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ABSTRACT 

Introduction. Metabolic syndrome creates prerequisites 

for the development of parodontitis and between them 

there is a potentially significant association leading to  
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a higher risk of development of pathology in the oral 

cavity. 

Purpose of the study. The aim of the research was to 

study the effect of the developed therapeutic-prophylactic 

complex on the parodontal tissues of rats during the 

modeling of the metabolic syndrome. 

Materials and methods. In the experiment, 21 rats were 

used: an intact group, a standard ration of the vivarium - 

7 animals; comparison group, model of metabolic syn-

drome - 7 animals; the main group, the model of metabol-

ic syndrome plus prevention - 7 animals. The therapeutic 

and prophylactic complex included anti-inflammatory, 

lowering cholesterol, regulating lipid metabolism and 

other drugs. Microscopic preparations were studied on a 

microscope "Olympus BX-41" with the program "Olym-

pus DP-soft version 3.2". 

Results. Conclusions. When modeling the metabolic 

syndrome in rats, a complex of pathological changes 

occurred in the periodontal tissues. Application of the 

developed therapeutic and prophylactic complex led to a 

decrease in the inflammatory processes of soft tissues, 

restoration of the integrity of the epithelial cover, the 

disappearance of inflammatory infiltration. 

Key words: rat, metabolic syndrome, morphometry, 

prophylaxis. 
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КОМПЛЕКСНАЯ ПРОФИЛАКТИКА  

ПАТОЛОГИЧЕСКИХ ИЗМЕНЕНИЙ  

В ТКАНЯХ ПАРОДОНТА КРЫС  

ПРИ МОДЕЛИРОВАНИИ  

МЕТАБОЛИЧЕСКОГО СИНДРОМА 
(МОРФОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ) 

 

При моделировании метаболического синдрома у 

крыс происходило формирование комплекса патоло-

гических изменений в тканях пародонта с развитием 

комплекса дистрофически-воспалительных процессов 

на фоне поражения микроциркуляторного русла. 

Применение разработанного лечебно - профилакти-

ческого комплекса привело к уменьшению в ротовой 

полости крыс воспалительных процессов мягких тка-

ней, сопровождающихся восстановлением целостно-

сти эпителиального покрова, исчезновением воспа-

лительной инфильтрации, восстановлением микроци-

ркуляции. 

Ключевые слова: крысы, метаболический синдром, 

морфометрия, профилактика. 
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КОМПЛЕКСНА ПРОФІЛАКТИКА  

ПАТОЛОГІЧНИХ ЗМІН У ТКАНИНАХ  

ПАРОДОНТА ЩУРІВ ПРИ МОДЕЛЮВАННІ 

МЕТАБОЛІЧНОГО СИНДРОМУ 

(МОРФОЛОГІЧНЕ ДОСЛІДЖЕННЯ) 
 

При моделюванні метаболічного синдрому у щурів ві-

дбувалося формування комплексу патологічних змін в 

тканинах пародонта з розвитком комплексу дистро-

фічно-запальних процесів на тлі поразки мікроцирку-

ляторного русла. Застосування розробленого лікува-

льно-профілактичного комплексу призвело до змен-

шення у ротовій порожнині щурів запальних процесів 

м'яких тканин, що супроводжувались відновленням 

цілісності епітеліального покриву, зникненням запа-

льної інфільтрації, відновленням мікроциркуляції. 

Ключові слова: щури, метаболічний синдром, мор-

фометрія, профілактика. 

 

 

 

 

Metabolic syndrome (MS) is accompanied by 

abdominal obesity, hyperglycemia, high blood pres-

sure and dyslipidemia [1], has a close connection 

with the development of cardiovascular diseases, 

type 2 diabetes mellitus [2, 3] and leads to 

morphofunctional changes arising in this case, ob-

served practically in all organs and tissues of the 

body. 

It is believed that the metabolic syndrome cre-

ates the presupposition for the development of peri-

odontitis [4, 5] and that there is a potentially signifi-

cant association between them, leading to a higher 

risk of oral cavity pathology development [6, 7]. 

Considering the increasing prevalence of MS among 

the world's population at present, the search for 

ways to correct the periodontal status thus acquire a 

significant social and general medical significance. 

This experimental study purpose was a morpho-

logical research of the developed therapeutic and 

prophylactic complex effect on the rats periodontal 

tissues during MS modeling. 

Materials and methods. In the experiment, 1.5-

2 months of age white male rats were used. Intact 

group consisted of 7 individuals (control group). The 

animals of this group have a normal diet (mixed 

fodder and a mixture of barley with wheat) and there 

was free access for rats to drinking water. The se-

cond group of animals consisted of 7 individuals 

(comparison group), the metabolic syndrome was 

simulated by introducing 20 % of the internal pig fat 

into the diet, instead of drinking water was used 10 

% fructose ad libitum solution. 

The third group (main group) consisted of 7 in-

dividuals who were on the background of modeling 

MS complex therapy, which included daily admin-

istration of per os: "Chlorophyllin" – 300 mg / kg 
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(Pharmaceutical company "Vertex", Ukraine, anti-

bacterial, antiseptic and anti-inflammatory), 

"Laktusan" – 2 ml / kg (Felitsata Ukraina, prebiotic, 

normalizes metabolism, intestinal microflora, 

strengthens immunity), "Oxifit MAP" – 1 drop / kg 

("Medagroprom", Ukraine, regulates lipid metabo-

lism, provides tissue with oxygen, improves metabo-

lism), "Sera Active" – 70 mg / kg ("Euro Plus", 

Ukraine, anti-inflammatory action, improve blood 

circulation). 

Daily the "Kvertulin" gel was applied locally on 

the gums to 0.2 ml / rat ("Odesa Biotechnology", 

Ukraine, increases local nonspecific resistance). Ex-

periment duration was 70 days. After the withdrawal 

of the animals from the experiment (according to the 

European Convention for the Protection of Verte-

brates from 18.03.1986), soft tissue fragments of the 

oral cavity were fixed in 10 % formalin, poured into 

paraffin and after sections were made slices 5x10-6 

m thick, which were stained with hematoxylin and 

eosin, picrofuxin by van Gieson, according to Mallo-

ry, put a PAS-reaction. 

Morphometric examination of 

micropreparations was carried out on the microscope 

"Olympus BX-41" with subsequent processing of 

data on the program "Olympus DP-soft version 3.2". 

Data received were processed statistically.  

Results of research and their discussion. During 

the examination of animals from group where MS 

was modeled, there was a pronounced paleness of the 

visible mucosa, a moderately pronounced puffiness 

(comparison group). In the group of animals receiving 

complex therapy, the visual pattern was generally 

similar to that in the group of intact animals. 

The study of histological preparations of ani-

mals of all groups showed that the oral mucosa coat-

ed with multilayer squamous nonkeratinized epithe-

lium excluding the gum surface, where the epitheli-

um was keratinizing. In the group of MS rats (com-

parison), the epithelium revealed dystrophic changes 

in epithelial cells, uneven thickness of the epitheli-

um. In the cytoplasm of the epithelial cells of the 

prickly and basal layers, vacuoles appeared, the di-

mensions of which often were comparable with the 

dimensions of the nuclei. The latter were displaced 

toward the periphery, a tendency was observed to 

flatten the cells of the spiny layer. The PAS reaction 

in the epithelium was slightly positive, more pro-

nounced in the upper stratum of the spiny layer, with 

the presence of zones of weak staining localized 

mainly in the basal regions. In the underlying con-

nective tissue, edema and the appearance of small 

foci of lymphocytes and plasmocytes appeared in the 

perivascular space. In its own plate, acanthotic bands 

were found, the number of fibroblasts was increased, 

there were isolated white blood cells, sclerotization 

of the reticular layer was noted. Reticular fibers 

were less convoluted, more thickened and compact-

ed than in the control group, sometimes with partial 

homogenization. Collagen fibers were collected in 

bundles, areas of their hyalinization were noted. 

The walls of the vessels in the tissues of the oral 

cavity of animals of the group with MS were some-

what thickened, swollen, with signs of edema. The 

most pronounced signs of mucoid swelling were ob-

served in the zones of perivascular cell infiltration. 

In the perivascular space, there were often signs of 

fragmentation and lysis of collagen fibers. Endothe-

lium was with large nuclei. Endothelial and adventi-

tial cells were slightly enlarged in size, moderate 

hyperchromatism of the nuclei was noted. Foci des-

quamation of endothelial cells with bare basal mem-

branes was revealed. The capillary network was 

more dense at the expense of the appearance of 

young capillaries. The network of newly formed ca-

pillaries was surrounded by individual fibroblasts, 

elements of lymphocytic, plasmacytic, macrophagal 

series, mast cells, neutrophilic leukocytes, basal 

membrane of the vessels were unevenly thickened 

and intensely PAS-positive. 

Three groups of rats typing results of the oral 

cavity mucosa cellular composition are presented in 

Table 1. 

The morphological changes in periodontal tis-

sue of rats described above are generally considered 

as manifestations of inflammatory and dystrophic 

processes in the case of microcirculation disturb-

ances, metabolic disorders characteristic of MS de-

velopment. 

Histological examination of the main group an-

imals periodontal tissue that received complex pre-

ventive treatment against the background of MS 

modeling revealed a clear division of the gingival 

epithelium into granular, spiny and basal layers, 

while the stratum corneum was of moderate thick-

ness and layered structure. The cells of the granular 

layer were spindle-shaped in 3-4 rows, the 

keratogialin grains in the cytoplasm were small. The 

cells of the spine layer were large, with a light cyto-

plasm and a well-expressed cell membrane. Basal 

epithelial cells were elongated, localized along a 

well-marked basal membrane with a perpendicular 

direction of the cell axis toward it. The nuclei of ba-

sal epitheliocytes were oval in shape, homogeneous, 

hyperchromic, the cytoplasm was moderately baso-

philic. The epithelium in the region of the 

dentogingival pocket of the rats of the main group 

was without signs of submerged growth, there was 

no keratinization from the side of the tooth, the cells 

of the spiky layer were somewhat flattened. The 

connective tissue of its own plate was represented by 

both elastic fibers and collagen fibers, some of 

which had signs of hyalinization. 

The basal membrane separating the epithelium 
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from the mucosa proper, was thickened, homogene-

ous, PAS-positive. In the papillary layer of the mu-

cous membrane of the gum proper, along with the 

elastic fibers, a fairly large amount of collagen fibers 

was found, in some cases, a tangle of collagen fibers 

directly under the gingival epithelium was observed. 

The collagen fibers of the reticular layer were 

coarse, homogeneous, merging with each other with 

signs of hyalinization. As the distance from the sur-

face among the connective tissue fibers, thicker fi-

bers prevailed, both singly and with small beams, 

the border of their transition to periodontium was 

indistinct. 

The collagen fibers in the van Gieson coloration 

were fuchsinophiles. The PAS response was moder-

ately positive, more pronounced in the surface lay-

ers, where more reticulin fibers are located, and less 

pronounced in deeper areas with a predominance of 

collagen fibers. Arterioles, capillaries and venules 

were moderately full-blooded. The picture of the 

microcirculatory bed was well defined, with the 

presence of a rounded, oval or elongated shape and 

branching vessels. The basal membrane of the ves-

sels was thickened, PAS-positive. Endotheliocytes 

were large cells with large light nuclei (Fig. 1). 

 

Table 1 
 

Relative volumes of cellular elements the actual plate  

of the mucosa in experimental rats (%, M±m) 
 

Cellular elements Intact animals (control), n=7 
MS (comparison group), 

n=7 

MS + complex therapy (main 

group), n=7 

histiocytes 17,6±1,03 15,37±1,43 18,71±1,48 

young fibroblasts 11,36±1,15 8,32±1,37 12,92±1,56 

mature fibroblasts 42,2±3,2 29,1±2,03 37,82±3,37* 

fibroblasts 19,9±2,53 17,17±2,18 21,30±1,96 

lymphocytes 3,9±0,12 11,02±1,29 4,21±0,34* 

mast cells 1,9±0,03 3,4±0,16 2,0±0,03* 

plasmocytes 1,2±0,03 7,27±1,43 1,1±0,03* 

macrophages 1,0±0,02 3,0±0,12 1,1±0,02* 

leucocytes 0,6±0,03 5,3±0,16 0,7±0,01* 

Note: * p <0,05, the indicator of reliability of differences in the results of the main group from the comparison group 

 

 
 

Fig. 1. a – comparison group (formed by an MS). Inflammatory changes in the area of the epithelial-dental connection. Formation of 

zones of thinning of the epithelial layer against the background of necrobiotic processes, the appearance of newly formed vessels of 

the microcirculatory bed. Inflammatory infiltration of the lamina propria of the mucosa. Staining with hematoxylin and eosin. x100;  

b – main group (MS after correction course). Clear division of the gingival epithelium into granular, spiny and basal layers. Appear-

ance of acanthotic strings. Homogeneous basement membrane of the epithelium. Single cellular elements of the lymphoid series. 

Thickening of the walls of the vessels of the microcirculatory bed. Staining with hematoxylin and eosin. x200;  

c – main group (MS after correction course). Sclerosis of the lamina propria of the mucosa represented by both elastic fibers and col-

lagen fibers, some of which are hyaline. Coloring by van Gieson. x200; 

d – main group (MS after correction course). The presence of pronounced acanthotic cords in the zone of epithelial-dental connec-

tion. Staining with hematoxylin and eosin. x100.  

 

The observed pathological changes in the tis-

sues of the periodontal and microcirculatory bed of 

rats during the modeling of the metabolic syndrome 

can also be interpreted as a detailed picture of perio-

dontitis. As we know, pathological processes in the 

periodontium can develop not only as a result of ex-

posure to the microbial flora of plaque against the 

backdrop of the failure of immune systems with the 
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subsequent development of inflammatory processes, 

but as a chronic condition (periodontopathy) in 

which inflammatory processes can be not only non-

triggering, to recede into the background [8]. 

It can be argued that the MS modeling per-

formed by us led to pathological processes in the ep-

ithelium and in the propria of the mucosa in accord-

ance with the known markers for the development of 

the periodontal inflammatory process [9]. So we es-

tablished hyperkeratosis of the interdental papilla 

epithelium, gingival groove, epithelium of attach-

ment, which can be considered as one of the ele-

ments of the developing protective reaction neces-

sary to protect the foci epithelial layer thinning. The 

most pronounced changes were observed in the area 

of the dentogingival pocket. Associated with this 

process were also observed acanthotic sprouting. 

Inflammatory changes in MS of the mucosa 

propria were characterized by edema, appearance of 

inflammatory cells which composition was statisti-

cally significantly different from that in the control 

group. There were also signs of an acute inflamma-

tory process, with a relatively significant relative 

volume of leukocytes (Table 1.). At the same time, it 

is necessary to note violations in the microcirculato-

ry bed, the consequences of which, of course, have a 

morphological mapping in both dystrophic and scle-

rotic processes. At the same time, the damage to the 

basal membranes was systemic, which is generally 

combined with the literature data on the develop-

ment of pathological processes in the oral mucosa 

[10, 11]. 

The use of the therapeutic and prophylactic 

scheme proposed by us, including anti-

inflammatory, immunity-enhancing and local non-

specific resistance, improving blood circulation and 

metabolism, aimed at correcting soft tissue damage, 

resulted in a decrease in inflammatory manifesta-

tions in the main group of animals, improvement in 

trophism of soft tissues. Morphological study of the 

main group tissues showed the restoration of the 

structure of both the epithelium and its own plate of 

the mucosa. The division of the gingival epithelium 

into granular, spiny and basal layers corresponded to 

the structure of the epithelium of intact animals. 

Signs of dystrophic changes in epithelial cells were 

practically absent. The thickness of the epithelium 

was uniform, and in the zone of the dentogingival 

pocket there were no signs of submerged growth. 

Such characteristics of the epithelial layer are an im-

portant sign of the effectiveness of its protective 

properties. Sclerotic changes in the propria of the 

mucous membrane are a consequence of the trans-

ferred inflammatory process, the absence of which 

was indicated only by single cells of the lymphoid 

series. There were also signs of restoration of blood 

supply, as evidenced by the state of the vessels of 

the microcirculatory bed in the main group of ani-

mals. 

Considering that the disruption of communica-

tion between the epithelial cells, the epithelium of 

the mucous gum and the tooth surface is the basis 

for the formation of the periodontal pocket (in our 

case as a consequence of MS), and in periodontitis 

the most pronounced changes in the epithelium are 

localized in the areas adjacent to the periodontal 

pocket, epithelial-dental junction are said to prevent 

the development of the periodontal pocket in the 

main group of animals. It should also be noted that 

the presence of acanthotic cords in the animals of the 

main group can be considered as a consequence of 

the elimination mechanism in combination with the 

leukocyte-destructive effect (the accumulation of in-

flammatory cells in the inflammatory growth of the 

epithelium, followed by the death of the epithelium 

and the surrounding of the immunocompetent tis-

sue), through which they are removed from the gum 

sites of dying immunocompetent tissue. 

Thus, the use of complex therapy based on the 

use of antibacterial, anti-inflammatory, permeabil-

ity-reducing capillaries, lowering cholesterol, regu-

lating lipid metabolism, improving metabolism, ex-

creting toxic substances and increasing local non-

specific resistance in the oral cavity, against the 

backdrop of modeling in rats of the metabolic syn-

drome to a decrease in soft tissues of periodontal in-

flammation, dystrophic changes in epithelial cells 

and improvement of trophism, restoration of intact 

stnosti soft oral tissues animal mouth. 

Conclusions. When modeling the metabolic 

syndrome in rats, a complex of pathological changes 

occurred in the periodontal tissues with the devel-

opment of a complex of dystrophic-inflammatory 

changes against the background of the lesion of the 

microcirculatory bed. The use of the developed ther-

apeutic and prophylactic complex led to a decrease 

in the oral cavity of rats inflammatory processes in 

the soft tissues of periodontal disease, accompanied 

by restoration of the integrity of the epithelial cover, 

the disappearance of inflammatory infiltration, the 

restoration of microcirculation. 
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ВПЛИВ «ЛІЗОЦИМА-ФОРТЕ» НА СТАН 

СЛИЗОВОЇ ОБОЛОНКИ ПОРОЖНИНИ 

РОТА ЩУРІВ З ЕКСПЕРИМЕНТАЛЬНИМ 

СТОМАТИТОМ 
 

У щурів відтворювали перекисну модель стоматиту. 

Встановлено розвиток в слизовій оболонці щоки запа-

лення та дисбіозу при зниженні рівня антиоксидант-

ного захисту та неспецифічного імунітету. Введення 

препарату лізоцим-форте (лізоцим + кверцетин + 

інулін + цитрат кальція + желатин) попереджає ро-

звиток запалення і дисбіозу, перевищуючи за терапе-

втичним ефектом препарат порівняння квертулін. 

Ключові слова: експериментальний стоматит, лізо-

цим-форте, квертулін, дисбіоз. 
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ВЛИЯНИЕ «ЛИЗОЦИМА-ФОРТЕ»  

НА СОСТОЯНИЕ СЛИЗИСТОЙ  

ОБОЛОЧКИ ПОЛОСТИ РТА КРЫС  

С ЭКСПЕРИМЕНТАЛЬНЫМ  

СТОМАТИТОМ 
 

У крыс воспроизводили перекисную модель сто-

матита. Установлено развитие в слизистой оболоч-

ке щеки воспаления и дисбиоза при снижении уровня 

антиоксидантной защиты и неспецифического имму-

нитета. Введение препарата лизоцим-форте (лизо-

цим + кверцетин + инулин + цитрат кальция + же-

латин) предупреждает развитие воспаления и дисби-

оза, превышая по терапевтическому эффекту препа-

рат сравнения квертулин. 

Ключевые слова: экспериментальный стоматит, ли-

зоцим-форте, квертулин, дисбиоз. 
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THE EFFECT OF «LYSOZYME-FORTE»  

ON THE ORAL MUCOSA STATE  

OF RAT WITH THE EXPERIMENTAL  

STOMATITIS 
 

ABSTRACT 

The aim. To investigate effect of lysozyme-forte on the in-

flammation and dysbiosis development into cheek mucosa 

of rat with the experimental stomatitis. 

The materials and methods. The peroxide model of sto-

matitis was reproduced in rats. The state of oral mucosa 

was determined by the levels of biochemical indices of in-

flammation and dysbiosis. Lysozyme-forte and quertuline 

(the preparation of comparison) were introduced per os. 

The experiment lasted 2,5 months. 

The findings. The levels of markers of inflammation 

(elastase and malonic dialdehyd) and the microbe sowing 

(urease) were raised into oral mucosa of rats with exper-

imental stomatitis but the levels of non-specific immunity 

index (lysozyme) and antioxidant defence (catalase) were 

reduced. The both preparations were reduced the levels of 

inflammation and urease indices, but were raised the lev-

els of lysozyme and catalase. The lysozyme-forte was 

more effective. 
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