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eekmpogopemuuHull o, Wo Ha2adye «X8icm KomMemuy, napamempu K020 3a1excams 6i0 pieHs
nowkoodcennss oocnionoi [JJHK.  Memoiwo pobomu Oyra oyinka 2eHOmMOKCUYHOCMI in Vivo
semepunapnoi eaxyunu «Mynomubogicany memooom JHK xomem 6 nyocuux ymoeax. B
eKcnepumenmi in Vivo GUKOPUCMOBYBANU CAMYIE JAOOpAmMoOpHUX KpOJi8, SAKUM OBOKPAMHO
niowKipHo 68oounu eaxkyuny «Mynomubogican» 6 06’emi 2 ma. I3 opeanie ma mKaHuM 3a0uUmMux
Kponie euoinsiniu Kiimuwu ma awnanizyeaiu memooom J[HK komem pigeHb nowKoO#CeHb
2eHemuyHo2o anapamy Kiimun meaput. Ilokasano, wo eakyuna «Mynvmubogicany, He npoasiand
2EHOMOKCUYHOI Oli 6 KIIMUHAX NeYIHKU, HUPOK, cepys, le2etb, Cele3iHKU, CIMEHHUKIB, KICIMK0B8020
MO3KY ma M 5316 3a0Hix Kinyieok. Omoice, 00caiodceHa eemepuHapHa BaKyuHa € 6iobe3neyHor 3a
NOKA3HUKAMU 2eHOMOKCUYHOCHI In VIVO.

Knrwouoei cnosa: «Mynomubosicany, cenomoxcuynicms, memoo [JHK komem, nysxcHutl 2enb-
eekmpoopes, i301b068aHi eyKapiomuuti K1imuru, 6iobe3neyHicme.
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ANTIMICROBIAL ACTIVITY ESTIMATION OF EXPERIMENTAL
COPPER NANOPARTICLES

The article presents results of physical and chemical characteristics and estimation of
antimicrobial activity of experimental substance of spherical 20 nm copper nanoparticles. There
were tested 9 pathogen strains of different genus for CuNP antimicrobial activity estimation. High
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antimicrobial effectiveness of the analyzed nanomaterial against wide spectrum of pathogen test-
strains of microorganisms — potential causative agents of human and animals’ diseases has been
revealed.

Keywords: copper nanoparticles, physical and chemical characteristics, antimicrobial
activity, pathogen test-strains, effectiveness.

Introduction. Despite of the impressive arsenal of traditional antimicrobial
preparations that are offered on the modern market of veterinary and pharmaceutical
products, the finding ways for effective treatment of infectious diseases in humans
and animals is one of the major social and economic problems of our time in all the
countries [1]. Its effective solution using traditional preparations is also complicated
because of the increasing spread of multi-resistant pathogens [2, 3].

So search of novel high effective antimicrobial substances is conducted by
researchers around the world.

Metal nanoparticles, including copper nanoparticles, are possessed by high
potential in this area [4].

The goal of the work was estimation in vitro of copper nanoparticles’ (CuNP)
antimicrobial activity against wide spectra of pathogen test strains of
microorganisms — potential causative agents of human and animals’ diseases.

Materials and methods of research. Spherical CuNP used in presented
investigations 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 CuNP was 32.0
mg/ml.

The shape and size of synthesized CuNP have been defined by the method of
transmission electron microscopy (TEM) (JEM-1230 «JEOL LTDy, Japan). The
method of energy-dispersive X-ray spectroscopy has been used for chemical
composition’s X-ray microanalysis of the synthesized nanoparticles (IETEM 250
with detector X-Max 80, Oxford Instruments Analytical, UK for JEM-1230).

«Method of serial dilutions in agar» according to the Guidelines for
Susceptibility Testing of Microorganisms to Antibacterial Agents (4.2.1890-04) [5]
has been used for CuNP antimicrobial activity estimation. Muller-Hinton agar has
been used as determination medium. Certain concentrations of sterile CuNP
dispersion has been added to sterile Muller-Hinton agar in certain concentration and
mixed. Muller-Hinton agar with CuNP has been poured on Petri dishes.

Staphylococcus aureus MRSA ATCC 43300, Staphylococcus aureus 209P,
Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 2592, Shigella
sonnei, Salmonella typhimurium 144, Salmonella enteritidis 34, Pasteurella
multocida 877 and Candida albicans pathogen test strains have been used for CuNP
antimicrobial activity estimation. The effectiveness of CuNP antimicrobial activity
has been estimated with terminal seed-dose of each test-microorganism on the Petri
dishes 10°, 10* and 10°> CFU/cn?’.

Results of research and discussion. Among different new classes of
nanomaterials CuNP are possessed by high antimicrobial potential because of its
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expressed biological activity on the molecular level. Such properties open new
possibilities in high effective antimicrobial preparations development for veterinary
as well as for medicine.

In presented study with the purpose of estimation of CuNP antimicrobial
activity against wide spectrum of pathogen microorganisms — potential causative
agents of human and animals’ diseases water dispersion of CuNP has been
synthesized according to the developed original protocol.

By the method of TEM it has been determined that synthesized nanoparticles
have spherical form and average particles’ size 20+1.0 nm (Fig. 1).

Fig. 1. Transmission electron microscope image of synthesized spherical

copper nanoparticles with average particles’ size 20 nm.

Chemical composition’s X-ray microanalysis of the investigated substance of
CuNP specified by the method of energy-dispersive X-ray spectroscopy has shown
100% of Cu content in the nanoparticles (Fig. 2).
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Fig. 2. Chemical composition’s X-ray microanalysis of the investigated
substance of copper nanoparticles.

The presence of oxygen in the particles’ structure has not been detected. This is

an indication that the synthesized nanoparticles are particles of zero-valent copper

(Cu’NP).
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On the next step of investigations antimicrobial activity of experimental CuNP
against wide spectra of pathogen test-strains has been studied in vitro using method
of “serial dilutions in agar”.

The results of investigation of 20 nm CuNP antimicrobial activity against
pathogen test-strains S. aureus MRSA ATCC 43300, S. aureus 209P, P. aeruginosa
ATCC 27853, E. coli ATCC 2592, S. sonnei, S. typhimurium 144, S. enteritidis 34, P.
multocida 877 and C. albicans are presented in table 1.

Obtained results demonstrate high bactericidal action of the analyzed
nanoparticles against all studied pathogen test-strains: total inhibition of the
microorganisms’ growth has been observed in the presence of estimated
concentration of CuNP in differential medium — 6.4 mg/ml.

Table 1
Copper nanoparticles’ antimicrobial activity against wide spectra of
pathogen test microorganisms

Test pathogen Seed-dose of tes; 6.4 mg/ml of CuNP Control of test
strain, CFU/cm in the medium strain growth
S. aureus 102 I R
MRSA ATCC 43300 10 I IR
10 I ++++
10° I A
E. coli ATCC 2592 10 I N
10° I A
P. aeruginosa 102 I R
ATCC 27853 10 ! AR
10 I ++++
10° I A
S. aureus 209P 10* I T+
10° I A
10° I A
S. typhimurium 144 10* I T+
10° I A
10° I A
S. sonnei 10* I T+
10° I A
10° I A
S. enteritidis 34 10* I T+
10° I N
10° I A
P. multocida 877 10* I i+
10° I N
10° I A
C. albicans 10° I -+
10° I N

Note: «I» — total inhibition of microorganisms growth;
«++++»— intensive growth of microorganisms.
CFU - colony-forming unit
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These data indicate high potential of the studied CuNP application in the
development of novel class of antimicrobial preparations.

Conclusions and prospects for further research. High antimicrobial
effectiveness of the experimental spherical 20 nm zero-valent CuNP has been shown
against wide spectrum of pathogen test-strains — potential causative agents of human
and animals’ diseases: Staphylococcus aureus MRSA ATCC 43300, Staphylococcus
aureus 209P, Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 2592,
Shigella sonnei, Salmonella typhimurium 144, Salmonella enteritidis 34, Pasteurella
multocida 877 and Candida albicans.

Fulfilled investigations open new perspectives for medicine and veterinary in
the area of development and creation of novel antimicrobial preparations with high
effectiveness against wide spectrum of pathogen microorganisms including strains
with multiple antibiotic resistance.
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OLIEHKA AHTHUMHMKPOBHOM AKTHBHOCTH JSKCHEPUMEHTAJIBHBIX
HAHOYACTHUL MEJU / Pezanuenko JI.C.

B cmamwve npedcmasnenvl pezynvmamol uzuKO-XxuMuuecKol xapaxkmepucmuKku U OYeHKU
AHMUMUKPOOHOU GKMUBHOCMU IKCHEPUMEHMANbHOU CYOCmanyuu cghepuieckux Hanouacmuy meou
co cpeonum pasmepom uacmuy 20 um. YcmaHosneHa 6bICOKAs AHMUMUKPOOHAS AKMUBHOCMb
U3YYEHHO20 HAHOMAMEPUaNad 6 OMHOUWEHUU WUPOKO20 CHEKmpd NAMO2EHHbIX MeCm-Umammos
MUKDPOOP2AHUZMO8 — HOMEHYUANbHBIX 8030y0umeinell 3a001e6aHUL 4eN08eKa U HCUBOMMHBIX.

Kntouesvie cnoea: nanouacmuyvl meou, QUIUKO-XUMUYECKAS — XAPAKMEPUCTUKA,
AHMUMUKPOOHAS AKMUBHOCb, NAMO2EHHbLE MEeCM-UMAaMMbl, dPeKmusHocno.

OIIIHKA AHTHUMIKPOBHOI AKTHBHOCTI EKCHEPUMEHTAJIbBHUX
HAHOYACTHUHOK MIAI / Pe3nivenxo JI.C.

Hessaorcarouu na icnyrouuti 3naunuil apcenanr mpaouyiinux anmumikpoOnux 3aco0is, sKi
NPONOHYIOMbCA HA CYYACHOMY PUHKY (DapMayesmuyHux ma 6emepuHapHux npenapamis, NouLyk
WLTLAXIB eheKmUuHo20 NiKY8aAHHS IHPEKYIHUX 3AX80PI0GAHb NT00el | MBAPUH 3ATUUUAEMbCS OOHIEIO
3 NPOBIOHUX COYIANbLHO-EKOHOMIYHUX NpobNeM cyuacHocmi y 6cix 6e3 eunamky kpainax ceimy. Ii
epexmuene upieHHs i3 3ACMOCYBAHHAM MPAOUYIUHUX 3aC00i8 YCKIAOHIOEMbCS 3POCMAOYUM
PO3NOBCIOONCEHHAM — PE3UCMEHMHUX — ma — MYIbMUupe3uCmeHmuux  30YOHuKie  ingexyitinux
3axeopiosansv. Tomy, NOWYK NPUHYUNOBO HOBUX BUCOKOEMEKMUBHUX AHMUMIKPOOHUX CYOCMAaHYil
AKMUBHO NPOBOOUMBCS OOCTIOHUKAMU YCbO2O C8IMY. SHAYHUMU NEPCHEKMUBAMU HA YbOMY ULILAX)
Xapaxkmepuszyromscsi HaHOYACMUHKY Memalis, 30Kpema, HaHOYACMUHKU MIOi. 3 Memor 6U3HAYEHHs
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NepCcneKmueHOCmMi 8UKOPUCMAHHSA HAHOYACMUHOK MIOI Y pO3poOyi aumumMikKpoOHUX npenapamie
wupoxoeo cnekmpy 0ii, epeKmusHux 011 6emepuHapii ma MeOUyuHu, NPo8eoeHi OOCIONHCEHHS.
Wooo OYIHKU AHMUMIKPOOHOI aAKMUGHOCMI eKCNepUMEHMANbHOI cyocmanyii  chepuunux
HAHOYACMUHOK HYlb-8ANeHMHOI MIOi 3 cepeOHIM po3mipom yacmunok 20 HM, cunme308anux
MemoooM XiMIuHOI KOHOeHcayii Y 600HOM) cepedosuwyi. B ekcnepumenmax in vitro 6cmanogieno,
wo oocniodcena cyocmaHyiss HAHOYACMUHOK BUABULA BUCOKY OaKmepuyuoHy O0it0 8IOHOCHO
WUPOKO2O CNEeKMpPY NAMO2EHHUX MeCm-Umamie MIKpOOP2aHiZMi6 — NOMEHYIUHUX 30YOHUKIG
3axeoprosanv 10ouHu ma meapun: Staphylococcus aureus MRSA ATCC 43300, Staphylococcus
aureus 209P, Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 2592, Shigella
sonnei, Salmonella typhimurium 144, Salmonella enteritidis 34, Pasteurella multocida 877 ma
Candida albicans.

Knrwowuoei cnoea: nanouacmunxku mioi, i3uxo-XiMiyHa Xapakxmepucmuka, aHmumikpooHa
AKMUBHICMb, NAMO2EHHI MeCm-umamu, eqheKmueHicms.
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IMPROVEMENT OF MANUFACTURING TECHNIQUES OF “STP” AND
“BSP” BACTERIAL AND TISSUE PREPARATIONS FOR PREVENTION
AND TREATMENT OF LIVESTOCK AND POULTRY

The article highlights the efficiency of application stimulating tissue preparations in animal
husbandry as a means to enhance the immunological reactivity of the organism, prevention of
immunodeficiency in animals, stimulation of growth and development of young animals,
reproductive function of cows, prevention of post-vaccination complications. Described
composition of “STP” and “BSP” tissue preparations of our own production. The results of their
applying on animals have shown their high efficiency of stimulating properties and positive
influence on animals.

Keywords: tissue and bacterial tissue preparations “STP” and “BSP”, formulation,
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