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ABSTRACT

Introduction. Highly important is to regenerate the inflammatory destructive processes of bone tissue out-
side the apical area of the tooth that would optimize reparative bone formation, mineralization of tooth tis-
sues, restoration of periodontal function and stability of tooth to occlusive loads, especially with acquired
extensive root apex. Low efficiency of endodontic treatment led to the searching of the new osteotropic
drugs of osteoconductive action and biorevitalization to stimulate the repairing and regeneration of tissues
outside the apical area and dense obturation of the apex of the tooth root.

Aim. of our research was to determine the dynamics of reparative processes in the bone tissue under the
influence of drugs and compositions for endodontic treatment based on an analysis of indicators of a min-
eral metabolism, marker enzymes and an activity of antioxidant system and lipid peroxidation.

Material and Methods. An experiment was conducted on 120 white rats. It was created a bone defect, which
was filled with studied biomaterials or left with a blood clot. From the experiment the rats were taken out on
14 and 90 day. In homogenates of bone tissue it was examined the activity of lysosomal enzymes — alka-
line (ALP) and acid (AP) phosphatases and the content of microelements — calcium and phosphorus. In
the blood of rats it was studied the concentration of general protein, lipid peroxidation products — malon-
ic dialdehyde (MDA) and the enzyme activity of antioxidant system — catalase (CAT) and superoxide dis-
mutase (SOD).

Results and Conclusions. Results of conducted experimental research of the effect of endodontic filling
materials on the activity of the regeneration processes of bone tissue show that proposed compositions
based on hydroxyapatite and beta-tricalcium phosphate, due to their osteoconductive and biorevitalization
qualities, promote more active stimulation of bone tissue regeneration processes compared to generally
accepted drugs.

Keywords: experiment, biomaterials, regeneration, alkaline phosphatase, acid phosphatase, calcium, phos-
phorus, malonic dialdehyde, catalase, superoxide dismutase, general protein.

Introduction o : .
Highly important is to regenerate the inflamma-

Nowadays the problem of regeneration of bone
tissue and searching of methods of influence
on the regeneration processes of bone is one of
the actual problems of modern medicine. The
essence of reparative regeneration consists in
restoring the cells, tissues or organs after expe-
riencing various pathological processes [1].

tory destructive processes of bone tissue out-
side the apical area of the tooth that would opti-
mize reparative bone formation, mineralization of
tooth tissues, restoration of periodontal function
and stability of tooth to occlusive loads, especial-
ly with acquired extensive root apex [2]. Low effi-
ciency of endodontic treatment led to the search-
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ing of the new osteotropic drugs of osteoconduc-
tive action and biorevitalization to stimulate the
repairing and regeneration of tissues outside the
apical area and dense obturation of the apex of
the tooth root [3, 4].

Aim

The aim of our research was to determine the
dynamics of reparative processes in the bone tis-
sue under the influence of drugs and composi-
tions for endodontic treatment based on an anal-
ysis of indicators of a mineral metabolism, mark-
er enzymes and an activity of antioxidant system
and lipid peroxidation.

Material and Methods

An experiment was conducted on 120 white rats
of Wistar line of herd breeding at the age of 9-10
weeks. Studies on the laboratory animals were
conducted following the principles of bioeth-
ics in accordance with the European Convention
for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes
(Strasbourg, 1986), the Law of Ukraine N2 3447-1V
"On the Protection of Animals from Brutal Treat-
ment" and were appropriately approved by the
local ethics Committee. To create a bone defect
intervention was performed under general anes-
thesia (0.5 ml of 4% solution of sodium thiopen-
tal into the peritoneum). On the left side of the
lower jaw of rats it was made a trapezoid-shaped
cut with a scalpel in the area between the inci-
sor and right molar and mucous membrane was
separated. It was created a bone defect of 3 mm
in diameter and of 2.5 mm in depth by spherical
and fissure burs under constant irrigation with
saline 0.9%, which was filled with studied bioma-
terials or left with a blood clot and covered with
mucous membrane and the stitches were put in.
All animals were divided into 6 research groups
and 20 individuals in each: first group — intact
animals that served as a control; second com-
parative group — animals, on which it was cre-
ated a bone defect without entering the biomate-
rial; third group — animals, on which it was used
material Nano Gen to fill the defect; fourth group
— animals on which it was entered mineral triox-
ide aggregate (MTA) in the created defect; fifth
group — animals, whose defect was filled with the
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composition based on beta-tricalcium phosphate
(B-TCP); sixth group — animals, which created
defect in a bone was entered with the composi-
tion made on the basis of calcium hydroxyapatite
(HA) (Utility model patent number 95974, Ukraine,
2015). The animals, except the control group,
were held on a bland diet on the first 3 days after
the beginning of an experiment, and henceforth
— on a standard diet and according to the sani-
tary norms in the vivarium. From the experiment
the rats were taken out on 14 and 90 day by their
decapitation under anesthesia. A blood sampling
was provided and the bone defect area of an alve-
olar bone of the lower jaw of a rat was carved for
the future biochemical research. In homogenates
of bone tissue it was examined the activity of lys-
osomal enzymes — alkaline (ALP) and acid (AP)
phosphatases and the content of microelements
— calcium and phosphorus. In the blood of rats
it was studied the concentration of general pro-
tein, lipid peroxidation products — malonic dial-
dehyde (MDA) and the enzyme activity of anti-
oxidant system — catalase (CAT) and superoxide
dismutase (SOD).

Results

On 14th day in the second group of animals with
created bone defect without entering the bioma-
terial it was established that MDA had increased
by 2.3 times compared to the control (p < 0.001)
(Table 1). Similar changes in the number of MDA
were observed in the third and fourth groups of
animals, destruction of bone tissue of which was
filled with the biomaterials MTA and Nano Gen
(p < 0.007). In the fifth and sixth groups of ani-
mals where were used compositions based on
B-TCP and HA it was marked an increase in MDA
— by 2 and 1.9 times, respectively (p < 0.001).
At the same time changes were observed in the
enzyme activity of an antioxidant system. Thus,
in the second group of animals the concentration
of SOD and catalase was decreased only by 1.6
time (p < 0.001) and in the third and fourth groups
of animals the enzyme activity was decreased
by 1.47 and 1.5 time, respectively (p < 0.001). In
the fifth and sixth research groups it was marked
a reduction of SOD and catalase only by 1.25 and
1.21 time respectively compared to intact animals
(p < 0.001). The imbalance in the system POL/
AOS caused the reduction of antioxidant-proox-



Table 1. Indicators of POL products, AOS enzymes and general protein concentration in serum of rats' blood on 14 day (M + m)

Groups of animals MDA SOD Catalase API General protein
Experimental drugs kmol/L mkat/L mkat/L g/L

. Control (n = 10) 2,35+0.03 7,46 0,27 0,263 +0.012 329 71,6+012

1. Comparison group (n = 10) 543+0.06 " 4,68%0,22""°° 0,164+0.003""°° 0,89 100,3+1,6""°°

1. Nano Gen (n = 10) 5,38+ 0.05™ 4971014 0,17540.003 " 095 95013

IV. MTA (n = 10) 5,35+ 0.06 " 5,0810,16 ™ 0178+0.003""° 098 935411

V. Composition based on B-TCP (n = 10) 4634004 5984021 " 0,212+0.003"°° 1,34 86,3+15""°

VI. Composition based on HA (n = 10) 448+0.06°° 6,17+0,19™°°  0,217+0,003"° 1,43 84,6+13""°

Note: " — an indicator of the likelihood difference compared to a control at p < 0.01, ™ — p < 0.007; ° — indicator of the likelihood difference

compared to the comparison group at p < 0.05, °° — p < 0.01,°*° — p< 0.001.

idant index (API) [5]. Thus, in the second group
of experimental animals APl decreased by 73%,
and in the third and fourth groups — by 71% and
70%, respectively (p < 0.001). In the fifth and sixth
study groups API index has decreased by only
59% and 56% respectively compared to the intact
animals (p < 0.001).

At the same time it was detected an increase
of the concentration of the general protein in
the second group of animals by 1.4 times com-
pared to the intact animals (p < 0.001), and in the
third and fourth groups of animals — by 1.3 times
compared to the control group (p < 0.001). In the
fifth and sixth research groups the concentration
of the general protein was increased by 1.2 com-
pared to the intact group (p < 0.001).

CF is a biomarker of the bone tissue, which
characterizes the activity of osteoclasts and the
intensity of osteolysis [6, 7]. In the second, third
and fourth groups of the animals it was observed
an increase in the lysosomal enzyme AP by 1.5
times compared to indicators in the intact bone
(p < 0.001) (Table 2). However, in the fifth and sixth
research groups content of AP grew up only by 1.2
and 1.3 time, respectively (p < 0.001). Simultane-
ously, changes of the content and the other bio-
marker of bone fabric — ALP were observed In

the second group of animals the enzyme activity
increased by 1.25 time (p < 0.001), and in the third
and fourth groups of animals — by 1.3 times com-
pared to the control group of animals (p < 0.001).
In the fifth and sixth research groups ALP con-
centrations increased by 1.9 time compared to
the intact bone (p < 0.001). Activity of processes
of osteogenesis and osteolysis during the bone
regeneration characterizes the index of mineral-
ization, which is defined by ALP / AP. In the sec-
ond, third and fourth groups of animals the index
decreased by 18%, 16% and 14% respectively com-
pared to the intact animals. However, in the fifth
and sixth groups of animals it was observed an
increase in the index by 44% and 47% respectively,
demonstrating a prevalence of bone regenerative
processes of osteogenesis over destruction of tis-
sues.

On 14th day of study calcium content in the
second and third groups of animals decreased by
1.8 time, in the fourth — by 1.6 time, in the fifth
— by 1.5 time and in the sixth — by 1.3 time com-
pared to indicators of the control group (p < 0.001)
(Table 3). Simultaneously, it was observed
a reduction of content of phosphorus ions in the
second, third and fourth groups of animals by 1.8;
1.7 and 1.5 time, respectively, in the fifth group —

Table 2. Indicators of ALP mkat/L and AP mkat/L activity in homogenates of rats’ bone tissue (M + m)

Terms of observation

Groups of animals

; 14 day 90 day
Experimental drugs
AP ALP ALP/AP AP ALP ALP/AP
I. Control (n = 5) 1,58 £ 0.02 20,2+0,3 12,8 1584002 20,2t0,3 12,8
II. Comparison group (n = 10) 2414002 253403 10,5 1,69+0.03" 21,1+0,3" 12,5
1. Nano Gen (n = 10) 2,39+0.01™ 258+02"° 108 165+0.03 206203 12,5
IV.MTA (n = 10) 2,3840.02™ 262%03"° 11,0 1644003 21,3+0,3" 13,0
V. Composition based on B-TCP (n=10) 1,98 +0.03"**° 36,6 +0,2""°° 18,5 161+0.03° 227+04"° 14,

VI. Composition based on HA (n = 10)

197 +£0.03""°° 372+04""° 189

1,60£0.02°° 231+03"°° 14,5

Note: * — an indicator of the likelihood difference compared to a control at p < 0.05, " — p<0.01,” — p < 0.007; ° — indicator of the likelihood
difference compared to the comparison group at p < 0.05, °° — p<0.01,°°° — p< 0.001.
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Table 3. Indicators of calcium mmol/L and phosphorus mmol/L content in homogenates of rats' bone tissue (M + m)

Terms of observation

14

. 14 day 90 day
Groups of animals Calcium/ Calciom/
. alcium . alcium
Calcium Phosphorus Phosphorus Calcium Phosphorus Phosphorus

:'ncfg)tm' 13,31 0,11 570+0,13 2,33 13,31 £ 0,11 570+0,13 2,33
:'n E‘;'S)pa“”" group 7144007 3134011 228 8,02+013" 3814012 211
:'r:'szg)" C 7294009 3204011 2,28 819+011°" 388012 211
:‘n’M]TO‘; 8,27+0,13"°° 3,61+0,00°* 2,29 10,01 £0,12°°° 4,57 +0,10""*°> 2,19
V. Compositionbasedon g g5, g g9 ee 3854009 2,30 11,4340,147°°° 499+0,10"* 2,29
B_TCP (n = 'IO) ’ - ’ ’ - ’ ’ 1 - ’ ’ - ’ 1

o f:'fﬁ’g;'"m basedon g 94 0,120 427011 2,30 11,7640,14"°° 5094013 2,31

Note: * — an indicator of the likelihood difference compared to a control at p < 0.05, " — p< 0.01,” — p < 0.007; ° — indicator of the likelihood
difference compared to the comparison group at p < 0.05, °° — p < 0.01,°°° — p < 0.001.

by 1.4 time, and in the sixth experimental group —
by 1.3 time compared to indicators of the control
group (p < 0.001). Decrease of index of calcium
and phosphorus correlation points to calcium
deficiency compared to phosphorus.

On 90th day after modeling the destruction it
is observed an increase in the concentration of
MDA in the second group of animals by 1.45 time
compared to control (p < 0.001), in the third and
fourth groups of animals — in 1.3 time (p < 0.001)
and in the fifth and sixth experimental groups it is
noticed the returning of indicators of processes
of lipid peroxidation to those of the control group
(Table 4). Simultaneously, the positive dynam-
ics is observed in the functioning of the antioxi-
dant system. The activity of catalase and SOD
in all experimental groups approached to stan-
dard indicators, although SOD concentration in
the second group of experimental animals has
not reached the control indicators and was low-
er by 1.1 time (p < 0.04). In addition, to indicators
of the control group approached the indicator of
general protein concentration, except the one of
the second group of experimental animals, where
its content remained increased by 1.2 time com-
pared to the control group of animals (p < 0.001).

Positive dynamics was also observed in the
indicators of biomarkers of bone tissue. The con-
centration of the enzyme ALP in the second group
of animals has increased by 1.2 time (p < 0.04),
and in the third and fourth groups of animals —
by 1.1 time compared to the control group of ani-
mals (p < 0.02 and p < 0.3 respectively). Simul-
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taneously, the content of lysosomal enzyme AP
remained increased — in the second group of ani-
mals by 1.2 time (p < 0.01), while in the third and
fourth groups of animals — in 1.1 time compared
to indicators in the intact bone (p < 0.1) (Table 2).
In the fifth and sixth research groups alkaline the
content of enzymes ALP and AP closed to indica-
tors of the control group. This shows an absence
of inflammation in the bone tissue and recon-
struction of balance processes of osteogenesis
and osteolysis.

The content of calcium ions remains below
normal in the second and third groups by 1.6 time,
in the fourth group — by 1.3 time and in the fifth
and sixth research groups — within the indica-
tors of the control group. A content of phospho-
rus ions is below normal in the second and third
groups of animals by 1.5 time, in the fourth group
— by 1.3 time, and in the fifth and sixth research
groups — by 1.1 time compared to indicators of
the control group (Table 3).

Discussion

Analysis of various scientific studies indicates
that the speed and quality of regeneration of
bone tissue destruction outside the apex depend
on the use of endodontic filling materials that are
used to stimulate and accelerate the process of
osteo-regeneration [8, 9].

The goal of our research was to evaluate the
influence of endodontic filling agents on the
activity of bone regeneration processes by ana-



Table 4. Indicators of POL products, AOS enzymes and general protein concentration in serum of rats' blood on 90 day (M+m)

Groups of animals MDA SOD Catalase API General protein
Experimental drugs kmol/L mkat/L mkat/L g/L
. Control (n = 10) 2,35+0,03 7,46 10,27 0,263+0,012 329 716+12
1. Comparison group (n = 10) 3,41£0,04 7 6671021 0246+0009 2,03 851171
1. Nano Gen (n = 10) 3114£0,04 7 6,8510,14 0,248 + 0,01 228 T48+13°°
IV. MTA (n = 10) 2,98 10,04 """ 6,910,12 0,252 40,011 24 TA5+12°°
V. Composition based on B-TCP (n = 10) 2,41+0,02°° 751+0,22° 0,257+0,013 322 728+12°°
VI. Composition based on HA (n = 10) 2,39+0,02°°° 76+0,26° 0,269+0,013 329 724+10°°
Note: " — an indicator of the likelihood difference compared to a control at p < 0.05, ™ — p < 0.007; ° — indicator of the likelihood difference

compared to the comparison group at p < 0.05, °°* — p < 0.001.

lyzing the indicators of mineral metabolism,
marker enzymes and the activity of antioxidant
system and lipid peroxidation.

We found that destruction of bone tissue is
accompanied by excessive activation of process-
es POL and essential decrease of the expres-
sion of enzymes AOS in the bone as well as in
the blood that is indicated by the growth of MDA
content and the decrease of SOD concentra-
tion and catalase. Since POL is considered to be
one of the basic mechanisms of cell membrane
structures damage, the prevalence of lipid per-
oxidation processes and the relative lack of anti-
oxidant system enzymes cause damage of cell
membranes with further interruption of their
functions [10]. Similar results were observed in
the works of other authors who evaluated these
indicators when the bone tissue was damaged.
Thus, O.V. Denga found that trepanation of the
tooth and its infection leads to the increase of
MDA level and the decrease of activity of one of
the major antioxidant enzymes of catalase [11],
V.H. Fedirko showed that polytrauma in case of
osteoporosis caused the increase in the level of
POL, the decrease of activity of SOD and cata-
lase in the bone tissue [12], O.V. Lubchenco found
that the course of experimental periodontitis is
accompanied by excessive inflammation due to
the increase of lipid peroxidation level and the
decrease of antioxidant protection [13].

The increase of AP concentrations in our
study indicates on the higher activity of osteo-
clasts and shows an acuter course of the inflam-
matory process. However, a higher concentra-
tion of ALP in bone tissue homogenate con-
firms the increase of the number of osteoblasts
and their functional activity that promotes more
intense bone formation in the area of bone tis-
sue destruction. The analysis of our results veri-

fies that the increase of concentrations of bone
tissue biomarkers — AP and ALP is accompanied
with the decrease of mineralization index that
is defined by ALP/AP correlation and describes
the activity of osteogenesis and osteolysis pro-
cesses. We have detected reduction of index of
calcium and phosphorus correlation that points
on calcium deficiency compared to phosphorus.
Similar results were observed in the works of S.I.
Palamarchuk and A.V. Borisenko that showed an
increase of enzymes AP and ALP activity and
areduction of the of calcium soluble protein con-
centration [14, 15].

Applying of drugs Nano Gen, MTA and pro-
posed compositions based on B-TCP and HA
for medical purpose, processes of osteogen-
esis occurred with different intensity. The most
expressed positive trend was observed by appli-
cation of the proposed compositions whose com-
pound included a means for revitalization and
bioreparation, containing hyaluronic acid, modi-
fied by vitamin C and by amino acids — proline,
lysine and glycine. This led fibroblasts to synthe-
size proteins of intercellular matrix — procollagen
and collagen and stimulated tissue regenera-
tion. Similar results were observed in experimen-
tal studies of Jung-ju Kim and co-authors who
studied the regeneration of created bone tissue
defect, which was filled with hyaluronic acid in
combination with collagenous sponge and dem-
onstrated osteoinductive effect and stimulated
bone tissue reparative processes in the area of
the defect [16].

Applyingthe compositions,the mostexpressed
positive dynamics is confirmed by balancing of
POL and AQS, activity of mineralization processes
in the area of the bone defect and also returning
of general protein concentration to indicators of
the comparison group. Applying drugs Nano Gen
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and MTA, processes of osteogenesis proceeded
more slowly, imbalance remained between POL
and AOS and a slight increase in general protein
concentration was observed.

Therefore, we found that the proposed com-
positions have antioxidant and noticeable osteo-
tropic qualities and better stimulate the regener-
ation processes of bone tissue.

Conclusions

1. In case of experimental bone destruction, it is
observed an imbalance between AOS and POL
with a predominance of lipid peroxidation pro-
cesses that leads to progress of inflammation
as well as to violation of bone tissue miner-
alization and is confirmed by appropriate
results of biochemical research both in serum
of blood and in the bone tissue.

2. In the groups of animals, where the com-
positions based on hydroxyapatite and
B-tricalcium phosphate were used, compared
to groups of animals, where generally accept-
ed drugs were used, it was observed less
noticeable violations in the system POL / AOS.
This stimulated a decrease of inflammatory
activity and an earlier restoration of osteo-
genesis and osteolysis balance and acceler-
ated calcification processes.

3. The proposed compositions, due to their
osteoconductive and biorevitalization quali-
ties, promote more active stimulation of bone
tissue regeneration processes compared to
generally accepted drugs.

Summary

The article presents a comparative assessment
of the dynamics of the reparative process of the
bone tissue under the influence of drugs MTA and
Nano Gen and compositions based on beta-tri-
calcium phosphate and calcium hydroxyapatite,
containing organic biorevitalizants, by analyz-
ing the indicators of mineral metabolism, marker
enzymes and activity of antioxidant system and
lipid peroxidation. The experiment was conduct-
ed on 120 white rats, on which was made a bone
tissue defect filled with investigative biomateri-
als. From the experiment animals were withdrawn
on 15 and 90 days by decapitation under anes-
thesia. A blood sampling was provided and the
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bone defect area of the alveolar bone of the lower
jaw of a rat was carved for the future biochemical
research. In homogenates of bone tissue it was
investigated an activity of lysosomal enzymes
— alkaline and acid phosphatase, content of cal-
cium and phosphorus. It was explored a con-
centration of general protein, lipid peroxidation
products — malonic dialdehyde (MDA) and the
enzyme activity of antioxidant system — catalase
and superoxide dismutase (SOD) in the blood of
rats. The most expressed positive dynamics was
observed by applying the proposed compositions
that characterizes a balance of POL and AOS pro-
cesses, returning of indicators of general protein
concentration to indicators of the comparison
group and activity of mineralization processes in
the area of the bone defect.
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