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EXPERIMENTAL SUBSTANTIATION
OF THE USE OF THERAPEUTIC
PROPHYLACTIC PASTE FOR
PREVENTION OF COMPLICATIONS
DURING ODONTOPREPARATION
OF VITALTEETH

Increased tooth sensitivity after preparation for non-
removable orthopedic structures is a common problem
in orthopedic dentistry. In many cases, it can contribute
to morphofunctional changes in the hard tissues of the
tooth and lead to various complications, with pulpitis and
periodontitis being the most common. This article presents
the results of a study of rat blood serum after experimental
tooth trauma. An analysis of pulp inflammation markers
was conducted, which demonstrated that the proposed
therapeutic complex significantly reduces inflammatory
reactions in the tooth pulp, increases nonspecific resistance
and antioxidant status of the pulp in animals following
odontopreparation. The aim of our study. Experimental
Justification for the use of a complex of hyaluronic acid,
bioflavonoids, and minerals to enhance the effectiveness
of preventing complications after dental preparation
for non-removable orthopedic structures. Investigate
changes in pulp inflammation markers in the blood serum
of experimental animals during dental preparation.
Study the effect of the proposed complex on biochemical
indicators in the blood serum of experimental animals.
Materials and methods. The study was conducted on
48 sexually mature male Wistar rats weighing 220-270
g and aged 6-7 months. The animals were divided into
3 groups. The duration of the experiment was 21 days,
after which the rats were euthanized under thiopental
anesthesia (20 mg/kg) by bloodletting from the heart.
Blood was collected to obtain serum. Serum catalase
activity, alkaline phosphatase ALP, a2-macroglobulin,
and alanine aminotransferase (ALT) were determined.
Results of the study and their discussion. The study of
alkaline phosphatase and alanine aminotransferase
activity in the intact groups taken for analysis on the 7th
and 21st day showed that these indicators were within
the normal range and corresponded to data in the blood
of rats presented in the literature sources. Conclusions.
During the preparation of tooth crowns in experimental
animals, pronounced inflammatory reactions develop in

the traumatized pulp, which occur against the background
of activation of the processes of oxidative stress (OS)
with a characteristic phase course, accompanied by a
significant increase in the concentration of inflammation
markers in the blood serum. The proposed therapeutic
and prophylactic complex effectively prevents established
disturbances in the biochemical parameters of the blood
serum of laboratory animals and is effective in preventing
and preventing inflammatory processes in the pulp.

Key words: prevention, bioflavonoids, minerals, hyaluronic
acid, dental preparation.
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EKCIIEPUMEHTAJIBHE
OBIPYHTYBAHHSA
3ACTOCYBAHHA JIIKYBAJIBHO
NPOPLIAKTUYHOI ACTH JIJIA
HNPOPIIIAKTUKHU YCKJIIAJHEHb
TP OJOHTOIIPEITAPYBAHHI
BITAJIbHUX 3YBIB

ITiosuwena  uymausicme  3y6ie¢  nicis  npoyecy
npenapyseanHsi ni0 He3HIMHI OpmoneoudHi KOHCMPYKYil
€ Oocumv NOWUPEHOI NpPOONEMOK)  OPMONeOUYHOl
cmomamonocii. Y  eenuxini  Kintbkocmi 6unaokie ye
Moodice cnpusmu npoyecy Mop@O@YHKYIOHATbHUX 3MiH
68 meepoux MKAHUHAX 3Y0d, A MAKOHC € NPUYUHOIO
Pi3H020 pOOY YCKIAOHEHb, 3 AKUX 0COOUBO NOULUPEHUMU
€ nynonimu i nepio0oHmumu. Y cmammi npeocmaegieni
pe3yiomamu  00CHIONCeHHsT CUPOBAMKU KPOBI  Wypi6
npu excnepumeHmanvuiu mpasmi ix 3y6ig. Ilposedeno
aHani3 Mapkepie 3ananeHts nyivhu, 8 pe3yibmami K020
006e0eHO, U0 3anPONOHOBAHUL KOMNIIIEKC 3HAYHO 3HUNCYE
sananvHi peaxyii 8 nyioni 3y6a, niosuuye necneyupiuny
PE3UCMEHMHICMb | AHMUOKCUOGHMHULL CMamyc nyibnu
3y0i6 meapun 8 pe3ynbmami 00OHMONPEnapyeaHHs.
Mema Hawol pooomu. Excnepumenmansvhe
OOIPYHMYBAHHA 3ACMOCYBAHHA KOMNJLEKCY 2ianypOHO8OL
Kucnomu, 6iognagonoidie i minepanie 0na NiO8UUYEHHS
ehexmuenocmi  nPoQinaKkmuku  YCKAAOHeHb  NICIs
000OHMONPEnapy8antss N0  HE3HIMHI  OpMONeoudHi
KoHcmpykyii. Jlocnioumu 3MiHu mapkepié 3andaieHHs
nyibnu 3y06a 6 Ccuposamyi Kpogi eKCHepUMEHMATbHUX
meapux npu 00OHMONpenapuposanuy. Bueuumu eniue
NPONOHOBAHO20 KOMNJIIEKCY HA OIOXiMiYHI NOKA3HUKU
6 cuposamyi KpoGl eKCNepUMEHMAIbHUX MEAPUH.
Mamepianu i memoou Oocnidxcennsn. Jocniodncenns
npogedeHo Ha 48 cmameso3pinux wypax-camysx JiHil
Bicmap, macorw 220-270 e, gikom 6-7 micayie. Teapunu
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oynu posnooineni na 3 epynu. Tpusanicme excnepumenny
cknana 21 OHi6, nicis 3aKiHYEHHs SKUX WYPIE GUBOOUNU
3 excnepumenmy nio mionewmanosum Hapxosom (20 me/
Ke) WsXoM KpOBONYCKamuus 3 cepys. 30upanu Kpog 0.
OMpUMAHHA cuposamku. Y cupogamyi Kpo8i npogoounu
BUSHAYEHHA AKMUBHOCMI KAMAiasu, IyxcHoi gocpamasu
JID, oa2-maxpoenobyniny ma anravinamiHompaucgepasu
AJIT. Pe3ynomamu 0ocnidxcenna ma ix 062080penns.
Jocnioocennss  akmuenocmi  yxucHol  gocpamazu  ma
anaHiHaminompaucgepasu 6 iIHMaKmHUX epynax, SKi oynu
63ami 0151 ananizy Ha 7-my ma 21-000y noxazanu, wjo yi
NOKA3HUKU 3HAXOOUTUCH 8 MeNCAX HOPMU a GION08IdAIU
OaHuM 6 KpO8i Wypis, Wo npeoCmaeieHi 6 IimepamypHux
Oocepenax. Bucnoeox. Ilpu npenapysanni KopoHOK
3y0i8 Yy eKcnepuMeHmanibHux meapuH 6 mpaeMO8aHill
NYIbRi PO36UBAIOMBCA BUPANCEH] 3aNANbHI peakyii, uo
NpomiKaiomy HA Ml aKmueayii npoyecie nepeKucHoo
cmpecy (IIC) 3 xapakmeprum ¢pasosum nepebicom,
Wo  CYnpoBoOANCYEMbCS  OOCMOBIPHUM — 30iTbUEHHAM
KOHYeHmpayii mapkepié 3anaieHHs 6 CUposamyi Kposei.
Tlpononosanuii  1iKy8anbHO-npoQinaKmuuHull KOMNIeKc
epekmusno  3anobieac  8CMAHOGNEHI  NOPYWEHHS.
OIOXIMIYHUX NOKA3HUKIE 8 CUPOBAMYI KPOBL 1A00PAMOPHUX
meapur i epekmugnutl 011 NPOPIIAKMUKY | 3anodieants
3ananbHUX NPoyecie 6 nyavhi.

Knrouosi  cnosa:  npoginaxmuka,  6ioghnasonoiou,
MiHepanu, 2ianypoHoea KUcioma, 0OOHMoONpenapyeanHs.

Relevance. Increased tooth sensitivity after
preparation for non-removable orthopedic structures
is a fairly common problem in orthopedic dentistry.
In many cases, this can contribute to morphofunc-
tional changes in the hard tissues of the tooth and is
also a cause of various complications, among which
pulpitis and periodontitis are particularly common
[11,12,18]. However, considering the aforemen-
tioned, it is considered justified to preserve the tooth
pulp during treatment with non-removable orthope-
dic structures [9]. To protect the pulp of prepared
abutment teeth for non-removable dental prostheses
(NDP), temporary NDP structures fixed to the teeth
with special hardening pastes are usually used during
the laboratory stages of their manufacturing. How-
ever, practically all currently available hardening
pastes serve mainly to fix temporary crowns on abut-
ment teeth, without providing any significant thera-
peutic effect on the pulp traumatized to a greater or
lesser extent during dental preparation. Considering
the practically inevitable unfavorable effect of the
tooth preparation procedure on the pulp's viability, it
is obvious that materials for fixing temporary NDP
should have the same properties as drugs recom-
mended for the treatment of deep caries and pulpitis.

Considering the peculiarities of the pathogenesis
of thermal and vibrational, mainly aseptic trauma of
teeth during dental preparation, it should be assumed
that the pharmacological action of such drugs should
be complex.

The purpose of our work was to experimentally
justify the use of a complex of hyaluronic acid, bio-
flavonoids, and minerals to enhance the effectiveness
of preventing complications after dental preparation
for non-removable orthopedic structures.

To achieve the stated goal, the following tasks
were set:

1. Investigate changes in pulp inflammation
markers in the blood serum of experimental animals
during dental preparation.

2. Study the effect of the proposed complex on
biochemical indicators in the blood serum of experi-
mental animals.

Materials and methods. The study was con-
ducted on 48 sexually mature male Wistar rats,
weighing 220-270 g and aged 6-7 months. The ani-
mals were divided into three groups: Group 1 — intact
control; Group 2 — traumatic injury; Group 3 — ani-
mals with traumatic injury receiving an application of
the proposed therapeutic and prophylactic complex
(TPC). Each group consisted of 16 animals, which
were divided into subgroups (n=8) depending on the
duration of removal from the experiment. The ani-
mals were removed from the experiment on the 7th
and 21st days. The animals were kept under stand-
ard conditions and fed a standard vivarium diet. All
research was conducted in accordance with modern
international requirements and standards for humane
treatment of animals (Council of Europe Convention
of 18.03.1986 (Strasbourg); Helsinki Declaration
1975, revised and supplemented in 2 years, Law of
Ukraine dated 21.02.2006 No. 3447-1V).

The duration of the experiment was 21 days,
after which the rats were removed from the exper-
iment under thiopental anesthesia (20 mg/kg) by
bloodletting from the heart. Blood was collected
to obtain serum. The serum was used to determine
the activity of catalase, alkaline phosphatase ALP,
o2-macroglobulin, and alanine aminotransferase
ALT [1,3,4,5,6,11].

The therapeutic and prophylactic complex con-
sisted of “Kvertgial” gel (SIA “Odessa Biotechnol-
ogy”, Ukraine), zinc oxide powder, HYDROCAL
(calcium hydroxide powder; Cerkamed, Poland). The
preparations were mixed ex tempore in equal propor-
tions to obtain a homogeneous paste. The prepared
paste was used to treat the exposed surface of the
dentin and fix temporary crowns.

Results of the study and their discussion.

The study of alkaline phosphatase and alanine
aminotransferase activity in intact groups taken for
analysis on the 7th and 21st days showed (table 1)
that these indicators were within the normal range
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Table 1

The mean levels of alkaline phosphatase and alanine aminotransferase activity
in the groups of experimental animals, M (SD)

Alkaline phosphatase, Alanine aminotransferase (ALT),
nmol/(secxL) pmol/(hxmL)
Groups

7 day 21 day 7 day 21 day

(n=24) (n=24) (n=24) (n=24)
1st group: intact control (n=8) 3352.8 (470.73) | 3453.6(387.22) 0.62 (0.068) 0.61 (0.057)
)2 p,=0.539 p,=0.526
2 group: traumatic injury (n=8) 6506.4 (1254.50) | 6720.9 (1258.57) 0.60 (0.102) | 1.5 (0.14)
D, p,=0.644 p,<0.001
D, 2,<0.001 p,<0.001 p,=0.474 p,<0.001
3 group: traumatic injury +
therapeutic and prophylactic 13780.6 (1467.33) | 3509.9 (504.08) 0.67 (0.096) 0.69 (0.136)
complex (n=8)
P, p,<0.001 p,=0.607
P, p,<0.001 p,=0.695 p,=0.372 p,=0.018
P, p,<0.001 p,<0.001 p,;=0.259 p,<0.001

Notes. Differences between groups were analyzed using the Welch's t-test with Holm's corrections for multiple comparisons: p, —
between day 7 and day 21, p,— compared to intact control; p,— compared to negative control (traumatic injury).

and corresponded to the data in the blood of rats pre-
sented in the literature sources [10, 13, 14].

In the traumatic injury group, the alkaline phos-
phatase activity was significantly increased (p<0.001)
compared to the intact control group on both the 7th
and 21st days of the study. An increase of almost two
times was observed on the 7th day (3,153.53 (95 % CI
2,351.36-3,955.7) nmol/(secxL) — 94.1 %), and the
activity remained elevated on the 21st day (p=0.644).

A significant 4.11-fold increase in the level of
ALP was observed in the 3rd experimental group on
the 7th day compared to the 1st group (p<0,001).

At the same time, on the 21st day, its value sig-
nificantly decreased (p<0.001): to 10,270.66 (95 %
CI 9,320.47-11,220.85) nmol/(secxL) — a decrease
of 74.5 % — and reached a level that did not differ
from the control values (p=0.695) during this period
of the study.

When comparing the data on the 7th and 21st days
of animal withdrawal from the experiment in groups 1
and 2, there was no tendency towards a decrease in the
level of ALP. On the contrary, the levels of the indica-
tor statistically non-significantly increased (p>0,05).

Comparison of the parameters in Group 3 — trau-
matic injury treated with the therapeutic-prophylactic
complex and Group 2 — negative control (traumatic
injury) showed that on the 7th day of the study, the
level of ALP in Group 3 significantly exceeded that
in Group 2, while on the 21st day it was significantly
lower (p<0.001), indicating a positive effect of the
proposed complex on the proteinase system of rat
serum.

The values of alanine aminotransferase activity
did not significantly differ in groups 2 and 3 from
the control values of group 1 on day 7 (p>0.05), but
significantly increased (p<(0.001) in the traumatic
injury group by 2.5 times (0.87 (95 % CI 0.78-0.96)
umol/(hxmL)) on day 21 of the study (see table 1). In
the group with traumatic injury where the complex
was applied, there was no significant increase in ALT
activity on the 21st day of the study (p=0.607), while
the values of the indicator in this period were statisti-
cally significantly higher (p=0.018) than those of the
intact control, but there was no clinically significant
difference since the indicators differed by 0.08 (95 %
CI1 0.02-0.15) pmol/(hxmL).

At the same time, the value of ALT in the 3rd group
on day 21 of the study was 0.78 (95 % CI 0.69—-0.87)
pmol/(hxmL) or 52.9 % lower (p<0.001) compared
to the results in the negative control group.

Based on the results obtained, the levels of activity
of both enzymes decreased in the groups of rats that
received a therapeutic and preventive complex after
traumatic injury, especially on the 21st day. Moreo-
ver, the level of alkaline phosphatase activity did not
differ significantly from the values in the intact group,
and the activity of ALT was only increased by 13.7 %
relative to the control. Therefore, it can be concluded
that the use of hyaluronic acid in combination with
quercetin and calcium hydroxide was effective.

The study of catalase activity, as a participant in
the antioxidant system and an inhibitor of a2-mac-
roglobulin, in intact groups taken for analysis at 7
and 21 days showed that these indicators were within
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Table 2
Mean levels of catalase activity and a2-macroglobulin in experimental animal groups, M (SD)
Catalase, pmol/(sxL) 02-macroglobulin, pmol/L
Groups 7 day 21 day 7 day 21 day
(n=24) (n=24) (n=24) (n=24)
1st group: intact control (n=8) 4.9 (0.16) 4.8 (0.36) 9.8 (0.24) 9.7 (0.41)
p, p,=0.438 p,=0.563
2 group: traumatic injury (n=8) 3.5(0.67) | 4.6 (0.47) 9.6 (1.07) | 14.3 (3.79)
p, p,<0.001 p,<0.001
p, p,<0.001 p,=0.189 p,=0.612 p,<0.001
3 group: traumatic injury +
therapeutic and prophylactic 4.7(0.21) 4.8 (0.23) 9.7 (0.65) 9.8 (0.51)
complex (n=8)
p, p,=0.438 p,=0.824
p, p,=0.067 p,=0.719 p,=1.0 p,=0.442
p, p,<0.001 p,=0.241 p,=1.0 p,<0.001

Notes. Differences between groups were analyzed using the Welch's t-test with Holm's corrections for multiple comparisons: p, —
between day 7 and day 21, p,— compared to intact control; p,— compared to negative control (traumatic injury).

the normal range (table 2) and corresponded to the
data presented in the reference literature [14].

It should be noted that the activity of catalase did
not significantly change between the 7th and 21st
day of observation in the 1st and 3rd study groups
(»>0.05), and increased significantly by 1.13 (95 %
CI 0.66—1.59) umol/(sxL) or 32.4 % in the group
with traumatic injury (p<0.001). On the 7th day of
observation in the traumatic injury group, the activ-
ity of catalase was significantly lower (p<0.001)
compared to the 1st and 3rd groups. At the same
time, when using LPC, this indicator remained nor-
mal and did not differ from the intact control group.
(p=0.067).

According to literature data, experimental acute
periodontitis in rats also results in a decrease in cata-
lase activity, and the use of the gel “Kvertulin” based
on quercetin, inulin, and calcium citrate normalizes
this indicator [8,15]. Since it is known that the fla-
vonoid quercetin has antioxidant properties and its
effective effect on catalase activity in patients has
been proven [15], our results confirm the theory of its
normalizing effect on the antioxidant system.

The activity of a2-macroglobulin did not signifi-
cantly change on the 7th day compared to the intact
control and the 3rd group in the case of traumatic
injury (p>0.05). However, it increased by 47.9 % on
the 21st day of the experiment (p<0.001), reaching
4.62 (95 % CI 2.75-6.48) umol/L.

On day 21 of observation, the level of a2-mac-
roglobulin in the group with traumatic injury and use
of TPC did not differ from the intact control, while
in the group with traumatic injury it significantly
exceeded it. (p<0.001).

Both groups of rats where the proposed com-
plex was used did not show significant changes over
time (see table 2). The level of a2-macroglobulin,
a protein with nonspecific inhibitory activity, was
investigated in 2020 as part of proteomic analysis in
volunteers with healthy, inflammatory, and necrotic
pulp. An increase of this indicator by 2.33 times was
demonstrated in the inflammatory pulp compared to
healthy pulp [2], which explains our results regarding
its increase in the bloodstream.

Conclusions:

1. During the preparation of tooth crowns in
experimental animals, pronounced inflammatory
reactions develop in the traumatized pulp, which
occur against the background of activation of oxi-
dative stress processes (OS) with a characteristic
phased course, accompanied by a significant increase
in the concentration of inflammation markers in the
blood serum.

2. The proposed therapeutic and preventive com-
plex effectively prevents the established biochemical
abnormalities in the blood serum of laboratory ani-
mals and may be a useful measure in the prevention
and management of pulp inflammation.
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