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The article presents results of antimicrobial effectiveness estimation in vitro and biosafety
level control in vitro and in vivo for experimental substance of spherical 40 nm bismuth
nanoparticles. High bactericidal effectiveness against wide spectra of pathogen microorganisms —
potential causative agents of livestock and poultry infectious diseases has been revealed for the
analyzed nanoparticles as well as biosafety according to the analyzed parameters of genotoxicity,
cytotoxicity, mutagenisity and acute toxicity LDso.
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Introduction. The problem of making competitive biologically safe products
of livestock and poultry industry are very important as for EU-members countries as
for other countries in the world.

The main risk of using livestock and poultry farming products for human is
contamination by opportunistic and pathogenic microorganisms (such as Salmonella,
Campylobacter, enterotoxigenic E. coli etc.) and their metabolites [1, 2]. In many
cases these pathogens can be hosted in the animal intestinal tract asymptomatically
and provoke food-borne diseases after transmission through the food chain to
humans.

Opportunistic and pathogen microorganisms are also main cause of morbidity
and mortality and the main source of economic losses in the livestock and poultry
industry in wide world [3-5].

Therefore, the development of new high effective biosafe substances with
bactericidal properties for ensuring reduction of morbidity and mortality in young
farm animals and poultry as well as decrease of antibiotic-resistant pathogens’
widespread is actual. Solving of this problem gives opportunity to reduce economic
loss in the livestock and poultry industry and to decrease the food contamination by
opportunistic and pathogen microorganisms especially antibiotic-resistant ones.
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According to our previous studies, bismuth nanoparticles are possessed by high
potential in this area [6].

The goal of the work was estimation in vitro of bismuth nanoparticles
antimicrobial activity against wide spectrum of pathogenic test strains of
microorganisms — potential causative agents of livestock and poultry diseases with
analysis of the nanomaterial biosafety level in vitro and in vivo according to the
parameters of genotoxicity, cytotoxicity, mutagenisity and LDsy.

Materials and methods of research. Spherical Bismuth nanoparticles (BiNP)
with average particle size 40+2.0 nm have been synthesized by the method of
chemical condensation in water medium according to the original protocol developed
in F.D. Ovcharenko Institute of biocolloidal chemistry. The concentration of obtained
BiNP was 77.5 mg/ml. 100% of Bi content is determined in the BiNP according to
the data of X-ray microanalysis [6]. Figure 1 shows transmission electron microscope
(TEM) image of the synthesized spherical BiNP used in presented investigations.

Fig. 1. TEM image of the synthesized spherical 40 nm Bismuth nanoparticles.

BiNP antimicrobial activity was estimated by the «Method of serial dilutions in
agar» according to the Guidelines for Susceptibility Testing of Microorganisms to
Antibacterial Agents (4.2.1890-04) [7]. Muller-Hinton agar has been used as
determination medium. Certain concentrations of sterile BiNP dispersion has been
added to sterile Muller-Hinton agar in certain concentration and mixed. Muller-
Hinton agar with BiNP has been poured on Petri dishes.

Salmonella typhimurium 16, Salmonella enteritidis 34, Escherichia coli 25,
Pasteurella multocida 877, Campylobacter jejuni PI1 — 09.c, Listeria monocytogenes
ATCC 19112, Yersinia enterocolitica 12/15-08 pathogen test strains from the
Collection of The State Scientific Control Institute of Biotechnology and Strains of
Microorganisms (Kyiv, Ukraine) have been used for BiNP antimicrobial activity
estimation. The effectiveness of BiNP antimicrobial activity has been estimated with
terminal seed-dose of each test-microorganism on the Petri dishes 103, 10* and 10°
CFU/cm?’.

The nanoparticles’ biosafety level in vitro has been estimated using parameters
of cytotoxicity, genotoxicity and mutagenicity according to the Guidelines «Safety
assessment of medical nanopreparations» approved by the Scientific Expert Council
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of the State Expert Centre of the Ministry of Health of Ukraine (protocol Ne§,
26.09.2013) [8].

Biosafety level in vivo of the BiNP was assessed using acute toxicity (LD50)
parameters under peroral and intravenous routs of administration. Animals used in
the experiment were kept under standard vivarium conditions.

Animal studies were conducted in accordance with the European Convention
for the Protection of Vertebrate Animals used for Experimental and other Scientific
Purposes (18.03.1986), Council Directive 86/609/EEC on the approximation of laws,
regulations and administrative provisions of the Member States regarding the
protection of animals used for experimental and other scientific purposes
(24.11.1986), the Order of the Ministry of Health of Ukraine Ne66 (13.02.2006), the
Law of Ukraine «On the Protection of Animals from Cruelty» (2006).

Acute toxicity of BiNP was studied on white BALB/c mice (females and
males) with average weight 20+2 g and 2-2.5 months old. Control animals received
the placebo (water for injections). Registration and counting of dead animals in each
experimental dose levels were carried out for 14 days. Based on the obtained data
probit analysis of dose-effect correlation was performed according to D.J. Finney
using computer software BioStat 2009 for Windows (v5.8.4) [9, 10].

Results of research and discussion. Estimation of 40 nm BiNP antimicrobial
activity against wide spectra of test strains — causative agents of the widespread
infectious diseases: Salmonella typhimurium 16, Salmonella enteritidis 34,
Escherichia coli 25, Pasteurella multocida 877, Campylobacter jejuni P1 — 09.c,
Listeria monocytogenes ATCC 19112, Yersinia enterocolitica 12/15-08 shown high
bactericidal action of the BiNP against all investigated pathogen strains (table 1).

High biosafety level is necessary condition in the case of potential bio-medical
application of any substances including metal nanoparticles. Taking into account this
point of view BiNP biosafety level has been estimated in vitro using wide spectrum
of parameters according to the protocols and conditions of the Guidelines «Safety
assessment of medical nanopreparations» [8].
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Table 1

BiNP antimicrobial activity against wide spectra of test strains — causative
agents of the widespread infectious diseases in livestock and poultry

Bismuth nanoparticles (C=77,5
mg/ml by metal)

Test pathogen Seed-dosg of Terminal concentration of bismuth Control .Of
test strain, o o test strain
3 nanoparticles in determination
CFU/em . growth
medium, mg/ml by metal
6,50 12,90
10° I I -
Salmonella 10* [ I T+
enteritidis 34 10 I I T+
10° I I TR
10° I I I
Salmonella 10* [ I T+
typhimurium 16 10° I I N
10° I I ot
10° I I -
i : 10* I I e
Escherichia coli 25 105 { i —
10° I I N
10° I I IEEES
Pasteurella 10* [ I T+
multocida 877 10° [ I Tt
10° I I ot
10° I I ot
Campylobacter 10* [ I T+
jejuni P1—09.c 10° [ I Tt
10° I I TR
Listeri 10° I I o
mlgtleorcl:ztogenes 10° I I R
10° I I T
ATCC 19112 108 { I g
versini 10° [ I o+
enterocoliti ) I ! ot
121508 10° I I ERAR]
10° I I N

Note: «I» — total inhibition of microorganisms growth;
«++++»— intensive growth of microorganisms.
CFU - colony-forming unit.
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The data of BiNP biosafety analysis in vitro are presented in the table 2.

Table 2
Biosafety level of the synthesized 40 nm spherical BiNP: in vitro tests
Parameters of biosafety Test-method Biosafety characteristic
Cytotoxicity Crystal violet staining assay not cytotoxic
Cytotoxicity MTT assay not cytotoxic
Genotoxicity Comet-assay not genotoxic
Mutagenicity Allium-test not mutagenic

Obtained results define the analyzed BiNP substance as biosafe one according
to the all investigated parameters of biosafety level estimation in vitro.

Analysis of LD50 parameters for the experimental BiNP substance under
peroral and intravenous routs of administration to BALB/c mice revealed, that BINP
can be attributed to the class of low-toxic materials (toxicity class IV):

- LDso parameter for BINP under peroral rout of administration was
1810+267 mg/kg for males and 1169+237 mg/kg for females of BALB/c mice;

- LDsy parameter for BiNP under intravenous rout of administration
exceeded 800 mg/kg for males and 2000 mg/kg for females of BALB/c mice.

Conclusions and prospects for further research. It has been revealed that
experimental substance of BiNP (spherical 40 nm particles) is possessed by high
bactericidal effectiveness against wide spectrum of pathogens - causative agents of
the widespread infectious diseases of livestock and poultry: Salmonella, Escherichia,
Pasteurella, Campylobacter, Listeria, Yersinia.

Along with high bactericidal action of the investigated BiNP substance it has
been characterized as biosafe one according to the parameters of cytotoxicity,
genotoxicity, mutagenicity.

LDsy indexes for the experimental BiNP substance under peroral and
intravenous routs of administration to BALB/c mice attributed BiNP to the toxicity
class IV — low-toxic materials.

Obtained results open new perspectives in the area of development and
creation of novel biosafe antimicrobial preparations and feed additives for livestock
and poultry industry with high bactericidal effectiveness against wide spectrum of
pathogen microorganisms.
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IKCIIEPUMEHTAJIBHBIE HAHOYACTHUILIBI BUCMYTA: AHTUMUKPOBHAS
OPPEKTUBHOCTDb U YPOBEHb BUOBE3ONMACHOCTMU / Pe3nnuenko JI.C., JIpiOkoBa
C.H., Pooxenko I'.®., I'opbatiok O.U., Angpusiiyk B.A., XKosuup A.M., I'py3una T.I'.

B cmamuve npedcmasnenvt pezynibmamol oyeHKU aHMUMUKPOOHOU 3¢ exmusnocmu in Vitro
U KOHMpOJsL YposHs buobezonachocmu N VILr0 u N VIVO skcnepumenmanvHou cyocmanyuu
chepuueckux nanouacmuy sucmyma 40 um. Ilokazana evicokas bakmepuyuoHas 3¢ppekmusHocmy
AHANU3UPYEMBIX HAHOYACUY NPOMUE WUPOKO20 CHEKMpPA HNAMO2EHHbIX MUKPOOP2AHUSMO8 —
NOMEHYUANbHBIX 8030y0umeneti UHHEeKYUOHHBIX 3aD0Ne8AHULL HCUBOMHBIX U NMUYDL, A MAKICE UX
OU0Oe30nacHOCMb  CO2NACHO — NPOAHATUBUPOBAHHLIM — NApAMempam  2eHOMOKCUYHOCHU,
YUMomoxcu4Hocmu, MmymazeHHocmu u ocmpou moxcuynocmu LD350.

Kniouesvte cnosa: namouacmuyvl 8UCMYmMa, AHMUMUKPOOHAS AKMUBHOCMb, NAMO2EHHbIE
mecm-umammsl, ypo8eHv buobezonacuocmu, d¢h)pHexmusHocms.

EKCIIEPUMEHTAJIBHI HAHOYACTHUHKHU BICMYTY: AHTHUMIKPOBHA
E®EKTUBHICTb TA PIBEHb BIOBE3IIEKN / Pesnivenko JI.C., [qubxoBa C.M.,
Pwxenko I'.®., 'opbatiok O.1., Auapismyk B.A., XKosnaip O.M., I'py3ina T.I'.

Bcmyn.  Pospooka  noeux — sucoxoegexmunux — Oiobesneunux — cyocmanyii - 3
bakxmepuyuOHuUMU  61ACMUBOCAMU 3 Memolo 3a0e3NeyeHHs] 3HUINCEHHSA 3aX80pPIGAHOCMI i
CMEePMHOCMI  MOJIOOHAKA CLIbCbKO2OCNOOAPCOKUX MEApUH i nmuyi, a maxodic oOopomvoOu i3
NOWUPEHHAM CMIUKUX 00 AHMUOIOMUKIE NAMO2EHI8, € AKMYATbHOI.

Mema poboomu. Oyinka in Vitro aumumikpoOHOI AKMUBHOCMI HAHOYACTUHOK BICMYMY
BIOHOCHO MeCm-WUMAamie, a MmaxKodc ananiz pieHs 6i06e3neuHocmi HAHOYACMUHOK in Vitro ma In
VIVO 3a napamempamu 2enomokcuuHocmi, yumomoxcuunocmi, mymaeennocmi ma LDsg.

Mamepianu ma memoou docnioxncenv. B pooomi euxopucmana cyocmanyis cghepuuHux
nanouacmunox eicmymy (BINP) i3 cepeonim posmipom uacmunox 40+2 nm ma 100% emicmom
gicmymy y CKnaoi 4acmuHKU.

AHMUMIKPOOHY aKMUBHICMb IN Vitro OYIiHIOB8AIU MEMOOOM CEePILHUX PO38eOeHb 8 a2api.

biobesneunicmo cyocmanyii BINP in vitro eusnauanu 3a nOKa3HUKaMu yumomoxKCuyHoCmi,
2eHOMOKCUYHOCMI ma mymazennocmi, iN VIVO — 3a nokasuuxamu LDS50 npu nepopanvrhomy ma
BHYMPIUHbOBEHHOM) UIAXAX 86€0eHHS HAHOYACMUHOK Oinum muwiam ainii BALB/c o6ox cmameu.

Pe3ynomamu 0ocnioxncens ma ix 062060penna. B docniddicennsx in vitro 6Cmano8ieHo, uo
ekcnepumenmanvia cyocmanyis BINP 6on00ie 6ucokowo 6akxmepuyuoHolo aKmuHicCmio npomu
8Cb020 00CNI0NHCEH020 CNeKmp) 30VOHUKIB.

Cyocmanyia ~ BiNP  oxapaxmepusoeana sk 0Oiobe3neuHa  3a  napamempamu
YUMOMOKCUYHOCTI, 2eHOMOKCUYHOCMI [ MYMA2eHHOCmi ma 6i0HOCUMbCA 00 MALOMOKCUYHUX
pevosuH 32i0H0 susHaueHux noxkasnukie LDS50).

Bucnoexu ma nepcnekmueu nooanvuiux 00cnioxycenv. Bemanosneno, wo oocniodxcena
excnepumenmanvia cyocmanyis BINP € 6io6esneunoro ma eonodie sucoxow 6Gaxmepuyuonoo

283



BETEPUHAPHA BIOTEXHO/IOlIA 29, 2016

akmusHicmio 6i0HOCHO wupoko2o cnekmpy namozennux wmamige: Salmonella, Escherichia,
Pasteurella, Campylobacter, Listeria, Yersinia.

Ompumani pesynromamu 8i0KpU8aioms HO8I NEPCNEKMUBU Y 2AY3i pO3POOKU Ma CMBOPEHHs
iHHOBaYIUHUX Di0be3NneyHUX aHMUMIKPOOHUX npenapamis i xapuosux 006460k 0.1 MEAPUHHUYMEA
ma nmaxieHuymaa.

Knrwuosi cnosa: nanouacmunku gicmymy, aHMuMiKpoOOHA AKMUGHICMb, NAMOSEHHI mecm-
wmamu, pieeHv Oiobe3nexu, eghekmueHicme.
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