

9.	 Kotov SV, Isakova EV, Leidvoll VY, Belova YA, Volchenkova TV, Borodin AV, et al. Effektivnost’ preparata kokarnit pri diabeticheskoy 
neyropatii. Zhurnal nevrologii i psikhiatrii im. S.S. Korsakova. 2018;118(1):37-42. DOI: https://doi.org/10.17116/jnevro20181181137-42. 
[in Russian].

10.	Nikitina N, Beregovyi S, Stepanova L, Kabanov O. Vyznachennya optymalʹnoyi skhemy vvedennya kokarnitu shchuram iz diabetychnoyu 
polineyropatiyeyu za dopomohoyu tenzoalhometrychnoho metodu. Visnyk Kyyivsʹkoho natsionalʹnoho universytetu imeni Tarasa 
Shevchenka. 2017;23(2):37-42. DOI: https://doi.org/10.17721/2616_6410.2017.23.37-42. [in Ukrainian].

11.	Ugolev AM. Issledovanie pishchevaritel’nogo apparata u cheloveka. L.: Nauka; 1969. 216 s. [in Russian].
12.	Veremeenko KN. Proteoliz v norme i pri patologii. K.: Zdorov’ya; 1988. 200 s. [in Russian].
13.	Stal’naya ID, Garishvili TG. Metod opredeleniya malonovogo dial’degida s pomoshch’yu tiobarbiturovoj kisloty. Sovremennye metody v 

biokhimii. M.: Medicina; 1977. 392 s. [in Russian].
14.	Dubinina EE. Okislitel’naya modifikaciya belkov syvorotki krovi cheloveka. Metod ee opredeleniya. Voprosy medicinskoj khimii. 1995;1:24-

26. [in Russian].
15.	Korolyuk MA, Ivanova LI, Majorova IG. Metod opredeleniya aktivnosti katalazy. Laboratornoe delo. 1988;1:16-19. [in Russian].
16.	Sharaev PN. Metod opredeleniya fukozy, nesvyazannoj s belkami. Klinicheskaya laboratornaya diagnostika. 1997;4:17-18. [in Russian].
17.	Sharaev PN. Metod opredeleniya glikozaminoglikanov v biologicheskih zhidkostyah. Laboratornoe delo. 1987;5:530-532. [in Russian].

КОРЕКЦІЯ МЕТАБОЛІЧНИХ ПОРУШЕНЬ У ТКАНИНАХ ПАРОДОНТА ЩУРІВ СПРИЧИНЕНИХ СТРЕПТОЗОЦИ-
НІНДУКОВАНОЮ ДІАБЕТИЧНОЮ НЕЙРОПАТІЄЮ

Котвицька А. А., Криворучко Т. Д., Непорада К. С., Береговий С. М.
Резюме. Протягом останніх років значно зросла поширеність цукрового діабету. Останні дані видання 

Diabetes Atlas IDF показують, що 0,5 млрд дорослих людей у всьому світі живуть з цукровим діабетом. Найпо-
ширенішим ускладненням цукрового діабету є периферична діабетична нейропатія, яка призводить до роз-
витку патологічних змін нервової системи і кровоносних судин та значно знижує якість життя хворих. 

Актуальною проблемою на сьогоднішній день є пошук ефективних препаратів корекції полінейропатії та 
інших ускладнень цукрового діабету. Нашу увагу привернув препарат метаболічної дії Кокарніт, до складу 
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якого входить 20 мг нікотинаміду, 50 мг кокарбоксилази, 500 мкг ціанкобаламіну, 10 мг динатрію аденозин-
трифосфату тригідрату.

Метою нашої роботи є дослідити ефективність препарату Кокарніт при корекції пародонтального синдро-
му у щурів за умов діабетичної полінейропатії.

Експериментальну діабетичну полінейропатію дослідним тваринам моделювали шляхом одноразового 
введення стрептозоцину (Streptozocin Sigma, USA). Для підтвердження розвитку цукрового діабету на 30 добу 
експерименту проводили глюкозотолерантний тест. Розвиток діабетичної нейропатії оцінювали вимірюючи 
поріг больової чутливості за допомогою тензоалгометричного тесту Randall-Selitto. Об’єктами дослідження 
були тканини пародонта щурів у гомогенаті яких визначали вміст ТБК-активних продуктів, окисно-модифіко-
ваних білків, вільної фукози, глікозаміногліканів, активність каталази, загальну протеолітичну та антитриптич-
ну активність.

Встановлено, що діабетична нейропатія викликає розвиток пародонтального синдрому про що свідчить 
вірогідне зростання загальної протеолітичної активності на тлі достовірного збільшення загальної антитрип-
тичної активності, збільшення вмісту вільної фукози та глікозаміногліканів, та інтенсифікація вільно-ради-
кального окиснення. Введення Кокарніту запобігає розвитку патологічних змін у тканинах пародонта щурів 
за умов діабетичної нейропатії. 

Ключові слова: діабетична нейропатія, пародонт, протеїназно-інгібіторний потенціал, оксидативний 
стрес, Кокарніт.

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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