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The results of determination of the antibacterial and antifungal action of 20 nm copper nanoparticles
obtained according to the original protocol by the method of chemical condensation in the aqueous
solution in relation to the broad spectrum of pathogenic test strains such as Staphylococcus aureus
MRSA ATCC 43300, Escherichia coliATCC 2592, Pseudomonas aeruginosa ATCC 27853, S. aureus
209P, Salmonella typhimurium 144, Shigella sonnei and Candida albicans, in testing sensitivity by the
method of serial dilution in agar with the doses of microorganisms of 103-105 CFU/cm3 are presented
in the article. Copper nanoparticles have shown the antibacterial and antifungal action on clinical
isolates of causative agents of infectious and inflammatory processes of different localization isolated from
surgical patients, such as S. aureus, E. coli, Proteus mirabilis, Klebsiella pneumoniae, Enterobacter
aerogenes, P. aeruginosa, C. albicans, Candida non-albicans, Penicillium spp., Paecilomyces lilacinus,
Aspergillus niger, and Aspergillus flavus, in testing sensitivity by the method of dosed drops with the

dose for each microorganism of 107 CFU/cm?.

The study of pharmacological and toxicological pro-
perties of metal nanoparticles is of great interest nowa-
days since these nanostructures have unique characteri-
stics and may be introduced into medicine as new medi-
cations. In recent years this problem is being studied in
the framework of the joint research of the Pharmaco-
logy Department of the Bogomolets National Medical
University, the F.D.Ovcharenko Institute of Biocolloi-
dal Chemistry at the NAS of Ukraine, and the Institute
of Urology at the NAMS of Ukraine [9, 10, 15].

Particularly, the efficacy of silver nanoparticles in
the treatment of generalized infections in animals was
determined [4]. A profound anti-anemic action of zero-
valent iron nanoparticles was observed in the iron de-
ficiency anemia model in rats [17]. Several studies on
biosafety of silver and iron nanoparticles in vitro and in
vivo were also carried out [2, 5, 6].

It is reasonable to continue the research of pharma-
cological and toxicological properties of metal nano-
particles, in particular determination of the antimicro-
bial action of copper nanoparticles (CuNPs).

It is known that antibiotic resistance is an interna-
tional healthcare problem and the cause of developing
severe infections and complications, prolonged hospi-
tal stay, and increase in mortality [14]. A rapid increase
in the number of strains simultaneously resistant to the
third generation cephalosporins, fluoroquinolones, and
aminoglycosides was noted in 2011 in one third of the
European countries [20]. Despite of the increase in an-
tibiotic resistance the rate of creation of new antimicro-
bial drugs decreases [21].

One of the possible ways to solve this problem is
the intensification of development and introduction of
a radically new class of antimicrobial drugs into medi-
cal practice with much less resistant strains compared to
conventional antibiotics. Metal nanoparticles, especial-
ly CuNPs, are promising candidates for development of
such medications [10, 23].

It is well known that zero-valent copper and copper
oxides show the antimicrobial action on viruses, fungi,
and gram-positive and gram-negative bacteria [13, 19].
As for CuNPs, a combination of their unique biological,
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physicochemical, and pharmacological properties with
the antibacterial, antifungal, and antiviral action of metal
determines the importance of their assessment as anti-
microbial drugs of a new class.

Today the intensification of research of biocidal
properties of CuNPs is observed. It has been determined
that CuO nanoparticles with the size of 23 nm obtained
by reduction of copper acetate with sodium hydroxide
show the antimicrobial action in relation to Staphylo-
coccus aureus, Enterococcus faecalis, Escherichia coli,
Proteus vulgaris, Klebsiella pneumoniae, Salmonella
typhimurium, Pseudomonas aeruginosa, and Shigella
flexneri [11].

There are also publications describing the anti-
microbial action of zero-valent CuNPs. For example,
G.Ren et al. (2009) showed that zero-valent copper with
the size 0f 22.4-94.8 nm obtained by the thermal plasma
technology had the bactericidal action on S. aureus strains
(including methicillin-resistant ones), Staphylococcus epi-
dermidis, E. coli, Proteus spp., and P. acruginosa [23].
It is known that CuNPs are also capable to inhibit the
growth of fungi, such as Candida albicans, Alternaria
alternata, Aspergillus flavus, Aspergillus niger, Fusarium
solani, and Penicillium chrysogenum [18, 22].

The studies mentioned above were carried out on bac-
terial and fungal test strains and did not contain any data
about the effect of CuNPs on clinical isolates of microor-
ganisms. Scientific research of the latter is of great impor-
tance since such pathogens often exhibit the antimicro-
bial resistance to conventional antibiotics.

There is also the lack of data concerning biological safe-
ty of CuNPs in the studies mentioned above. It is im-
portant to provide an adequate risk/benefit ratio when
developing new nanoparticle-based medicines.

The authors consider it appropriate to determine the an-
tibacterial and antifungal action of zero-valent CuNPs
obtained according to the original protocol by the method
of chemical condensation in the aqueous solution since
this substance is biosafe based on the results of cytotoxi-
city, genotoxicity and mutagenicity tests, as well as tests
for biochemical biosafety markers in vitro [8] and acute
toxicity when introducing it intravenously and intra-
gastrically to white laboratory BALB/c line mice (LD50
va-lues are 443.7£56.5 mg/kg and 1839.1+£210.2 mg/kg,
respectively). It is reasonable to carry out research on
clinical isolates of microorganisms — causative agents
of infectious and inflammatory processes of different lo-
calization isolated from surgical patients since they of-
ten exhibit the antibiotic resistance.

The aim of the study is to determine the antibacte-
rial and antifungal action of CuNPs in vitro on patho-
genic test strains and clinical isolates of microorganisms
— causative agents of infectious and inflammatory pro-
cesses of different localization.

Materials and Methods

The stable spherical zero-valent CuNPs with the size
of 20 nm were obtained in F.D.Ovcharenko Institute of
Biocolloidal Chemistry at the NAS of Ukraine (Kyiv)
according to the original protocol by the method of chemi-
cal condensation in the aqueous solution. The substance

was accompanied by the nanomaterial safety data sheet.
According to it CuNPs do not show genotoxic, muta-
genic, and cytotoxic properties in vitro and are biologi-
cally safe by biochemical markers, such as ATP-ase
and LDH-ase activity [8].

The initial concentration of the nanoparticle sub-
stance comprised 32.0 mg/ml calculated with reference
to metal.

The assessment of the antimicrobial action of CuNPs
was carried out in vitro using two individual methods.

The antimicrobial action of the CuNP substance
in relation to pathogenic test strains of microorga-
nisms was determined by the method of serial dilution
in agar according to the guidelines “Determination of
microorganism sensitivity to antibacterial medicines”
approved by the Order of the Ministry of Public Health
of Ukraine N. 167 dated 05.04.2007 [3]. The test was
performed on such strains as S. aureus MRSA ATCC
43300, E. coli ATCC 2592, P. acruginosa ATCC 27853,
S. aureus 209P, S. typhimurium 144, Shigella sonnei,
and C. albicans from the collection of the State Scien-
tific Control Institute of Biotechnology and Strains of
Microorganisms (Kyiv).

The doses of test strains on Petri dishes were 103,
104, and 105 CFU/cm®. The antibacterial and antifun-
gal action of CuNPs was determined for the concentra-
tion of 6.4 mg/ml of CuNPs in the test medium (Muller-
Hinton broth) calculated with reference to metal. Sterile
CuNP medicines were added to sterile Muller-Hinton
broth cooled to 50°C, mixed and poured into Petri dishes.
Microorganisms were incubated at 37°C for 24 h.

The antibacterial and antifungal properties of CuNPs
were also studied on clinical isolates of microorganisms
— causative agents of infectious and inflammatory pro-
cesses isolated from wounds, urine, and other biologi-
cal material from surgical patients, such as bacteria of
S. aureus, E. coli, Proteus mirabilis, K. pneumoniae, En-
terobacter aerogenes, P. acruginosa, fungi of Candida
genus — C. albicans, Candida non-albicans, and other mi-
cromycetes — Penicillium spp., Paecilomyces lilacinus,
A. niger, and A. flavus.

This phase of the study was carried out on the solid
medium by the method of dosed drops. Microorganisms
were inoculated as bacterial or fungal lawns on Petri dishes
with the test medium (Mueller-Hinton agar for bacteria
and Sabouraud agar for fungi) in the dose of 107 CFU/cm’.
Microorganism suspensions were prepared on 0.9% NaCl
solution. After drying of plates with microorganism cul-
tures for 30 min a drop of the CuNP solution with the
initial concentration (32.0 mg/ml calculated with refe-
rence to metal) or diluted ten-fold (3.2 mg/ml calculat-
ed with reference to metal) was placed on the surface
of each plate.

The CuNP concentration calculated with reference
to metal in each drop (V = 12.5 pl) was 0.40 mg and 0.04 mg,
respectively. Bacteria were incubated at 37°C for 24 h,
fungi of Candida genus — at 37°C for 48 h, other micro-
mycetes — at 28°C for 5 days. The results were assessed
by measuring the zones of the complete growth inhibition.

All tests were carried out in triplicate.
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Table 1

The antibacterial and antifungal action of copper
nanoparticles on pathogenic test strains of

Table 2

The antibacterial and antifungal action of copper
nanoparticles on clinical isolates of microorganisms —

microorganisms causative agents of infectious and inflammatory
processes of different localization expressed in the
Dose of | Growthof |~ inhibition zone diameters
the test
Test strain the test strain in the growth P :
strain resence of the test Inhibition zone diameter (mm)
(CFU/ecm?) | P strain — Control
of CuNP Clinical isolates of | 0.04 mg 0.40 mg th
S. aureus 103 absent ++++ microorganisms | CuNPsina | CuNPsina (az?k\:vout
MRSA ATCC 104 absent -+ drop drop CuNPs)
43300 105 absent ++++ S. aureus 6 11 0
103 absent ++++ E. coli 7 11 0
E. coli ATCC 2592 104 absent ++++ P. mirabilis 7 1 0
105 absent Shma K. pneumoniae 7 11 0
103 absent ++++
P. aeruginosa E. aerogenes 7 11 0
104 absent 44+ -
ATCC 27853 105 bsent — P. aeruginosa 6 11 0
103 absent 444+ C albicans' 6 8 0
S. aureus 209P 104 absent bt C. non-albicans > 12 0
105 absent T+ Penicillium spp. 5 8 0
o 103 absent 4+ P lilacinus 6 8 0
?’ﬁ'ph'm“”“m 104 absent it A. niger 5 10 0
105 absent ++++ A.flavus 6 8 0
103 absent T Note: CuNPs — copper nanoparticles; the dose of each
S. sonnei 104 absent ++++ microorganism was 107 CFU/cm3; the concentration of CuNPs is
105 absent o+ stated in metal equivalent.
103 absent ++++ The results of analysis of the antibacterial and anti-
C. albicans 104 absent ++++ fungal action of CuNP in vitro on pathogenic test strains
105 absent 4+ S. aureus MRSA ATCC 43300, E. coli ATCC 2592, P.

Note: CFU - colony-forming unit, CuNPs — copper nanoparticles,
++++ — an intensive growth of a microorganism;

the concentration of CuNPs in the test medium - 6.4 mg/ml

in metal equivalent.

Results and Discussion

While studying the antimicrobial properties of nano-
materials the right choice of the method for test-
ing sensitivity, which would give relevant and reliable
results, is important. It is known that the disc diffusion
method is not optimal for nanoparticles because they
may diffuse poorly in the solid media. This phenomenon
is explained by the “molecular sieve” principle, the pre-
sence of charged polysaccharides and multiple sulphate
and carboxyl groups in agar, which may readily interact
with nanoparticles and impair their diffusion [7, 12, 24,
25]. Therefore, the use of this method may lead to ob-
taining of underestimated values of activity.

That is why the most adequate assessment of the
antibacterial and antifungal action of nanoparticles can
be obtained only with assurance of homogeneous dis-
tribution of nanoparticles in the test medium in contact
with pathogen strains [7, 24]. This may be achieved

using the method of serial dilution in agar or by ap-
plication of a drop of the nanoparticle solution on the
surface of the solid medium with further testing of the
antimicrobial action on the area under the drop.

aeruginosa ATCC 27853, S. aureus 209P, S. typhimurium
144, S. sonnei, and C. albicans are presented in Table 1.

It has been determined that CuNPs possessed a marked
antibacterial and antifungal action on all pathogenic test
cultures studied, the complete growth inhibition was ob-
served with the doses of microorganisms on plates from
103 CFU/cm?® to 105 CFU/cm’.

The CuNPs studied also revealed the antibacterial and
antifungal action on clinical isolates of microorganisms
causative agents of infectious and inflammatory processes
of different localization isolated from surgical patients,
such as bacteria of S. aureus, E. coli, P. mirabilis, K. pneumo-
niae, E. acrogenes, P. acruginosa, fungi of Candida genus —
C.albicans, C. non-albicans, and other micromycetes — Peni-
cillium spp., P. lilacinus, A. niger, and A. flavus (Table 2).
For cultures of S. aureus, E. coli, P. mirabilis, K. pneu-
moniae, E. aerogenes, P. aeruginosa, C. albicans, C. non-
albicans, Penicillium spp., P. lilacinus, A. niger, and A.
flavus the complete growth inhibition was evident with
the dose of each microorganism of 107 CFU/cm? incu-
bated with CuNPs in the concentration of 0.40 mg and
0.04 mg calculated with reference to metal in each drop.
Thus, a marked antibacterial and antifungal action was
determined for CuNP substance in the concentration of
32.0 mg/ml calculated with reference to metal and in
ten-fold dilution (3.2 mg/ml calculated with reference
to metal).
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In this study the antibacterial and fungicidal action
of CuNPs was determined not only in relation to the
broad spectrum of pathogenic test strains, but also on cli-
nical isolates of microorganisms — causative agents of
infectious and inflammatory processes of different loca-
lization. It is known that microorganisms isolated from
surgical patients are often antibiotic-resistant [20]. While
analysing the literature data the authors did not find pub-
lications considering the antimicrobial properties of CuNPs
on clinical isolates of microorganisms. The results of the
current study motivate further scientific research in the
field of development of new medicines with CuNPs ob-
tained according to the original protocol by the method
of chemical condensation in the aqueous solution.

Biosafety is an important feature of any medicine.
The CuNPs applied in the current study were not geno-
toxic, mutagenic or cytotoxic in vitro [8] and were clas-
sified as the substance of the toxicity class 4 (low-toxic
substances) according to the results of studying the acute
toxicity after intravenous and intragastrical introduc-
tion in mice. It distinguishes these nanoparticles from
other copper containing nanomaterials found in the lit-
erature [1, 16].

Therefore, the study conducted has shown that zero-
valent CuNPs with the size of 20 nm obtained accord-
ing to the original protocol by the method of chemical
condensation in the aqueous solution possess the broad
spectrum of the antibacterial and antifungal action. The
authors consider it appropriate to continue studies of

this substance as a potential antibacterial and antifungal
medicine.

CONCLUSIONS

The spherical zero-valent copper nanoparticles with
the size of 20 nm obtained according to the original
protocol by the method of chemical condensation in the
aqueous solution in relation to the broad spectrum of
pathogenic test strains show a marked antibacterial and
antifungal action on the broad spectrum of pathoge-
nic test strains, namely S. aureus MRSA ATCC 43300,
E. coli ATCC 2592, P. aeruginosa ATCC 27853, S. aureus
209P, S. typhimurium 144, S. sonnei, and C. albicans,
in testing sensitivity by the method of serial dilution in
agar with the doses of microorganisms of 103-105 CFU/cm?’.

Copper nanoparticles have shown the antibacterial
and antifungal action on clinical isolates of bacteria —
causative agents of infectious and inflammatory processes
of different localization isolated from surgical patients,
such as S. aureus, E. coli, P. mirabilis, K. pneumoniae,
E. aerogenes and P. aeruginosa, in testing sensitivity by
the method of dosed drops with the dose for each mi-
croorganism of 107 CFU/cm?.

A marked antifungal action of copper nanoparticles
on clinical isolates of such yeast fungi as C. albicans,
C. non-albicans and other micromycetes — Penicillium
spp., P. lilacinus, A. niger, and A. flavus isolated from
surgical patients has been determined in testing sensi-
tivity by the method of dosed drops with the dose for
each microorganism of 107 CFU/cm?.
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AHTUBAKTEPIAJIbHA TA NPOTUITPUBKOBA AKTUBHICTb HAHOYACTWUHOK MIAl IN

VITRO WLOAO NATONEHHUX TECT-LWUTAMIB TA KITIHIYHUX I30JIATIB MIKPOOPTAHI3MIB -
3B6YOHUKIB IHPEKLUINMHO-3AMNAINIbHUX MPOLECIB PI3HOI JTOKANI3ALLI

A.B.PydeHko, I1.B.CimoHoe, J1.C.Pe3HiyeHko, T.I.I'py3iHa, 3.P.Ynb6epe, I.C.YekmaH

Knroyosi cnoea: HaHoYacmuHKuU Midi; mecm-wmamu; KiHIYHI i30519mu; aHmubakmepianbHa ma
rnpomuepubkosa akmueHicmb

lMpedcmaeneHi pe3ynbmamu 8u3Ha4eHHs aHmubakmepianbHOi ma npomuzpubKkoeoi akmueHOC-
mi HaHo4YacmuHOK Midi po3mipom 20 HM, CUHMEe308aHUX 3a OpueiHalbHUM POMOKOIOM Memodom
XIMiYHOI KOHOeHcayii y B0OHOMY PO34UHI, WOO0 WUPOKO20 CIIEKMpPy namo2eHHUX mecm-uimamis,
a came: Staphylococcus aureus MRSA ATCC 43300, Escherichia coli ATCC 2592, Pseudomonas
aeruginosa ATCC 27853, S. aureus 209P, Salmonella typhimurium 144, Shigella sonnei ma Candida
albicans npu gu3Ha4yeHHi Yymaueocmi MikpoopaaHiamie Memodom cepiliHux po3eedeHb 8 azapi 3a
KiHUyesux 3acieHux 003 8i0 103 do 105 KYO/cm®. [JocnidxeHi HaHOYacmuHKU Midi sussusiu aHmu-
bakmepiarnibHy ma rpomuepubKo8y aKmueHIiCmMb MaKoX Wo00 KIiHIYHUX i305151mie 36yOHUKie iHgheKU,it-
HO-3anarnbHUuXx rpouyecie pi3HOI flokanisauii, sudineHux 8i0 Xx8opux XipypaiyHoeo npoginto: S. aureus,
E. coli, Proteus mirabilis, Klebsiella pneumoniae, Enterobacter aerogenes, P. aeruginosa, C. albicans,
Candida non-albicans, Penicillium spp., Paecilomyces lilacinus, Aspergillus niger ma Aspergillus
flavus npu eusHa4yeHHI Yymaugocmi MikpoopaaHiamie Memodom 00308aHUX Kpariefib 3a KIHUeg8oI 3a-
cigHoi 0o3u 107 KYO/cm®.

AHTUBAKTEPUAIIbHAA U MPOTUBOINPUBKOBAA AKTUBHOCTb HAHOYACTUL MEQU

IN VITRO B OTHOLUEHWUWU NATOIEHHbIX TECT-LUTAMMOB U KITMHWYECKUX N30JIATOB
MWKPOOPITAHM3MOB — BO3BYAUTENEN UHOEKLIMOHHO-BOCNAJIUTENBbHbIX
MPOLIECCOB PA3JITMYHOMU NNOKATNU3ALIUU

A.B.PydeHko, 1.B.CumoHos, J1.C.Pe3Hu4eHko, T.I.I'py3uHa, 3.P.Ynbbepez, UN.C.YekmaH
Knroveenble crnoea: HaHodacmuuybl Medu; mecm-wmamMmMbl; KITUHUYEeCKUEe U30/1simbl;
aHmubakmepuasbHas u rnpomueo2pubkosast akmueHOCMb

lMpedcmasneHsbi pe3yrnbmamsi orpedeneHus aHmubakmepuanbHOU U Mpomugo2pubkosol akmus-
Hocmu HaHo4Yacmuy, medu paamepom 20 HM, CUHME3UPOBaHHbIX MO OpuU2UHarIbHOMY MPOMOKOIY
mMemoOom XxumudecKkol KoHOeHcayuu 8 800OHOM pacmeope, 8 OMHOWEeHUU WUPOKO20 criekmpa rna-
moeeHHbIX mecm-wmamMmos, a uMeHHo: Staphylococcus aureus MRSA ATCC 43300, Escherichia
coli ATCC 2592, Pseudomonas aeruginosa ATCC 27853, S. aureus 209P, Salmonella typhimurium
144, Shigella sonnei u Candida albicans nipu onpedeneHuu 4ygecmaumeribHOCMU MUKPOOp2aHU3MOo8
MemoOom cepuliHbiX pa3sedeHull 8 azape rpu KOHEeYHbIX nocesHbix 0o3ax om 103 do 105 KOE/cmP.
UccnedosaHHbIe HaHoYacmuubl MeOU Mposieuiu aHmubakmepuarbHyo U pomuso2pubKosyo akmus-
HOCMb MaKXe 8 OMHOWEeHUU KITUHUYECKUX U30/15mo8 8036youmernel UHQEeKUUOHHO-8ocnanumersib-
HbIX Poyecco8 pasnuyHol fioKanuzayuu, 8bi0efieHHbIX 0m 60MbHbIX XUPYpau4yecKko20 npogusis:
S. aureus, E. coli, Proteus mirabilis, Klebsiella pneumoniae, Enterobacter aerogenes, P. aeruginosa,
C. albicans, Candida non-albicans, Penicillium spp., Paecilomyces lilacinus, Aspergillus niger u
Aspergillus flavus npu onpedeneHuu 4y8cmeaumeibHOCMU MUKPOOp2aHU3Mo8 Memooom 003UpOo8aH-
HbIX Karnesnb rnpu KoHeYyHoU rnocesHol do3e 107 KOE/cm®.



