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COMPARATIVE EVALUATION OF NEW OSTEOPLASTIC MATERIALS BASED ON
THE RESULTS OF ACUTE TOXICITY STUDIES

d  http://dx.doi.org/10.26739/2181-0664-2021-SI-2-5

ABSTRACT
Three series of experiments were carried out and lethal doses of the new osteoplastic material 47.5 V
were determined by the intraperitoneal and intragastric injection of the material to laboratory animals.
A comparative evaluation with Bioactive glass BG-1D was also carried out. It was found that the
LDso of 47,5B was 4274.51:4770.58 mg/kg for intragastric injection and 2358.31:2895.65 mg/kg for
intraperitoneal injection to rats. In animals getting Bioactive glass BG-1D, these indicators changed
slightly, amounting to 3439.04:3810.53 mg/kg and 1732.77:2730.93 mg/kg, respectively. Thus,
according to the classification of substances according to the degree of toxicity, these materials can
be attributed to practically non-toxic substances (according to the results of intraperitoneal injection
of the material suspension to rats and mice) and low-toxic substances (according to the results of
intragastric injection of the material suspension to rats).
Keywords: osteoplastic material, median lethal dose, acute toxicity.

Axobapos A.H.,

3usgynnaesa H.C.
TamkeHTCKUI rocy1apCTBEHHBIN
CTOMATOJIOTUYECKUI UHCTUTYT,
nigorazstom@yandex.ru

CPABHUTEJ/IBHASA OLHEHKA HOBBIX OCTEOIIVIACTUYECKUX MATEPHUAJIOB 11O
PE3YJbTATAM U3YUEHUA OCTPOM TOKCUUYHOCTH

AHHOTAIUA
[IpoBeneHsl TpuU Ccepuu  HIKCHEPUMEHTOB M  OIpPEAEIeHbl  JeTaJbHbIE€  J03bl  HOBOTO
ocreoruiacTuueckoro marepuana 47,5B npu BHyTpUOPIOIIMHHOM M BHYTPHXKEITYJOYHOM IyTH
BBEJICHUs Ipenapara JabopaTOpHbIM KUBOTHBIM. Takke NpoBEAECHAa CpaBHUTENIbHAs OLIEHKA C
buoaktusneiM ctexkinom BG-1D. O6napysxeno, uro LD50 47,5B cocraBmia 4274,51:4770,58 mr/xr
IIpU BHYTPWKEIYA0YHOM BBeAeHUU U 2358,31:2895,65 Mr/kr mpu BHYTPUOPIOUIMHHOM BBEICHHUU
KpbIcaM. Y KUBOTHBIX, MOdy4yaBInX buoaktusHoe crexno BG-1D, 3ToT noka3aTesib HE3HAYUUTEIbHO
n3Mmensicst, cocraBuB 3439,04:3810,53 mr/kr u 1732,77:2730,93 mr/kr coorBercTBeHHO. Takum
00pa3oM, COrjlacHO KJIaCCU(HUKAIMHU BEIIECTB 10 CTENIEHN TOKCUYHOCTH JaHHbIE MaTepUabl MOXKHO

29



Y3GEK TUBEMET XYPHATM | Y3GEKCKMH METMUUHGKA XYPHAN | UZBEK MEDIGAL JOURNAL

OTHECTH K IPAKTHYECKH HETOKCUYECKUM BellecTBaM (110 pe3yJibTaTaM BHYTPUOPIOIIMHHOTO BEACHHUS
CYCIIEH3MM BELIECTB KpbICAaM W MbIIaM) M K MaJlOTOKCUYHBIM BellecTBaM (MO pe3yjbTaTam
BHYTPHKEITYJOYHOI'O BBE/ICHUS CYCIIEH3UH BEILIECTB KpbIcaM).

KiroueBple ¢j10Ba: OCTEOIIIACTUYECKAN MaTEPHall, IOIYJIETAIbHAS 103a, OCTpasi TOKCHYHOCTb.

Axobapos A.H.,

3usgynnaesa H.C.

TomkeHT JaBiaT CTOMATOJIOTHSI HHCTUTYTH,
nigorazstom@yandex.ru

SHI'A OCTEOILTTIACTHK XOMAIIIEJAPHU YTKHP 3AXAPJINTUHU YPT AHUIII
HATHXKAJIAPH ACOCHUJIA KUECHI BAXOJIAII

AHHOTAIUA
Anru 47.5B HOMIM OCTEOTUIACTUK MAaTEPUATTHUHT XAJIOKATIIN J03aJIapy aHUKJIAI YIyH J1abopaTtopust
XallBOHJIapyra mnpenapaTHd UHTPANEPUTOHEA Ba MHTPArCTpal WyHAIUIINAA I000OpUIIrad Xoja yu
Katop Taxxpuoa yrrazmwiau. buodaon muma BG-1D 6unan xam kuécuii 6axoiaiin amanira O puIIi.
bynna 47,5Baunr JI/{so kamamymmapra MHTparcTpail  WAyHanIMIMga 0O0OpHIIraH — XoJjaa
4274.51:4770.58 wMr/krra TEHI KeIAW, Ba Kajamyllapra WHTpalepuTOHead WyHanumuaa
ro0opuitran xonja 2358.31:2895.65 mr/krra tenr kenau. buodaon muma BG-1DHu kabyn kuiran
xaiiBoHnapna ymOy Kypcarkuuwiap Oup 03 y3raprad pasumiaa, 3439.04:3810.53 wmr/kr Ba
1732.77:2730.93 mr/kr moc kenmu. lllynmait kuiu0, 3axapiawiiuK Japakacura Kypa Mojjaajap
TacHuu Oyiinmya ymoOy Marepuauiap Aesapiid 3axapiu OyaMaraH Mojjuanap (HMHTparacTpal
HyHanuImmaa 1000pUITUIIN HATWIKajJapura Kypa) Ba MAcT 3axapid Mojjaaiap (MHTpamepuToHeas
HyHanmummaa 0OpUIHILY HaTHKajJapura Kypa) KaTopura KUpUTHINIIN MyMKHH.
Kaiur cy3nap: ocreomnacTuk XoMae, spumiieTa 103a, YTKUp 3aXapIuk.

Introduction. Replacement of bone tissue in large and medium-sized defects resulting from injuries,
degenerative pathologies and removal of tumors is still considered one of the main clinical tasks of
our time. Therefore, in recent years, there has been a significant increase in the demand for bone
grafts.

So far, among all the available synthetic materials used in the production of bone grafts (for example,
polymers, ceramics and composites), bioactive glasses (BS) undoubtedly have more advantages in
terms of biocompatibility and mechanical properties. They were also optimal as a basis for the
manufacture of three — dimensional (3D) scaffolds - products of bone tissue engineering. The
development of new bioactive materials for use as the basis of scaffolds that meet all the requirements
1s an actual tissue engineering problem.

The purpose of the research. The purpose of preclinical toxicological studies of the new silicate
glass 47.5 B is to establish the nature and severity of its damaging effect on experimental animals'
organisms and compare it with bioactive glass BG-1D of domestic production and evaluate its safety
for further use as an osteoplastic material.

Materials and methods of the research. The object of the study was silicate glass (47.5 S102-10
Na20-10 K20-10 MgO-20 Ca0-2.5 P205 mol.% ), originally developed by Verne and co-authors at
the Polytechnic Institute of Torino (Italy).

To study acute toxicity, 72 sexually mature male rats with an initial weight of 160-188 g and 30
sexually mature male mice with an initial weight of 20-23 g were used. The animals were quarantined
and acclimatized in a vivarium for 14 days. All the animals were kept in the same conditions and on
a regular diet.

To assess the acute toxicity, 3 series of experiments were conducted. Animals of the experimental
groups were injected with osteoplastic material 47.5 B (white fine-crystalline powder, odorless,
moderately soluble in water), in the form of an aqueous suspension:
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1) by single intragastric injection to rats in doses of 4000, 4100, 4250, 4500, 4750 and 5000 mg/kg.
A suspension prepared ex tempore based on a 1% solution of potato starch (1 g of potato starch
powder was dissolved in 100 ml of distilled water) was introduced per os using a special metal tube.
2) by single intraperitoneal injection of a solution of the substance to rats in doses of 1500, 2000,
2250, 2500, 2750 and 3000 mg/kg.

3) by a single intraperitoneal injection of a solution of the substance in doses of 0,1, 0,2, 0,3, 0,4,
0,5/20 d. In order to prepare a suspension, 1 g of osteoplastic material was dissolved in 9 ml of phys.
the solution was placed for 1 day in a thermostat at a temperature of 37 °© C. After 24 hours, this
suspension was passed through a filter. The isolated solution was injected to sexually mature male
mice intraperitoneally.

In each series of experiments, the animals were randomly divided into six groups, using body
weight as a criterion. Each experimental group, in turn, consisted of 6 animals.

The general condition of the laboratory animals was monitored hourly during the first day, and once
a day during the subsequent time of the experiment (13 days). The median lethal dose of the material
(LD50) was calculated by probit analysis using the StatPlus program (2009).

The studies were carried out in full compliance with the "Guidelines for conducting preclinical studies
of medicines. Part One" (2012). Experiments on animals were carried out in accordance with the rules
adopted by the European Convention for the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (ETS 123). Strasbourg, 1986).

The results of the study were statistically processed using the Biostat 2009 software package.
Results and discussion. The study of the acute toxicity of bioactive glass 47.5 B by intragastric
injection of the solution was carried out on 36 mature male rats. The experimental animals were
observed for 14 days.

In the course of studying the acute toxicity of osteoplastic materials 47.5 B, we identified
some changes in a number of physiological parameters of individuals of the experimental groups.
Depending on the dose of the injected substance, there was a decrease in the motor activity of rats
and mice, a decrease in food and water consumption, increased breathing and increased sweating. In
animals receiving the substance in maximum doses, there were signs of central nervous system
depression, a slight decrease in response to tactile, painful, sound and light stimuli, and a decrease in
body weight. The timing of rat death was directly related to the dose of the injected osteoplastic
material. The animals that received the maximum amount of the substance were the first to die. The
death of the first animals that received the drug 47.5 B at the maximum dose was observed on day 6,
and the last animals that received the substance fell on the 10th day of the experiment. The remaining
animals were in satisfactory condition.

In the groups of experimental animals having got BG-1D, the animals receiving the maximum
dose of the substance were the first to die by the end of the 2nd day after the injection of BG-1D, and
the last animal death was observed on the 8th day of the experiment.

In groups of 6 animals having got a solution at a concentration of 4100 mg/kg - 1 specimens
died, 4250 mg/kg - 3 specimens, 4500 mg/kg - 4, 4750 mg/kg — also 4 specimens and in the group of
animals treated with a solution at a concentration of 5000 mg/kg, all 6 specimens died (Fig. 1).

In the experimental groups of animals, which were injected smaller doses of the substance solution
(4000-4250 mg / kg), the behavior of specimens did not change compared to the original.
Fig. 1

Results of intragastricinjection of 47,5B substance's solution

B The number of died
spicemens in group

The number of died spicemens in grou
4000 4100 4250 4500 750 P group
5000
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When calculating the median letal dose LD50 of the 47.5B was 4522.92 (4274.51:4770.58) mg/kg,
which allows us to attribute this material to low-toxic substances. The BG-1D also belongs to low-
toxic substances according to the results of calculating the median letal dose LD50 in a similar series
of experiments, which was 3625.03 (3439.04:3810.53) mg/kg.

In the second series of experiments, the study of the acute toxicity of bioactive glass 47.5B was carried
out by intraperitoneal injection of a solution of 36 sexually mature male rats.

The death of the first animals after intraperitoneal injection of the material 47.5 B at the maximum
dose was observed on day 3, and the last animal fell on the 8th day of the experiment.

In groups of 6 animals treated with a solution at a concentration of 2000 and 2250 mg/kg, 1 individual
died, 2500 mg/kg — 2 individuals died, 2750 mg/kg — 4 and in the group of animals treated with a
solution at a concentration of 3000 mg/kg, all 6 individuals died (Fig. 2).

When examining the site of intraperitoneal administration of the powder suspension, no edema,
hyperemia, or structural abnormalities in the adjacent tissues were detected in the animals. These data
suggest that 47.5 B does not have a local irritant effect.

In groups of experimental animals having got BG-1D in the same series of experiments, the first
animals died by the end of the 5th day after the introduction of BG-1D, and the last animal death was
observed on the 10th day of the experiment.

In this series of experiments, when calculating the median letal dose of material 47.5B, the LD50 was
2626.98 (2358.31:2895.65) mg/kg, and the LD50 of material BG-1D was 2231.85 (1732.77:2730.93)
mg/kg.

Results of intraperitoneal injection of 47,5B substance's solution

B The number of died spicemens
in group

During the third series of experiments conducted by intraperitoneal administration of the 47,5B and
BG-1D materials' suspension to 30 sexually mature male mice, not a single spicemens of 6 animals
in 5 groups died.

Conclusions. The results of calculating the median letal doses of the 47.5B osteoplastic material we
studied and the BG-1D osteoplastic material compared with it did not reveal significant differences.
Thus, according to the classification of substances by the toxicity degree, they can be attributed to
low-toxic substances (according to the results of intragastric injection of substances' solution of to
rats) and to practically non-toxic substances (according to the results of intraperitoneal injection of
substances' solution to rats and mice).
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