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Abstract: The paper presents the results of studying the 

influence of nanoparticles of silver and zinc on the culture of 
Madin-Darby Bovine Kidney (MDBK) and bacterial cells of E. 
coli at various dilution rates and various incubation times. The 
interaction of MDBK cells with the nanoparticles of zinc has a 
strong deleterious effect on the cells and causes morphological 
changes in them. At the same time, no toxic effects were observed 
after the interaction of silver nanoparticles and the cells. During 
incubation of E. coli bacterial cells with zinc nanoparticles, not 
only changes in the morphology of the cell membrane surface but 
also the destruction of bacterial cells were observed. During 
incubation with silver nanoparticles at various dilution rates for 
various times, changes in the cell shape from rod-shaped to 
rounded, without symptoms of destruction were noted. 
 

Keywords: Silver Nanoparticles, Zinc Nanoparticles, Mdbk, 
Escherichia Coli, Incubation, Atomic Force Microscopy, 
Damaging Effect.  

I. INTRODUCTION 

Over the past decade, nanomaterials and nanotechnology 

have gained importance as factors of great potential for 
further development of science and technology [1-4]. Their 
large-scale implementation is promoted by the discovery of 
unique properties of metal nanoparticles, and by their 
influence on the quality of the human habitat, agricultural 
products, and flora and fauna [5-7]. Due to their small size 
(100 nm), nanoparticles easily get into the human and animal 
organisms through the protective barriers (epithelium, 
mucosa, etc.), the respiratory system and the gastrointestinal 
tract [1, 8-10]. Common preparations converted to 
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nanopowder (aspirin, calcium gluconate) have higher activity 
than in the usual form. The absorbing properties of 
nanoparticles are significantly higher than those of other 
molecules [1, 9, 11-13]. Earlier studies of metal 
nanoparticles' biological activity with the use of experimental 
animals showed that nanocrystalline iron and zinc in biotic 
dosages accelerated the growth of animals and birds, 
enhanced liver regeneration after partial hepatectomy, and 
accelerated tissue healing [14-16]. 

The relevance of this work in the context of 
nanotechnology is in the base of certain properties of the 
nanoparticles of powdered metals, such as silver, copper, 
iron, and zinc [17]. It is known that the physical properties of 
many substances depend on the size of the sample, while 
nanoparticles of the materials often have properties not 
observed in the samples of the same substances with usual 
dimensions [9, 18-21]. For example, silver is not involved in 
most chemical reactions. However, silver nanoparticles not 
only catalyze chemical reactions but are also directly 
involved in chemical reactions. The high reactive ability of 
silver nanoparticles explains the fact that they have strong 
antibacterial [22-25], and zinc nanoparticles – 
immune-stimulating action [26-29]. 

Nanoparticles of various materials are an effective means 
of delivering substances to the desired cells. The use of 
nanoparticles as carriers of various substances of known 
preparations has many advantages – they can get to the most 
remote cells, penetrating through various biochemical or 
immunological barriers. They can be used for optimizing the 
distribution of substances in the organism, for improving the 
efficiency and the selectivity of their action, and for reducing 
toxicity [30-32]. 

Given the aforesaid, it seems quite reasonable to use 
nanoparticles of bioelements for activating the immune 
system and the metabolic processes in the organism in case of 
infectious diseases in animals. This research was aimed at 
studying the effect of silver and zinc nanoparticles on the 
structural features of the cells using the method of atomic 
force microscopy. 

II. MATERIALS AND METHODS 

The work was performed at the laboratory of the Institute 
of Experimental Veterinary Medicine n.a. S. N. Vyshelessky. 
For the study, nanoparticles of silver (Ag) and zinc oxide 
(ZnO) were chosen, and for studying their effect on the cells 
of animals — the MDBK (Madin-Darby Bovine Kidney)  
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culture, since kidneys play an important role in 
maintaining the acid-base balance of the blood plasma, and 
ensure constant concentration of the osmotically active 
substances in the blood in various water conditions for 
maintaining the water-and-salt balance.  

Kidneys remove the end products of nitrogen metabolism 
from the organism, alien and toxic compounds (including the 
active substances of many preparations), the excess of 
organic and inorganic substances; they are involved in the 
carbohydrates and proteins metabolism, and in the formation 
of biologically active substances [33, 34]. 

The surface of nanoparticles of biometals was visualized 
by the methods of atomic force microscopy. The procedure of 
sample preparation for atomic force microscopy involved 
immobilization on a flat substrate. The substrates were 
atomically smooth substrates made of mica and other layered 
materials. For applying a suspension of metal onto the 
surface of the substrate, the powder was transferred to 
distilled water, and a drop of water (4 µl) was placed on the 
substrate surface [35, 36]. 

Visualization was performed in various conditions of 
atomic force microscopy. Due to the high stiffness of 
biometal nanoparticles, the observations were performed by 
contact, without taking special measures for minimizing the 
impact force of the tip on the surface of the particle. 

In studying the effect of nanoparticles on the adhesion 
properties, MDBK cells were used. The work of the adhesion 
was determined by the energy used for breaking the link upon 
contact between the phases as a function of the area unit. 

III. RESULTS AND DISCUSSION 

To study the effect of nanoparticles on the cells of animals, 
silver (Ag) and zinc oxide (ZnO) nanoparticles were chosen. 
It is known that nanoparticles of silver derivatives have a 
devastating effect on viruses, while nanoparticles of zinc 
oxide do not have antibacterial properties.  

Figure 1 shows an individual MDBK cell and part of the 
membrane surface under lateral forces. 

  
a – topography of the surface, the scan area is 

8.5x8.5 µm2 
b – the image under lateral forces, the scan area is 

4.6x4.6 mm2 
Fig. 1: AFM images of the surface of MDBK cells 

 
Studying topography showed that the surface of MDBK 

cells was smooth and flat, without distinct structural 
elements. 

The results of studying the topography of the surface after 
incubation with a solution of Ag nanoparticles at 37 °C are 
shown in Figure 2. 

  
a – topography of the surface, the scan area is 

7.2x7.2 µm2 
b – the image under lateral forces, the scan area is 

3.1x3.1 mm2 
Fig. 2: AFM images of the surface of MDBK cells after their incubation with Ag 
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After the interaction of MDBK line cells with Ag 

nanoparticles, changes in the shape of the cell surface were 
observed, compared to the reference sample. The surface of 
the cells became more prominent, with pronounced rounded 
ridges. 

Studying the effect of zinc oxide (ZnO) nanoparticles on 
the MDBK cells is shown in Figure 3. 

As a result of MDBK cells interaction with nanoparticles, 

it was found that the shape of the cells after incubation with 
ZnO nanoparticles had strongly changed compared to the 
shape of the cells in the reference sample; also the surface 
morphology was different from the surface morphology of 
the cells incubated with Ag nanoparticles. The non-uniform 
surface of cells with pronounced structural formations was 
observed. It may be assumed that due to the effect of ZnO 
nanoparticles, the internal structure of the cells gets damaged. 

 

  
a – topography of the surface, the scan area is 

6.7x6.7 µm2 
b – the image under lateral forces, the scan area 

is 3.1x3.1 mm2 
 

Fig. 3: AFM image of the surface of MDBK cells after incubation with ZnO nanoparticles at 37°C 
 
The next phase of the study involved determining the 

effect of nanoparticles on the adhesion properties of MDBK 
cells. The authors calculated the strength of cell surface 
adhesion, the work of cell adhesion, and the values of cell 
surface energy. The results are shown in Table 1. 

 
Table 1: Characteristics of MDBK cells adhesion 

Sample F, H A, J ωa, J/m2 
Reference 48.91±3.26 0.26±0.01 0.13±0.01 
AgNO3 41.95±3.89 0.22±0.02 0.11±0.01 
ZnO 36.80±6.71 0.19±0.03 0.09±0.01 

 
It was found that ZnO nanoparticles increased the adhesion 

force. Earlier studies showed that these particles decreased 
the modulus of elasticity, also caused morphological changes 
in the cells. Thus, these nanoparticles have a strong 
deleterious effect on MDBK cells, unlike AgNO3, which did 
not have toxic effect. 

During the research, the authors studied the effect of silver 
and zinc nanoparticles on bacterial cells.  

The authors studied the effect of the Zn (zinc) 
nanoparticles-based preparation on the bacterial cells 
Escherichia coli at various dilution rates of the preparation 
and various incubation times. 

In course of studying with the use of the method of atomic 
force microscopy, images of bacterial cells E. coli were 
obtained before and after incubation with the zinc 
nanoparticles-based preparation with the following dilution 
rates – 1:5, 1:10, 1:20. Also, the incubation was performed 
for two hours and within one day. The obtained images are 
shown in Figures 4 and 5. 

The AFM images of the bacterial cells before (reference 
sample) and after the interaction with the preparation based 
on zinc nanoparticles clearly show the changes in their 
morphology. This process becomes more pronounced with 
decreasing the preparation dilution rate. 
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a – Reference (before incubation) b – After incubation (two hours) at the dilution 
rate of 1:10 

 
c – After incubation (two hours) at the dilution rate of 1:20 

Fig. 4: AFM images of the E. coli cells before and after incubation for two hours with the preparation based on zinc 
nanoparticles 

 
Figure 5 demonstrates the bacterial cells with Zn 

nanoparticles on the surface with the preparation dilution rate 
of 1:20, which shows the process of the preparation 

interaction with the membrane of the bacterial cell. In the 
case of the preparation dilution rate of 1:5, complete 
destruction of the bacterial cells is observed. 

 

  
a – Reference (before incubation) b – After incubation (one day) at the dilution rate 

of 1:10 
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c – After incubation (one day) at the dilution rate of 1:20 

Fig. 5: AFM images of the E. coli cells before and after incubation for one day with the preparation based on zinc 
nanoparticles 

 
The authors also studied the effect of a complex 

preparation based on Ag (silver) nanoparticles on the E. coli 
bacterial cells at various dilution rates of the preparation and 
various incubation times. 

In the course of studying using the atomic force 

microscopy, images of E. coli bacterial cells were obtained 
before and after incubation with the preparation based on 
silver nanoparticles. Also, the incubation was performed for 
two hours, and for one day. The obtained images are shown 
below (Figure 6, 7). 

 

 
 

a – Reference (before incubation) b – After incubation (two hours) at the dilution 
rate of 1:5 

  
c – After incubation (two hours) at the dilution 

rate of 1:10 
d – After incubation (two hours) at the dilution 

rate of 1:20 
Fig. 6: AFM images of the E. coli cells before and after incubation for two hours with the preparation based on silver 

nanoparticles 
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The obtained AFM images show changes in the morphology 
of the bacterial cells. Figures 7b and 7c show the changes in 

the cell shape from rod-shaped to rounded, compared to the 
reference sample. 
 

  
a – Reference (before incubation) b – After incubation (one day) at the dilution 

rate of 1:5 

 
c – After incubation (one day) at the dilution rate of 1:10 

Fig. 7: AFM images of the E. coli cells before and after incubation for one day with the preparation based on silver 
nanoparticles 

 
Thus, studying the morphology of changes in the E. coli 

bacterial cells exposed to various dilutions of the preparation 
with various incubation times showed that there was a change 
in the morphology of the cell membrane surface of the E. coli 
bacterial cells. Moreover, these processes are the most 
pronounced in case of incubation with zinc preparation at the 
dilution rate of 1:5, when complete destruction of the 
bacterial cells occurs. This effect is observed regardless of 
the cells with the preparation incubation time. With 
decreasing the time of incubation and increasing the 
preparation dilution rate, the intensity of these processes 
reduces, which reflects less significant changes in the 
morphology in these conditions. 

IV. CONCLUSION 

The interaction of MDBK cells with ZnO nanoparticles 
strongly changes their shape; the surface of the cells becomes 
uneven, with pronounced structural formations. Besides, the 
effect of ZnO nanoparticles increases the adhesion strength, 
decreases the elasticity modulus, and causes morphological 
changes in the cells. These nanoparticles have a strong 
deleterious effect on MDBK cells, unlike AgNO3, which did 

not have a toxic effect. 
Changes in the surface morphology of the E. coli bacterial 

cell membrane in the case of incubation with zinc 
nanoparticles are observed regardless of the incubation time. 
In the case of a dilution rate of 1:5, complete destruction of 
bacterial cells occurs. In the case of E. coli bacterial cells 
incubation with silver nanoparticles at various dilutions rates 
and various incubation times, the cell shape changes from 
rod-shaped to rounded. 
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