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Abstract
The introduction of modern technologies in traumatology and orthopedics, such as immersion fixators and new biometallic alloys, has 

led to a qualitative change in approaches to treatment, but the use of new materials in the manufacture of implants remains relevant.
Purpose of the study. Study of the biocompatibility of an alloy of titanium, tantalum and niobium (Ti21Nb6Ta) in vitrо. 
Methods. The study examined the toxic effects of aqueous extracts of TNT (Ti21Nb6Ta) and BT-6 (Ti-6Al-4V) on human fibroblasts and 

periosteal cells in vitro using the MTT test; hemolytic activity of TNT and BT-6 alloys on the blood of experimental animals - Wistar rats (in vitro) 
by spectrophotometry; Pyrogenic activity was also studied using the kinetic chromogenic method. The object of the study is the metal alloys TNT 
(Ti21Nb6Ta) and BT-6 (Ti-6Al-4V) (control group).

Results. In vitro studies have shown that aqueous extracts from the metal alloys TNT and BT-6 do not have a cytotoxic effect on cultured 
human fibroblasts and periosteal cells in vitro. It was revealed that aqueous extracts of TNT and BT-6 alloys do not have hemolytic and pyrogenic 
activity.

Conclusions. The studies conducted indicate a high level of safety and biocompatibility of the TNT alloy, which is proven by a set of 
in vitro tests. Thus, according to the generally accepted hygienic classification, the metal alloys TNT (Ti21Nb6Ta) and BT-6 (Ti-6Al-4V) can be 
classified as hazard class 4 - low-hazard substances (GOST 12.1.007-76).
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 Introduction
The high level of trauma and diseases of the 

musculoskeletal system in the Republic of Kazakhstan 
requires the optimization of specialized medical institutions, 
including structural changes and equipment updates. The 
implementation of modern osteosynthesis systems has led 
to significant changes in the methods of treatment in the 
field of traumatology and orthopedics, including the use of 
advanced methods, tools, and materials.

The promotion of surgical treatment methods 
in traumatology and orthopedics is closely linked to the 
integration of new technological innovations into the 
production process of implants, which are an integral part of 
surgical practice [1,2]. However, today, the main properties 
of implants are clinical effectiveness, device strength, 
universality, and economic viability. The possibility of early 
patient mobilization after surgical intervention, minimally 
invasive procedures, and a reduction in the risk of 
complications have led to an increased use of intramedullary 
fixators, as opposed to the late 20th century when external 
fixation devices predominated [3,4].

The introduction of new alloys, composite materials, 
and various types of coatings has clearly improved the 
effectiveness of osteosynthesis [5]. Despite significant 
advancements in the development of implants for 
traumatology and orthopedics, there remains a relatively 
high level of risks and complications [6,7]. On one hand, this 
may be associated with errors in the choice of treatment 
method, surgical technique, and the presence of concomitant 
pathology in patients, including allergic reactions to metal. 
On the other hand, there are still issues with the quality of 
alloys used in osteosynthesis structures [8,9,10].

It is known that the body as a whole and the tissues 
surrounding the implant can pathologically react to a foreign 

agent. In particular, metallic implants do not always remain 
inert in the aggressive environment of biological fluids 
[11,12]. Unfortunately, the problem persists due to the use 
of low-quality materials in the manufacture of implants. 
The term "metallosis" is still used to describe complications 
after osteosynthesis and infections around implants remain 
a serious problem in surgery [13,14].

Surgical implants are usually made from metallic 
materials, including austenitic stainless steel, cobalt-
chromium alloys, as well as titanium and its alloys [15]. 
In the 1940s, titanium began to be used as a material for 
medical implants due to its favorable properties, including 
low density, exceptional mechanical characteristics, and 
lack of toxicity [16]. It is known that metal ions can be 
released from metallic materials due to corrosion. There 
are studies showing that metal ions formed as a result of 
corrosion of austenitic stainless steels in vitro can lead to 
changes in the expression of human lymphocyte surface 
antigens and hinder the immune response, as evidenced 
by a reduction in lymphocyte proliferation [15,17,18]. 
Local adverse tissue or allergic reactions associated with 
metallic implants result from the release of ions from these 
metals. The degree of ion release depends on the corrosion 
rate of the alloy and the solubility of the initial corrosion 
by-products [19]. Nevertheless, the interaction of implants 
with body fluids over an extended period inevitably leads 
to corrosion, thereby exerting a toxic effect on surrounding 
tissues and the organism as a whole.

The aim of the study is to conduct preclinical 
research to assess the safety and biocompatibility of the 
titanium, tantalum, and niobium alloy TNT (Ti21Nb6Ta) 
under in vitro conditions.

 Materials and methods 
The study of the new alloy TNT (Ti21Nb6Ta) was 

conducted over a period of 4 months, examining various 
interactions of the TNT alloy (Ti21Nb6Ta) with living cells of 
the organism (in vitro) and directly within a living organism 
(in vivo). The research presented in this article was carried 
out at the National Center for Biotechnology in Astana.

The study design was an experimental preclinical 
study, consisting of two stages: the first stage involved in 
vitro tests, and the second stage comprised in vivo tests to 
gain a more comprehensive understanding of the safety, 
biocompatibility, and osseointegration of the tested alloy.

The results of the first stage, focusing on toxic 
effects of aqueous extracts from TNT (Ti21Nb6Ta) and 
BT-6 (Ti-6Al-4V) (control group) on primary cultures of 
human dermal fibroblasts (HDFn) and human periosteum 
cells under in vitro conditions, were documented in the 
article. This was done using the MTT test. Additionally, 
hemolytic activity of TNT and BT-6 alloys on the blood of 
experimental animals (Wistar rats) was assessed in vitro 
using spectrophotometry. The pyrogenic activity of the 
studied alloy was also investigated by Chromogenic Limulus 
Amebocyte Lysate Test (LAL test). The study focused on 
metal alloys TNT (Ti21Nb6Ta) and BT-6 (Ti-6Al-4V) as the 
control group.

Ethical Issues. The work plan for studying the acute 
toxicity and irritant action of metal alloys TNT and BT-6 was 
developed in accordance with the guidelines outlined in 
the manual for conducting preclinical studies of medicinal 
products and medical devices [20],   following the principles 
of the Helsinki Declaration of the World Medical Association 

(revised in 2013) [21].  Animal research was conducted 
after obtaining approval from the Local Ethics Committee 
of the National Center for Biotechnology on September 23, 
2019.

Metrological support of the research. All 
measurement instruments and test equipment used in the 
scientific studies underwent verification and certification 
procedures in the relevant accredited bodies — Akmolinsky 
branch of the National Center for Expertise and Certification 
and the RSE "Kazakhstan Institute of Metrology."

The object of the study was the experimental alloy 
TNT (Ti21Nb6Ta), as well as samples of the titanium alloy 
BT-6 (Ti-6Al-4V) – the control group provided by the 
Ulbinsky Metallurgical Plant.

Cell Lines. Primary cultures of fibroblasts (HDFn) 
from human skin and human periosteum cells were used 
to determine the general toxic effects of extracts from the 
alloys. HDFn cell cultures and human periosteum cells were 
obtained from the RSE "National Center for Biotechnology" 
of the Ministry of Education and Science of the Republic of 
Kazakhstan. The use of HDFn fibroblast cells as a primary 
cell model, despite their primary cell status, is convenient 
due to their easy accessibility and adaptability to cell 
culture. Fibroblasts (HDFn) can be used to at least double 
the population by a factor of 20, which is sufficient for many 
tests [22]. The use of human periosteum cells is justified 
by the direct contact of metal with the periosteum during 
osteosynthesis, making them a representative model for 
testing the safety of implanted products in traumatology 
and orthopedics.
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Preparation of Aqueous Extracts from Metal 
Alloy Samples TNT and BT-6. The preparation of 
aqueous extracts from metal alloy samples TNT and BT-6 
was carried out in accordance with GOST ISO 10993-12-
2011 (Medical devices. Evaluation of the biological action 
of medical devices. Part 12. Preparation of samples and 
control samples) [23]. Aqueous extracts of metal alloys 
TNT and BT-6 were sterilized by autoclaving at 121°C for 
30 minutes. Then, the samples were placed in a sterile tube 
with a 50 ml solution of 0.9% sterile NaCl. The sample-to-
solution ratio was 1g:10ml. Subsequently, the tube with 
the samples was incubated in a thermostat at 37°C for 24 
hours. Afterward, the aqueous extracts were stored in the 
refrigerator at +4°C for temporary storage.

Evaluation of the general toxicity of TNT and 
BT-6 on human cell culture. Neonatal human skin 
fibroblasts (HDFn) and human periosteum cells were 
dispersed in wells of a 96-well plate (BD Biosciences, USA) 
at a density of 1×104 cells/well. The cells were incubated 
in Dulbecco's Modified Eagle Medium (DMEM) with high 
glucose content, containing 10% fetal bovine serum (FBS), 
overnight at 37°C and 5% CO2. Subsequently, the culture 
medium was removed from the wells using a pipette, and 
100 μl of the tested TNT and BT-6 samples at various 
dilutions were added. DMEM with 10% FBS served as the 
control. The cells were then incubated for 24 hours at 37°C 
and 5% CO2.

After 24 hours of incubation, the culture medium 
in each well of the 96-well plate was replaced with 90 μl 
of fresh phenol red-free culture medium. Subsequently, 
10 μl of the MTT solution (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) (5 mg/ml) was 
added to each well. The cells were incubated for 4 hours 
at 5% CO2 and 37°C. After incubation, the medium was 
aspirated, and the formazan was dissolved by adding 100 
μl of dimethyl sulfoxide (DMSO) per well. Optical density 
was recorded using a BioRad 680 plate spectrophotometer 
(Biorad, France) at a wavelength of 580 nm. MTT test 
data were obtained by comparing optical density (OD) in 
experimental groups. 

The optical density is proportional to the number of 
viable cells in the well. Changes in OD were used to assess 
the cytotoxic activity of the tested samples. Cell viability was 
calculated using the formula: Atest/Acontrol*100, where 
Atest is the optical density of the test wells, Acontrol is the 
optical density of the control wells, and 100 represents 
100% viability.

Evaluation of Hemolytic Activity of Metal Alloys 
TNT and BT-6. The hemolytic test is a widely used method 
for assessing the hemocompatibility of biomaterials, 
measuring the degree of erythrocyte disruption and 
hemoglobin release. This test is more sensitive to toxic 
substances than reactions of other cells in the body. A lower 
hemolytic coefficient indicates better hemocompatibility 
[24, 25].

The hemolytic activity of aqueous extracts of metals 
was studied by exposing isolated erythrocytes from three 
Wistar rats to the extracts in vitro. It was considered that, 
under normal conditions, the percentage of lysed cells 
should not exceed 2%. The principle of the method involves 
determining the hemolytic action of the extract by 100% 
hemolysis of erythrocytes.

Procedure for preparing the metal extract: 
Samples of TNT and BT-6 alloys (1.5 g each) were placed 
in a glass flask with a ground stopper and filled with 50 
ml of a 0.9% aqueous solution of sodium chloride. The 
flask was placed in a thermostat and kept for 14 days at a 

temperature of 37-40°C. The resulting solution was used to 
study the toxic properties of the alloys.

Preparation of erythrocyte mass from the blood 
obtained from three rats was carried out as follows: 
blood was drawn from the carotid artery, adding 0.5 ml of 
a 3.9% solution of sodium citrate to each syringe before 
drawing blood to prevent coagulation. Then, blood was 
drawn in an amount of 4.5 ml. The ratio of 0.15 ml:1.5 
ml (1:9) of sodium citrate solution to blood, respectively, 
was strictly observed. The erythrocyte mass prepared in 
this way can be stored for up to 72 hours at a temperature 
of 4-6°C. In the next stage, washing of erythrocytes from 
the destroyed elements of blood was performed. The 
erythrocyte mass was poured into three test tubes, each 
containing 5 ml, and centrifuged for 10 minutes at 2000 
rpm. The supernatant was poured off, and 9 ml of sterile 
0.9% sodium chloride solution was added to the sediment. 
The contents were mixed, and centrifugation was repeated 
for another 10 minutes at 2000 rpm. Visual assessment 
of the transparency of the supernatant was carried out. It 
was poured off, 9 ml of sterile sodium chloride solution 
was added, and the same centrifugation procedure was 
repeated. After centrifugation and visual assessment of 
transparency, another cycle of washing erythrocytes was 
required: pouring off the cloudy pink supernatant, adding 
9 ml of 0.9% sodium chloride solution, and centrifugation. 
Visual assessment of transparency yielded a positive 
result: a clearly separated sediment - intact blood elements 
(erythrocytes); the supernatant - colorless, transparent, 
without signs of hemolysis.

Preparation  of a 10% suspension of 
erythrocytes. From the bottom of each test tube after 
centrifugation, the sediment (formed elements) was taken 
in an amount of 1 ml and mixed with 9 ml of a 0.9% NaCl 
solution. Three variants (three test tubes) of erythrocyte 
suspensions were obtained. Such a mixture is allowed to be 
stored for no more than 24 hours at a temperature of 4-6°C. 
Next, the preparation of control samples and samples 
with 100% hemolysis followed. Nine test tubes were used, 
three lines of three test tubes for each rat: experimental, 
control, 100% hemolysis. In the experimental test tubes, 
5 ml of the alloy extract with previously added 0.9% 
NaCl were placed. In the control test tubes, 5 ml of 0.9% 
NaCl solution was added. In the test tubes with 100% 
hemolysis, 5 ml of distilled water was added. Then, using a 
graduated measuring pipette, 0.5 ml of a 10% suspension 
of erythrocytes was added to each test tube. In the test 
tubes with 100% hemolysis, the formation of "lacquer 
blood" (100% hemolysis) was immediately observed due 
to the difference in osmotic pressure between distilled 
water and a 10% suspension of erythrocytes. The test 
tubes were thermostated for 1 hour at a temperature 
of 37°C, then centrifuged for 20 minutes at 2000 rpm. 
After centrifugation, the supernatant was separated for 
optical density measurements. The optical density of 
the experimental, control, and 100% hemolysis samples 
was measured on a Bio-Rad 680 spectrophotometer at a 
wavelength of 540 nm against a "blank" sample (water).

Evaluation of the pyrogenicity of metal alloys 
TNT and BT-6. The chromogenic Limulus Amebocyte 
Lysate Test (LAL test) is based on the formation of a 
colored product during the hydrolysis of a substrate, which 
occurs only when the enzyme system is activated in the 
presence of bacterial endotoxin (BE). In the presence of 
lipopolysaccharides, the tested solutions acquire a yellow 
color, with the color intensity directly corresponding to the 
concentration of BE. 
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This feature allows for the construction of a 
calibration curve and facilitates the quantitative assessment 
of BE levels. The peak sensitivity of the method is 0.005 
endotoxin units per milliliter (EU/ml) [26].

To assess the pyrogenicity of alloys, a kinetic 
chromogenic method using the LAL test was applied, 
as described in the European Pharmacopoeia (chapter 
2.6.14) and the U.S. Pharmacopoeia (chapter 85). The 
pharmacopoeias refer to the KQCL method as method D. 
Measurement of endotoxin levels in samples was performed 
using the ENDOSAFE PTS endotoxin detection instrument 
(Charles River, USA). The chromogenic LAL test is based 
on the formation of a colored product resulting from the 
hydrolysis of a substrate, which occurs only when the 
enzyme system is activated in the presence of bacterial 
endotoxin. A notable advantage of the chromogenic LAL test 

is its ability to accurately determine the amount of BE and 
significantly improve method reproducibility [26].

Aqueous extracts of metal alloys TNT and BT-6 were 
used as the experimental and control groups, respectively.

Statistical processing of results was carried 
out using Microsoft Excel and Statistica 7. Distributions 
were described by the mean and standard error of the 
mean. Intergroup differences were evaluated by the 
non-parametric Mann-Whitney U-test. Differences were 
considered significant at a 95% probability threshold 
(p<0.05).

 Results
According to the results of the study on the acute 

toxicity of aqueous extracts of TNT and BT-6 alloys on 
human periosteal cells and fibroblasts, based on Figures 1 
and 2, the highest level of cell viability was observed in the 

0.9% NaCl solution (false control) – 100 and 94.12%; BT-6 
(control) – 82.6 and 87.5%; TNT (main group) – 66.25 and 
72.88%, respectively. 

Figure 1 - Viability of human periosteal cells after 24 hours of incubation with samples of aqueous extracts of metal alloys TNT 
(Ti21Nb6Ta) and BT-6 (Ti-6Al-4V)

The obtained p-value is 0.21, and at a 95% 
probability threshold (p<0.05), there were no statistically 

significant differences between the groups (Figures 1 and 
2).

Figure 2 -  Viability of human skin fibroblasts HDFn after 24 hours of incubation with samples of aqueous extracts of metal alloys TNT 
(Ti21Nb6Ta) and BT-6 (Ti-6Al-4V)

The examination of toxic properties revealed that 
aqueous extracts from TNT and BT-6 metals do not possess 
in vitro hemolytic activity when acting on isolated rat 

erythrocytes (hemolysis was absent) within permissible 
values of not more than 2% (Figure 3).
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Figure 3 - Hemolytic activity of metal alloys TNT (Ti21Nb6Ta) and BT-6 (Ti-6Al-4V)

  
 The results of the LAL test showed that the 

investigated aqueous extracts of metal alloys TNT and BT-6 
are non-pyrogenic, as the level of bacterial endotoxins was 

0.05 EU/ml, which corresponds to the absence of pyrogenic 
properties in TNT and BT-6 alloys.

 Discussion
In  our study, composite alloys  TNT (Ti21Nb6Ta)  

were used due to the excellent biomechanical properties of 
each element in the composite alloy. Metallic biomaterials, 
such as tantalum (Ta) and niobium (Nb) alloys, are widely 
used in various fields, but their use in the production of 
orthopedic implants is limited. Numerous studies and 
developments are conducted worldwide on various types 
of metallic biomaterials. According to the literature, the 
elemental components of Ti, Nb, and Ta metals are generally 
non-toxic and have a high level of safety and  biocompatibility 
[27]. The titanium alloy BT-6 (Ti-6Al-4V) was chosen as a 
control group composite alloy because BT-6 (Ti-6Al-4V) is 
one of the common combinations of biocompatible alloys 
used in the production of biomedical implants worldwide. 
There is no comprehensive research on the combination 
of TNT (Ti21Nb6Ta) according to literature data. This 
combination may improve the outcomes of surgical 
treatment due to enhanced product properties.

Thus, the results of the MTT test showed that 
aqueous extracts from metal alloys TNT and BT-6 do not 
exhibit toxic effects on fibroblasts and human periosteal 
cells, as the cell viability exceeded 50%.

Thus, it can be assumed that aqueous extracts 
from TNT and BT-6 metal alloys do not exert a toxic effect 
on fibroblasts and human periosteal cells, as cell viability 
exceeded 50%. In similar experiments, Jian Xu et al. (2013) 
in their study of the Ti-25Nb alloy showed, using the MTT 
test, that extracts from the Ti-25Nb alloy did not exhibit  
toxic effects on rabbit bone marrow mesenchymal stem 
cells, emphasizing the favorable biocompatibility of the alloy, 
with cell growth ranging from 94% to 113% [28]. Shimaa 
El-Hadad et al. (2018), using the MTT test, determined the 
viability of Saos-2 bone cells after incubation with Ti-6Al-
4V alloy samples, which demonstrated a relatively strong 
proliferative effect on cells, indicating high cytocompatibility. 
Notably, samples obtained from Ti-6Al-7Nb demonstrated 
high cytotoxicity, with cell viability below 50%, suggesting 
that this combination of metal alloys may not be suitable for 
implantation due to its toxicity [29].  

E. Dayaghi et al. (2019) tested a magnesium-zinc 
framework with tetracycline at different concentrations 
of tetracycline (MnZn-xTC – 1%, 5%, 10%) in interaction 
with human bone osteosarcoma cells. According to the 
study results, frameworks consisting of MnZn and MnZn-
xTC with the inclusion of 1% and 5% tetracycline exhibited 
biocompatibility. However, the MZ-10TC framework with a 
higher concentration of tetracycline demonstrated toxicity 
[30].

The analysis of toxic characteristics showed that 
water extracts of  TNT and BT-6 metals  lack in vitro 
hemolytic activity on isolated rat erythrocytes, with 
hemolysis being absent and staying within acceptable limits 
of no more than 2%.

In our research, we found that the hemolytic 
coefficients for TNT and BT-6 samples were 0.379% and 
0.372%, respectively, with permissible values of not more 
than 2%. The obtained p-value was 0.12, and at a 95% 
probability threshold (p<0.05), there were no statistically 
significant differences in the groups of metal extracts 
compared to the negative control group (hemolysis 
0.9% NaCl). The examination of toxic properties showed 
that aqueous extracts from TNT and BT-6 metals do 
not possess in vitro hemolytic activity when acting on 
isolated erythrocytes of experimental animals (hemolysis 
was absent). For example, Jialin Niu et al. (2013) studied 
erythrocyte hemolysis in interaction with an Mg–Nd–Zn–Zr 
alloy with brushite coating, and the samples with brushite 
coating showed higher hemocompatibility – 0.68%, 
compared to the uncoated sample – 48% [31]. 

The outcomes of the LAL test indicated that the 
examined water extracts from metal alloys TNT and BT-6 are 
non-pyrogenic, given the bacterial endotoxin level of 0.05 
EU/ml, aligning with the absence of pyrogenic properties in 
TNT and BT-6 alloys. 

 Conclusions
The cytotoxicity results indicate that aqueous 

extracts from TNT and BT-6 metal alloys do not exert a toxic 
effect on fibroblasts and human periosteal cells under in 
vitro conditions. The investigation of the toxic properties 
of TNT and BT-6 metal alloys reveals that aqueous extracts 

from these materials do not possess hemolytic and 
pyrogenic activity in vitro.
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Our conducted research demonstrates that the 
new TNT alloy (Ti21Nb6Ta) is biologically safe (non-
toxic, hemocompatible, and non-pyrogenic) in vitro. The 
further strategy for studying the biocompatibility of 
this alloy is focused on conducting in vivo tests for more 
thorough examination, aiming for subsequent biomedical 
applications.
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Түйіндеме
Травматология және ортопедия салаға батпалы фиксаторлар және жаңа биометаллдық қорытпалар сияқты заманауи 

технологияларды енгізу, емдеу тәсілдерін сапалы өзгертуге әсер етті, бірақ импланттарды өндіру, және жаңа материалдарды 
пайдалану мәселесі өзекті болып қала береді.

Зерттеудің мақсаты: титан, тантал және ниобий қорытпасының (Ti21Nb6Ta)  биоүйлесімділігін in vitro зерттеу.
Әдістері. Зерттеуде TNT (Ti21Nb6Ta) және BT-6 (Ti-6Al-4V) сулы сығындыларының MTT-сынағы арқылы in vitro адамның 

фибробласттары мен периостальды жасушаларына уытты әсері зерттелді; TNT және BТ-6 қорытпаларының гемолитикалық 
белсенділігін – тәжірибелік жануарлардың Wistar егеуқұйрықтары қанындағы әсерін спектрофотометрия әдісімен (in vitro) 
зерттелді; Пирогендік белсенділік кинетикалық хромогендік әдіспен зерттелді. Зерттеу объектісі TNT (Ti21Nb6Ta) және ВT-6 (Ti-
6Al-4V) (бақылау тобы) металл қорытпалары болып табылады.

Нәтижелері. In vitro зерттеулер TNT және ВT-6 металл қорытпаларынан алынған сулы сығындылардың өсірілген адамның 
фибробласттарына және in vitro периостальды жасушаларына цитотоксикалық әсер етпейтінін көрсетті. ТNТ және ВТ-6 
қорытпаларының сулы сығындыларының гемолитикалық және пирогендік белсенділігі жоқ екені анықталды.

Қорытынды. Жүргізілген зерттеулер TNT қорытпасының қауіпсіздігі мен биоүйлесімділігінің жоғары деңгейін көрсетеді, бұл 
in vitro сынақтарының жиынтығымен дәлелденді. Жалпы қабылданған гигиеналық классификацияға сәйкес TNT (Ti21Nb6Ta) және 
ВT-6 (Ti-6Al-4V) металл қорытпаларын 4-ші қауіптілік клаcсы – төмен қауіпті заттарға жатқызуға болады (ГОСТ 12.1.007-76).

Түйін сөздер: металл қорытпасы, Ti-Nb-Ta, уыттылық, биоүйлесімділік, гемолиз, пирогенділік.

Оценка биологической безопасности сплавов металлов TNT (Ti21Nb6Ta) и ВТ-6 (Ti-6Al-4V)
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Резюме
Внедрение современных технологий в травматологии и ортопедии, таких как погружные фиксаторы и новые 

биометаллические сплавы, привело к качественному изменению подходов к лечению, но остается актуальным применение новых 
материалов при изготовлении имплантатов.

Цель исследования: изучить биосовместимость сплава из титана, тантала и ниобия (Ti21Nb6Ta) в условиях in vitro.
Методы. В исследовании изучались токсические воздействия водных вытяжек из TNT (Ti21Nb6Ta) и ВТ-6 (Ti-6Al-4V) 

на фибробласты и клетки надкостницы человека в условиях (in vitro) при помощи МТТ-теста; гемолитическая активность 
сплавов TNT и BT-6 на крови экспериментальных животных - крыс породы Wistar (in vitro) методом спектрофотометрии; так же 
исследовалась пирогенная активность кинетическим хромогенным методом. Объектом исследования являются сплавы металлов 
TNT (Ti21Nb6Ta) и ВТ-6 (Ti-6Al-4V) (группа контроля).

Результаты. Исследования in vitro показали, что водные вытяжки из сплавов металлов TNT и ВТ-6 не оказывают 
цитотоксического действия на культивируемые фибробласты и клетки надкостницы человека в условиях in vitro. Выявлено, что 
водные вытяжки сплавов TNT и ВТ-6 не обладают гемолитической и пирогенной активностью. 

Выводы. Проведенные исследования свидетельствуют о высоком уровне безопасности и биосовместимости сплава TNT, 
что доказано комплексом проведенных in vitro тестов. Таким образом, по общепринятой гигиенической классификации сплавы 
металлов TNT (Ti21Nb6Ta) и BT-6 (Ti-6Al-4V) можно отнести к 4 классу опасности – малоопасным веществам (ГОСТ 12.1.007-76).

Ключевые слова: сплав металла, Ti-Nb-Ta, токсичность, биосовместимость, гемолиз, пирогенность.


