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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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IMPACT OF Ag NANOPARTICLES ON MICROORGANISMS, 
CAUSATIVE AGENTS OF PURULENT-INFLAMMATORY PROCESSES 

Mishina М., Syrova А., Abramenko V., Makarov V., Hopta О.

Kharkov National Medical University, Ukraine

The extended implementation of numerous invasive involve-
ments with the use of catheters, venflones, drainage construc-
tions into medical practice creates conditions for purulent-in-
flammatory processes appearance in patients with the so called 
catheter-associated infections, the key link is the formation of 
microbial biofilm on the surface of the device which protects 
microorganisms from aggressive factors of environment and 
causes persistence to antibacterial preparations owing to pheno-
typical variability of microorganisms [10,11,15]. Difficulties in 
using empiric antimicrobial therapy are connected with it. Thus, 
practicability of effective prophylactics raises no doubts. Nowa-
days catheters treatment is done by impregnation by antibacteri-
al preparations on their surface which decreases the appearance 
of catheter-associated infections, but the risk of their appearance 
remains rather high [1,5]. 

Specialists prove that heavy metals provide toxic activity on 
microorganisms. Cations of heavy metals easily interact with 
various electron-donor groups in the composition of many or-
ganic compounds with the formation of complexes with hydrox-
yl, carboxyl, phosphate and aminogroups as well as covalent 
bonds with sulfhydryl groups of proteins. Thus, toxic activity 
of heavy metals on microorganisms is of non-specific character 
that is why they are able to interact with proteins, nucleotides, 
co-enzymes, phospholipids, porphyrins, i.e. practically with all 
types of substances which take part in cells metabolism. Besides 
interacting with grouping of active center of microorganism’s 
enzymes or replacing separate ions in them heavy metals cause 
inhibition of their activity [13,14,17,12]. 

At present questions connected with impact of metals 
nanoparticles on microorganisms are actively explored but few 
massages about the study of Ag nanoparticles impact on forma-
tion ability of microorganisms main pathogenicity factor and 
protection from aggressive external environment, namely, bio-
films, are met in literature. Thus, the study of biofilm forma-
tion on catheters were carried out in SI “L.B. Gromashevsky 
Institute of epidemiology and infectious diseases of the Ukrai-
nian NAMS” and it was demonstrated that biofilms formation 
on catheters begins with microorganisms adhesion at the end of 
the first day of growth in bouillon culture, exposed forms of bio-
films – agglomerates – appear on place of microcolonies in most 
developed multilayer form. It was determined by specialists that 
incubation of silicon catheter fragments in the mixture of bacte-
rial suspension with Ag nanoparticles in subinhibiting concen-
tration 0,01 mg/ml prevents reproduction and formation of bac-
teria microcolonies [8,9]. But practicability of Ag nanoparticles 
use for catheters impregnation demands further research. 

Thus, the purpose of this study is the determination of Ag 

nanoparticles activity on planktonic and biofilm forms of micro-
organisms existence, causative agents of purulent-inflammatory 
processes.

Material and methods. Reference stains were the subject of 
the study: Candida albicans CCM 885, Escherichia coli ATCC 
25922 (F50) = NCDC F 50, Klebsiella pneumoniae NCTC 5055 
= SS В 5055, Pseudomonas aeruginosa ATCC 27853 = NCD-
CF-51, Staphylococcus aureus ATCC 25923 = NCDC 25923 
= F-49, Streptococcus pyogenes 130001. Catheters were the 
samples for investigation; they were processed by Аg. Study of 
the kinetics of the explored microbes growth at samples impact: 
cultures of microorganisms grown on solid nutrient medium 
were washed off with suspension medium and their concen-
tration was brought to adequate units according to McFarland 
scale with the help of Densi-La-Meter device (PLIVA-Lachema 
а.s., Czech Republic). Microorganisms were grown at t=370С, 
concentration of microbe cells was determined with the help of 
«Multiskan EX 355» device (wave length 540 nm). Synchroni-
zation of periodic culture was done with selection (Mitchison 
and Vincent) [2]. Synchronization of periodic cultures of ex-
plored strains was done after determination of growth kinetics of 
asynchronous culture. Formation of biofilms with microorgan-
isms was investigated with the help of determination of bacteria 
strains ability to adhesion on the surface of polystyrene tablets 
for immunoenzymatic analysis [16]. Strains were grown accord-
ing to conventional methods in microbiology on recommended 
for each bacteria family media and conditions of culturing [6]. 
The received bacterial suspension of necessary concentration 
was inoculated into cellules of the tablet with further incuba-
tion according to the conditions for each bacteria family in wet 
container under the closed lid of the tablet. The quantification 
of the level of biofilm formation was the significance of optical 
density measured with spectrophotometer at 540 nm [7]. During 
the results processing statistic programs «Statistica» and «Bio-
stat» were used [3,4].

Results and their discussion. At the result of the investiga-
tion of the determination of Ag nanoparticles - catheter antibac-
terial effect (Fig. 1) on reference strains with disk-diffusion test 
it was stated that microorganisms sensitivity changes depend on 
the sample length (Fig. 2): highest values of the growth inhibi-
tion zone were seen in Staphylococcus aureus and Streptococcus 
pyogenes with sample length from 1 to 6 mm: Staphylococcus 
aureus – 19.7±0.23 – 22.7±0.24 mm, Streptococcus pyogenes 
18.7±0.29 – 22.5±0.25 mm. With sample length 5-6 mm mi-
croorganisms and bacteriolysis growth inhibition zone of all 
explored microorganisms comprised from 17.5±0.9 mm (Esch-
erichia coli) to 22.7 mm (Streptococcus pyogenes).
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 In determining reference strains sensitivity to Ag-catheter 
nanoparticles with method of serial dilution it was stated that 
the explored strains in an amount 104 - 106 CFU/ml were sensi-

Fig. 1. Determination of the sensitivity of reference strains to nanoparticles
 of Ag-catheter with disk-diffusion test (agar diffusion method) on Petri dishes

Fig. 2. Staphylococcus aureus (А), Klebsiella pneumonia (B), Escherichia coli (C) bacteriolysis zones 
(determination of the sensitivity of Staphylococcus aureus to Аg nanoparticles with agar diffusion method)

tive to Ag nanoparticles activity, but at concentration 108 CFU/
ml and more all strains were found persistent to samples of vari-
ous length (Fig. 3).

Fig. 3. Antibacterial effect of Аg-catheter nanoparticles of Staphylococcus aureus (А) and Pseudomonas aeruginosa (B)

At determination of Ag nanoparticles activity on ability of mi-
croorganisms test-strains to form biofilms and on daily biofilms 
qualitative and quantitative assessment methods were used. For 
getting biofilms on a glass (qualitative method) sterile polymeric 

Petri dishes were used, the diameter of which was 40 mm. 4 ml 
of Mueller-Hinton broth was put into each dish and microorgan-
isms test-strains daily culture was inserted. Incubation lasted 24 
hours at + 37 °С (рН = 7.2-7.4). After incubation nutrient medi-
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um was washed off, dishes surface was rinsed twice with Hanks 
solution (2 ml), fixed with 10% formalin solution, dried, stained 
with 1% crystal violet solution and rinsed with distilled water.

Microscopy of the preparations was done with the help of Gra-
num microscope with oil immersion (Fig. 4). Digital images of bac-
teria and their biofilms were received with the help of ToupCam 3.1 
MP video camera (video ocular) and saved in jpeg format.

Fig. 4. Getting of microorganisms biofilms on a glass

Analyzing the results of the ability to form biofilms with 
planktonic cells of microorganisms under Ag nanoparticles ac-
tivity it was stated that biofilms formation ability reduces 3.5 
times in explored Escherichia coli strains, 5.5 times in Klebsi-
ella pneumonia strains, 3.8 times in Pseudomonas aeruginosa 
strains, 3.3 times in Staphylococcus aureus strains, 3.8 times in 
Streptococcus pyogenes strains and 3.4 times in Candida albi-
cans strains (Fig. 5) in comparison with control meanings with-
out Ag nanoparticles impact (Fig. 6).

Assessing the results got after determination of Ag nanopar-
ticles activity on formed daily microorganisms biofilms the dis-
organization of biofilms of explored microorganisms strains was 
found (Fig. 7), violation of the integrity of the monolayer and 
decrease of density indicator: 1.4 times in Escherichia coli and 
Streptococcus pyogenes strains, 1.5 times in Pseudomonas ae-
ruginosa and Staphylococcus aureus strains, 1.6 times in Kleb-
siella pneumonia and Candida albicans strains in comparison 
with control meanings without Ag nanoparticles impact. 

Fig. 5. Impact of Ag nanoparticles on the ability to form bio-
films with planktonic microorganisms cells on formed daily bio-
films. Note: significance of negative control (optical density of 
the nutrient medium) – 0,033 OD

 

Fig. 6. Klebsiella pneumoniae biofilm formation (control (А) 
and at impact of Ag nanoparticles on planktonic cells (B)

Fig. 7. Daily biofilm (А) of Staphylococcus aureus (control) 
and disorganization of the biofilm of Staphylococcus aureus at 
impact of Ag nanoparticles (B)

Conclusions. The disorganization of daily biofilms was found 
in determining of Ag nanoparticles impact on formed biofilms 
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of microorganisms. It was demonstrated that Ag nanoparticles 
cause destruction (disorganization, degradation) of daily bio-
films and cell death in them. 

Practical value of the work is connected with significant po-
tential of Ag nanoparticles as antibacterial agents. The results of 
Ag nanoparticles activity on planktonic forms and microorgan-
isms biofilms were received which can be useful for antimicro-
bial prophylactics and therapy. 
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SUMMARY

IMPACT OF Ag NANOPARTICLES ON MICROORGAN-
ISMS, CAUSATIVE AGENTS OF PURULENT-INFLAM-
MATORY PROCESSES 

Mishina М., Syrova А., Abramenko V., Makarov V., Hopta О.

Kharkov National Medical University, Ukraine

Determination of Ag nanoparticles impact on microorgan-
isms causative agents of purulent-inflammatory processes was 
carried out and it was stated that the greatest significance of 
growth inhibition zone was found in Staphylococcus aureus and 
Streptococcus pyogenes with sample length from 1 to 6 mm 
and Escherichia coli with 5-6 mm sample length. The investi-
gated strains in an amount 104 - 106 CFU/ml were sensitive 
to Аg nanoparticles activity, but at concentration 108 CFU/ml 
and more all strains were found persistent to samples of vari-
ous length. The ability to form biofilms with planktonic cells 
of microorganisms under Ag nanoparticles activity sufficiently 
reduced from 3.4 (Candida albicans) to 5.5 (Klebsiella pneumo-
nia) in investigated strains. The disorganization of daily biofilms 
was found in determining of Ag nanoparticles impact on formed 
biofilms of microorganisms. 

Keywords: Аg nanoparticles, silver nanoparticles, antimicro-
bial effects, catheter-associated infections, biofilms, reference 
strains of microorganisms. 

РЕЗЮМЕ

ВЛИЯНИЕ НАНОЧАСТИЦ Аg НА МИКРООРГАНИЗ-
МЫ - ВОЗБУДИТЕЛИ ГНОЙНО-ВОСПАЛИТЕЛЬ-
НЫХ ПРОЦЕССОВ

Мишина М.М., Сыровая А.О., Абраменко В.Л., 
Макаров В.О., Гопта Е.В.

Харьковский государственный медицинскй университет, 
Украина

Проведено определение влияния наночастиц Аg на 
микроорганизмы, возбудители гнойно-воспалительных 
процессов. Установлено, что наибольшие значения зоны 
угнетения роста наблюдались у Staphylococcus aureus и 
Streptococcus pyogenes при длине образца от 1 до 6 мм и 
Escherichia coli при длине образца 5-6 мм. Исследуемые 
штаммы в количестве 104-106 КОЕ/мл были чувствительны к 
действию наночастиц Аg, но при концентрации 108 КОЕ/мл 
и более все штаммы выявились стойкими к образцам разной 
длины. Способность к образованию биопленок планктон-
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ными клетками микроорганизмов при действии наночастиц 
серебра существенно снижалось от 3,4 (Candida albicans) 
до 5,5 (Klebsiella pneumonia) раз у исследуемых штаммов. 
При определении влияния наночастиц Аg на сформирован-
ные биопленки микроорганизмов выявили дезорганизацию 
суточных биопленок.

reziume

Ag nanonawilakebis zemoqmedeba Cirqovan-anTebi-
Ti procesebis gamomwvev mikroorganizmebze

m.miSina,  a.sirovaia,  v.avramenko,  v.makarovi,  e.gopta

xarkovis saxemlwifo samedicino universiteti, 
ukraina

Catarebulia Ag nanonawilakebis zemoqmedebis 
Seswavla Cirqovan-anTebiTi procesebis gamomwvev 

mikroorganizmebze. dadgenilia, rom mikrobuli 
zrdis daTrgunvis yvelaze didi  zona gamouv-
lindaT Staphylococcus aureus-is da Sreptococcus pyo-
genes-is Stamebs _ nimuSebis sigrZis 1 mm-dan 6 
mm-mde da Escherichia coli-s Stamebs _ nimuSebis sig-
rZis 5 mm-dan 6 mm-mde SemTxvevaSi. 

Ag nanonawilakebis zemoqmedebaze gamosakv-
levi Stamebi 104-106 kwe (koloniawarmomqmneli 
erTeuli) koncentraciaSi mgrZnobelobas, xolo 
108 kwe/ml da ufro met koncentraciaSi mdgra-
dobas avlendnen sxvadasxva zomis nimuSebis 
mimarT. planqtonur mdgomareobaSi myofi mikro-
buli ujredebis mier bioapkebis Camoyalibebis 
unari vercxlis nanonawilakebis zemoqmedebisas 
arsebiTad mcirdeba 3,4-jer Candida albicans-is da 
5,6-jer Klebsiella pneumoniae-s Stamebis SemTxvevaSi. 
Camoyalibebul sadReRamiso bioapkebze Ag nanon-
awilakebis zemoqmedebis Seswavlam gamoavlina 
maTi daSla (an dezorganizacia).

ASSESSMENT OF THE VALUE OF METHYLATION FEATURES IN DIFFERENT TISSUES 
FOR PREOPERATIVE IDENTIFICATION OF HIGH-RISK BREAST TUMORS
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Despite being so intensively studied and monitored, breast 
cancer remains an important cause of morbidity and mortality 
worldwide. The attention is now centered at developing a po-
tential of more powerful measures for early detection and risk 
assessment. Epigenetic factors are considered a promising tool 
in this approach. There is growing evidence that aberrant meth-
ylation in normal tissues and epigenetic differences between in-
dividuals are related to lifetime cancer risk and may contribute 
to tumor, including breast cancer susceptibility [18,28]. At the 
same time some level of epigenetic variation seems to be deter-
mined by cancer itself. So a lot remains to be understood until 
epigenetic markers start actively being used in clinical oncology.

Global DNA hypomethylation is considered as a marker for 
cancer development and progression [28,20]. This event has been 
studied in patients with different tumor types [19,20] in different 
tissues as blood, urine, stool and nipple aspirate [8,10,11,15,32]. 
So-called epimutations can be part of “field cancerization” in 
tumors and it’s hard to set a margin for this “field”, so epigenetic 
changes may appear even in tissues, distant from the tumor. Al-
ternatively, methylation patterns in normal tissues are studied to 
be early signs of increased cancer risk in those particular tissues 
[18]. This highlights the importance of very careful approach 
when interpreting epigenetic changes in histologically and func-
tionally normal tissues.

DNA methylation in circulating white blood cells is the 
most popular target for investigation being reported to be as-

sociated with cancer risk factors, cancer detection and predic-
tion [3,17,26]. But findings are controversial [9,31]. Among the 
plenty of techniques to investigate methylation in blood there 
are several based on quantification of methylation in repetitive 
elements (Alu, LINE-1, etc.). Suggestions of repetitive element 
methylation to be used as a surrogate for global DNA methyla-
tion is supported by growing evidence [17], but some contro-
versy may still exist regarding of methylation effect size on re-
petitive elements and cytosine residues in global DNA. Absence 
of correlation between different repetitive element methylation 
levels has been reported [25].

Alu is one of the repetitive elements in DNA represented by 
over a million copies in the human genome. Due to relatively 
high CpG content Alu elements are prone to methylation - this is 
linked to repression of transposition [5]. Alu hypomethylation is 
considered to cause retrotransposition of this element associated 
with Alu-mediated recombination - genomic instability, leading 
to a number of events including mutations and epigenetic altera-
tions affecting target genes [1]. One of the genes, which is highly 
vulnerable for rearrangements associated with Alu activity is a 
tumor suppressor gene BRCA1 [22] - well known for its role in 
hereditary and non-hereditary breast cancer.

Another epigenetic event often associated with tumors is tar-
get gene methylation - usually hypomethylation of tumor sup-
pressor genes. Target gene-specific epigenetic changes can also 
be present in multiple tissues (affected and seemingly unaffect-


