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ABSTRACT

Aim: To study the nature of clinical and morphological changes in periodontal tissues under combined modeling of periodontitis and intestinal dyshiosis in
an animal experiment.

Materials and Methods: The study involved 30 rats (1 control and 2 experimental groups of 10 animals each). Histological changes in the gingiva were
examined during periodontitis modeling in 10 animals over 30 days and its combination with intestinal dysbiosis in the remaining 10 animals over 30-35
days. The degree of alveolar bone ridge atrophy was assessed, and the composition of the intestinal microflora was analyzed to confirm intestinal dysbiosis.
Results: It was established that the reproduction of experimental periodontitis in animals and its subsequent combination with intestinal dysbiosis contrib-
uted to the development of a pathological process in the periodontal tissues in 100% of rats, resembling an exacerbated course of human periodontitis, with
increased severity and progression. In rats with simultaneous modeling of periodontitis and intestinal dysbiosis, more pronounced pathological changes were
observed—compared to those without dysbiotic lesions—in the gingival epithelium, the connective tissue of the mucous membrane, and especially in the
blood vessels of the microcirculatory bed and perivascular areas.

Conclusions: Morphological studies confirmed that disturbances in the intestinal microecological system, accompanied by suppression of its saprophytic flora,
aggravate the course of periodontitis, promote its generalization, and contribute to the development of abscess-forming inflammation.
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INTRODUCTION

Experimental studies hold considerable significance
in modern medicine [1-3]. Conducting experiments
on animals allows for an objective assessment of the
nature of morphological changes in body tissues during
disease development. This is particularly relevant for
the study of comorbid conditions, including the com-
bination of periodontal diseases with disorders of the
digestive tract.

Scientific research has demonstrated a pathophys-
iological interconnection between the functional
elements of the digestive system and the oral cavity,
due to the unity of their functions and morphologi-
cal structure, as the oral cavity represents the initial
segment of the digestive tract [4-6]. The relationship
and mutual influence between periodontal diseases
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and digestive system pathologies have been noted by
numerous authors [7-10].

In a limited number of studies [11-13], attention has
been given to the peculiarities of periodontal disease
progression when combined with intestinal dysbiosis.
According to the literature [14], symptoms of dysbiosis
arefound in up to 80% of the healthy global population.
Such a latent (compensated) stage of dysbiosis contrib-
utes to disturbances in absorption mechanisms, leading
to changes in the mineral metabolism of macro- and
microelements and their regulators in the blood and
oral fluid, to the development of immunological imbal-
ance, alterations in the oral microbiocenosis, and other
homeostatic constants of this biotope [15].

In this context, modelling a pathological processin
animals that closely resembles that in humans, and
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studying the nature of periodontal tissue changes
during the reproduction of a comorbid condition—
specifically, the combination of periodontitis and
intestinal dysbiosis—presents considerable scien-
tific interest.

AIM

To study the nature of clinical and morphological
changes in periodontal tissues during combined mod-
elling of periodontitis and intestinal dysbiosis in an
animal experiment.

MATERIALS AND METHODS

To achieve the aim, an experimental study was conduct-
ed on 30 laboratory animals — white outbred rats aged
three months, with an average weight of 273+20 g (1
control and 2 experimental groups, each consisting of
10 animals).

The control group consisted of intact rats (10 animals)
kept on a standard vivarium diet. Group Il included 10
rats in which experimental periodontitis was induced
over 30 days using the reduced masticatory function
method by maintaining the animals on a special paste-
like diet [16]. In Group llI, after induction of periodonti-
tis, 10 experimental animals received oral ciprofloxacin
(50 mg/kg) from day 31 to day 35 to create experimental
intestinal dysbiosis using the selective decolonization
method [17].

Once a week, the degree of alveolar bone atrophy
was visually assessed based on the periodontal tissue
condition in each rat, according to the following scoring
system: 0 — healthy periodontium; 1 - gingivitis (hyper-
emia in the frontal teeth area, slight gum swelling); 2
- periodontitis of mild to moderate severity (hyperemia,
edema, bleeding of the gums in the frontal and lateral
tooth regions); 3 — severe periodontitis (pronounced
gingival hyperplasia, swelling, bleeding along the gin-
gival margin, and spontaneous tooth loss). The total
score for each animal was divided by the number of
rats in the group.

At the end of the experiment (animals in Groups |
and Il — after 30 days, Group Il - after 35 days), the rats
were sacrificed by exsanguination. After euthanasia,
the large intestine was isolated from each rat, ligated at
both ends, and its contents were cultured on nutrient
media to determine the qualitative and quantitative
composition of the microbiota.

For isolation of pure microbial cultures, differenti-
ation, and identification, the following media were
used: meat—peptone agar, blood and serum agar, Endo,
Chestovych, and Sabouraud media.

Microscopic, cultural, and biochemical methods were
applied to differentiate and identify microorganisms,
and their absolute values were calculated as logarithmic
colony-forming units per 1 ml (Ig CFU/ml).

After extraction of the jaw bone tissue, the nature
of the dystrophic process in periodontal tissues was
evaluated using biometric methods by determining
the linear dimensions of molar root exposure with
a binocular loupe equipped with an eyepiece scale
(graduation value 0.05 mm).

The degree of relative exposure of the molar roots
(K) was calculated using the formula and expressed as
a percentage: E- 'X;OO,

where M - distance from the edge of the dental alve-
olus to the cusp tip of the tooth, and | - distance from
the edge of the dental alveolus to the anatomical neck
of the tooth. Intact rats served as the control.

For histological examination of the gingival struc-
tures, sections 5 um thick were prepared and stained
with hematoxylin and eosin, Van Gieson’s stain, and
toluidine blue. Microscopic analysis was performed
using a light microscope with objectives x4, x10, x40
and an eyepiece x10. Photographs were taken with a
digital camera.

The reliability of the results was evaluated using Stu-
dent’s t-test. Statistical processing of the obtained data
was performed according to the recommendations [18].

ETHICS
This work complies with the principles of the Declara-
tion of Helsinki.

FRAMEWORK

The study was carried out within the framework of the
scientific topic”“Individualization of approaches to dental
treatment within the structure of a comprehensive model
for predicting therapeutic outcomes” state registration
number 0123U104050 of the state university “Uzhhorod
National University”.

RESULTS

At the beginning of the study, clinical observation of
the animals’ general condition, appearance, behavior,
and reactions revealed no changes that would prevent
the creation of the experimental model of periodontitis
and its combination with intestinal dysbiosis.

The anatomical and histological structure of the soft
periodontal tissues (gingiva and periodontium) of intact
rats did not differ from those described in the literature
[19] (Fig. 1).
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When modeling periodontitis, after one week of the
experiment, 2 out of 10 animals (20%) showed hyper-
emia and swelling of the marginal gingiva. The gingival
mucosa of the remaining rats in Group Il was pale pink,
firm on palpation, non-bleeding, with no pathological
pockets, and the teeth remained immobile. The peri-
odontal tissue condition score was 0.2 points.

After two weeks, 7 animals (70%) in Group Il devel-
oped gingival hyperemia, edema, and bleeding; howev-
er, the tooth—gingival attachment remained intact and
the teeth were not mobile. The clinical evaluation score
of the periodontal condition was 0.8 points.
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Fig. 1. Gingiva of intact
rat No. 5, Group |. Hema-
toxylin and eosin stain-
ing. Magnification: x400.
1—basal layer epithelial
cells; 2 — prickle layer
epithelial cells; 3 — gran-
ular layer epithelial cells;
4 — keratinized layer
Picture taken by the
authors

Fig. 2. Gingiva of rat No.
1, Group I, day 30 of the
experiment. Diagnosis:
experimental periodon-
titis. Destruction of colla-
gen fibers and leukocytic
infiltration observed in
the basal membrane of
the epithelial lining of
the oral mucosa. Hema-
toxylin and eosin stain-
ing. Magnification: x400.
1-basal layer epithelial
cells; 2 — prickle layer
epithelial cells; 3 — basal
membrane; 4 — leukocyt-
icinfiltration

Picture taken by the
authors

After three weeks of the experimental study, 3 ani-
mals (30%) in this group exhibited gingival hyperemia,
swelling, bleeding, loss of tooth-gingival attachment,
and tooth mobility. In 5 animals (50%), the clinical
condition of the gums corresponded to gingivitis. The
total periodontal tissue condition score was 1.1 points.

After 30 days, the periodontal tissue condition in ex-
perimental rats of Group Il was as follows: in 4 animals
(40%) — severe periodontitis (marked gingival hyper-
emia, swelling, bleeding, presence of periodontal pock-
ets, and tooth mobility); in 4 animals (40%) — moderate
to mild periodontitis (gingival hyperemia, swelling,
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bleeding, destruction of the tooth-gingival attachment,
and shallow periodontal pockets detected by probing);
in 2 animals (20%) — gingivitis (slightly pronounced
hyperemia and swelling of the marginal gingiva).

The average periodontal tissue condition score was
2.2 points. The degree of dystrophy of the alveolar
process of the jaws was 36.8+0.33% (compared with
28.3+0.21% in the control group), p < 0.001.

On the 30th day of the experiment, morphological
examination revealed changes in the epithelial layer
and connective tissue of the gingiva. The epithelial layer

Fig. 3. Gingiva of rat No.
3, Group Il, day 30 of the
experiment. Diagnosis:
experimental periodon-
titis. Destruction of col-
lagen fibers observed in
the papillary layer of the
oral mucosa. Van Gieson
staining. Magnification:
%100. 1 - stratified
keratinized squamous
epithelium; 2 — papillary
layer of the oral mucosa;
3 — reticular layer of the
oral mucosa; 4 — blood
vessels; 5 — collagen
fibers

Picture taken by the
authors

Fig. 4. Gingiva of rat No.
6, Group Il, day 30 of the
experiment. Diagnosis:
experimental periodon-
titis. Vascular resorption
of bone tissue observed.
Van Gieson staining.
Magnification: x100.
1— reticular layer of the
oral mucosa; 2 — collagen
fibers; 3 — perivascular
interstitial edema; 4 —
bone tissue

Picture taken by the
authors

was uneven in thickness — thinned in some areas and
thickened in others. Compared with rats of the intact
group, the keratinized layer was thicker and showed de-
tachment over large portions of the epithelial surface.
Nucleoli were often absent in the nuclei of prickle-cell
layer cells, indicating a decrease in their functional
activity. In the basal layer, intercellular spaces were
widened, and the cells appeared vacuolated.

In some areas, the boundary between the epithelium
and connective tissue was flattened. Collagen fibers of
the basal membrane were loosened, and among them
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were lymphocytes, histiocytes, and neutrophilic leuko-
cytes. In certain regions, the collagen fibers appeared
disorganized (Fig. 2).

In the papillary layer of the gingival connective tissue,
areas of edema, destruction, and disorganization of
collagen fibers were detected; the fiber bundles were
separated and loosened. The cytoplasm of fibroblasts
and fibrocytes appeared pale and swollen, and their
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Fig. 5. Gingiva of rat

No. 4, Group I1, day

30 of the experiment.
Diagnosis: Experimental
periodontitis. Dilated
vascular lumens, leuko-
cyte stasis, and marginal
accumulation in venules.
Staining: Van Gieson
method. Magnification:
x400. 1 - reticular layer;
2 — collagen fibers;

3- leukocyte stasis and
marginal accumulation in
venules; 4 — perivascular
interstitial edema
Picture taken by the
authors

Fig. 6. Gingiva of rat No.
7, Group Il, day 30 of the
experiment. Diagnosis:
Experimental periodon-
titis. Presence of mural
thrombi in arterioles.
Staining: Hematoxylin
and eosin. Magnification:
%x400. 1 - reticular layer;
2 — collagen fibers;

3 —mural thrombiin
arterioles

Picture taken by the
authors

nuclei were pyknotic and often showed destructive
changes. Blood vessels were engorged, with dilated
lumina (Fig. 3).

In the deep regions of the reticular layer, leukocytic
infiltrates were observed. Changes were also found in
the bone tissue of the alveolar processes of the jaws:
lacunar resorption, dilation of the central vascular chan-
nels of osteons filled with leukocytes, and proliferation
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Table 1. Results of the study of intestinal microbiocenosis in experimental animals, Ig CFU/ml

Groups of examined animals

Microorganisms
Group | (control) n=10

Group Il (with simulated
periodontitis and intestinal
dysbiosis) n=10

Group Il (with simulated
periodontitis) n=10

Total bacteria count 9.5£0.11 9.6+0.08 9.8+0.36
p>0.05 p>0.05
E.coli 6.2+0.08 6.3+0.10 6.0+0.09
. p>0.05 p>0.05
Peeudomonas deruainosa 1.0+0.05 1.2+0.08 1.9+£0.06
g p>0.05 p<0.001
Enterococus 1.0£0.11 1.2+0.09 1.9+£0.07
faecalis p>0.05 p<0.001
2.6%0.10 3.7+0.12
Staphylococcus aureus 2.5+0.23 0>0.05 0<0.001
Fungi 2.0+0.06 3.0+£0.14
Candida 1:9£0.04 p>0.05 p<0.001
. . 2.8+0.18 1.0£0.04
+

Bifidobacterium 3.1+£0.18 0>0.05 0<0.001
. 3.740.10 1.4+0.04

Lactobacillus 4.0+0.15 p>0.05 p<0.001

Unidentified microorganisms + + +

Note: p —is the significance of the difference in indicators between the experimental groups of animals (Il and Ill) and the control group

Source: compiled by the authors of this study

of loose connective tissue around them. Osteoclasts
were located along the edge of the bone lamella, while
osteocytes showed signs of edema and cytoplasmic
clearing (Fig. 4).

Significant alterations of blood capillaries, arterioles,
and venules were noted. The walls of some capillaries
were discontinuous. In certain regions, desquamation
and swelling of endothelial cells were detected. The
basal membrane in the capillary walls appeared loos-
ened, and diapedetic hemorrhages were found around
some blood capillaries.

The venules were dilated and engorged. Their lumina
contained numerous leukocytes (both granular and
agranular), exhibiting stasis, margination, and dia-
pedesis through the vessel walls. Occasionally, mural
thrombi were observed. The integrity of most venular
walls was disrupted, with pronounced interstitial edema
and perivascular hemorrhages. The perivascular spaces
contained increased numbers of tissue basophils and
leukocytes (Fig. 5).

The walls of the arterioles were thickened, with pro-
liferation of collagen fibers in the adventitial layer and
hyperplasia and hypertrophy of smooth muscle cells
in the middle layer. The lumina of these vessels were
narrowed. In some arterioles, mural thrombi almost
completely occluded the vessel lumina (Fig. 6). The
lumina of lymphatic vessels were dilated and filled
with lymph.

Onthe 35th day of the experiment, when reproducing the
model of experimental periodontitis in combination with
intestinal dysbiosis, 100% of the rats exhibited gingival hyper-
emia with a bluish tint, swelling of the gingival papillae, the
presence of periodontal pockets containing serous-purulent
exudate, and tooth mobility, which were clinically assessed
as periodontitis. In one rat, a periodontal abscess was diag-
nosed, indicating an aggressive nature of the pathological
process in the periodontal tissues of this animal.

To confirm intestinal dysbiosis in Group Ill rats, the
state of the colonic microbiota was compared with
that of Groups | and Il after completion of the exper-
iment (Table 1). The obtained data demonstrated a
generally stable species structure of the colonic mi-
crobiota, which did not change significantly during
the modeling of periodontitis and intestinal dysbiosis.
It was represented by monocultures and associations
of conditionally pathogenic gram-negative bacteria
of the family Enterobacteriaceae (Escherichia coli, En-
terococcus), pathogenic microorganisms of the genus
Pseudomonas (Pseudomonas. aeruginosa), as well as
individual species of coccal (Staphylococcus aureus) and
fungal (Candida) flora, and anaerobic antagonistically
active bifidobacteria and lactobacilli, which suppress
the growth and reproduction of pathogenic and con-
ditionally pathogenic enteroba cteria.

The total microbial load in both experimental groups
did not differ significantly from that of the control group
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(p > 0.05). However, keeping the experimental animals on
a paste-like diet led to a slight decrease in the colonization
of the large intestine by indigenous probiotic microflora
(Bifidobacterium and Lactobacillus). Administration of
ciprofloxacin to Group lll rats, against the background of
the induced experimental model of periodontitis, resulted
in a significant decrease in the autochthonous intestinal
microflora responsible for the colonization resistance of
the gastrointestinal tract (bifidobacteria and lactobacilli),
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Fig. 7. Gingiva of rat No.

5, Group Ill, day 35 of the
experiment. Diagnosis:
Experimental periodontitis
combined with intestinal
dyshiosis. Destruction of col-
lagen fibers and leukocyte
infiltration within the basal
membrane of the epithelial
lining of the mucosa. Stain-
ing: Hematoxylin and eosin.
Magnification: <400.1-
basal layer epithelial cells;

2 — prickle layer epithelial
cells; 3 —basal membrane;
4— collagen fibers; 5— peri-
vascular interstitial edema
Picture taken by the
authors

Fig. 8. Gingiva of rat No.
7,Group Ill, day 35 of the
experiment. Diagnosis:
Experimental periodontitis
combined with intestinal
dysbiosis. Diffuse infiltration
by polymorphonudlear
leukocytes. Mural thrombi
in venules and arterioles.
Staining: Hematoxylin and
eosin. Magnification: x100.
1—reticularlayer of the
mucosa; 2 — mural thrombi
invenules; 3 —mural
thrombi in arterioles; 4 —
infiltration by polymorpho-
nuclear leukocytes

Picture taken by the
authors

accompanied by a corresponding increase in the number of
pathogenicand conditionally pathogenic microorganisms,
confirming the development of dysbiosis in this biotope.

Using the biometric method, a higher intensity of the
dystrophic process in the bone tissue of the periodon-
tium was established during the combined modeling
of periodontitis and intestinal dysbiosis, amounting to
41.1£0.61%, with a highly significant difference com-
pared to Groups | and Il (p < 0.001).
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Morphological examination in Group lll animals
revealed more pronounced structural changes in the
gingiva compared to Group Il. In certain areas of the ep-
ithelial covering, disorganization and cellular damage
in the form of necrosis were observed. In some regions,
the keratinized, granular, and prickle-cell layers of the
epithelium were absent. Individual basal layer cells
appeared deformed and vacuolated, with widened
intercellular spaces filled with lymphocytes and neu-
trophilic granulocytes. The basement membrane was
discontinuous; its collagen fibers were loosened and
disorganized, and lymphocytes, histiocytes, and neu-
trophilic leukocytes were present among them (Fig. 7).

In the connective tissue of the papillary layer of the
gingival mucosa, fibroblast proliferation was observed
in the region of the gingival papillae. Signs of edema
in this layer and hypertrophy of collagen fibers were
more pronounced than in rats of Group Il. In the mi-
crocirculatory bed of the papillary layer, blood vessel
lumina were dilated and engorged. The integrity of the
capillary walls was disrupted, the endothelial lining was
discontinuous, and the basement membrane appeared
loosened. Numerous hemorrhages were found around
the capillaries. In addition, polymorphonuclear leuko-
cyte infiltrates were present in the papillary layer. The
lymphatic vessels were dilated and filled with lymph.

In the reticular layer, edema of the connective tissue
was more pronounced than in the papillary layer. The
lumina of the microcirculatory vessels were markedly
dilated and hyperemic (Fig. 8). Some blood vessels in
this layer exhibited irregular blood filling.

Fig.9. Gingiva of rat

No. 9, Group Il day

35 of the experiment.
Diagnosis: Experimental
periodontitis combined
with intestinal dysbiosis.
Mural thrombi in venules.
Pronounced interstitial
edema in the reticular
layer of the mucosa.
Staining: Van Gieson
method. Magnification:
%400. 1 - collagen
fibers; 2 — thrombi in
venules; 3 — infiltration
by polymorphonuclear
leukocytes

Picture taken by the
authors

The walls of the arterioles were thickened, and their
lumina were narrowed. The endothelial lining was dis-
continuous, with areas showing both desquamation
and regeneration. In the middle layer of the arterioles,
hypertrophy of smooth muscle cells was observed.

The capillary lumina were also dilated and engorged;
the endothelial lining was discontinuous, and the base-
ment membrane was loosened. In some areas, desqua-
mation of endothelial cells was detected. The perivascu-
lar connective tissue was loosened, with histiolympho-
cytic infiltration visible in many microscopic fields, and
isolated hemorrhages found around capillaries.

The venules were dilated and markedly engorged.
In some cases, mural thrombi were detected (Fig. 9).
The endothelial lining of the venules was discontinu-
ous, with frequent foci of endothelial desquamation.
Numerous areas of leukocyte stasis, margination, and
diapedesis through the venular walls were observed.
Compared with the previous group, there was a more
pronounced interstitial edema of the gingival reticular
layer and diffuse inflammatory infiltration with neutro-
philic leukocytes. In some regions, lymphocytes and
histiocytes were also found. The lumina of lymphatic
vessels in this layer were dilated and filled with lymph.

DISCUSSION

Thus, the results of this study demonstrated the ex-
pediency of conducting experimental research on
animals to gain a more detailed understanding of the
course of periodontal tissue diseases when combined
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with other lesions of the digestive tract, particularly
intestinal dysbiosis.

The widespread prevalence of dysbiotic conditions
observed in all open cavities of the human body (oral,
nasal, intestinal, etc.) makes it necessary to study this
issue comprehensively from the standpoint of comor-
bidity. Meanwhile, both domestic and international
scientific studies have focused on many aspects of
dysbiosis as an independent process in dental diseases
(such as dental caries, periodontal and oral mucosal
diseases) and in the intestine [20-22]. However, the
question of the negative impact of intestinal microflora
imbalance and the replacement of its ecological nich-
es on the course of periodontal diseases—frequently
encountered in clinical practice—remains insufficiently
addressed in the literature, and morphological studies
in this context are virtually absent.

In this study, our results confirmed previous exper-
imental findings regarding changes in periodontal
tissues during periodontitis [23, 24] and alterations in
intestinal microbiota during dysbiosis [25]. At the same
time, we performed a comparative assessment of these
parameters under conditions of consecutive modeling
of periodontitis followed by intestinal dysbiosis.

It was established that disturbances in the micro-
ecological system of the intestine—even subclinical
ones—accompanied by suppression of its saprophytic
flora, complicate the course of periodontitis, promote
its generalization, and contribute to the development
of aggressive inflammatory manifestations in the gin-
giva, including abscess formation. This was supported
by morphological findings: simultaneous modeling of
periodontitis and intestinal dysbiosis in rats revealed
more pronounced pathological changes than in those
without dysbiotic disorders. These included alterations
in the gingival epithelium, connective tissue of the pap-
illary and reticular layers of the mucosa, and especially
in the vessels of the microcirculatory bed and perivas-
cular areas. In our opinion, the observed increase in the
number and dilation of blood and lymphatic capillaries
may represent a compensatory mechanism, while a
slight increase in lymphocytes should be regarded as
an adaptive response.

CONCLUSIONS

It was established that the induction of experimental
periodontitis in animals using the reduced masticato-
ry function model, followed by its combination with
intestinal dysbiosis via selective decolonization, led to
the development of a pathological process in the peri-
odontal tissues in 100% of rats. This process resembled
the exacerbated course of human periodontitis, with
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increased severity and progression. These findings
indicate the high adequacy of this model for studying
aggravating factors in the course of inflammatory-dys-
trophic lesions of human periodontal tissues.

It was found that modeling intestinal dysbiosis against
the background of experimental periodontitis results
in disruption of the colonic microbiome: a statistically
significant decrease in bifidobacteria and lactobacilli,
along with pronounced contamination by pathogenic
and opportunistic enterobacteria and Candida fungi.
This leads to a marked deficiency of autochthonous
bacteria, impairing the colonization resistance of the
intestinal mucosa and weakening the nonspecific an-
ti-infective defense of the gastrointestinal tract, thereby
intensifying the negative impact on periodontal tissues.

Assessment of the degree of dystrophic changes in
the periodontium of experimental animals using bio-
metric analysis revealed a higher intensity of alveolar
process degeneration under sequential modeling of
periodontitis and intestinal dysbiosis. This indicates
early generalization of the pathological process in peri-
odontal tissues and its progression under the influence
of dysbiotic disturbances in the gastrointestinal tract.

In experimental animals with combined modeling
of periodontitis and intestinal dysbiosis, compared to
those without dysbiotic disorders, more pronounced
pathological changes were observed in the gingival
epithelium (intercellular space widening, vacuolar de-
generation and necrosis of epithelial cells, focal absence
of the keratinized, granular, and prickle layers, loosen-
ing and disorganization of collagen fibers in the basal
membrane) and in the connective tissue (edema of
the papillary and reticular layers, leukocytic infiltration,
fibroblast hypertrophy and hyperplasia, signs of edema,
disorganization and destruction of collagen fibers, their
delamination and loosening). Vascular changes in the
microcirculatory bed included: in arterioles — thickened
walls, narrowed lumens, discontinuous endothelial
lining with areas of desquamation and regeneration,
hypertrophy of smooth muscle cells in the tunica
media; in capillaries - dilated and congested lumens,
discontinuous endothelial lining, desquamation of
endothelial cells, histio-lymphocytic infiltration in peri-
vascular connective tissue, and occasional hemorrhages
around capillaries; in venules — markedly dilated and
congested lumens, mural thrombi, multiple zones of
leukocyte stasis, marginal positioning, and diapedesis.
Lymphatic vessel lumens were dilated and filled with
lymph. These findings confirm the development of se-
vere complications in the clinical course of experimental
periodontitis when combined with intestinal dysbiosis,
up to its most aggressive manifestation: periodontal
abscess formation.
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