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Abstract
Pyoinflammatory complications remain an acute problem in the post-operative period of traumatic lesions of the auxiliary 

apparatus of the eye (AAE). Silver both in the ionic form and in composition of chemical compounds is highly toxic for micro-
organisms, and as a result, it shows bactericidal effect to many bacterial strains, including gram-negative microorganisms. The 
peculiarity of AgNPs is efficiency of influence on the wide array of microorganisms, significant anti-biofilm effect and absence 
of resistance reaction.

The aim of the research. To study the influence of the colloidal nano silver on formation of biofilms by microorganisms 
discharged from the wounds of patients with traumatic lesions of the auxiliary apparatus of the eye.

Materials and methods. During 2018–2019, we examined 60 patients with traumatic lesions of the auxiliary apparatus of 
the eye. For evaluation of the influence of colloid nano silver solution on the processes of formation of the biofilm, we selected mi-
croorganisms which were cultured most frequently (Staphylococcus aureus, Acinetobacter spp., Klebsiella ozenae) from the patients.

Results. The obtained data suggest that colloid nano silver inhibits efficiently formation of biofilms at the early stages (initia-
tion, the 0 day of incubation) of their formation by all the three microorganisms, and the degree of inhibition of the biofilm formation 
did not depend on the silver concentration. 

The effect of colloid silver in the concentrations used by us at later stages of biofilm formation (the 3rd and the 7th day) with 
respect to К. ozenae is less efficient – the growth of cell biomass was observed (p≤0.05), and it did not depend on the silver concen-
tration. At the same time, the effect of the colloid nano silver on S. aureus and Acinetobacter spp. on the 3rd and the 7th days was more 
efficient than at the early stage (p≤0.05).

Conclusions. Nanoparticles of colloid silver are an efficient means to combat biofilms, as well as to prevent their formation.
Keywords: colloidal nano silver, biofilms, minimum inhibitory concentration (MIC), trauma of the auxiliary apparatus of 

the eye, infection.
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1. Introduction
Pyoinflammatory complications remain an acute problem in the post-operative period of 

traumatic lesions of the auxiliary apparatus of the eye (AAE), since they cause delayed wound heal-
ing and provoke formation of adverse vicious cicatrices [1, 2]. For prevention of pyoinflammatory 
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complications and chronization of processes of wound healing it is important to carry out monitor-
ing of the specious composition and sensitivity of microorganisms which are discharged from the 
traumatic lesions of the patients to the most common antibiotics [3,4].

At the present stage of the development of medicine and pharmacology, a quite acute 
problem is the development of chemotherapeutic agents, which are an alternative to antibiot-
ics, since in the clinical practice in the whole world a steep increase of the number of resistant 
microorganism strains [5,6]. Antibacterial properties of silver are known from a long time. 
Silver both in the ionic form and in composition of chemical compounds is highly toxic for mi-
croorganisms, and as a result, it shows bactericidal effect to many bacterial strains, including 
gram-negative microorganisms [7, 8]. Antimicrobial efficiency of silver depends on the size 
of the particles, antibacterial activity of the nanoparticles surpasses activity of the common 
silver solutions [9, 10]. It is proved that nanoparticles of silver (AgNPs) affect penetrability of 
bacterial membranes and adhesion of bacteria to the cell membrane [11, 12]. AgNPs also af-
fects membrane and intracellular proteins of bacteria, remnants of phosphoric acid and DNA, 
distorts cell division, causing their death [13, 14]. So, the peculiarity of AgNPs is efficiency of 
influence on the wide array of microorganisms, significant anti-biofilm effect and absence of 
resistance reaction [15, 16].

Methods of treatment of wounds with biofilms must include wound cleansing with applica-
tion of antiseptic and antimicrobial medicines for prevention of wound re-infection and inhibition 
of the repeated formation of biofilms [17, 18].

The aim of the research. To investigate the influence of the colloidal nano silver on forma-
tion of biofilms by microorganisms discharged from the wounds of patients with traumatic lesions 
of the auxiliary apparatus of the eye.

2. Materials and methods
During 2018–2019, we examined 60 patients with traumatic lesions of the auxiliary ap-

paratus of the eye, who sought help at the emergency room at the Eye Microsurgery Department 
of the Municipal Non-commercial Enterprise of Sumy Regional Council Sumy Regional Clinical 
Hospital. Examination and treatment of the patients were carried out according to the standards 
of provision of the medical assistance. The procedure of examination of those persons met the 
regulations of the ethics committee. At the preliminary stage bacteriologic examination of smears 
from the wounds was carried out, with identification of the specious composition and population 
level of microorganisms based on the bacteriologic laboratory of the Centre of the Collective Use 
of Scientific Equipment of the Medical Institute of Sumy State University. For evaluation of the 
influence of colloid nano silver solution on the processes of formation of the biofilm, we selected 
microorganisms which were cultured from the patients most frequently (Staphylococcus aureus, 
Acinetobacter spp., Кlebsiella ozenae).

This clinical research is met Ukrainian legislation, modern ethical standards and principles 
of scientific clinical research and was approved at the meeting of the Commission on Ethics of the 
Shupyk National Medical Academy of Postgraduate Education (protocol No. 1 of January 9, 2020). 
All patients provided informed written consent to participate in the study.

Two groups were formed: the control one (microorganisms without influence of the colloid 
nano silver solution) and the main one (microorganisms were exposed to the colloid nano silver 
solution). The colloid nano silver solution (Nanomaterialy i Nanotekhnologii (Nanomaterials and 
Nanotechnologies) LLC, Ukraine, registration number 05.03.02-04/66400 as of 16.09.2010) was 
added to the microorganisms for 0, 1, 3 and 7 days of incubation in the amount equal to 2.5, 5,  
10 minimum inhibitory concentrations for every specious of microorganisms.

Evaluation of the influence of silver nanoparticles on the formation of biofilms was carried 
out by the definition of the volume of the formed biofilm, with gentian violet staining [19, 20]. 
The optical density of microbial biomass was defined by the Thermo Scientific Multiscan FC mi-
croplate photometer ESW 1.01.16 (wavelength 595 nm). The coefficient of the microbial biomass 
reduction was calculated as a proportion of the optical density of the tested sample to the optical 
density of control in the percentage equivalent.
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The results of the performed investigations underwent statistical processing. The Graph-
PadQuikCalcs program with the definition of t-Student criterion was used for carrying out the 
calculation.

3. Results
Sixty patients with traumatic lesions of the auxiliary apparatus of the eye were examined. 

Seventy-five strains of microorganisms were isolated and identified from them. Considering the 
frequency of microorganisms isolated from the patients with lesions of the AAE, we selected 
Staphylococcus aureus, Acinetobacter spp., Кlebsiellа ozenae for study the influence of colloid 
nanosilver on the formation of biofilm.

We tested antimicrobial and antibiofilm properties at different concentrations of the colloi-
dal nanosilver. We found the MIC for planktonic cultures of clinical isolates of S. aureus, Acineto-
bacter spp., К. ozenae was equal to 12.5 mµ/ml. 

The adhesion of bacterial cells to the surface is considered the first step for biofilm forma-
tion. Consequently, in the beginning, we examined the influence of silver nanoparticles on bacteria 
adhesion. The obtained data (Fig. 1) suggest that colloid nanosilver inhibits the formation of bio-
films at the beginning stage efficiently. The degree of the biofilm formation inhibition for Klebsi-
ella and Staphylococcus was dependent on the silver concentration and was not dependent on the 
quantity of the silver for Acinetobacter spp.

Fig. 1. Influence of nanosilver on the immature biofilms (initiation)

As it is shown in Fig. 2–4, we have revealed the intense activity in colloidal nanosilver 
against mature biofilms formed by all types of tested microorganisms. The efficiency of sil-
ver increased directly with the growth of the silver amount in the culture medium. Moreover, 
the silver acts differently on biofilms with various stages of maturation. It was especially 
noticeable on the one-day films. The biofilms formed by Acinetobacter spp.was the most sus-
ceptible to the influence of nanosilver. The relative quantity of the remaining bacteria cells in 
the biofilm was the least after treatment among all species. S. aureus formed the most stable 
composition of the biofilm since the remained biofilm mass varied from 71.9 to 55.8 (44.3 %)
after silver processing.

The effect of colloid silver at later stages of biofilm formation (the 3rd and the 7th day) against 
K. ozenae and Acinetobacter spp. is less efficient (Fig. 3, 4) than at an early stage. The volume of 
the cell biomass after silver action was more significant (p≤0.05) comparing to the 1-day biofilm. 
There was not also a correlation between the silver concentration and remained biomass. At the 
same time, the effect of the colloid nanosilver on S.aureus biofilm on the 3rd and the 7th days was 
more efficient than at the early stage (p≤0.05). 
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Fig. 2. Influence of nanosilver on the mature biofilms (1day)

Fig. 3. Influence of nanosilver on the mature biofilm (3 days)

Fig. 4. Influence of nanosilver on the mature biofilm (7 days)

5. Discussion
Attention to wound infection is critical for quick repair with no side effects. It gains excep-

tional value due to the rapid growth of antibiotic resistance and insufficient needs to search for 
new medicine with antimicrobial activity. Nanomaterials have become a promising alternative to 
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conventional antibiotics. It was shown in several studies that AgNPs possesses broad-spectrum 
antibacterial activities [7, 21]. The increasing number of studies have demonstrated the presence of 
biofilm in wounds of varied etiology [22]. The wound is inevitably created under aseptic surgical 
conditions. The prevention of bacteria entering the wound is based on the interruption of microbial 
attachment to the tissue on an initial step [22]. In this study, we report the capabilities of colloidal 
nanosilver to prevent the formation of biofilms by Acinetobacter spp., Klebsiella ozenae, and S. au-
reus. According to other scientist data, the minimum biofilm eradication concentration for antisep-
tics exceed MIC for planktonic bacteria more than 10–1000 times [3, 4]. We revealed that colloidal 
nanosilver effectively destroys the biofilms formed by microorganisms isolated from patients with 
traumatic lesions of the auxiliary apparatus of the eye even at a concentration equal to 2.5 MIC. 
The effect of the nanosilver varied in different terms and was the highest on 1-day films. Probably 
the reason for such variation was the difference in biofilm composition. The immature biofilm con-
sists mostly of cells that are more sensitive to the silver influence than exopolysaccharide matrix. It 
is known that ionic silver may be inactivated by extracellular polymeric substances (EPS) and other 
organic matter within the biofilm [23].

Study limitations. Our research is limited by studying the effect of nanosilver on the for-
mation of biofilms by microorganisms isolated from traumatic wounds of the auxiliary apparatus 
of the eye.

Prospects for further research. The further investigation of other nanometals effect on the 
biofilms formed by microorganisms isolated from patients with lesions of the eyes will provide us 
new knowledge.

6. Conclusions
1. As a result of the clinical-experimental research, we received a positive effect of colloidal 

nanosilver at the concentration 31.5–125.0 µg/ml on the biofilms formed by S. aureus, Acineto-
bacter spp., Klebsiella ozenae. 

2. Nanosilver inhibits the formation of biofilms at the beginning stage efficiently. The de-
gree of the biofilm formation inhibition for Klebsiella and Staphylococcus was dependent on the 
silver concentration and was not dependent on the quantity of the silver for Acinetobacter spp.. 

3. The intense activity in colloidal nanosilver against mature biofilms formed by all types 
of tested microorganisms. The efficiency of silver increased directly with the growth of the silver 
amount in the culture medium. 

4. The silver acts differently on biofilms with various stages of maturation. 
Colloidal nanosilver could be used for the prevention of complicated wound infection in 

patients with traumatic lesions of the auxiliary apparatus of the eye. Use of colloidal silver could 
reduce the risk of post-traumatic deformations of the periorbital region, decrease the duration and 
cost of treatment as well as period of rehabilitation.
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