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PREPARATIONS ON BONE TISSUE REGENERATION IN EXPERIMENTAL ANIMALS

e-mail: oksanadenga@gmail.com

VKD

34;,4" % o1

The research was devoted to the study of the processes of regeneration of the alveolar process of the jaws of experimental
animals under the influence of osteotropic drugs. The study was conducted on 50 Wistar rats of herd breeding aged 30 days at the
beginning of the experiment. The duration of the experiment was 30 days. The animals were withdrawn from the experiment under
thiopental anesthesia, and the jaws were isolated. Excised fragments of jaw bone tissue were fixed in neutral 10 % formalin,
decalcified, and embedded in paraffin. The sections were stained with hematoxylin and eosin. The experimental study on animals
made it possible to study the effectiveness of the phased application of osteotropic drugs on the processes of local bone resorption.
These studies should be taken into account in the development of treatment and prevention complexes for children with
osteogenesis disorders.
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MOP®OJIOI'TYHA OIIIHKA E®OEKTUBHOCTI BIIVIMBY OCTEOTPOIIHUX ITPEITAPATIB
HA PETEHEPAIIIO KICTKOBOI TKAHUHU EKCIIEPUMEHTAJIbHUX TBAPUH

JocnimkeHas OyJio MPUCBSYEHO BUBUCHHIO MPOLECIB pereHepanii aabBEOIAPHOTO BigpOCTKA IIENEN MiATOCTiTHAX
TBapHH ITi/l BIUIMBOM OCTEOTPONHUX MpenapaTiB. JlociiprenHs npoBeaeHo Ha 50 urypax miHii Bicrap cragHoro po3seaeHHs BikoM
30 nHIB Ha MMOYATOK EKCIIEPUMEHTY. TpHBaNiCTh eKcrepuMeHTy craHoBwia 30 nHiB. TBapHH BUBOAWIM 3 EKCIIEPUMEHTY IIif
TIONEHTAIOBIM HApPKO30M, BUALISANN Ienend. Buciueni ¢parMeHTH KicTKOBOT TKAaHWHH IIeNenH GikcyBaau B HelTpansHOMY 10 %
¢dopmaitini, aekanplUHYBaM, 3aiuBand B napadid. 3pi3u 3abapBiioBany TeMaTOKCHIIHOM Ta e€03uHOM. IIpoBenene
EKCIIepUMEHTAJIbHE JOCII/PKCHHSI Ha TBapHHAX JAJI0 3MOTI'Y BUBYHMTH €()EKTHBHICTH IOETAITHOTO 3aCTOCYBaHHS OCTEOTPOITHHX
mpernapariB Ha MPOLECH JOKAIbHOI pe3opOuii KicTKOBOi TKaHWHH. JlaHi AOCHiIKeHb HEOOXiTHO BpaxyBaTH IMpU PO3pPOOIL
JKyBaJIbHO-TIPOQITAKTUYHUX KOMIUIEKCIB JUIsl AiTEH i3 HOPYLICHHSM OCTEOTeHE3Y.

KorouoBi ci1oBa: 1mypH, eKCriepuMEHTANIBHI JOCIIPKEHHSI, OCTEOreHe3, KOMIUIEKC IpernapaTiB, KapieCOreHHUH pamioH.

The work is a fragment of the research project “Improvement of diagnostics, prevention and treatment of teeth hard
tissues mineralization processes violations in children”, state registration No. 0121U114421.

The problem of bone tissue regeneration in dentistry is one of the most pressing and challenging tasks
of modern medicine. The development of new treatment methods based on the use of osteotropic drugs opens
up new opportunities for the restoration of damaged bone structures, especially in pediatric dentistry. The
importance of this issue is due to the growing need for effective methods of treating bone defects that can
occur as a result of trauma, congenital anomalies, or diseases such as periodontitis [2, 6, 9, 13, 14].

Current research in the field of osteoregeneration focuses on the impact of various osteotropic drugs
on bone repair processes. This includes analyzing morphological changes in bone tissue, studying collagen
metabolism, and evaluating the effectiveness of various implants and materials used to stimulate bone growth
[8, 11, 12]. Particular attention is paid to studies that help to understand the mechanisms of interaction
between osteotropic drugs and bone tissue, which is key to the development of new therapeutic strategies.

Understanding the mechanisms of action of osteotropic preparations and their impact on bone
regeneration will allow us to develop more effective methods of treatment and prevention of bone diseases
in children, thereby improving their quality of life and health.

The purpose of the study was to research the processes of regeneration of the alveolar outgrowth
of the jaws of experimental animals under the influence of osteotropic preparations.

Materials and methods. The studies were conducted on 50 Wistar rats of the herd breeding line
with an average weight of 52+4 g at the age of 30 days at the beginning of the experiment.

Dental caries was reproduced in rats at 1 month of age by transferring the animals to a carcinogenic
diet (CD) according to Stefan [5, 10], which they received for 30 days.

The animals were represented by the following groups of 10 rats each:

— Intact group;

- CD;
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— CD+ Cinkteral (ZnSO4);

— CD+hydroxyapatite;

— CD+ Osteomag (D3, Ca, Mg, Cu, Zn) (360 mg/kg).

The intact group of rats received a normal vivarium diet.

The third group of rats, in addition to reproducing the caries model, received the drug “Cinkteral”
(Teva Pharmaceutical Industries, Poland) at a dose of 25 mg/kg for 30 days.

The fourth group of rats in addition to CD received hydroxyapatite at a dose of 300 mg/kg for 30

days.

The fifth group of rats received Osteomag (Unipharm, United States of America) at a dose of 360
mg/kg for 30 days in addition to CD.

The duration of the experiment was 30 days. The animals were withdrawn from the experiment
under thiopental anesthesia (40 mg/kg), and the jaws were dissected. Dissected fragments of jaw bone
tissue were fixed in neutral 10 % formalin, decalcified, and embedded in paraffin. Sections were stained
with hematoxylin and eosin [1].

Experimental studies were conducted at the Laboratory of Biochemistry and Vivarium of the SE
“The Institute of stomatology and maxilla-facial surgery National academy of medical sciences of Ukraine”
(SE “ISMFS NAMS?”). All experiments on rats were conducted according to standard operating procedures
approved by SE “ISMFS NAMS”, developed in accordance with the Guidelines of the Pharmacological
Committee of the Ministry of Health of Ukraine and the International Regulations for the Use of Laboratory
Animals [3, 7].

The results were processed by variational statistical methods of analysis using the Microsoft Office
Excel 2016 software [4].

Results of the study and their discussion. One month after the beginning of the experiment, the
animals on cariesogenic diet showed significant signs of bone destruction of alveolar processes.
Microscopic examination revealed areas of bone tissue decalcification, where basophilic bone reaction was
observed in the form of striations with indistinct edges. The number of osteocytes in these areas was
significantly reduced (Fig. 1, a). The remaining osteocytes increased in size due to swelling and
vacuolization of their cytoplasm. Bone marrow islets were found between the bone plates, although marrow
was sometimes absent. Small islands of irregularly shaped unformed connective tissue were also found
between the bone plates, slightly infiltrated with lymphoid elements.

Fig. 1. Morphological changes in bone and cartilage tissues of rats on cariesogenic diet. A — destruction of bone tissue,
accompanied by its basophilia, decrease in the number of osteocytes. Hematoxylin-eosin. X 280. B — formation of cartilage tissue in
the place of damage to bone plates of alveolar processes of rats on cariesogenic diet. Hematoxylin-eosin. X 280. C — cartilage tissue
formation at the site of damage to the bone plates of alveolar processes of rats on a cariesogenic diet. Hematoxylin-eosin. X 280. D —
site of bone tissue damage in a rat on a cariesogenic diet. Hematoxylin-eosin. X 140.
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By the same time, signs of regeneration were also seen, manifested by the formation of a relatively
thick layer of cartilage tissue. This cartilage tissue consisted of large cells with round or oval nuclei
containing a dense round nucleus and cytoplasm showing weak basophilia. The cells were tightly adherent
to each other (Fig. 1, b). In the immediate vicinity of the cartilage tissue there was an already formed narrow
plane of dense fibrous connective tissue containing fragments of destructively altered bone tissue.
Inflammatory infiltration of this tissue was not observed. A small number of blood vessels of different
caliber was detected near the bundles of fibrous tissue and in the tissue itself.

‘ The presence of cartilage
tissue is accompanied by the
activity of osteogenic cells
located in the bone marrow. This
activity is most pronounced near
islets of cartilage tissue (Fig. 1, c).

Vacuolated degeneration
phenomena with subsequent
disintegration  of  cartilage
sections located in the central
areas are noted in some places
(Fig. 1, d). Apparently, this is
associated with insufficient
blood supply to the central areas.

The application of
“Cinkteral” results in a different
regeneration pattern in the
dental cavity. Microscopic
examination  confirms  the
presence of a narrower band of
cartilage in the regeneration
zone  without  signs  of
degeneration  or  necrosis.
Characteristically, the cartilage
tissue  demonstrates  good
differentiation, consisting of
columns  of  chondrocytes
surrounded by a homogeneous
basophilic substance. At the

Fig. 2. The site of bone tissue damage in a rat after placing “Osteomag” in the well. border with bone tissue, an even
A —a small island of cartilaginous tissue with ossification and bone formation phenomena.  distribution of chondrocytes in
Hematoxylin-eosin. X 280. B — a narrow strip of cartilaginous tissue with ossification and two to three lay ers parallel to the
bone formation phenomena. Intensive vascularization of the tissue located on the border of . .
bone and cartilage tissue. High activity of osteoblasts osteoblasts located in the cortex. bone tissue is observed, as well
Hematoxylin-eosin. X 140. C — Formation of cartilage tissue at the site of damage to the as their differentiation towards
bone plates of alveolar processes of rats on a keriessogenic diet. Hematoxylin-eosin. X 280. osteocytes. In this area, the
D — a small area of preserved cartilage tissue with pronounced phenomena of bone
formation as a result of differentiation of chondrocytes. Hematoxylin-eosin. X 280.

formation of bone plates is
noticed, most of which are
already well differentiated, as demonstrated by the figures (Fig. 2, a, b). In some areas, the absence of
cartilage is accompanied by complete bone regeneration. The cavity is filled with dense fibrous tissue
without signs of inflammation, as seen in the figure (Fig. 2, ¢).

During this time interval, the osteogenic activity of bone marrow cells is preserved near the areas
of the most intense destruction of bone tissue, promoting regeneration. The interalveolar spaces are filled
with bone marrow, and there are no signs of inflammation in the surrounding tissues.

Microscopic examination of the areas of destruction of alveolar processes after “Osteomag”
injection revealed no significant qualitative or quantitative differences in the regeneration processes
compared to animals from the previous experimental group. One month after the beginning of the
experiment, the process of bone tissue regeneration is not yet complete, but is at late stages of development,
as confirmed by the detection of small areas of cartilaginous tissue near the bone plates (Fig. 2, d).

At the same time, the rest of the regeneration process was completed with the formation of bone
plates of normal structure (Fig. 3, a, b). The interbulbar spaces are filled with bone marrow. Mature bone
plates are joined by dense unformed well-vascularized connective tissue without signs of inflammation.
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The morphological features of the regeneration processes in the animals that were injected with
hydroxyapatite into the well are generally similar to those observed in the animals from the previous groups
of experiments. However, it should be noted that in these animals a wider cartilage tissue lamina was

=SS ’ detected. This may indicate a
slower rate of regeneration
compared to animals in the
previous groups where a different
compound was used for injection
into the well. This difference
indicates a possible influence of
hydroxyapatite on the speed and
character of bone tissue
regeneration processes.

One month after the beginning of
the experiment, the animals
receiving cariesogenic diet with
hydroxyapatite added to the well

. . _ 2 showed a noticeable destruction
o Fig.3. Intr.oductlon of “Osteomag” into the. well. A — .Mat.ure bor}e tissue is e pona plates of alveolar
identified, to which dense, unformed, well-vascularized connective tissue without signs .
of inflammation is adjacent. Hematoxylin-eosin. X 280. B — Mature bone tissue. The PTOCESSCS. Areas of bone tissue
interbulbar spaces are filled with bone marrow. Hematoxylin-eosin. X 280. decalcification and its basophilic

changes were detected during this period. A state of edema and vacuolar degeneration of osteocytes was
observed, similar to animals on a cariesogenic diet. The presence of significant areas of loose fibrous
connective tissue permeated with lymphoid elements attracts special attention. By the indicated time, a
prominent layer of cartilaginous tissue with a typical structure had formed between the bone tissue and the
loose fibrous tissue, as shown in the figure (Fig. 4). The cytoplasm of cells in this area is characterized by
weak basophilicity. A significant number of arterial and venous vessels of various diameters were found
near the bundles of fibrous tissue and in the tissue itself. The activity of osteogenic cells in the bone marrow
is preserved during the whole studied period of time.

-

It should be noted that the described
character of changes is not determined
throughout. In some places the regeneration
process is completed and bone tissue of
normal structure is formed.

The morphological studies demonstrate
that the process of bone tissue regeneration
of alveolar processes in rats on cariesogenic
diet proceeds through an intermediate stage
of cartilage tissue formation, which is
consistent with the generally accepted ideas
about the mechanisms of osteogenesis [6].
Our results show that the most effective in

R A = stimulating bone tissue regeneration were the
Fig. 4. Injection of hydroxyapatite into the well between the bone  preparations “Cinkteral” and “Osteomag”,
tissue and lc_)ose ﬁjbrous tissue reveals a rather thick layer of cartilage tissue.  \which confirms the data of previous studies
Hematoxylin-eosin. X 280. .
on the importance of trace elements and
minerals in the processes of bone regeneration [12]. Comparison with the results of other studies shows
that the process of bone tissue regeneration can vary significantly depending on the drugs used and
experimental conditions. For example, a study conducted by Gontar indicates that the use of polylactide
and tricalcium phosphate in combination with mesenchymal stem cells can accelerate the process of bone
tissue regeneration [9]. At the same time, our results show that the use of hydroxyapatite is less effective,
which may be due to the slowing down of the processes of vascular network formation, as noted in the
study by Zhang et al. [1]. It is especially important to note that in our study no significant differences in
the degree of regeneration were observed when using “Cinkteral” and “Osteomag”, indicating their similar
efficacy. This is important for practical application in dentistry, especially in pediatric practice, where the
choice of safe and effective treatment methods is of prime importance. Thus, the results of our study
emphasize the importance of further research in the field of osteoregeneration and the development of new

s
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osteotropic drugs to improve the dental health of children. This is particularly relevant for the development
of comprehensive approaches in the treatment of diseases associated with osteogenesis disorders and may
contribute to the improvement of patients' quality of life.

7.7

1. Morphological studies of the influence of various osteotropic preparations allow us to conclude
that in the experiment on the model of dental caries it was proved that the most “qualitative” regeneration
processes develop when such preparations as “Cinkteral” and “Osteomag” are introduced into the alveolar
well after trauma.

2. One month after the beginning of the experiment, complete regeneration of bone plates is noted
practically throughout the damaged bone tissue, and only in some places cartilage tissue areas in the form
of narrow strips or small islands are preserved.

3. The conducted experimental study on animals allowed us to study the effectiveness of step-by-
step application of the composition of osteotropic preparations on the processes of local bone tissue
resorption. These studies should be taken into account when developing therapeutic and prophylactic
complexes for children with osteogenesis disorders.
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