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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 (Ti2Z1Nb6Ta) in vitro.

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 (Ti2Z1Nb6Ta) 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

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

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.

(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 1x104 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% COZ2. Subsequently, the culture
medium was removed from the wells using a pipette, and
100 pl 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 pl
of fresh phenol red-free culture medium. Subsequently,
10 pl 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
ul 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 Kkinetic
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

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
160%

140%

120%

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).
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erythrocytes (hemolysis was absent) within permissible

values of not more than 2% (Figure 3).

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
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Figure 3 - Hemolytic activity of metal alloys TNT (Ti2Z1Nb6Ta) 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

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-toxicand 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].

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

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

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.

from these materials do not possess hemolytic and
pyrogenic activity in vitro.
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Our conducted research demonstrates that the of the manuscript, or the decision to publish the results.
new TNT alloy (Ti21Nbé6Ta) is biologically safe (non-
toxic, hemocompatible, and _non-pyrogt.anic) in v.it.r(_). The  framework of the scientific and technical program, targeted
further strategy for studying the biocompatibility of  fynding of the Ministry of Education and Science of the

this alloy is focused on conducting in vivo tests for more Republic of Kazakhstan (55165 /ITLI®-MOH PK-0T-19).
thorough examination, aiming for subsequent biomedical

applications.
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Tyitingeme

Tpasmamoiozus xcaHe opmonedusl canara 6amnansl GuKCamopaap HaHe HaHa 6uomMemannosblk Kopbimnaiap cusKmsl 3aMaHayu
mexHo02us1apOdbl eHzi3y, emdey macindepiH canaabl e3zepmyze acep emmi, 6ipax umniaHmmapobl eHIIpy, JHcaHe KHaHa mamepuandaposvl
natidanaHy maceseci e3ekmi 60161 Kaaa 6epeoi.

3epmmeydiy Makcamsl: mumax, maHman xaHe Huobutl kopsimnaceiHsiy (Ti2Z1Nb6Ta) 6uoylinecimdiniein in vitro sepmmey.

9ddicmepi. 3epmmeyde TNT (Ti2Z1Nb6Ta) xcane BT-6 (Ti-6Al-4V) cyavl coirbiHOblaapbitbly MTT-CblHaFbl apKbLablL in Vitro adamHbiy
dubpobaracmmapwsl MeH nepuocmaabobl KHeacywarapsbiHa yvimmel acepi sepmmendi; TNT xcane BT-6 KopbimnaaapbiHbly 2eMOAUMUKAABIK
6esceHdinizin - madcipubenik xcanyapaapdsiy Wistar ezeykylipblkmapbl KaHbIHOAGFbl acepiH chekmpogomomempus adicimeH (in vitro)
3epmmendi; [lupozendik 6esnceHdiniKk KUHeMUKA/IbIK XpoMmoz2eHOik adicneH 3epmmendi. 3epmmey o6wvekmici TNT (Ti21Nb6Ta) sxcane BT-6 (Ti-
6Al-4V) (6akbliay mo6bl) Memann Kopblmnaaapsl 6016in Mabdblaadbl.

Hamuoicenepi. In vitro 3epmmeynep TNT scane BT-6 Memasa KopblmnaaapslHaH AAbIHFAH CYAbl CbIFbIHObLAAPObIH 6CIpiiceH a0aMHbIH
dubpobaacmmapwuiHa sHcaHe in vitro nepuocmabobl HaACywaAapblHA YUMOMOKCUKAAbIK acep emneliminiH kepcemmi. TNT scone BT-6
KOpbIMNAAapbIHbIH CY/bl CbIFbIHObIAAPbIHBIY 2eMOAUMUKAbIK JHCaHe NUPo2eHOiK besceHdiniel HOK eKeHi aHbIKkmaobL.

Kopvimuindul. Kypeisineen sepmmeynep TNT KopbimnacwiHblH Kayincizdiei meH 6uoytinecimoinieiniy jcorapbl deHeellin kepcemedi, 6y
in vitro cblHaKmMapelHbIK JCUbIHMbIFbIMEH da1ea10eH0i. JKaanel KabvladanraHn 2uzueHanvik kaaccupukayusira catikec TNT (Ti2Z1Nb6Ta) sicane
BT-6 (Ti-6Al-4V) memanan kopsimnaaapeiH 4-wi kayinmiaik kaaccel — memeH Kkayinmi sammapra sjcamkui3yra 6o04a0st (FOCT 12.1.007-76).

Tytiin ce3dep: memann kopstmnacel, Ti-Nb-Ta, ysimmubLiblk, 6uoyiiiecimoinik, 2emMo.1u3, nupo2eHIinIk.

OneHka 61M010ru4ecKoi 6e3o0nmacHOCTHU ci1aBoB MeTa/110B TNT (Ti21Nb6Ta) u BT-6 (Ti-6A1-4V)
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Pe3ome

BHe@peHue COBPEMEHHbIX mexHo102ull 8 mpaemamovsiocuu U opmone@uu, MaKux Kak noepyicHbsle ¢HKCGmOpbl u Hoesble

6uomemanauveckue cnJ/aebsl, npueeso K Ka4eCmeeHHOMY USMEHEeHUI0 nodxodoe K J/1eYeHUl, HO ocmaemcs aKkmyda/ibHbIM npuMeHeHUe HOBblX
Mmamepuasios npu us2omossieHuu UMn/aaHmamaos.

Leab uccaedoganusi: uzyuums 6uoco8MeCMuUMOcCmyb cnaaead u3 mumaxa, maumana u Huoébus (Ti2Z1Nb6Ta) 8 ycaosusix in vitro.

Memodbl. B uccaedosanuu uzyuaaucs mokcuyeckue eo3delicmaust 800Huix evimsidicek uz TNT (Ti2Z1Nb6Ta) u BT-6 (Ti-6Al-4V)
Ha ubpobaacmoel u KAemkKu HAOKOCMHUYbl Yesn08eka 8 ycaosusix (in vitro) npu nomowu MTT-mecma; eemoaumuyeckass akmusHocmb
cnaaeos TNT u BT-6 Ha kpo8u 3KCnepuMeHmabHbIX HCUBOMHbIX - Kpblc nopodsl Wistar (in vitro) memodom cnekmpogpomomempuu; mak sice
ucc1e008a1ach NUPO2EHHA AKMUBHOCMb KUHEMU1eCKUM XPOMO2eHHbIM Memodom. 06seKkmom ucca1edo8aHus 1815110Mcsl CN1A8bl Memas108
TNT (Ti2Z1Nb6Ta) u BT-6 (Ti-6Al-4V) (epynna konmpos).

Pe3zynsmamosl. HccaedosaHus in vitro nokasasau, ymo 800Hble 8bimsidcKU u3 cnaasoe memasanos TNT u BT-6 He okasbiearom
yumomokcuyeckozo delicmeust Ha KyJbmugupyemble Gub6pobaacmsl U Kaemku Ha0KOCMHUYbl 4e/108eKd 8 YCA08USIX In Vitro. BulsigieHo, Ymo
800Hble gbimsiicku cnnasoe TNT u BT-6 He o6.aadarom 2eMoaumu4eckoll U Nupo2eHHOU aKmugHoCmuio.

Bbi800bL. [IposedenHble ucc1edo8aHus caudemenbCmeyom o 8bICOKOM yposHe be3onacHocmu u 6uocoemecmumocmu cnaasa TNT,
umo Joka3aHo KOMN/aekcoM nposedeHHbIX in vitro mecmos. Takum o6pa3om, no obwenpuHamol zuesueHu4eckol Kaaccugukayuu cnaagsl
memannos TNT (Ti2Z1Nb6Ta) u BT-6 (Ti-6Al-4V) mosxcHo omHecmu k 4 kaaccy onacHocmu — manoonacHeiM eeujecmeam (I'OCT 12.1.007-76).

Katouegwie cno8a: cnaag memasnna, Ti-Nb-Ta, mokcuuHocms, 6U0CO8MECMUMOCTY, 26MO1U3, NUPO2EHHOCMb.
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