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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 The animals were withdrawn from the experiment under 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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МОРФОЛОГІЧНА ОЦІНКА ЕФЕКТИВНОСТІ ВПЛИВУ ОСТЕОТРОПНИХ ПРЕПАРАТІВ 
НА РЕГЕНЕРАЦІЮ КІСТКОВОЇ ТКАНИНИ ЕКСПЕРИМЕНТАЛЬНИХ ТВАРИН 

 

Дослідження було присвячено вивченню процесів регенерації альвеолярного відростка щелеп піддослідних 
тварин під впливом остеотропних препаратів. Дослідження проведено на 50 щурах лінії Вістар стадного розведення віком 
30 днів на початок експерименту. Тривалість експерименту становила 30 днів. Тварин виводили з експерименту під 
тіопенталовим наркозом, виділяли щелепи. Висічені фрагменти кісткової тканини щелепи фіксували в нейтральному 10 % 
формаліні, декальцинували, заливали в парафін. Зрізи забарвлювали гематоксиліном та еозином. Проведене 
експериментальне дослідження на тваринах дало змогу вивчити ефективність поетапного застосування остеотропних 
препаратів на процеси локальної резорбції кісткової тканини. Дані досліджень необхідно врахувати при розробці 
лікувально-профілактичних комплексів для дітей із порушенням остеогенезу. 
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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, Са, Mg, Сu, 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. 

 

 A  B 

 C  D 
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. Х 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. 

 A  B 

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 
border with bone tissue, an even 
distribution of chondrocytes in 
two to three layers parallel to the 
bone tissue is observed, as well 
as their differentiation towards 
osteocytes. In this area, the 
formation of bone plates is 
noticed,    most    of    which    are  

 C  D 
Fig. 2. The site of bone tissue damage in a rat after placing “Osteomag” in the well. 

A – a small island of cartilaginous tissue with ossification and bone formation phenomena. 
Hematoxylin-eosin. X 280. B – a narrow strip of cartilaginous tissue with ossification and 
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. 
Hematoxylin-eosin. X 140. C – Formation of cartilage tissue at the site of damage to the 
bone plates of alveolar processes of rats on a keriessogenic diet. Hematoxylin-eosin. X 280. 
D – a small area of preserved cartilage tissue with pronounced phenomena of bone 
formation as a result of differentiation of chondrocytes. Hematoxylin-eosin. Х 280. 

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, c). 

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  

 A  B 

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 
showed a noticeable destruction 
of bone plates of alveolar 
processes. Areas of bone tissue 
decalcification and  its  basophilic 

Fig.3. Introduction of “Osteomag” into the well. A – Mature bone tissue is 
identified, to which dense, unformed, well-vascularized connective tissue without signs 
of inflammation is adjacent. Hematoxylin-eosin. Х 280. B – Mature bone tissue. The 
interbulbar spaces are filled with bone marrow. Hematoxylin-eosin. Х 280. 

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 
stimulating bone tissue regeneration were the 
preparations “Cinkteral” and “Osteomag”, 
which confirms the data of previous studies 
on   the  importance  of  trace   elements  and  

Fig. 4. Injection of hydroxyapatite into the well between the bone 
tissue and loose fibrous tissue reveals a rather thick layer of cartilage tissue. 
Hematoxylin-eosin. Х 280. 

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 
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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. 

 

Conclusions 
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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