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Type of fixed prosthetics affects cytokine status
in experimental bacterial-immune periodontitis
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In more than 10% of patients who use fixed dental prosthetic structures, gingivitis and stomatitis are ob-
served. The aim of our research was to study cytokine status changes in rats with experimental bacterial-
immune periodontitis and under the conditions of using stamped and solid-cast fixed prosthetic constructions
Experimental bacterial-immune periodontitis was induced by injecting a mixture of microorganisms, diluted
with egg protein, into the periodontal complex tissues. On the 30™ day of the experiment, the blood serum
levels of interleukin-1 beta (IL-1p), interleukin-6 (IL-6), and interleukin-10 (IL-10) were determined using
the Solid-phase enzyme immunoassay. In animals with periodontitis and solid-cast crowns, there was a
significant increase in the production of pro-inflammatory cytokines (IL-1 and IL-6) and a decrease in
the formation of anti-inflammatory cytokine IL-10, compared to the data in rats with the use of stamped
constructions. The obtained results indicate a differential influence of prosthetics type on the periodontal
inflammation development.
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solid-cast crowns.

INTRODUCTION

In modern orthopedic dentistry, the success of
treatment depends on not only the knowledge
and skills of the doctor and dental technician,
but also significantly on the proper selection
and use of dental materials for fabricating fixed
prosthetic structures [1].

The influence of orthopedic structures on the
periodontal tissues and the oral cavity mucous
membrane can manifest itself in the form of both
local and general disorders: hyperemia, diffuse
inflammation, erosions, ulcers, hyperplastic
growth, galvanic syndrome, allergic reactions
[2].

In more than 10% of patients who use
fixed dental prosthetic structures, gingivitis
and stomatitis caused by contact with metal
ions are observed [3]. In particular, alloys that
contain Ni?*, Co?* and Cr?®', which are key
components of dental prostheses and implants,
can cause unwanted reactions in the oral cavity
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and body; this subsequently leads to intolerance
of these materials [4]. Allergic reactions caused
by metal ions have been extensively studied at
the molecular level. Molecular immunological
mechanisms responsible for the recognition
of metal ions by T-lymphocytes have been
experimentally established [5].

Metal components of structures fixed in the
oral cavity are subject of biological degradation,
which can affect factors regulating both specific
and non-specific tissue protection. This can lead
to suppression of local immunity [6]. One of
the main pathogenesis factors is the weakening
of effectiveness of interaction between the
components of specific and non-specific
resistance of the oral cavity local immunity, such
as lysozyme activity, the presence of neutrophils
in saliva and the immunoglobulins level [7].

Cytokines, which are humoral mediators that
control and participate in many immunological
and biochemical processes of the body, play a
crucial role in the development of inflammatory
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processes, including periodontitis [8]. Change
in the concentration of cytokines in blood
serum can be an indication of the development
or completion of inflammatory processes and
characterizes the immune response direction.
Therefore, the immune system activation can
be characterized by analyzing the level of pro-
or anti-inflammatory cytokines synthesized by
immunocompetent cells [9].

Despite extensive research revealing the
molecular mechanisms of contact hypersen-
sitivity, and confirming the high sensitizing
effect of metal ions of fixed structures on the
human body, the issue of further study of the
impact of the relevant materials remains relevant
[10].

The aim of our research was to study
changes in cytokine status in experimental
periodontitis of bacterial-immune genesis under
the conditions of using stamped and solid-cast
Crowns.

METHODS

The research was conducted using clinically
healthy white rats weighing 150-200 g, kept
under usual vivarium conditions in accordance
with sanitary standards and the principles of
Good Laboratory Practice. The investigations
were conducted in accordance with the general
rules and regulations of “European Convention
for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1986) and “General
Ethical Principles of Animal Experimentation”
(Kyiv, 2001). The Commission on Bioethics
of 1. Horbachevsky Ternopil National Medical
University has not detected violations of moral
and ethical norms during the research (protocol
No. 77 from 18.04.2024).

Experimental animals were randomly divi-
ded into 4 groups: [ — control (n = 10); I — exper-
imental periodontitis (n = 8); III — experimental
periodontitis with fixed stamped crowns (n = 8);
IV — experimental periodontitis with fixed solid-
cast crowns (n = 8).
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For the manufacture of permanent construc-
tions, impressions were first taken from the
central incisors of the lower jaw with “Speedex”
impression material. The crowns were made
using generally accepted methods: stamping
standard sleeves [11] and casting from a metal
alloy [12]. The manufactured orthopedic struc-
tures were designed in such a way that they did
not cover the teeth occlusal surfaces and were
simultaneously fixed on both central incisors.

Experimental bacterial-immune periodon-
titis was induced by injecting a mixture of mi-
croorganisms diluted with egg protein into the
test animals’ periodontal tissue. To enhance the
immune response, complete Freund’s adjuvant
was administered into a rat’s paw.

To reproduce the periodontitis model,
Staphylococcus aureus and Streptococcus
hemolytic were involved in a dose of 4CFU
(colony-forming units). According to the lit-
erature, staphylococci and streptococci occupy
an important niche in the microbiota, which
participates in the development of inflamma-
tory processes in the periodontium. Preliminary
studies have shown that most patients with
chronic inflammatory diseases of the oral cavity,
including periodontitis, have a mixed microflora
consisting of streptococci and staphylococci.
The structural components of the cell wall of
Gram-positive bacteria include lipoteichoic ac-
ids, peptidoglycan, and lipoproteins, which act
as triggers for the development of inflammation
through toll-like receptors 2. These molecules
are key in pathogen recognition and the initiation
of the innate immune response [13]. This was
the bacterial link in our developed model. That
is why cultures of these microorganisms were
chosen in the process of modeling periodontitis.
Pathomorphologically, changes were observed
in the soft periodontium tissues, characterized
by an increased hydration of the main substance,
cellular infiltration by phagocytes, microab-
scesses and abscesses formation, and cellular
infiltration by phagocytes with destruction of
the periosteal plate edges, which is especially
visible when compared with the control [14].

ISSN 2522-9028 ®ision. scypu., 2024, T. 70, Ne 6



0.V. Marfiian, A.Ye. Demkovych

To enhance the efficiency of inducing and
sustaining chronic periodontitis, we adminis-
tered repeated injections of a microbial-protein
mixture with an adjuvant on the 14th day of
the experiment [15]. On the 30th day, the
experimental animals were euthanized by ex-
sanguination under thiopental anesthesia. The
blood serum was collected for further research,
and the levels of interleukin-1 beta (IL-1pB),
interleukin-6 (IL-6), and interleukin-10 (IL-10)
were determined using the Solid-phase enzyme
immunoassay method with a set of RayBio Rat
Cytokine Antibody Array reagents (“RayBio-
tech”, USA) [16].

The results were analyzed with STATISTICA
10.0 (“Statsoft”, USA) software. The reliability
of the differences was determined using the
Mann-Whitney U test [17].

RESULTS AND DISCUSSION

Interleukins are of significant clinical and
immunological interest. According to the
mechanism of action, these polypeptides are
conventionally divided into pro-inflammatory
(inducing an inflammatory response) and anti-
inflammatory (limiting the development of an
inflammatory response), as well as regulators
with their own effector functions (cytotoxic,
antiviral, etc.) [18].

Our study showed that on the 30th day of
the development of experimental periodontitis
of bacterial-immune genesis, the level of IL-1
increased significantly by 2.33 times (P < 0.001)
compared to the control group parameters (Table).

In the experiments, under the condition of
experimental periodontitis with the use of solid-
cast crowns, there was a significant increase in
the blood serum IL-1f content compared to the
control — by 3.78 times (P < 0.001). It should
be noted that when comparing the indicators
against the non-prosthetics group of animals
with periodontitis in the same period, it was
established that they increased by 1.62 times (P
< 0.001), this indicates that their use enhanced
the inflammatory process development.
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The use of stamped crowns in our expe-
rimental study contributed to an increase in
the blood serum level of pro-inflammatory
interleukin-1pB by 3.32 times (P < 0.001),
relative to the control group. Compared to
non-prosthetics animals with experimental
periodontitis, this indicator was by 1.43 times
higher (P < 0.01). It should be noted that the
level of this cytokine was by 1.14 times lower (P
<0.05) compared to the group of rats with solid-
cast crowns, this evidences a less negative effect
of stamped crowns on the course of periodontal
complex inflammatory process.

The analysis showed that the level of
IL-6 in the experimental group also increased
significantly on the 30th day of the development
of the inflammatory process in the periodontal
complex — by 1.27 times (P < 0.01) compared
to the control. The interleukin-6 level was also
increased after fixation of a stamped crown
compared to the control data and the indicators
of animals with an inflammatory process,
namely by 1.53 times (P < 0.001) and by 1.20
times (P < 0.01), respectively. A similar tendency
to increase was found when determining the
blood serum content of IL-6 in animals with
solid-cast crowns and periodontitis. It was
established that the cytokine content exceeded
its indicators in the control group by 1.84 times
(P < 0.001). However, in comparison with
non-prosthetics animals with periodontitis, the
interleukin-6 concentration was by 1.44 times
higher (P < 0.001), this indicates an increase in
the activity of a non-specific link of the body’s
defense and the inflammatory process initiation.
It should be noted that the obtained data proved
that the level of IL-6 in the experimental group
with periodontitis and prosthesis with solid-cast
structures was reliably by 1.20 times higher (P <
0.01) compared to the group with inflammation
and stamped crowns (Table).

Our research revealed that during the
formation of experimental bacterial-immune
periodontitis there was an increase in the blood
serum level of pro-inflammatory cytokines,
compared to the control.
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The levels of cytokines (ng/l) in blood serum of rats with experimental periodontitis
and if using different types of crowns M+m

| Experimental group | IL-1p | IL-6 | IL-10 | IL-1p/IL-10 |
Control (n = 10) 5.40+0.51 10.24+0.53 20.37+0.76 0.27+0.02
Experimental periodontitis

no prosthetics (n = 8) 12.58+0.55 13.04+0.59 11.61+0.49 1.01£0.07
P,<0.001 P,<0.01 P,<0.001 P,<0.001
stamped crowns (n=8) 17.92+0.82 15.64+0.46 9.42+0.32 1.91+0.11
P,<0.001; P,<0.001; P <0.001; P,<0.001;

P,<0.01 P,<0.01 P,<0.01 P,<0.001
solid-cast crowns (n = 8) 20.42+1.18 18.79+0.59 7.70+0.29 2,75+0,13
P,<0.001; P,<0.001; P <0.001; P <0.001;
P,<0.001; P,<0.001; P,<0.001; P,<0.001;

P,<0.05 P.<0.01 P,<0.01 P.<0.01

P, —statistical significance relative to control; P, — statistical significance relative to experimental periodontitis

animals with no crowns; P, — statistical significance relative to experimental periodontitis animals with

stamped crowns.

The anti-inflammatory cytokine IL-10 plays
an important biological role in the organism’s
reactivity. In particular, it suppresses the
production of IL-1p, IL-6, TNF-a, superoxide
and nitroxide radicals by activated monocytes.
The blood serum concentration of IL-10 in
animals with periodontitis was found to be
significantly lower compared to the control,
with a reduction by 1.76 times (P < 0.001).
This indicates the presence and progression
of periodontal complex inflammatory process
during this period.

When analyzing the indicators of anti-
inflammatory cytokines, it is important to note
the decrease in these indicators when stamped
crowns were used against the background of
periodontitis. The blood serum level of anti-
inflammatory cytokines was by 2.16 times lower
than in control animals (P < 0.001) and by 1.23
times lower (P < 0.01) than in the group with
inflammation in the periodontal complex.

The content of anti-inflammatory IL-10
significantly decreased in animals with solid-
cast prostheses. The impact of this type of
crown on the inflammatory process course
is confirmed by a decrease in the content of
interleukin-10 (by 2.65 times; P < 0.001)
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compared to intact animals. Notably, during
the fixation of solid-cast crowns, the level of
anti-inflammatory cytokines also decreased by
1.51 times (P < 0.001) compared to the group
of bacterial-immune periodontitis rats without
prosthetics. This decrease reflected an increase
in the periodontal tissues inflammatory reaction.
Comparing the indicators of anti-inflammatory
cytokines when using prosthetics with different
types of metal crowns, it was observed that the
level of IL-10 was significantly lower with the
fixation of solid-cast structures, specifically by
1.22 times (P < 0.01), compared to the group
with stamped crowns.

The decrease in anti-inflammatory cytokines
and increase in pro-inflammatory cytokines in
the experimental animals’ blood serum resulted
in an imbalance in their ratio (IL-1B/IL-10).
It was found that this ratio was by 3.74 times
higher (P <0.001) in rats with the experimental
inflammation, compared to the control group. As
a result of changes in the indicators of pro- and
anti-inflammatory cytokines in the blood serum
of animals after fixation of stamped crowns
under conditions of simulated periodontitis,
changes in their ratio (IL-1p / IL-10) occurred.
Characterizing the obtained results, it should
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be noted that it significantly exceeded (by 7.07
times; P < 0.001) the indicators in animals of
the control group, this indicates the activation
of the inflammatory process and disturbance
of the dynamic balance in the cytokinegenesis
system. As shown in Table, the ratio of pro-
inflammatory and anti-inflammatory cytokines
in prosthetics animals with stamped crowns also
increased significantly, compared to the non-
prosthetics periodontitis group (by 1.89 times;
P <0.001).When determining the ratio value of
pro- and anti-inflammatory cytokines in animals
with solid-cast fixed structures, it was found its
increase by 10.19 times (P < 0.001), compared
to the control. The use of this type of crowns
led to an increase in the IL-1B/IL-10 ratio by
2.72 times (P < 0.001), compared to the data of
the non-prosthetics animals with periodontitis
(Table).The performed immunoenzymatic
studies of the pro- and anti-inflammatory
cytokines ratio showed a significant difference,
namely, the IL-1B/IL-10 index was 1.44 times
higher (P < 0.01) in animals with cast crowns
compared to stamped ones. A dynamic increase
in the IL-1B/IL-10 ratio indicates the progressive
development of the inflammatory reaction in
periodontal tissues.

Our results show that the synthesis of
cytokines increases dramatically as a result
of “tissue stress”, that is, it is an inducible
process. Cytokinogenesis is almost inactive
in the absence of an inflammatory process
and immune response [19]. Under the action
of a bacterial agent, in particular, molecules
of lipopolysaccharides, peptidoglycans and
muramyldipeptides, which are part of the cell
wall of gram-negative periodontopathogenic
bacteria, activation of macrophages occurs, this
increases the production of pro-inflammatory
cytokines (IL-1p, IL-6). These cytokines,
circulating in the blood, stimulate the subsequent
secretion of proteins of the acute phase of the
inflammatory reaction [20].

According to the modern achievements
of clinical immunology, it can be argued that
the blood cytokine profile is important for
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determining the general immunopathogenesis
of many chronic diseases, including dental
ones [21]. Recent studies have confirmed the
importance of cytokines in the intercellular
interaction that underlies the development
of chronic inflammation of the periodontal
complex, including the mechanisms of dys-
trophic-inflammatory lesions that can lead to
osteoporosis and resorption of alveolar bone,
which in turn can lead to impaired function or
even loss teeth [22].

Therefore, the data obtained give reason
to assert that the use of fixed metal orthopedic
structures in animals during the period of
exacerbation of experimental periodontitis of
bacterial-immune genesis promotes an increase
in cytokine spectrum indicators and activates
the further development of the inflammatory
process. These results may be promising in the
plan of conducting further experimental studies
in order to identify the impact of metal crowns
on other indicators of inflammatory processes in
the maxillofacial area, in particular, in bacterial-
immune periodontitis.

We conclude that the application of va-
rious types of metal crowns in experimental
periodontitis of bacterial-immune genesis led
to an intensified inflammatory response in
periodontal tissues. This was evidenced by an
increased titer of pro-inflammatory cytokines
and a reduction in the anti-inflammatory
interleukin-10 in blood serum. In experimental
animals with periodontitis and fixed solid-cast
crowns, a significant increase in the production
of pro-inflammatory cytokines (IL-1f and IL-
6) and a decrease in the formation of the anti-
inflammatory cytokine IL-10 were observed.
This contrasts with the data from rats with
simulated inflammation and stamped fixed
structures, suggesting that solid-cast prosthetics
may have a more detrimental impact on these
aspects of the inflammatory process in the
periodontal complex.

The authors of this study confirm that the
research and publication of the results were
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3MIHU HUTOKIHOBOI'O CTATYCY

TP BAKTEPIAJIbHO-IMYHHOMY
MMAPOJOHTHUTI IPH BUKOPUCTAHHI
PI3HUX THUIIIB HE3HIMHUX NPOTE3HUX
KOHCTPYKIIN

TeproninbcoKuti HAYIOHATLHUL MeOUUHULL YHIBEpCUment
imeni I.A. T'opbauescokoco MO3 Vrpainu;
e-mail: demkovushae@tdmu.edu.ua

IMonan 10% mnamnieHTiB, SIKi BHKOPHCTOBYIOTh HE3HIMHI 3yOHI
MIPOTE3H, CTPAXKIAIOTH HA TiHTIBIT Ta CTOMAaTHT. MeTor Ha-
101 poOOTH OyJI0 AOCIIAUTH 3MiHU IIUTOKIHOBOTO CTATYCy Y
LIypiB IIPY eKCIIEPUMEHTAIBHOMY TTapOIOHTHTI OaKTepiaIbHO-
IMyHHOTO T'€He3y 3a yMOB BUKOPHUCTAHHS IITAMIIOBAHHX Ta
CYLUTBHOJINTUX KOPOHOK. [TapOOHTHUT Y TOCIIHUX TBAPUH
OyB 1HIYKOBAaHHWI BBEICHHAM CyMIIlli MiKpOOPTaHi3MiB, p0O3-
BEJICHOI SIEYHUM TPOTETHOM, Yy TKAHMHH MapOJOHTAIBLHOTO
komruiekey. Ha 30-ty mo0y HOCHiIKeHHS METOAOM TBEPIIO-
(hazHOrO iIMyHO(PEPMEHTHOTO aHANi3y BH3HAYATIH KOHIIEHT-
patitro y cupoBarii kposi intepneiikinis(LJI): 1JI-1p, IJI-6 Ta
1JI-10. V excriepuMeHTaNbHUX TBAapHH 13 MapOJOHTHTOM Ta
3aiKCOBaHUMHU CYLITHHOIUTUMH KOPOHKAMHU JOCTOBIPHO
ITiABHIYBAIUCS KOHIICHTpAIl Ipo3anadbHUX HUTOKIiHIB [JI-
1B Ta 1JI-6, a Takok 3MEHIIYBaBCS BMICT MPOTU3ANAIBHOTO
1JI-10 mopiBHSAHO 31 3HAYSHHSAMH Y HIypiB 3 IITAMIIOBaHIMU
HE3HIMHUMH KOHCTPYKIisMU. OTpUMaHi pe3yJabTaTH CBiquaTh
PO Pi3HUIIO Y BIUTUBI TUITY IPOTE3y Ha PO3BUTOK 3aIaIbHOTO
MPOIECY B TKAHMHAX MAaPOIOHTA.

Kiro4oBi ci1oBa: TapoOHTH; IUTOKIHHU; IHTEpIEHKIHI; IMyHHA
CHCTEMa; He3HIMHE MPOTE3yBaHHS; IITAaMIIOBaHI KOPOHKH;
CYUITBHOIHTI KOPOHKH.
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