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Abstract 

Introduction. Biological grafts, including bone chips and collagen, are 

supposed to be promising in the treatment of bone tissue treatment. 

Nevertheless, manufacturing of these grafts still needs to be standardized. 

Aim. To optimize methodology of osteoplastic material production, based 

on allogenic 1 type collagen and bone chips. 

Material and methods. Osteoplastic material grafts were produced, using 

with allogeneic bone chips 180-800 µm and type 1 collagen solution in 

acidic acid. We studied total integrity of graft, collagen quality, 

morphofunctional properties of line M-22human cells interacting with 

different type of osteoplastic material grafts. 

Results. Procedures for manufacturing the osteoplastic material did not 

significantly affect the quality of collagen in its composition, while 
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lyophilized grafts had pronounced acidogenic and toxic effects in cell 

culture. Soaking osteoplastic material in isotonic solution for 30 min or 

longer increased its biocompatibility in vitro. Adhesion properties of 

osteoplastic material widely varied depending on collagen concentration 

and bone chips size. 

Conclusion. Osteoplastic material prepared with allogeneic bone chips 

of 180-800 µm and collagen solution in acidic acid had pronounced 

acidogenic and toxic effects in vitro that could be considerably reduced 

by soaking in isotonic solution. Varying the collagen concentration and 

the size of bone chips one could produce biocompatible osteoplastic 

material grafts with high and low adhesion properties. 
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OPM osteoplastic material 

DMEM, Dulbecco's modified Eagle's medium  

λ, wavelength  

 

Introduction 

Currently, there is an active development of implants and 

biological structures to stimulate osteogenesis and bone tissue 

regeneration. The term “osteoplastic material” (OPM) is often used to 

designate such products [1]. According to their chemical composition, 



 

OPMs are classified into bioorganic, ceramic, synthetic, and composite 

ones [2, 3]. OPMs can include diploid cells, as well as growth factors, 

differentiation factors, and cytokines [4–6]. In specialized medical 

departments involved in the production of tissue grafts, there is the 

possibility of producing OPM using allogeneic bone and a solution of 

human type 1 collagen. Collagen has been shown to significantly increase 

the bioconductive properties of grafts, to stimulate the migration of the 

patient's native cells, and therefore can it be used as a substrate for the 

formation of native bone for them [3, 7, 8]. When using bone material in 

the form of dispersed structures (bone chips), it becomes possible to 

obtain plastic grafts of a given size and shape. The collagen solution 

promotes the incorporation of bone granules, reducing the risk of their 

displacement or extrusion under mechanical stress [9, 10]. Bone chips 

have osteogenic and osteoinductive properties and is widely used in 

clinical practice [2–4]. Products based on bone chips and collagen are 

considered very promising in the treatment of defects in cancellous and 

cortical bone [11, 12]. Meanwhile, well-known products contain 

xenogenic materials in their composition [1, 5, 8–10]. In this regard, it 

seems relevant to develop a method for obtaining OPM based on 

allogeneic materials, such as collagen and bone chips. 

The aim was to optimize the technique for obtaining osteoplastic 

material based on allogeneic type 1 collagen and bone chips. 

 

Material and methods 

The study was conducted at the Scientific Department of 

Biotechnologies and Transfusiology, N.V. Sklifosovsky Research 

Institute for Emergency Medicine in 2022. 

For manufacturing the OPM, solutions of human type 1 collagen 

isolated from the tendons of tissue donors by acid extraction in 0.01 M 



 

acetic acid [13] and bone chips obtained from the bone of tissue donors 

[14] were used. The size of bone chip granules varied from 180 μm to 

800 μm. In all experiments, the amount of collagen solutions used was 

100 ml. To determine the optimal ratio, 3 to 10 grams of bone chips were 

added to 100 ml of collagen solution and mixed, trying to achieve its 

uniform distribution and the absence of conglomerates. For experiments 

in vitro, a mixture with an optimal ratio of bone chips and collagen was 

used. The mixture of collagen sol and bone chips was stirred until it 

became homogeneous, then it was placed on Petri dishes with an area of 

10x10 cm, frozen, and then lyophilized in a chamber at rare atmosphere. 

The finished osteoplastic material was sterilized using ultraviolet rays. 

At the first stage, we studied the effect of an osteoplastic material 

made from 0.6–0.8% human type 1 collagen sol, used to potentiate the 

osteoconductive properties of bone tissue grafts [12], and bone chips with 

a size of 315–430 µm on the human fibroblast culture cells. OPM was 

placed into the fibroblast culture without additional treatment. A total of 5 

samples were investigated. 

At the second stage, the method efficacy for reducing the OPM 

toxicity was assessed. In the first series of experiments, grafts were 

prepared according to the above method, then the samples were soaked in 

isotonic sodium chloride solution for 10, 20, 30, 40, 50, or 60 minutes, 

after which they were placed in cell culture. In the second series of 

experiments, the mixture of collagen sol and bone chips was washed in 

distilled water before freezing. One cycle included: centrifugation of a 

mixture of bone chips and collagen in a Falcon type tube with an 

acceleration of 3000 g for 20 minutes, a complete replacement of the 

supernatant with an equivalent volume of sterile distilled water, and 

resuspension of the contents in the tube. The number of washing cycles 

varied from 1 to 4. After washing, the mixture of collagen and bone chips 



 

was frozen, and lyophilized; soaking in isotonic sodium chloride solution 

was not performed before being placed in cell culture. A total of 20 

samples were studied. 

At the third stage, the OPM adhesive properties were assessed as 

achieved by using bone chips of different diameters and a collagen 

solution in 2 concentrations. In parallel, collagen sponges obtained from a 

solution with the same collagen concentration, but without using bone 

chips, were studied. We used 8 types of OPM obtained from 0.8% or 

1.1% human type 1 collagen sol and bone chips of one of the sizes: 180 

µm, 315 µm, 630 µm, 800 µm. After combining the components, the 

nature of the bone chip distribution in collagen (homogeneity) was 

evaluated; after lyophilization, the stability of the finished product was 

evaluated. Next, in the cell culture, the toxicity of the OPM samples and 

the feasibility of its reduction were evaluated by their washing in 

physiological sodium chloride solution for 30 minutes. A total of 22 

samples were studied. 

All studies in vitro were conducted on a culture of human M-22 

line fibroblasts in 20–22 passages. Ten thousand cells in Dulbecco's 

modified Eagles medium (DMEM) containing 10% fetal bovine serum 

were placed in each well having a growth surface area of 1.9 cm2 (a 4-

well plate). Cell suspension without OPM was added to the control wells; 

samples of OPM or collagen sponge were placed into the experimental 

wells, then the cell suspension was added. Cells were incubated at 37°C 

and 5% carbon dioxide concentration in the atmosphere for 3 days. The 

number of cells at the bottom of the wells and on the surface of the grafts, 

the overall structural integrity of the cells, and their morphology were 

assessed. For that, the cells were stained with a vital (lifetime) 

fluorochrome dye based on tripaflavin-acridine orange or tripaflavin-

rhodamine C and examined using a Nikon 80i confocal luminescent 



 

microscope (Nikon, Japan) [15]. In addition, the autofluorescence of 

collagen fibers in the OPM was evaluated. Registration of collagen 

autofluorescence in non-fixed unstained OPM samples was performed 

with a blue light filter (excitation λ of 380–420 nm, emission λ from 450 

nm, exposure of 1 sec). Collagen autofluorescence was quantified using 

the mean luminescence intensity parameter (in foot candles, FC). For 

comparison, the intensity of the luminescence of collagen fibers was 

evaluated in the composition of collagen dressings prepared using the 

same collagen solution according to a well-known method [13]. 

Statistical processing of the obtained data was made by the 

methods of variational statistics using "Microsoft Excel 2000" software 

package. Arithmetic mean values (M) and standard deviations (σ) were 

calculated. Differences were assessed using Student's t-test. The 

distribution was tested for normality using the Kolmogorov–Smirnov test. 

Differences in values were considered statistically significant at a 

significance level over 95% (p<0.05). 

 

Results and discussion 

In the development of the OPM, it was necessary to obtain a whole 

graft with a homogeneous distribution of components. It was 

experimentally shown that in 100 ml of collagen solution it was possible 

to homogeneously distribute up to 6 g of bone chips. If the mass of bone 

chips exceeded 6 g, the resulting mixture lost its homogeneity, 

conglomerates formed, and after lyophilization, the graft was fragmented. 

Thus, in manufacturing OPM, the optimal ratio of bone chips to collagen 

solution was 6 g per 100 ml. 

At the first stage of in vitro research, we used the OPM samples 

made on the basis of a 0.8% solution of type 1 collagen and bone chips of 

315–430 µm in size. What drew the attention was the change in the color 



 

of the DMEM nutrient medium indicator, suggesting a shift in pH to the 

acidic part (acidogenicity), which manifested itself as soon as within 1 

hour after placing the OPM in the experimental well, and it was not 

associated with contamination of the samples with pathogenic flora. After 

1 hour of the OPM incubation in the wells, the pH value averaged 4.5 at a 

rate of 7.0–7.2 for the DMEM. After 3 days of culturing, the number of 

cells was very low at the bottom of these wells, and did not exceed a 

mean of 1 thousand per cm2. Meantime, the number of cells in the control 

wells was 14000–15000 cells per 1 cm2. Cells were not found in the OPM 

content, thus, a noticed decrease in the number of cells at the bottom of 

the wells was not associated with their migration into the graft. 

Meantime, in the culture medium of experimental wells, a large number 

of stunned cells were noted. Such cells have a characteristic round shape, 

do not contact with each other, have pronounced defects in the nucleus 

and vacuolar system, which is clearly detected when stained with vital 

fluorochrome dyes. Such changes are characteristic of severely deformed 

or apoptotic cells. Thus, the finished OPM samples had a pronounced 

acidogenicity and toxicity, which led to massive cell death. 

To reduce the OPM toxicity, 2 methods were used: soaking the 

finished OPM in an isotonic sodium chloride solution or washing the 

OPM in distilled water at the manufacturing stage. Control samples in 

both studies were comparable. In the control wells (without OPM), the 

number of cells at the bottom of the wells after 3 days of culturing was 

23–24 thousand/cm2, while in experiments with the initial OPM, this 

parameter did not exceed 0.9–1.0 thousand/cm2, and there were 

absolutely no cells on the OPM surface (Table 1). In the wells where the 

OPM samples had been pre-soaked in isotonic sodium chloride solution, 

the number of cells at the bottom ranged from 3.0±0.5 to 17.5±0.8 

thousand/cm2 , increasing with the product soaking duration from 10 to 50 



 

minutes. In parallel, the number of cells on the graft increased: after 

soaking for 20 minutes, their number was 1.0±0.2 thousand/cm2; and after 

50 minute soaking, it reached 4.5±0.7 thousand/cm2. It should be 

emphasized that in the experiments where the OPM soaking lasted for 

10–20 minutes, many cells at the bottom of the wells and on the graft 

surface was altered in appearance, had poor contact with the plastic, and 

had defects in the nucleus and cytoplasm. Vital staining of cells showed a 

noticeable decrease in the outer membrane luminescence, an abrupt 

decrease in the number of secretory vesicles in the cells, indicating cell 

deformation, destruction of their vacuolar structures, disruption of contact 

interactions, which together can be regarded as a toxic effect. In 

experiments where soaking was 30–50 minutes, there were no deformed 

cells; accordingly, the cell morphology was normal or close to normal. In 

the case of OPM soaking for 60 minutes, the number of cells and their 

morphology did not significantly differ from the results of the 

experiments where soaking was 50 minutes. 

 

Table 1. Biocompatibility assessment of osteoplastic material grafts 

prepared by different methods 

Soaking the finished lyophilized graft in isotonic sodium chloride solution 

Osteoplastic material exposure time 
in isotonic sodium chloride solution 

The density of line M-22 cells after 3 days 
of culturing, (103)/cm2 

Well bottom Graft surface 
Control 1. Wells with cells without graft 24.1±1.2 — 

Control 2. 0 min (graft without soaking) 1.0±0.2 0 
10 min 3.0±0.5 0 
20 min 5.3±0.4 1.0±0.2 
30 min 11.1±1.0* 2.6±0.5* 
40 min 13.0±1.0* 2.8±0.6* 
50 min 17.5±0.8* 4.5±0.7* 
60 min 17.0±1.0* 4.0±0.6* 



 

Distilled water washing the mixture of liquid collagen and bone chips from the acidic 
medium, followed by lyophilization 

Number of washes 
The density of line M-22 cells after 3 days 

of culturing, (103)/cm2 
Well bottom Graft surface 

Control 1 (wells with cells without graft 23.5±1.0 — 
Control 2 (without washing) 0.9±0.2 0 
1 time 6.5±1.2 1.0±0.3 
2 times 7.5±1.6 1.0±0.2 
3 times 7.5±1.9 1.6±0.2 
4 times 5.0±0.9 1.8±0.2 
*statistically significant at p <0.05 relative to control 2 and experiments with 10- and 

20-minute soaking 

 

In a series of experiments where a mixture of collagen and bone 

chips was washed before lyophilization, a gradual change in its pH from 

3.3 to 6.1 was noted as the number of treatment cycles increased to 4. 

In an in vitro study, the number of cells at the bottom of OPM-containing 

wells having been subjected to different numbers of additional treatment 

cycles, ranged from 5.0 to 7.5 thousand/cm2 (p>0.05). At the same time, 

the cell density on the graft surface after 3–4 collagen washings was 

higher than after 1–2 washings. However, the absolute figures of cell 

density were very low in all cases, not exceeding 2000/cm2 and were 

lower than in the experiments with the grafts soaked for 30–60 minutes 

(Table 1). Thus, soaking the finished lyophilized OPM grafts in isotonic 

sodium chloride solution is more effective in reducing their toxicity, and 

the soaking time should be at least 30 minutes. 

When assessing the OPM obtained using chips of different sizes 

and 2 different collagen concentrations, we found that when using 0.8% 

collagen sol, the most homogeneous mixture can be obtained in case of 

mixing relatively large bone chips (600–800 μm). In the experiments with 

1.1% collagen solution, on the contrary, the most homogeneous mixture 

was formed while using fine chips (180 μm) (Table 2). After 



 

lyophilization, all samples were stable and did not break in fragments. In 

parallel, the OPM samples and collagen-based dressings obtained from a 

solution with similar collagen concentrations (0.8 and 1.1%) were 

assessed in experiments in vitro. In the presence of collagen dressings, no 

cell deformations were seen either at the bottom of the wells, or in the 

grafts; the cells adhered to the surface of the dressings (Fig. 1A). All 

OPM samples without pre-soaking were toxic and prevented cell growth 

(Fig. 1B). In experiments where OPM was pre-soaked in an isotonic 

sodium chloride solution for 30–50 minutes, no marked cell deformations 

were observed. In OPM obtained from a 0.8% collagen solution, its 

samples with bone chips of 180–600 μm in diameter after 3 days of 

culturing had a similar cell density on their surface (Fig. 1C) and did not 

differ statistically significantly from collagen grafts without bone chips, 

while in the OPM with bone chips 800 µm in diameter, the number of 

cells was 3–4 times lower (Fig. 2A). The number of cells at the bottom of 

the wells was the largest in experiments where the diameter of the bone 

chips was 180 μm. In OPM obtained from 1.1% collagen solution, the 

cell adhesion on the OPM surface was much less pronounced than in 

control collagen dressing (without bone chips) and in the OPM prepared 

by using 0.8% collagen solution and the bone chips of 180–600 µm in 

diameter. We should note that at the bottom of the wells, the highest cell 

density was noted in those cases where the diameter of the bone chips 

was 180 and 800 µm (Fig. 2b). In general, it can be concluded that a 0.8% 

collagen solution is preferable for manufacturing OPM than a 1.1% 

solution. The OPM prepared using 0.8% collagen solution and bone chips 

with a diameter of 180–600 µm after pre-soaking are adhesive and non-

toxic to cells. 

 



 

Table 2. Homogeneity assessment in the mixture of bone chips and 
collagen solution 

Options Concentration of collagen in solution 

Size of bone chip granules, µm 0.8% 1.1% 

180 Low High 

315 Medium Low 

630 High Medium 

800 High Low 
Notes. Low homogeneity is defined as the formation of chip and collagen clots occurring in the entire 
bulk of mixture; it is not possible to completely stir the clots 
Medium homogeneity denotes the formation of certain clots while stirring; with more intensive mixing, 
clots disappear 
High homogeneity denotes no clot formation while stirring 
 
 

   
A                                    B                                    C 

Fig. 1. Growth of M-22 cells on collagen matrices obtained from 

0.8% collagen solution after 3 days of culturing. Magnification 100x. 

Tripaflavin-acridine orange stain. A: collagen dressing (without bone chips); 

B: osteoplastic material of 0.8% collagen and bone chips without soaking; C: 

osteoplastic material of 0.8% collagen and bone chips, pre-soaked in isotonic sodium 

chloride solution within 40 minutes 



 

A  

B  
Fig. 2. Number of cells, cultivated in the presence of previously 

soaked osteoplastic material. To obtain osteoplastic material we used 

0.8% collagen solution (A) or 1.1% collagen (B) 

 

The collagen quality was assessed by studying the autofluorescence 

of collagen fibers in OPM and in collagen-based dressings obtained by 

using the collagen concentrations (0.8 and 1.1%) similar to those used for 

OPM manufacturing. The analysis of collagen autofluorescence in 

collagen-based dressings clearly revealed the areas with a diffuse 

collagen arrangement and the areas with collagen fibers (Fig. 3A). In 

OPM samples, collagen fibers were detected much less frequently, the 

main area was filled with a diffuse collagen layer (Fig. 3B). The mean 

intensity of collagen autofluorescence in dressings and OPM did not 

show statistically significant difference and averaged 28±1 FC. 

Comparison of OPM samples with different sizes of bone chips did not 

reveal any difference in the intensity of collagen luminescence. 



 

According to our observations, the chemical degradation of collagen is 

manifested by an abrupt increase in fiber autofluorescence and exceeds 

60 FC [11]. When examining the OPM samples, only individual 

insignificant fibers with such a level of luminescence were detected. In 

general, the collagen in the OPM had normal structural integrity. 

 

  
A                            B 

Fig. 3. Collagen autofluorescence in the collagen dressings (A) and in 

osteoplastic material (B) obtained from a 0.8% collagen solution. 

Magnification 40x 

 
Conclusion 

Currently, in manufacturing the osteoplastic material based on 

collagen and bone chips, no clear grounds have been given that would 

show the optimality of selected collagen and bone chips parameters [1, 2, 

8–10]. It is known that the adhesive properties of collagen matrices 

largely depend on the collagen concentration in the baseline solution. 

Matrices with a diffuse distribution of collagen stimulate active cell 

migration, as well as their proliferation, while such matrices rapidly 

degrade in the wound [7]. Matrices with high collagen compaction are 

non-adhesive for human cells, but, at the same time, they have high 

mechanical strength and resorb much more slowly [6, 8]. Our study 

showed that, with regard to the conditions of preparing, the osteoplastic 

material samples can be either adhesive for cells or practically non-

adhesive without toxicity. Thus, depending on the goals set, we can 



 

obtain osteoplastic materials with different biological properties. One 

should take into account that the combination of bone chips and collagen 

sol in acetic acid causes acidogenicity of bone grafts after lyophilization. 

In many ways, this may be due to the formation of dihydrogen phosphate 

as a result of the acetic acid contact with calcium phosphate in the bone 

chip composition. Our study showed that preliminary soaking of the 

osteoplastic material in an isotonic sodium chloride solution significantly 

reduces the acidogenicity and toxicity of the osteoplastic material in cell 

culture. On the other hand, under in vivo conditions, the toxicity of non-

soaked osteoplastic materials might be less pronounced due to various 

forms of biological activity that are absent in vitro. For a more detailed 

assessment of the osteoplastic material biocompatibility, as well as its 

adhesive and reparative properties, it is necessary to conduct further 

studies on experimental animals. 

 

Conclusions 

1. Osteoplastic material based on bone chips and collagen sol 

isolated by acid extraction method is acidogenic and toxic. The original 

samples of osteoplastic materials reduce the pH of the Dulbecco's 

modified Eagles culture medium from the normal value of 7.0–7.2 to 3.3–

4.5, thereby preventing the adhesion and proliferation of M-22 cells, and 

cause severe disturbances in the structure of cell membranes; this toxic 

effect leads to mass death of M-22 cells in vitro. 

2. To effectively reduce acidogenicity and toxicity, samples of 

osteoplastic material should be kept in an isotonic sodium chloride 

solution (0.9% NaCl) for at least 30 minutes before use. This method is 

more efficient than washing the mixture of bone chips and collagen 

before lyophilization. When ready-made osteoplastic materials were 

soaked for 30–60 min in an isotonic sodium chloride solution, the cell 



 

density at the culture well bottom and on the surface of the matrices was 

1.5–3 times statistically significant higher than the density figures in the 

experiments where the mixture of bone chips and collagen had 

preliminarily been washed with distilled water. 

3. The use of large bone chips (of 800 µm in diameter) reduces 

the adhesive properties of the finished osteoplastic materials. Samples of 

bone graft material obtained using 0.8% collagen solution are 2-2.5 times 

statistically significant more adhesive to human cells compared to bone 

graft materials obtained of 1.1% collagen solution. 
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