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The aim of the current study was to evaluate the therapeutic efficacy of 1 % IL-1β antagonist dental gel by its 
effect on biomarkers of inflammation and cytoprotection under conditions of modelling chronic generalized 
periodontitis in rats.

Materials and methods. Chronic generalized periodontitis (CGP) was reproduced in Wistar rats weighing 
180–210 g by 8-week administration of the prooxidant Delagil (chloroquine phosphate, 30 mg/kg) and addition 
of EDTA (2 %) to drinking water using a calcium-deficient peroxide diet with reduced chewing function. The 
studied pharmacological medications were administered after the development of CGP in rats for 30 days: 
1 % oromucosal gel with IL-1β receptor antagonist (RAIL-1β, 1 mg/kg) locally using a dispenser; and the 
antioxidant Mexidol (250 mg/kg) intragastrically for 30 days. The condition of periodontal tissues and the 
effect of the studied medications on the levels of inflammatory markers IL-1β, tumour necrosis factor alpha 
(TNF-α), matrix metalloproteinase-2 (MMP-2) and markers of endogenous neuroprotection hypoxia-induced 
factor 1-alpha (HIF-1α) and heat shock proteins (HSP70) were evaluated using enzyme-linked immunosorbent 
assay (ELISA).

Results. Modelling of CGP in rats by 8-week administration of the prooxidant Delagil and addition of EDTA to 
drinking water resulted in typical manifestations of the disease: bleeding, hyperaemia, and swelling of the gums; 
tooth mobility; formation of gingival pockets up to 8 mm against the background of increased levels of inflamma-
tion markers (TNF-α, IL-1β), and molecular markers (HIF-1α and HSP70) in the blood indicated a homeostatic 
response of the periodontium to inflammation and subsequent hypoxia by an increase in the synthesis of HIF-1α 
and HSP70. Course application of 1 % oromucosal gel with IL-1β receptor antagonist (1 μg/kg) to rats with CGP in 
a therapeutic regimen led to an improvement in the clinical picture of the disease: significant reduction in the size 
of the gingival pocket to 2.2 mm, and a significant reduction of bleeding and swelling against the background of 
lowering the levels of inflammatory markers in the blood: TNF-α – by 82 % (p < 0.05), metalloproteinase-2 – by 
65 % (p < 0.05), and IL-1β – by 71.4 % (p < 0.05) compared to the group of untreated animals. Application of 
1 % oromucosal gel with IL-1β receptor antagonist resulted in an increase in HIF-1α levels by 42 % (p < 0.05) 
in comparison to control indicators, and an increase in HSP70 levels by 62.8 % compared to the control group, 
and in 2.4 times (p < 0.05) compared to the intact group that indicated a significant impact of IL-1β receptor 
antagonist on the HSP70-dependent mechanisms of endogenous cytoprotection. Oromucosal gel with 1 % IL-1β 
receptor antagonist (1 μg/kg) was significantly superior to the reference drug Mexidol (250 mg/kg) in terms of 
its action on the studied parameters under conditions of CGP.

Conclusions. The obtained results substantiate the further in-depth pharmacological study of the new oromu-
cosal gel with IL-1β receptor antagonist (1 μg/kg) for the purpose of clinical use in the treatment of generalized 
periodontitis. We have found that the use of IL-1β receptor antagonist in experimental CGP is more effective 
than Mexidol.
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Деякі аспекти терапевтичної дії стоматологічного гелю з антагоністом IL-1β 
при експериментальному хронічному генералізованому пародонтиті
О. О. Дмитрієва, І. Ф. Бєленічев, І. Б. Самура, В. І. Сальников

Мета роботи – оцінити терапевтичну ефективність 1 % оромукозного гелю з антагоністом інтерлейкіну 
1β (IL-1β) за його впливом на маркери запалення та цитопротекції в умовах моделювання хронічного 
генералізованого пародонтиту у щурів.

Матеріали і методи. Хронічний генералізований пародонтит (ХГП) моделювали у щурів лінії Вістар масою 
180–210 г за допомогою перекисної кальцій-дефіцитної дієти зі зниженою жувальною функцією протягом 
8 тижнів. У питну воду додавали 2 % розчин ЕДТА та внутрішньошлунково вводили прооксидант «Делагіл» 
(хлорохіну фосфат, 30 мг/кг) щодня. Препарати, що вивчали, вводили після розвитку ХГП протягом 30 діб: 
оромукозний гель 1 % із рецепторним антагоністом IL-1β (1 мкг/кг) наносили місцево за допомогою доза-
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Inflammatory periodontal diseases are the most complex 
problem from the point of view of therapeutic dentistry as they 
can be complicated by the development of unresolved hyperin-
flammation; dysbiosis of the oral, intestinal and other location’s 
microbiota; disruption of innate and adaptive immunity, and other 
systemic alterations that may cause or exacerbate other health 
problems associated with increased morbi-mortality [1]. According 
to international statistics, periodontitis ranks second after dental 
caries. Thus, according to the scientific and analytical group of 
WHO, inflammatory periodontal diseases are significantly wide-
spread among the world population and their significant growth 
continues [2,3].

Despite the promotion of a healthy lifestyle, hygiene and pre-
ventive measures, incidence and prevalence of periodontitis has 
constantly increased (55–80 %) in young people [4]. Periodontitis 
has a multifactorial etiology, in which the presence of aggressive 
gingival microbiota, weakened immune and antioxidant systems 
against the background of a significant surge in free-radical and in-
flammatory reactions leads to the disease and its progression [5]. 
All this knowledge about the pathogenesis of periodontitis justified 
the widespread use of antiseptics, antibiotics, anti-inflammatory 
agents, and antioxidants for the treatment of the disease [6].

The therapeutic effectiveness of anti-inflammatory and anti-
oxidant medications from medicinal plant materials (chamomile, 
turmeric, calendula, and ginger), and synthetic medications (COX 
inhibitors, leukotriene modulators, lipid peroxidation inhibitors, 
and membrane stabilizers) has been studied in detail, and these 
are among the most widely used classes of medications for the 
management of chronic generalized periodontal disease [7,8,9]. 
Dosage forms containing essential oils of medicinal plants, 
which exhibit anti-inflammatory, wound-healing, and antibac-
terial properties, have found application in the treatment of 
periodontitis [10,11]. In our country and abroad, preclinical justi-

fication has been obtained for the use of noble metals and noble 
metal-based nanoparticles in the management of periodontal 
disease [12,13,14].

It has been established recently that the pro-inflammatory 
mediators IL-1β and TNF-α; increased enzymatic and non-enzy-
matic production of reactive oxygen species (ROS) are of great 
importance in the formation and progression of inflammatory 
periodontal diseases, among which the leading place is occupied 
by generalized periodontitis.

ROS and cytotoxic forms of NO cause an active burst of 
free-radical reactions that lead to oxidative modification of protein 
molecules, complex lipids, and nucleic acids. The interleukin 1 
family includes key signalling molecules that trigger and maintain 
periodontal inflammation, initiate some mechanisms of apoptosis, 
inhibit protein synthesis and reparative regeneration [15,16,17]. 
IL-1β is a master regulator of inflammation and plays essential 
roles in enhancing local blood flow, and neutrophil infiltration at 
the site of inflammation. Further studies demonstrated that the 
IL-1 family is a diverse group of mediators that includes pro-in-
flammatory and anti-inflammatory cytokines. IL-1β enhances the 
secretion and activity of matrix metalloproteinases (MMP), par-
ticularly MMP-9, in different types of cells involved in periodontal 
inflammation, including neutrophils, osteoclasts, and osteoblasts; 
this represents an important amplification loop of the inflamma-
tory response [18,19]. In addition, The IL-1β molecules enhance 
the production of other MMP, such as MMP-1 and MMP-2, in 
gingival fibroblast cells and periodontal ligament cells promoting 
extracellular matrix degradation and leading to tissue destruction 
and bone resorption [20,21]. Novel IL-1 modulators have shown 
significant promise as adjuncts to traditional local therapy in the 
clinical management of periodontal disease.

Currently, FDA approved recombinant IL-1β antagonists 
Rilonacept, Canakinumab, Infliximab, Bortezomib and Anakin-

тора; «Мексидол» (250 мг/кг) вводили внутрішньошлунково. Методами твердофазного імуноферментного 
аналізу оцінювали стан тканин пародонта та вплив досліджених сполук на рівні маркерів запалення IL-1β, 
фактора некрозу пухлини альфа (TNF-α), матриксної металопротеїнази-2 (ММР-2) та маркерів ендогенної 
нейропротекції – індукованого гіпоксією фактора 1-альфа (HIF-1α) та білків теплового шоку (HSP70).

Результати. Моделювання ХГП у щурів шляхом 8-тижневого введення прооксиданта «Делагілу» та до-
давання ЕДТА до питної води спричиняло типові прояви хвороби: кровоточивість, гіперемію та набряк 
ясен; рухливість зубів; утворення ясенних кишень до 8 мм на тлі підвищення рівня маркерів запалення 
(TNF-α, IL-1β), а також молекулярних маркерів (HIF-1α та HSP70) у крові. Це свідчить про гомеостатичну 
відповідь пародонта на запалення та наступну гіпоксію шляхом збільшення синтезу HIF-1α і білка HSP70. 
Курсове введення 1 % оромукозного гелю з антагоністом рецепторів IL-1β (1 мкг/кг) щурам із ХГП сприяло 
покращенню клінічної картини захворювання: значному зменшенню глибини пародонтальних кишень до 
2,2 мм, зменшенню кровоточивості та набряку ясен на тлі зниження рівнів маркерів запалення в крові 
(TNF-α – на 82 %, p < 0,05, ММР-2 – на 65 %, p < 0,05, IL-1β – на 71,4 %, p < 0,05) порівняно з групою 
нелікованих тварин. Введення 1 % оромукозного гелю з антагоністом рецепторів IL-1β призводило до 
підвищення рівнів HIF-1α на 42 % (p < 0,05) порівняно з контрольними показниками і збільшення рівнів 
HSP70 на 62,8 % порівняно з контролем та у 2,4 раза (p < 0,05) порівняно з інтактною групою. На підставі 
цих даних зробили висновок про значний вплив антагоніста рецепторів IL-1β на HSP70-залежні механізми 
ендогенної цитопротекції. За дією на досліджені показники в умовах ХГП 1 % оромукозний гель з анта-
гоністом рецепторів IL-1β (1 мкг/кг) вірогідно переважав препарат порівняння «Мексидол» (250 мг/кг).

Висновки. Результати дослідження обґрунтовують доцільність продовження фармакологічного вивчення 
нового оромукозного гелю з антагоністом рецепторів IL-1β (1 мкг/кг) для клінічного використання під час 
лікування генералізованого пародонтиту.
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ra. IL-1β inhibiting properties have been identified in curcumin, 
metformin, and metronidazole [22]. The most encouraging 
results have been found with clinical use of Anakinra in various 
pathological conditions. Anakinra and its generics interrupt 
IL-1β-dependent pathways of neurodestruction, modulate glu-
tathione (GSH)-dependent mechanisms of mitochondrial and 
cytosolic heat shock protein 70 (HSP70) expression in the brain 
during acute ischemia. Oromucosal gel with an IL-1β inhibitor 
was developed at the Department of Medicines Technology 
of Zaporizhzhia State Medical and Pharmaceutical University. 
Numerous preclinical studies demonstrated its effectiveness, 
safety and harmlessness in experimental periodontitis [23,24]. 
The above predetermined the prospects for further studies of 
oromucosal gel with IL-1β antagonist.

Aim
To evaluate the therapeutic efficacy of 1 % IL-1β antagonist 

dental gel by its effect on biomarkers of inflammation and cy-
toprotection under conditions of modeling chronic generalized 
periodontitis in rats.

Materials and methods
Laboratory animals. The studies were conducted on forty 

3-month-old white female Wistar rats weighing 180–210 g, 
obtained from the nursery of the Institute of Pharmacology and 
Toxicology of the Academy of Medical Sciences of Ukraine. Ex-
periments and all manipulations with animals were conducted 
out in accordance with the regulations on the use of animals in 
biomedical experiments (Strasbourg, 1986, as amended in 1998) 
and the European Convention for the Protection of Vertebrate An-
imals Used for Experimental and Scientific Purposes [25,26]. The 
experimental research protocols and their results were approved 
by the decision of the Zaporizhzhia State Medical and Pharma-
ceutical University Bioethics Commission. The Zaporizhzhia State 
Medical and Pharmaceutical University Commission on Bioethics 
decided to adopt the experimental study protocols and outcomes 
(Protocol No. 3, dated March 22, 2021).

Before the start of the experiment, animals that met the cri-
teria for inclusion in the experiment were randomly assigned to 
the groups. Animals that did not meet the criteria were excluded 
from the experiment during quarantine. The animals were placed 
in polycarbonate cages measuring 550 × 320 × 180 mm with 
galvanized steel covers measuring 660 × 370 × 140 mm and 
glass drinkers. Five rats were kept in each cage. Each cage 
was labelled with study number, species, sex, animal numbers, 
and dose. Cages were placed on racks according to the dose 
levels and cage numbers indicated on the labels. All rats were 
fed ad libitum standard ration for laboratory animals, supplied by 
the company “Phoenix”, Ukraine. Water from the municipal water 
supply network (after reverse osmosis and sterilization by UV 
radiation) was given without restrictions. Alder (Alnus glutinosa) 
sawdust, previously treated by autoclaving, was used as litter.

Experimental model. Experimental modelling of chronic gen-
eralized periodontitis (CGP) was reproduced for 8 weeks using a 
calcium-deficient peroxide diet with reduced masticatory function. 

The drinking water bottles contained a 2 % EDTA solution, and the 
prooxidant Delagil (chloroquine phosphate) at a dose of 30 mg/kg 
in the form of a 0.59 % aqueous solution was administered daily 
to the animals. The animals were given soft food throughout the 
experiment [27]. After the development of CGP simulation, the ani-
mals received the studied medications intragastrically using a metal 
probe. All animals were divided into 4 groups (10 animals each):

1. Intact group – received isotonic saline solution (0.9 % NaCl) 
intragastrically for 30 days;

2. Control group – animals with experimental CGP received 
isotonic saline solution (0.9 % NaCl) intragastrically for 30 days;

3. Animals with experimental CGP, which were applied 
1 % oromucosal gel with IL-1β receptor antagonist at a dose of 
1 mg/kg locally to the affected areas of the periodontium using a 
dispenser for 30 days [23];

4. Animals with experimental CGP, which received the refe-
rence drug Mexidol (PJSC “Technolog”, Ukraine) at a dose of 
250 mg/kg intragastrically daily for 30 days [27].

In the work we used 1 % oromucosal dental gel with IL-1β 
receptor antagonist, developed at the Department of Medicines 
Technology of Zaporizhzhia State Medical and Pharmaceutical 
University. Antagonist of interleukin-1β was used as an active 
pharmaceutical ingredient in the recipe of oromucosal gel, Exci-
pients were D-panthenol (a plasticizer), carboxymethyl cellulose 
sodium salt (a viscosity modifier and mucoadhesive component), 
Tween-80 (an absorption enhancer), benzalkonium chloride (a 
preservative), sodium hydrophosphate + citric acid (a phosphate 
buffer solution), and purified water.

For the experiments, only pharmaceutical-grade active and 
auxiliary ingredients were utilized, which were obtained from 
Ukraine suppliers such as SINBIAS LLC, Istok-Plus LLC, and 
MOBIL MEDICAL LLC.

Under thiopental anaesthesia (40 mg/kg), rats of all expe-
rimental groups were withdrawn from the study. Following this, 
blood samples were obtained from the celiac artery for subse-
quent analysis.

Blood was taken from the abdominal aorta by syringe, and 
serum was separated by centrifugation at +4 Co at 1500 rpm for 
20 min [28].

Enzyme-Linked Immunosorbent Assay (ELISA). The concentra-
tion of hypoxia-inducible factor 1-alpha (HIF-1α) in the blood se-
rum was assessed using the solid phase immunoassay sandwich 
method of ELISA. The ELISA Kit HIF-1 alpha ELISA kit ab275103 
(Abcam Limited, UK) was used according to the instructions.

The concentration of heat shock protein HSP70 was deter-
mined by enzyme immunoassay using the HSP70 High-Sensitivity 
StressXpress ELISA Kit #MBS806878 (MyBioSource, Canada) 
according to the instructions included with the kits.

The content of IL-1β was determined using solid phase 
enzyme-linked immunosorbent assay (ELISA) using the Rat 
Interleukin 1β, IL-1β ELISA Kit # CSB-E08055r (CUSABIO 
TECHNOLOGY, USA) test kit in accordance with the instructions 
included with the kits.

The content of TNF-α was determined by solid-phase en-
zyme-linked immunosorbent assay (ELISA) using Rat TNF alpha 
ELISA Kit #ab 108913 (Abcam, USA) in accordance with the 
instructions supplied with the kits.
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The content of matrix metalloproteinase-2 (MMP-2) was 
determined by solid phase enzyme-linked immunosorbent 
assay (ELISA) using the Rat MMP-2(Matrix Metalloproteinase 
2) ELISA Kit (E-EL-R0618) (Elabscience, USA) according to 
the instructions supplied with the kits. These analyses were 
conducted on a complete plate enzyme immunoassay analyser 
(SIRIO-S, Seac, Italy).

Experimental data were statistically analysed using “Statistica 
for Windows 13” (StatSoft Inc., No. JPZ804I382130ARCN10-J), 
SPSS16.0, and Microsoft Office Excel 2010 software. Prior to sta-
tistical tests, we checked the results for normality (Shapiro–Wilk 
and Kolmogorov–Smirnov tests). In normal distribution, intergroup 
differences were considered statistically significant based on the 
parametric Student’s t-test. If the distribution was not normal the 
comparative analysis was conducted using the non-parametric 
Mann–Whitney U-test. To compare independent variables in more 
than two selections, we applied ANOVA dispersion analysis for 
normal distribution and the Kruskal–Wallis test for non-normal 
distribution. To analyse correlations between parameters, we 
used correlation analysis based on the Pearson or Spearman 
correlation coefficient. For all types of analysis, the differences 
were considered statistically significant at р < 0.05 (95 %).

Results
Our studies demonstrated that modelling of CGP resulted 

in typical manifestations of the disease: bleeding, hyperaemia, 
gingival swelling, and tooth mobility. The depth of the gingival 
pocket was 8 mm. A significant therapeutic effect was developed 
with a decrease in the size of the gingival pocket to 2.5 mm, and 
an almost complete absence of bleeding and swelling in rats with 

CGP, receiving a oromucosal gel with IL-1β inhibitor in a dose of 
1 mg/kg in a therapeutic regimen.

Mexidol in a dose of 250 mg/kg produced a less pronounced 
therapeutic effect in comparison to the group receiving gel with 
IL-1β antagonist. The animals still had gum swelling, although 
it was smaller than in the control group, and bleeding persisted 
during probing of the periodontal pocket with a button probe. The 
depth of the gingival pocket was approximately 6 mm, and tooth 
mobility persisted.

The molecular studies of control group (CGD without treat-
ment) revealed a significant increase (several times) in the 
levels of pro-inflammatory mediators TNF-α (p < 0.05) and IL-1β 
(p < 0.05), as well as MMP-2 compared to the intact group. The 
results obtained indicate a pronounced inflammatory process in 
the periodontium under the conditions of reproducing this model 
of CGD that was also confirmed by our earlier works [27,29].

Administration of 1 % oromucosal gel with IL-1β receptor 
antagonist to rats with CGP led to a decrease in TNF-α by 
82.1 % (p < 0.05), IL-1β –by 71.4 % (p < 0.05), and MMP-2 – by 
65 % (p < 0.05) compared to the group of untreated animals. 
Administration of Mexidol to rats with CGP led to a decrease in 
the concentration of TNF-α by 36.3 % (p < 0.05) compared to 
the control group, without affecting the concentration of IL-1β 
and MMP-2.

As can be seen from Table 1, in terms of the degree of re-
duction of inflammation markers (MMP-2, IL-1β, TNF-α) in the 
blood of rats with CGP, the oromucosal gel with IL-1β receptor 
antagonist was significantly superior to Mexidol (p < 0.05).

The data presented in Table 2 demonstrate changes in 
the molecular markers of endogenous cytoprotection HIF-1α 
and HSP70. The results obtained in this study are completely 
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Table 1. Effect of 1 % oromucosal gel with IL-1β receptor antagonist and reference drug Mexidol on the concentration of inflammatory markers in 
the blood of rats with CGP 

Parameter, unit of 
measurement

Intact group,  
n = 10

CGP (control),  
n = 10

CGP + Mexidol  
(250 mg/kg), n = 10

CGP + gel with IL-1β 
receptor antagonist 
(1 mg/kg), n = 10

Gingival pocket depth, mm – 8.00 ± 0.431 6.00 ± 0.93*1 2.20 ± 0.42*1

TNF-α, ng/ml 0.112 ± 0.053 0.907 ± 0.1071 0.577 ± 0.030*1 0.162 ± 0,012*1#

IL-1β, ng/ml 0.130 ± 0.014 0.560 ± 0.1091 0.397 ± 0.061 0.160 ± 0.017*1#

MMP-2, ng/ml 0.800 ± 0.078 16.300 ± 1.1201 14.000 ± 1.5201 5.700 ± 0.520*1#

*: the difference is significant compared to the control group (CGP) – p < 0.05); 1: the difference is significant compared to the intact group – 
p < 0.05; #: the difference is significant compared to the Mexidol group – p < 0.05.

Table 2. Effect of 1 % oromucosal gel with IL-1β receptor antagonist and reference drug Mexidol on the concentration of cytoprotection markers in 
the blood of rats with CGP

Parameter, unit of 
measurement

Intact group,  
n = 10

CGP (control),  
n = 10

CGP + Mexidol  
(250 mg/kg), n = 10

CGP + gel with IL-1β 
receptor antagonist 
(1 mg/kg), n = 10

HSP70, ng/ml 17.40 ± 0.82 24.20 ± 1.321 27.00 ± 4.11 39.40 ± 3.4*1#

HIF-1α, pg/ml 1874.1 ± 121.1 2761.2 ± 117.11 3117.5 ± 112.3*1 3922.3 ± 115.2*1#

*: the difference is significant compared to the control group (CGP) – p < 0.05); 1: the difference is significant compared to the intact group – 
p < 0.05; #: the difference is significant compared to the Mexidol group – p < 0.05.



consistent with our previous studies, which showed that chronic 
periodontal inflammation in rats led to an increase in the levels of 
HIF-1α and HSP70 [27,29]. Thus, the level of HSP70 in the blood 
serum of rats with CGP was significantly higher than the similar 
value of intact animals by 140 %, while the level of HIF-1α was 
significantly higher by 47.3 % than the similar values of the intact 
group. These data demonstrate that chronic inflammation can 
lead at a certain stage to the activation of HSP70 mechanisms of 
endogenous cytoprotection. This is also evidenced by our earlier 
publications [30].

Course application of oromucosal gel with IL-1β receptor 
antagonist to rats with CGP led to an increase in endogenous 
cytoprotection mechanisms, as evidenced by an increase in 
HIF-1α by 42 % (p < 0.05) in the blood of rats compared to the 
control values, and by 109 % (p < 0.05) compared to similar 
values in animals of the intact group. In the blood of animals 
with CGP that received a gel with an IL-1β receptor antagonist, 
the HSP70 values were 62.8 % (p < 0.05) higher compared to 
the values of animals with CGP without treatment and 126.4 % 
(p < 0.05) higher compared to the same value of animals in the 
intact group. This fact confirms the possibility of pharmacological 
modulation of endogenous cytoprotection by influencing IL-1β, 
which we wrote about in our other studies [31].

The introduction of Mexidol resulted in an increase in HIF-
1α levels by 12.9 % (p < 0.05) compared to the control, without 
affecting the concentration of HSP70 in the blood of rats with CGP.

Discussion
This model of chronic periodontal disease leads to persis-

tent inflammatory processes in the periodontium against the 
background of activation of oxidative stress, disruption of the 
NO system and, ultimately, to structural changes in periodontal 
tissues and tooth loss, as shown by numerous studies and our 
research [27,29,32,33]. It is known that in periodontitis, inflamma-
tory changes develop in the tissues that support the teeth, and 
bacteria, fungi and viruses are responsible for these processes. 
Microorganisms involved in periodontitis increase the expression 
of genes involved in immunological and inflammatory reactions, 
the cell cycle and apoptosis. The greatest role in the activation of 
inflammatory reactions belongs to periopathogens, represented 
by such species as Porphyromonas gingivalis, Treponema denti-
cola, Tanerella forsythia and Aggregatibacter actinomycetemcom-
itans. Genetic loci may be associated with bacterial colonization 
occurring in periodontitis. Genetic markers reveal host genetic 
variants associated with periodontitis. Lipopolysaccharides of 
gram-negative bacteria are an important agent inducing inflam-
matory changes and bone resorption in periodontitis [5].

Dysregulation between proinflammatory and anti-inflamma-
tory cytokines is another molecular mechanism that contributes 
to periodontal tissue damage. Cytokines are known to play an 
important role in maintaining tissue homeostasis, immunity, and 
cellular signalling. In periodontitis, lipopolysaccharides induce 
the production of proinflammatory cytokines [21].

Many proinflammatory cytokines, such as interleukin IL-1β, 
TNF-α, play an important role in the pathogenesis of periodontitis. 
IL-1β promotes the activation of both Th1 and Th2 cells, which 

are involved in the host immune response associated with the 
pathogenesis of periodontitis [34].

IL-1β is one of the most important molecules associated with 
the development and progression of periodontal inflammation. IL-
1β is involved in a number of processes necessary for the initiation 
and maintenance of the inflammatory response. IL-1β enhances 
the production of adhesion molecules, facilitates the migration of 
leukocytes, stimulates the production of other inflammatory me-
diators and metalloproteinases, activates T- and B-lymphocytes, 
stimulates osteoblasts, leading to bone resorption, and enhances 
programmed death of cells producing extracellular matrix, thereby 
limiting the regenerative capacity of tissues. The concentration of 
IL-1β in gingival fluid and saliva directly correlates with the severity 
of periodontitis, and a decrease in IL-1β levels may indicate the 
effectiveness of treatment [35].

IL-1β and TNF-α are two of the most important and earliest 
cytokines activated during periodontal infection. Systemic ac-
tivation of these two cytokines contributes to the creation of a 
proinflammatory environment of nitrosative and oxidative stress, 
activation of matrix metalloproteinases. Systemic elevation of 
TNF-α levels, in addition to its important role in periodontal de-
struction, is extremely toxic to the cell and has therefore been 
called the “suicide hormone” [36].

Metalloproteinases (MMPs) are proteolytic enzymes that 
play a central role in normal tissue turnover and degradation 
of tissues surrounding teeth and implants. Both collagenases 
(MMP-8 and MMP-13) and gelatinases (MMP-2 and MMP-9) have 
been isolated in the pathological processes of periodontitis and 
peri-implantitis. MMP-2 is secreted into the extracellular matrix 
as inactive proenzymes and is activated by IL-1β, TNF-α, and 
iNOS [37,38]. Proinflammatory cytokines (such as TNF-α and IL-
1β) activate MMP-2 genes through binding of transcription factors 
(such as activator protein-1 and mitogen-activated protein kinase.

Evaluation of IL-1β, TNF-α and MMP-2 levels may be impor-
tant for the diagnosis of periodontitis. MMP-2 levels are elevated 
in sites with peri-implantitis compared to healthy implants, sug-
gesting that this biomarker may be a potential candidate for early 
disease prediction [39,40]. Therefore, a proper understanding of 
the role of IL-1β in the pathogenesis of inflammatory periodontal 
diseases is necessary for the development of future drug targets.

In this and previous studies, we found that modelling CGP 
in rats resulted in changes in the expression of proteins that 
play a general protective role [27,29]. We are talking, first of all, 
about heat shock proteins. Heat shock proteins protect cells from 
damaging factors, including inflammatory and infectious diseases. 
70-kDa HSPs (HSP70) are the main HSP expressed in inflamed 
tissues. HSP70 can be considered as a potential marker of the 
severity of periodontal disease [41].

IL-1β, TNF-α, and INF-γ are produced in inflamed periodon-
tal tissues, and their elevated concentrations can induce HSP70 
expression. However, ultra-high concentrations of IL-1β can 
suppress HSP70 expression and reduce endogenous cytoprotec-
tion [42,43]. HSP70 can provide protection of protein molecules 
from oxidative modification, regulate calcium transport, reduce 
energy deficiency in generalized ischemia due to inflammation. 
HSP70 also prolongs the life of the factor induced by hypoxia and 
provides its higher bioavailability [30].
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There are works on changes in the expression of HIF-1α in 
periodontal tissues during inflammation. There is evidence for an 
important protective role of HIF-1α in infection and immunity. In 
inflammatory periodontal diseases, the expression of HIF-1α is 
launched by TNF-α. Subsequently, HIF-1α in the inflammatory 
periodontium plays a protective role, regulates the expression of 
vascular endothelial growth factor, erythropoiesis, and increases 
the effectiveness of compensatory energy shunts [44,45,46]. We 
have already written that this model of CGP led to a decrease 
in the expression of HIF-1α mRNA and an increase in HIF-1α 
protein [27].

Our results are consistent with other studies that have shown 
a marked increase in the proportion of fibroblast-like cells and leu-
kocyte-like cells expressing HIF-1α. HIF-1α, vascular endothelial 
growth factor, and TNF-α protein levels were significantly higher 
in periodontal pockets in advanced periodontitis [47,48].

Expression of HIF-1α in periodontitis promotes reorganiza-
tion of periodontal tissue energy metabolism to reduce oxygen 
consumption by switching energy metabolism from aerobic 
respiration to glycolysis. Expression of HIF-1α also increases 
expression of pyruvate dehydrogenase kinase that reduces the 
incorporation of pyruvate into the citric acid cycle. This metabol-
ic switch is essential for periodontal protection because such 
HIF-1α-regulated glycolytic metabolism is required for B cell de-
velopment and T cell metabolism [49]. HIF-1α is a critical mediator 
of neoangiogenesis, which is essential for bone regeneration. 
HIF-1α treatment of periodontal ligament stem cells improved 
their osteogenic potential and mineralization [50].

We have demonstrated new interesting mechanisms of the 
protective effect of gel with IL-1β receptor antagonist, contributing 
to both a reduction in periodontal inflammation and an enhance-
ment of endogenous cytoprotection. The review [30] shows that 
selective blockade of the IL-1β receptor leads to a reduction of 
hyperactivity of nuclear transcription factors AP-1 and NF-κB that 
changes the behavior of target cells and leads to suppression 
of the acute inflammatory response, expression of other proin-
flammatory factors, a decrease in the hyperexpression of iNOS 
and cytotoxic NO derivatives, a decrease in the permeability of 
mitochondrial pores and inhibition of apoptosis.

Interruption of the IL-1β signalling pathway, which is involved 
in the formation of generalized tissue ischemia, can occur 
against the background of an increase in HSP70 levels. HSP70 
weakens the expression of IL-1β by inhibiting the transcription 
factors C/EBPβ and C/EBPδ. A decrease in IL-1β protein expres-
sion leads to an enhancement of the mechanisms that initiate 
HSP70 expression; and an increase in HSP70 concentration, 
and overexpression of IL-1β occur against the background of 
HSP70 deficiency. Currently, there is convincing evidence of the 
neuro- and cytoprotective action of the IL-1β antagonist. Paren-
teral introduction of IL-1β to animals with stroke was shown to 
reduce mortality, neurological deficits, and the area of cerebral 
infarction [51]. We also found that the IL-1β receptor antagonist 
is able to regulate the expression of HSP70 and GSH by blocking 
the action of IL-1β. This is a new and promising mechanism of 
action. HSP70 blocks the Fas/Apo-1 receptor launching apoptosis 
and inhibits apoptosis in mitochondria at the stage between the 
release of cytochrome C and the cleavage of procaspase-9, and 

prevents the binding of cytochrome C to the proapoptotic protein 
Apaf-1 in mitochondria [30].

It is known that IL-1β receptor antagonist can regulate IL-1β- 
dependent GSH transport. It is possible that the IL-1β receptor 
antagonist, by increasing the concentration of HSP70, affects the 
activation of redox-sensitive transcription factors AP-1, NF-κB 
and NF-1, which increase the expression of GPX, as evidenced 
by our previous work [24].

We established in this and previous work [20] that the 
administration of Mexidol to animals with CGP did not affect 
the levels of IL-1β but significantly reduced the expression of 
TNF-α that could be due to suppression of succinate receptor 
expression SUCNR1/GPR91 [52]. Mexidol did not affect the 
indicators of endogenous cytoprotection, without affecting the 
concentration of HSP70 in the blood of rats with CGP. We have 
identified a certain effect of Mexidol on the expression of HIF-
1α in the blood of rats with CGP that was associated with the 
action of its structural fragment – succinate [53]. Mexidol inhibits 
the oxidative modification of macromolecules and produces 
membrane-protective, antioxidant, and anti-inflammatory ac-
tion. Mexidol reduced the levels of pro-inflammatory cytokines 
(TNF-α) by suppressing the expression of the succinate receptor 
SUCNR1/GPR91 [52].

Conclusions
1. Modelling of CGP in rats by 8-week prooxidant Delagil 

administration and addition of EDTA to drinking water resulted in 
development typical signs of the disease such as bleeding, swell-
ing and hyperaemia of the gums; formation of gingival pockets 
up to 8 mm, tooth mobility against the background of increased 
levels of inflammatory markers (TNF-α, IL-1β), and molecular 
markers (HIF-1α and HSP70) in the blood indicate a homeostatic 
response of the periodontium to inflammation and subsequent 
hypoxia by an increase in the synthesis of the hypoxia-induced 
factor HIF-1α and heat shock protein HSP70.

2. Course application of 1 % oromucosal gel with IL-1β recep-
tor antagonist (1 μg/kg) to rats with CGP led to an improvement 
in the clinical picture of the disease: a significant reduction in the 
size of the gingival pocket to 2.2 mm, and a significant reduction 
of bleeding and swelling against the background of lowering the 
levels of inflammatory markers in the blood: TNF-α – by 82 % 
(p < 0.05), metalloproteinase-2 – by 65 % (p < 0.05) and IL-1β – by 
71.4 % (p < 0.05) compared to the group of untreated animals.

3. The application of 1 % oromucosal gel with IL-1β receptor 
antagonist contributed to an increase in HIF-1α levels by 42 % 
(p < 0.05) in comparison with to control group, and an increase 
in HSP70 levels by 62.8 % in comparison with the control, and 
by 2.4 times (p < 0.05) in comparison with the intact group that 
indicates a significant effect of IL-1β receptor inhibitor on the 
HSP70-dependent mechanisms of endogenous cytoprotection.

4. In terms of its action on the studied parameters in condi-
tions of CGP, 1 % oromucosal gel with IL-1β receptor antagonist 
(1 μg/kg) was significantly superior to the reference drug Mexidol 
(250 mg/kg).

5. We have found that the use of IL-1β receptor antagonist in 
experimental CGP is more effective than Mexidol.
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Prospects for further research. The obtained results substanti-
ate the further in-depth pharmacological study of the new oromu-
cosal gel with IL-1β receptor antagonist (1 μg/kg) for the purpose 
of clinical use in the treatment of generalized periodontitis.
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