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perfuziis dawyebamde venuri stazi, hepato-
celuluri nekrozi an ld-MaS ar dafiqsirda. 
sd-MaS-s dafiqsirda ujredebis 3%-ze naklebSi.  
mononukleuri anTebiTi ujredebis portuli 
infiltratebi gamovlinda mxolod ramdenime 
ubanSi. msubuqad gamoxatuli Sereuli ld-MaS 
da sd-MaS aRiniSna ujredebis 5% da 10%-ze na-
kleb raodenobaSi, Sesabamisad, 4  da 8-saaTiani 
in vivo perfuziis Semdeg. analogiurad, zomieri 
venuri hiperemia aRiniSna 6-dan 1 SemTxvevaSi 
4-saaTiani perfuziis Semdeg, xolo 6-dan 2 Sem-
TxvevaSi 8-saaTiani perfuziis Semdeg. nekro-
zuli hepatocitebis da mononukleuri ujre-
debiT infiltrirebuli portuli triadebis 

raodenoba ar aRemateboda 10% da 15%, Sesabam-
isad. miuxedavad zemoaRniSnulisa, raime gansx-
vaveba biliaruli traqtis dazianebis xarisxSi 
– qolestazi an sadinarebis gafarToeba – rac 
Seesabameboda eqsperimentis pirobebs ar dadg-
inda.
donoris RviZlis histologiuri Sefasebis 

saerTaSoriso kriteriumebis gaTvaliswinebiT, 
"guliT mkvdar" donorebSi RviZlis 8-saaTiani 
in vivo perfuzia, Cvens mier SemuSavebuli mo-
pulsace sisxlmimoqcevis aparatis gamoyenebiT, 
uzrunvelyofs RviZlis damakmayofilebel 
konservacias, rac warmoadgens misi Semdgomi 
warmatebuli transplantaciis winapirobas.
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Rheumatoid arthritis (RA) is a chronic inflammatory autoim-
mune disease characterized by synovial hyperplasia and the de-
struction of cartilage and bone [14] which could be described as 
chronic destructive arthritis characterized by proliferating pan-
nus, in which synoviocyte proliferation, increased expression of 
extracellular matrix (ECM) proteins, immune cell infiltration, 
and neovascularization are characteristic findings [16].

Many methods of prevention of RA are created with point of 
view that cells of immune system are involved in pathogenesis 
with their central place [12] and injuring of microcirculatory bed 
(MCB). The diagnosis and management of the patient with RA 
must be performed with understanding of oral cavity involvement 
and periodontitis development as possible hypothesis about a link 
between periodontitis and rheumatoid arthritis [5] could be impor-
tant key in relief of such patients. Till now many aspects of connec-
tion between periodontitis and rheumatoid arthritis are unexplored 
and there is a necessity for experimental investigation to clarify the 
pathogenesis of this disease, for understanding management of pri-
mary prevention and pathogenetically based treatment of patients 
with RA including their clinical manifestations in the oral cavity 
[5,10] and one of possible way could be correction o microcircula-
tory disturbance which needs verification for rheumatoid arthritis.

The aim of this study was to determine importance of micro-
circulatory disturbance of oral mucosa in modeling of rheuma-
toid arthritis.

Material and methods. We performed experimental investiga-
tion for a morphological study of the state of the tissues of the oral 
mucosa in RA in order to eliminate the influence of somatic pa-
thology and the influence of social factors. An experimental study 
was conducted on 30 animals (laboratory white male mice of eight 
weeks of age). RA was simulated according to the method of Ikuo 
Kato in the modification proposed previously [6,7] using bovine 
serum albumin and picrylchloride. Mice were immunized by regu-
lar administration of an emulsion of 4 mg / ml of 1:1 bovine serum 
albumin and picrylchloride. Animals were injected with 0.1 ml of 
the emulsion intrascineously in the back and tail. Starting from day 

21, the degree of arthritis induced by visual assessment of the paws 
and the surrounding area was evaluated every 5 days. Ankle edema 
was measured using digital calipers. Each paw was assessed on a 
scale from 0 to 4 as follows: 0 without visible changes; 1 - ery-
thema and slight swelling; 2 - erythema and edema, extending to 
the ankles and one or two toes; 3 - erythema and edema, extending 
to the metatarsal joints and more than two toes; and 4 - ankylosing 
deformity with joint swelling. The scores for each paw were added 
to obtain a cumulative score from 0 to 16. Last stage (ankylosing 
deformity with joint swelling) was not obtained in any animal. 
Thus, animals with a formed RA were counted when there were 
balls from 4 to 12 (in 2 animals, the sum of points was less than 4 
and they were excluded from conducting morphological studies). 
Further, the animals (28 mice) were divided into 3 groups (I, II, III) 
according to severity by principle described below (in the results 
of the study) depending on the sum of the points. Another 10 intact 
animals served as a control group. The animals were taken out of 
the experiment by the method of cervical dislocation in accordance 
with the Helsinki Declaration [8], European Convention for the 
protection of vertebrate animals (18.03.1986), European Economic 
Society Council Directive on the Protection of Vertebrate Animals 
(24.11.1986) after approval from the Regional Ethical Review 
Board at State Establishment “Dnipropetrovsk Medical Academy” 
protocol №1 (15.01.2016).

The specimens of soft tissues of the oral cavity were stained 
with hematoxylin and eosin [2], according to van Gieson, ac-
cording to Rego after the routine proceeding. The microscopic 
study was performed on a microscope “Olympus BX-41” with 
subsequent processing by the program “Olympus DP-soft ver-
sion 3.2”. Morphometric studies were performed in the gingi-
val zone which was chosen for morphological interpretation. 
Volumes of specific vascular density in microcirculatory bed 
(MCB), specific density of connective tissue in lamina propria 
and specific area of tissue with ischemia were estimated for each 
group (%). Black area of tissue was detected as area of ischemia 
is slides staining according to Rego.
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Statistical analysis of the study results was performed on a 
personal computer using Microsoft Excel and Statistica-10 da-
tabase software. The criteria of non-parametric statistics were 
used in order to assess the significance of differences in sample 
populations. Statistical comparison was performed using Mann-
Whitney test for statistical analysis. Spearman’s rank correlation 
coefficient (r) was counted for measure of the strength of rela-
tionship between paired data [15]. The accepted level of signifi-
cance was p<0.05.

Results and their discussion. As a result of the performed 
experiment, we obtained 28 animals with visual assessment of 
the severity of induced arthritis of the paws and the adjacent 
area, which amount of balls was from 4 to 12. As mentioned 
above, the animals visually revealed the following changes: 
erythema and slight swelling; erythema and edema extending 
to the ankles and one or two toes; erythema and edema extend-
ing to the metatarsal joints and more than two fingers, while 
ankylosing deformity with swelling of the joint we were not able 
to achieve either the water case. Changes were uniform in the 
limbs in all selected animals, i.e. there were no animals that had 
0 points on one limb and 2 or more points on the other limb. 
Changes in all four paws differed by no more than 1 point. There 
is principle of the final distribution of animals for the studied 
groups in Table 1.

Examination of the oral cavity of group of animals with simu-
lated rheumatoid arthritis has revealed that the mucous mem-
brane is pale, compacted, and no focal changes in the visible 
tissues. Modeling of rheumatoid arthritis did not change the 
microscopic organization of the oral mucosa and the oral mu-
cosa is covered with a multi-layered squamous non-squamous 
epithelium with the exception of the gum surface. Already in 
the study of drugs stained with hematoxylin and eosin, there is 
a non-uniform thickness of the squamous epithelium, where on 
one side there are areas of its thinning to one or two rows of 
cells, on the other side of the zone of uneven thickening.

Signs of inflammatory changes, which are characterized by 
the presence of both focal and diffuse clusters of inflammatory 
cells among which lymphocytes predominate have been identi-
fied in groups with RA modeling. The presence of superficial 
damage of epithelial cells up to the appearance of single erosive 
defects is noted. Most epithelial cells of the superficial layer are 
characterized by pronounced vacuolization of the cytoplasm, 
which is commonly regarded as a manifestation of hydropic 
dystrophy. Basal epithelial cells are high, narrow, which, ap-
parently, is a consequence of their proliferative activity. At the 
same time in all layers of the epithelium there is a moderately 
pronounced edema.

Morphofunctional state of the MCB has been changed in all 
groups with RA modeling in comparison with the control group 
with pronounced disorder observed in the vessels of the peri-
odontium. The vasculature has been characterized by uneven 
blood filling with background of desolate vessels that have fall-
en lumens and presence of sharply expanded blood-filled capil-
laries. Mucoid and fibrinoid swelling have been observed. Endo-
theliocytes are flattened more often, with signs of desquamation. 
Simultaneously signs of sclerotic processes have been noted in 
perivascular space in lamina propria. Vascular density of MCD 
is decreased with depending of RA severity from 17.28±1.91% 
to 5.76±1.01% (table 2) according to morphometric studies in 
comparison with the intact group (p<0.05). Spearman’s rank 
coefficient indicates a strong correlation relationship between 
specific densities of MCB vessels and RA severity (r=0.74). 

Important data have been revealed in lamina propria of the 
mucosa with muscular lamina involvement in slides stained ac-
cording to Rego: the intensely stained black or dark gray foci 
have been detected in different tissue structures that are an in-
dicator of ischemia development. Spearman’s rank coefficient 
indicates a strong correlation relationship between ischemic area 
and RA severity (r=0.72). It could be connected with changes in 
MCB and Spearman’s rank coefficient confirms it (r=0.82). De-
velopment of sclerotic changes in the lamina propria of the mu-
cosa could be consequences of described changes with increased 
area of connective tissue from 21.37±2.82% to 34.97±2.26 % in 
severe cases. Spearman’s rank coefficient proves connection of 
described processes (r=0.71).

As result of our work we can corroborate that the pathogen-
esis of RA includes changes in MCB and connective tissue that 
is important for oral mucosa as it had been described in pre-
viously published woks [4, 13]. Disorganization of connective 
tissue, disturbance of MCB development, consequences of isch-
emic injuries are important for development of periodontitis. We 
have shown that vascular dysfunction may link development of 
hypoxia with activation of connective tissue that leads to scle-
rotic changes in oral mucosa. Sclerotic process is final stage of 
oral mucosa transformation as hypoxic injuring of tissue is real-
ized in inflammation with appearance signs of periodontitis as 
changes in epithelium and lamina propria as it was described 
before [1,3,19]. 

Our results are combined with previously published woks 
about development of periodontal pathology in rheumatoid ar-
thritis. Pathogenesis of periodontal inflammation might involve 
inhibition of cell death, through the apoptotic factors, due to the 
DNA damage by the product of catalysis [9,11] with highest lev-
els activity found at sites of chronic inflammation.

Table 1. The distribution of animals in the studied groups

Groups Options for the distribution of the sum of points on the limbs
Sum of points

4-6 7-9 10-12

I
1111
1112
1122

2
3
4

II
1222
2222
2223

4
4
3

III
2233
2333
3333

4
3
1

Total 28 animals: 9 11 8
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We suggest and support [18] that a synthesis of current and 
emerging therapeutic interventions might provide the basis for an 
improved strategy aimed at preventing MCB injuries that is logi-
cal and attractive, but requires further investigation in oral cavity 
relation. Continue of performed investigation could be connected 
with enhancement of microcirculatory function in RA and reducing 
hypoxic influence [11,17]. Inflammatory process in the oral cavity 
could be characterized by morphological picture with inflammato-
ry, degenerative, microcirculatory changes which are accompanied 
by disturbance of nitric oxide synthase with significant disturbance 
of it activity [18] and changes in antioxidant balance [9] that also 
could be used in creation of preventive measures directed for cor-
rection of oral status patients with rheumatoid arthritis.

Conclusion. 
1. Disturbance of oral mucosae microvasculature is formed 

in rheumatoid arthritis with strong correlation relationship be-
tween specific densities of microcirculatory bed vessels and 
rheumatoid arthritis severity (r=0.74). 

2. Development of ischemic area indicates strong correlation 
relationship between ischemic area and rheumatoid arthritis 
severity also (r=0.72) and it could be connected with changes 
in microvasculature (r=0.82). Development of sclerotic chang-
es in the lamina propria of the mucosa could is characterized 
by increased area of connective tissue from 21.37±2.82% to 
34.97±2.26 %.
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SUMMARY

CONSEQUENCES OF MICROSEQUENCES OF MICRO-
CIRCULATORY DISTRURBANCES OF MICROCIR-
CULATORY DISTURBANCES OF ORAL MUCOSA IN 
MODELING OF RHEUMATOID ARTHRITIS 
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Rheumatoid arthritis (RA) is a chronic inflammatory auto-
immune disease characterized by synovial hyperplasia and the 
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destruction of cartilage and bone with unclear morphogenesis of 
pathological changes in oral cavity. Simultaneously microcircula-
tory disturbance is important link of pathogenesis in many patho-
logical conditions in oral cavity with inflammatory consequences. 
The aim of this study was to determine importance of microcircula-
tory disturbance of oral mucosa in modeling of rheumatoid arthritis.

Experimental investigation has been performed with model-
ing RA on laboratory white male mice according to described 
before method. Investigated groups were formed according to 
severity manifestation as ankle changes using digital calipers 
measuring. The specimens of soft tissues of the oral cavity were 
stained with hematoxylin and eosin, according to van Gieson, 
according to Rego after the routine proceeding. Morphometric 
studies were performed with estimation of volumes of specific 
vascular density in microcirculatory bed, density of connective 
tissue in lamina propria and area of tissue with ischemia.

It was detected that disturbance of oral mucosae microvascu-
lature is formed in rheumatoid arthritis with strong correlation 
relationship between specific densities of microcirculatory bed 
vessels and rheumatoid arthritis severity (r=0.74). Develop-
ment of ischemic area indicates strong correlation relationship 
between ischemic area and rheumatoid arthritis severity also 
(r=0.72) and it could be connected with changes in microvascu-
lature (r=0.82). Development of sclerotic changes in the lamina 
propria of the mucosa could is characterized by increased area of 
connective tissue from 21.37±2.82% to 34.97±2.26 %.

Keywords: rheumatoid arthritis, oral mucosa, periodontitis, 
histology, experiment.

РЕЗЮМЕ

ПОСЛЕДСТВИЯ НАРУШЕНИЯ МИКРОЦИРКУЛЯ-
ЦИИ СЛИЗИСТОЙ ОБОЛОЧКИ ПОЛОСТИ РТА ПРИ 
МОДЕЛИРОВАНИИ РЕВМАТОИДНОГО АРТРИТА
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Ревматоидный артрит (РА) представляет собой хроническое 
воспалительное аутоиммунное заболевание, характеризующе-
еся синовиальной гиперплазией и разрушением хряща и кости 
с неясным морфогенезом патологических изменений в поло-
сти рта. Одновременно с этим нарушение микроциркуляции 
является важным звеном патогенеза при многих патологиче-
ских состояниях полости рта с воспалительными последстви-
ями. Целью данного исследования было определение значения 
нарушения микроциркуляции слизистой оболочки полости рта 
при моделировании ревматоидного артрита.

Экспериментальное исследование было выполнено путем 
моделирования РА на лабораторных белых мышах-самцах 
согласно описанной ранее методике. Исследуемые группы 
были сформированы в соответствии с выраженностью тя-
жести в виде изменений лодыжки с использованием цифро-
вых измерителей. Микропрепараты мягких тканей ротовой 
полости после рутинной проводки окрашивали гематокси-
лином и эозином, по Рего, по ван Гизону. Морфометриче-
ские исследования проводили с оценкой объемов удельной 
плотности сосудов микроциркуляторного русла, плотности 
соединительной ткани в собственной пластинке слизистой 
и площади ткани с ишемией.

Обнаружено, что при ревматоидном артрите формируется 
нарушение циркуляции слизистой ротовой полости с сильной 
корреляционной зависимостью между удельной плотностью 
сосудов микроциркуляторного русла и тяжестью ревматоид-
ного артрита (r=0,74). Развитие ишемии также указывает на 
сильную корреляционную связь между площадью ишемии и 
тяжестью ревматоидного артрита (r=0,72), и это может быть 
связано с изменениями в микроциркуляторном русле (r=0,82). 
Развитие склеротических изменений в собственной пластинке 
слизистой оболочки характеризуется увеличением площади 
соединительной ткани с 21,37±2,82% до 34,97±2,26%.
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revmatoiduli arTriti qronikuli anTebiTi 
autoimunuri daavadebaa, romelsac axasiaTebs si-
noviuri hiperplazia, Zvlisa da xrtilis daSla 
da piris RruSi ucnobi morfogenezis paTolo-
giuri cvlilebebis ganviTareba. amasTanave, mi-
krocirkulaciis darRveva warmoadgens paTo-
genezis mniSvnelovan rgols piris Rrus bevri 
daavadebis paTogenezSi anTebiTi SedegebiT.
winamdebare kvlevis mizans warmoadgenda piris 

Rrus lorwovani garsis mikrocirkulaciis dar-
Rvevis mniSvnelobis garkveva revmatoiduli ar-
Tritis modelirebis dros.
eqsperimentuli kvleva Catarda revmatoiduli 

arTritis modelirebis gziT laboratoriul 
TeTr mamr virTagvebze adre aRwerili meTodikiT. 
sakvlevi jgufebi Seiqmna koWis midamoSi ganviTa-
rebuli da cifruli gamzomi xelsawyoebiT Se-
fasebuli cvlilebebis simZimis mixedviT. piris 
Rrus rbili qsovilebis mikropreparatebi iRebe-
boda hematoqsilin-eoziniT, regos mixedviT, van-gi-
zonis mixedviT. morfometriuli kvlevebi Catarda 
mikrocirkulaciuri kalapotis sisxlZarRvebis 
xvedriTi simWidrovis, lorwovanis garsis sakuTar 
firfitaSi SemaerTebeli qsovilis simWidrovis da 
iSemiuri qsovilis farTobis SefasebiT.
dadgenilia, rom revmatoiduli arTritis 

dros piris Rrus lorwovan garsSi viTardeba 
cirkulaciis darRveva Zlieri korelaciuri ka-
vSiriT mikrocirkulaciuri sisxlZarRvebis xve-
driT simWidrovesa da revmatoiduli arTritis 
simZimes Soris (r=0,74). iSemiis ganviTareba aseve 
miuTiTebs Zlieri korelaciuri kavSiris Sesaxeb 
iSemiis farTobsa da revmatoiduli arTritis 
simZimes Soris (r=0,72) da es SesaZloa dakavSire-
buli iyos cvlilebebTan mikrocirkulaciur 
kalapotSi (r=0,82). sklerozuli cvlilebebi 
lorwovani garsis sakuTar firfitaSi xasiaT-
deba SemaerTebeli qsovilis farTobis zrdiT 
21,37±2,82%-dan 34,97±2,26%-mde.


