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A b s t r A c t

Introduction: Periodontitis is one of the most common oral infectious disease. Adipose tissue-derived mesen-
chymal stem cells (AD-MSCs) have become widely studied for their possibilities for regeneration of periodontal 
bone defect. However, bone regeneration efficiency of  AD-MSCs combined with transplantation materials in 
periodontal bone defects remains unclear.
Objectives: The purpose of the study was to compare the effects of two repair methods with and without appli-
cation of AD-MSCs in a rabbit’s periodontal defect model. 
Material and methods: Experimental periodontitis was initiated in eighteen rabbits. Animals were divided 
into two groups, including Col-HA only (group 1) and Col-HA + AD-MSCs (group 2), and implanted in rabbit 
periodontitis-induced bone defect. To evaluate difference in these two groups, we used histological analysis of the 
samples and X-ray. For comparison of grey-level frequency in X-ray samples of the two groups, Otsu’s method was 
applied. 
Results: Post-operative wounds in group 2 healed three days earlier than in group 1, starting from a formation 
of fibrous tissue, cartilage, and osteoid tissue, and ending with a formation of full-plate bone tissue. X-ray evaluations 
showed that more intensive reparative regeneration in post-operative bone cavity was observed in animals of group 2. 
The 90th day samples with AD-MSCs presented more differentiated gray-level than the 90th day samples without 
AD-MSCs.
Conclusions: The results of the study suggest that the use of transplantation material (Col-HA) with AD-MSCs 
has positive effects, contributing to the improvement of reparative regeneration of bone tissue in the periodontal 
bone defect area. 
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IntroductIon

Periodontitis is one of  the  most common oral in-
fectious disease, which affects the  periodontium [1, 2]. 
The  most important targets in the  treatment of  perio-
dontitis are relief of  inflammation and provision of op-
timal processes of bone tissue reparative regeneration of 
the alveolar process of  the  jaw [3, 4]. Considering that 
restoration of  periodontal tissues involves replacement 
of lost structures, including the bone of the alveolar bone, 
the attention of most researchers aims at replacing lost 
bone tissue with various transplantation and implanta-
tion materials. However, numerous studies have shown 
that the use of biological materials can only improve clin-
ical condition of  periodontal tissues [5]. Current bone 
grafting materials present only osteogenic and osteoin-
ductive abilities. That is why the use of stem cells, along 
with various transplantation materials, seems attractive 
for the repair and healing of bone defects. 

The purpose of periodontal regeneration is to restore 
the  damaged bone, root cementum, and periodontal  
ligament. The use of stem cells has been shown a pro-
mising approach in periodontal research and tissue en-
gineering [6]. Stem cells have become widely studied over 
the past years for their clinical potential, and enormous 
therapeutic possibilities. The  term ‘stem cell’ defines 
a population of  low-differentiated cells, with the ability 
to self-renew by division and differentiation into cellular 
components of various tissues [7]. 

Cells that provide direct bone tissue repair are 
a  culture of  osteogenic cells, which can be obtained 
by directed differentiation of mesenchymal stem cells 
(MSCs) of bone marrow, adipose tissue, or other sourc-
es, such as periosteum, spleen, thymus, placenta, etc. [8]. 
Different studies have demonstrated that MSCs show 
potential in regenerative medicine. Among different 
MSCs, bone marrow MSCs (BMMSCs), adipose-derived 
MSCs (AD-MSCs), and dental stem cells (DSCs) have 
received much attention for bone and dental tissue re-
generation [9-12]. DSCs and BMMSCs have been shown 
their efficiency for periodontal regeneration in animal 
studies [13-16]. Moreover, several studies have shown 
promising results of the use of DSCs and BMMSCs on 
humans [17-19]. 

One of the promising sources of MSC is the adipose 
tissue. Studies on immuno-phenotype of adipose tissue- 
derived mesenchymal stem cells (AD-MSCs) demon-
strated that they are almost identical to MSC obtained 
from bone marrow. Using of AD-MSCs have significant 
advantages, including comparative accessibility, simplic-
ity, and safety of their products in comparison with me-
thods for stem cell collection from other sources [20].  
A harvesting method is less invasive, and AD-MSCs 
could be obtained in high number from liposuction or 
subcutaneous adipose tissue fragments [6]. 

Although composite transplantation materials are 
widely used in bone tissue defect repair, bone tissue-en-

gineering had been described in many studies as a new 
promising method for bone defects reconstruction, in-
cluding periodontitis-induced bone defects. AD-MSCs 
have good proliferation properties and osteogenic ca-
pabilities. There are several studies showing the efficacy 
of  AD-MSCs in repairing bone defects [21-24]. There-
fore, further studies should be done to investigate po-
tential, and prove safety and effectiveness of AD-MSCs 
for the improvement of reparative regeneration of bone 
tissue in the area of periodontal bone defect. In order to 
reveal whether the use of composite transplantation ma-
terials (collagen with hydroxyapatite, Col-HA) in combi-
nation with AD-MSCs (active transplantation material) 
could be a  real alternative to using Col-HA only (pas-
sive transplantation material), AD-MSCs differentiation 
capacity and established procedures for isolation and 
culture of rabbit AD-MSCs were assessed in the present 
study. 

objectIves

The purpose of the study was to compare the effects 
of  two repair methods with and without application 
of AD-MSCs in a rabbit’s periodontal defect model. 

MAterIAl And Methods 

Statistical methods were used to predetermine sam-
ple size, with a minimum of nine animals per group in 
order to detect a difference at 95% confidence (р = 0.05). 
In total, 18 Chinchilla rabbits (males; 3.5 to 4.5 kg each) 
were used in the  experiment. The  animals were cared 
for at the  animal laboratory of  S.D. Asfendiyarov Ka-
zakh National Medical University. Adult males housed 
at a  temperature of  21 ± 1°C and humidity-controlled 
50% ± 10 rooms. The plastic cages were 60 cm in length, 
40 cm in width, and 20 cm in height. Cage bedding con-
sisted of heat-treated shavings spread at a depth of 4 cm. 
The  animals received water and were fed for at least  
7 days before the experiment for acclimatization. 

All the rabbits were identified by earmarks and num-
bered accordingly. Using a table of random numbers, the 
animals were divided into 2 groups: group 1 (Col-HA 
only, n = 9), with post-operative bone cavity filled with 
composite transplantation material based on bone colla-
gen and hydroxyapatite in equal weight proportions, and 
group 2 (Col-HA+ AD-MSCs, n = 9), where post-oper-
ative bone cavity was filled with a material on the base 
of  bone collagen, hydroxyapatite, and adipose tissue- 
derived mesenchymal stem cells. Animals from the 
group 2 were always treated first, followed by the group 1. 
During analyses of  experiments, the  researchers were 
blinded. 

To induce experimental periodontitis, ligature place-
ment (tantalum wire) around the incisors tooth was per-
formed under general anesthesia, using 40 mg ketamine/ 
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kg of body weight and 5 mg/kg xylazine injections. Two 
weeks later, a typical picture of local periodontitis devel-
oped (Figure 1). 

Autologous AD-MSCs were isolated and expanded 
two weeks before surgery from all the rabbits of group 2. 
In experimental animals, immediately after the  appli-
cation of  wire ligatures, adipose tissue was taken from 
the  omentum, located on the  front surface of  trans-
verse colon of  the  rabbit’s abdominal cavity. Suturing 
of the peritoneum and skin were performed independent-
ly. Adipose tissue was placed in a Hanks’ solution and sent 
to laboratory of Scientific-Production Enterprise Antigen 
(Almaty, Kazakhstan) to isolate AD-MSCs with a concen-
tration of  1 million cells in 1 cm3. Enzymatic digestion 
was performed using collagenase-1 (Sigma) at a concen-
tration of  0.075% at 37°C, with continuous shaking for  
45 min. Enzymatic dissociation was stopped by the addi-
tion of phosphate buffer saline (PBS) and a 10% fetal bo-
vine serum. Cell clumps were separated with a centrifuge 
at 1,200 for 10 minutes at 4°С. Cells were resuspended in 
MesenCult. Then, cells were seeded onto a tissue culture 
polystyrene dish and kept at 37°C under 5% CO2. After 
receiving the primary cell suspension, the concentration 
and the total number of cells from the sample were calcu-
lated. The results are presented in Table 1. 

MesenCult was replenished at 24 h intervals, and 
cell monolayer was formed on the 6/7th day of cultiva-
tion and was represented mainly by fibroblast-like cells. 
Morphometric system of Leica company (DM 1000 mi-
croscope and a DFC-320 digital camera, Germany) was 
used for photographing the results (Figure 2). 

In the process of passage using MesenСult nutrient 
medium, an  increase was observed at the  first passag-
es. The results of counting the concentration of cells are 
shown in Table 2. 

Plastic-adherent cells were analyzed with a positive 
marker of CD + 90 after 3rd passage. Additionally, cells 
were identified as mesenchymal stem cells by their mor-
phology using scanning electron microscopy. 

taBle 1. Mean concentration of stromal cells after re-
ceiving primary cell suspension 

sample name number of stromal cells of adipose tissue 
(1,000 cells in cm3), mean ± sd 

Adipose tissue, No.1 10,645 ± 564 

Adipose tissue, No. 2 11,755 ± 765 

Adipose tissue, No. 3 10,467 ± 385 

Adipose tissue, No. 4 12,687 ± 841 

Adipose tissue, No. 5 11,212 ± 645 

Adipose tissue, No. 6 10,765 ± 588 

Adipose tissue, No. 7 10,891 ± 631 

Adipose tissue, No. 8 11,455 ± 565 

Adipose tissue, No. 9 11,436 ± 448 

figure 1. Picture of a developed local periodontitis in 
a rabbit and formed bone defect on the vestibular surfa-
ce of the alveolar process 

AD-MSCs in 5th passage were selected for all in vivo 
experiments. Approximately 1 million cells in cm3 were 
used per transplantation. Two experimental modalities 
were allocated to 18 periodontal bone defects, as follows: 
50% Col-50% HA (HA, 10 mg, UCOC, Shymkent, and in-
corporated into collagen-1 fibrils); 50% Col-50% HA seed-
ed with 1 × 106 AD-MSCs and immediately implanted into 
the bone defects. Biocompatibility of Col-HA was evaluat-
ed using cytotoxicity assays with AD-MSCs in vitro. 

In the  area of  developed local periodontitis, osteo- 
gingivoplasty was performed. After careful curettage 
of periodontal pockets, vertical flaps were cut from both 

A

B

C
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Bone sections were deparaffinized and fixed. The sec-
tions (10-12 µm thick) were stained with hematoxylin and 
eosin, Van Gieson’s, and observed using a microscope. 
During histological analysis of the samples, we focused 
on the comparison between newly formed bone and tis-
sue ossification with and without matching AD-MSCs 
in the two groups of samples. 

Differences in X-ray measurements between the groups 
at each time point were compared using Mann-Whitney 
U-test, with p  <  0.05 considered statistically significant. 
SPSS software package (version 12.0; SPSS, Chicago, IL, 
USA) was applied for statistical analyses. 

The study was registered on a registration site (https://
science.kaznmu.kz/ntp-mon-rk; registration No. 177). All 
experimental procedures in the present study were per-
formed according to recommendations of the National 
Institutes of Health Guide for Care and Use of Laborato-
ry Animals, complied with the ARRIVE guidelines, and 
were approved by local ethics’ commission at S.D. As-
fendiyarov Kazakh National Medical University, Almaty, 
Kazakhstan (protocol No. 10415-30). 

results 

Clinical observations of  the  post-operative period 
in both groups of  animals showed that after surgical 
procedure, moderate soft tissue swelling was determined, 
which gradually increased and reached its’ maximum size 
on third day. Then, post-operative soft tissue edema grad-
ually decreased and completely disappeared in the group 1 
in 9 days and in the  group 2 in 6 days (p  <  0.05).  
In the  group 1, the  epithelialization of  post-operative 
wounds occurred on day 11. On the  other side of the 
analy sis was the group 2 wound epithelialization, which 
ended on 8th day after surgical procedure (p  <  0.05). 
Adverse events or side effects after using bone collagen, 
hydro xyapatite, and AD-MSCs were not observed. 

X-ray examinations conducted at various times after 
surgical procedure allowed for dynamic tracing of the 
regenerative processes in the area of the defect of experi-
mentally reproduced periodontitis. 

surfaces of  the  alveolar ridge to the  maximum depth 
of  periodontal pockets. A through bone defect was 
formed in the inter-root septum of the central incisors 
of the lower jaw, with a diameter of 2 mm. In the group 1 
animals, post-operative bone cavity was filled with  
Col-HA. In the group 2, bone defect was replaced with 
Col-HA and AD-MSCs. 

The animals were sacrificed using anesthesia at 15, 
30, and 90th days following osteo-gingivoplasty, respec-
tively. The  sawed bone blocks from the  operation area 
were fixed in a  10% formalin before processing and 
embedding in paraffin wax. X-ray examination of bone 
blocks was performed on a digital X-ray apparatus (Ti-
tan2000-V) at 15, 30, and 90th days accordingly. To evalu-
ate difference of X-ray results of the two groups (for both 
bone collagen and hydroxyapatite, and bone collagen and 
hydroxyapatite with AD-MSCs), we used a comparison 
of pixel frequency of gray-level of the 90th day. For a com-
parison of frequency of grey-level in X-ray samples of the 
two groups, we used Otsu’s method (Otsu, 1979) [25]. 
Histograms were managed using ImageJ program. 

Percentage of newly formed (Vb) bone was calculat-
ed as a rate between the volume (mm3) of newly formed 
bone (Vn) and the volume of original bone defect (Vo). 

A B

figure 2. AD-MSCs in third passage (a) and fifth passage (B). Magnification ×400 

taBle 2. Mean concentration of AD-MSCs after fifth 
passage 

name of adipose tissue stromal 
cell sample 

number of cells after fifth 
passage (million cells in cm3) 

AD-MSCs, No. 1 1,018,000 

AD-MSCs, No. 2 1,015,000 

AD-MSCs, No. 3 860,000 

AD-MSCs, No. 4 910,000 

AD-MSCs, No. 5 985,000 

AD-MSCs, No. 6 920,000 

AD-MSCs, No. 7 915,000

AD-MSCs, No. 8 1,020,000 

AD-MSCs, No. 9 1,005,000 

B
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On the 15th day after the operation, a comparatively 
clear contour of a bone defect with a diameter of 2 mm 
was determined in the group 1. In the group 2, the con-
tour of the defect was unclear and had a form of narrow 
strip. In a  bone defect, well-defined shadows of  irregu-
lar shape of  newly formed regenerate were determined  
(Figure 3). 

On the 15th day after the procedure, the mean value 
of Vb in the group 1 was 32.6 ± 0.3. The mean value of Vb 
in the group 2 was 45.8 ± 0.2, approximately 1.4 times 
more than in the experimental group (p = 0.05). 

On the 30th day after the operation, the bone defect 
was reduced in size in animals of both the groups. Central 
part of bone defects had low density, but in the group 2 
animals, the bone loss was less pronounced (Figure 4). 

On the 90th day after the surgery, the bone defect was 
reduced in size due to newly formed bone tissue in the an-
imals of group 1, but in the central part of bone defect, 

A BB

figure 3. X-ray of a fragment of the lower jaw of a rabbit on 15th day after surgery in the group 1 (a) and in the group 2 (B)

A BB

figure 4. X-ray of a fragment of the lower jaw of a rabbit on 30th day after surgery in the group 1 (a) and in the group 2 (B)

the  shadow of  regenerate presented with low density.  
It was not possible to determine the bone defect by 90 days 
in the animals of group 2. Mature bone tissue was deter-
mined at the place of a pre-existing defect (Figure 5). 

On the 90th day after the operation, the mean value 
of Vb in the group 1 was 82.3 ± 0.3. The mean value of Vb 
in the group 2 was 97.2 ± 0.2, approximately 1.2 times 
more than in the experimental group (p = 0.05), which 
could be interpreted as the newly formed bone, which 
almost filled the defect, with nearly no black areas. 

On the 90th day after the operation, the mean value 
of gray-level in the group 1 was 130.7 ± 1.6, whereas in 
the group 2, it was 141.0 ± 1.3 (p = 0.05). The 90th day 
samples with AD-MSCs presented a more differentiated 
gray-level than the 90th day samples without AD-MSCs 
(Figure 6). 

According to the histology of the group 1, post-ope-
rative defect was filled with granulation tissue, which 
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contained numerous blood vessels and fibrous structures 
of young connective tissue with differentiating cellular 
elements, on the  15th day after the  procedure. Around 
the bone defect, a decomposition of osteons with a  loss 
of  the  usual tinctorial properties was noted. Osteocytes 
showed signs of dystrophy with karyolysis and karyopic-
nosis. Thin collagen fibers, weakly stained using Van Gie-
son method, appeared among the cells. On the periphery 
of a granulation tissue, weakly expressed chondroid struc-
tures were determined. In the group 2 samples, the central 
part of the bone defect was filled with mature cell-fibrous 
connective tissue, which was rich in small vessels and cell 
elements (mostly macrophages, lymphocytes, and fibro-
blasts), stained using Van Gieson technique in bright red 
color. Separate micro-fragments of  biocomposite were 
found in marginal regions of the defect. On the periphery 
of these foci, foci of maturation of granulations appeared 
with a  formation of  mature connective tissue growing 
from peripheral areas on the side of the bone tissue sur-
rounding the bone defect (Figure 7). 

On the 30th day, large foci of growth of fibrous tissue 
in the  central part of  the  bone defect were detected in 

the samples of group 1. Among the cellular fibrous tissue, 
chondroid structures had appeared in peripheral parts 
of the bone defect. Resorptive processes with participa-
tion of osteoclasts from the maternal bone side become 
less pronounced. In the group 2, the post-operative bone 
defect was almost completely replaced by newly formed 
bone tissue, although the processes of  further structur-
al reorganization were underway in the bone tissue. In 
the peripheral part of the bone defect, the regenerate had 
become more powerful and formed compact osteon sys-
tems. In the center of  the defect, thin bone plates with 
numerous adhesion lines appeared. Bone plates were ori-
ented in the same direction as vascular canals (Figure 8). 

On the 90th day, the bone defect was filled with a coarse 
bone tissue in the peripheral part of the defect in the group 
1. Bone regenerate layers were represented by thick tra-
beculae. In central sections of  the  bone defect, sections 
of osteoid tissue were still determined, without mineral-
ization processes. Osteon systems were poorly developed, 
and bone trabeculae were located randomly. Bone regen-
erate filling the post-operative defect continued to under-
go further reconstruction. Partial compaction of a newly 

A BB

figure 5. X-ray of a fragment of the lower jaw of a rabbit on 90th day after surgery in the group 1 (a) and in the group 2 (B) 

A BB

figure 6. Pixel frequency of gray-level in the samples of the group 1 (a) and the group 2 (B)
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formed bone substance was observed, and bone matrix 
acquired a coarse fiber appearance. In the peripheral part 
of  the  regenerate, the  bone matrix acquired a  lamellar 
structure. In the samples of group 2, it becomes impos-
sible to histologically determine a place of a bone defect 
in alveolar process of  the  lower jaw, since the  structure 
of bone regenerate and the maternal bone form one whole  
(Figure 9). 

dIscussIon 

Periodontitis is a  heterogeneous disease in etiolo-
gy that affects millions of  people [26]. Periodontitis- 
induced bone defects remains a practical health problem 
and pose challenges for bone reconstruction. The hypo-
thesis of our study was that the use of composite trans-
plantation material based on collagen and hydroxyapa-

A BB

figure 7. 15 days interval. a) Photomicrograph of the group 1 (H & E, ×100). B) Photomicrograph of the group 2  
(H & E, ×100) 

A BB

figure 8. 30 days interval. a) Photomicrograph of the group 1 (H & E, ×100). B) Photomicrograph of the group 2  
(H & E, ×100)

A BB

figure 9. 90 days interval. a) Photomicrograph of the group 1 (H & E, ×100). B) Photomicrograph of the group 2  
(H & E, ×100)
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tite (Col-HA) with AD-MSCs promote an  early repair 
of  periodontal bone defect. The  results presented in 
the current study indicated that transplantation materials 
combined with AD-MSCs have better ability to promote 
bone regeneration and osseointegration; the  bone vol-
ume density in the Col-HA + AD-MSCs group was sig-
nificantly greater than that in the Col-HA only group. 

According to the literature, scaffold materials can in-
fluence cellular response and support bone formation [27]. 
Different transplantation materials have been described 
and used in bone tissue engineering, such as collagen, 
hydroxyapatite, demineralized bone matrix, xenografts, 
and synthetic bone grafts. All these materials showed  
osteo-conduction capacity for bone regeneration [28].  
Osteo-conduction is the process that permits bone apposi-
tion from existing bone [29]. Collagen and hydro xyapatite 
that were used in the current study are osteo-conductive 
materials. However, when combined with AD-MSCs, 
they could promote transformation of mesen chymal cells 
into osteoblasts [30]. Stem cells combined with the  use 
of  biomaterials, is becoming popular in perio dontal re-
generation. Stem cell-based therapy represents a new ap-
proach for bone repair and regeneration, especially in case 
of perio dontitis-induced bone defects [31]. 

Undoubtedly, more human researches are required 
to prove positive aspects of the use of AD-MSCs in den-
tal practice. Many studies show promising results on an-
imal models in terms of regeneration of bone [32, 33]. 

In the present study, we demonstrated that the use 
of transplantation material on the base of bone collagen, 
hydroxyapatite, and adipose tissue-derived mesenchy-
mal stem cells after osteo-gingivoplasty, leads to an ear-
lier mineralization and bone formation, when compared 
with a  bone collagen-based transplantation material,  
i.e. hydroxyapatite, which may help to ensure the recon-
struction of alveolar bone defect. A significant number 
of  in vivo and in vitro studies have been conducted to 
evaluate the  regenerative capacity of  AD-MSCs. Most 
studies investigated AD-MSCs in periodontal surgical 
animal models, which showed newly formed perio-
dontal tissues, except alveolar bone [34, 35]. AD-MSCs 
mixed with platelet rich plasma have been demonstrated 
to promote regeneration of  periodontal ligament-like 
structures along with alveolar bone in rats [36]. 

Ozasa et al. indicated a positive effect of  the use of 
AD-MSCs in combination with fibrin gel for periodon-
tal regeneration in 1 and 5 study periods in dogs, rein-
forcing findings with histological, histo-morphometric, 
and radiological results, which were consistent with 
the results of the present study [37]. 

AD-MSCs transplanted in periodontal defects were 
shown to favor cementum and periodontum ligament 
fibers regeneration [38, 39]. Recent studies also revealed 
the efficacy of AD-MSCs in repairing bone defects and 
constructing engineered bone [40-42]. 

Pourebrahim et al. reported that collagen synthesis 
in AD-MSCs group of samples was significantly higher 

than autogenous bone graft at 15th and 60th day in maxil-
lary alveolar cleft model in dogs, while a bone formation 
was significantly higher in a  group, where autogenous 
bone graft was used [43]. In this study, the  composite 
on the base of bone collagen, hydroxyapatite, and AD-
MSCs revealed higher bone formation than the compos-
ite on the base of bone collagen and hydroxyapatite [43]. 

Therefore, clinical applications of AD-MSCs broadly 
range, and the potential of AD-MSCs demonstrates sig-
nificant opportunities in tissue engineering. 

conclusIons 

According to the results of our X-ray and morpholog-
ical examinations, the use of a composite on the base of 
bone collagen, hydroxyapatite (Col-HA), and AD-MSCs 
had significantly positive effects contributing to the im-
provement of  reparative regeneration of  bone tissue 
in the  area of  periodontal bone defect. Therefore, our 
composite could be useful in future clinical cell-based 
therapy for periodontal tissue disease in humans after 
conducting subsequent studies. 
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