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Abstract: The paper shows the microbiological activity of silver nanoparticles (AgNPs) stabilized with dextran derivatives
with carbox-ymethyl dextran (CMD) and dextran sulfate (DS). Non-toxic, green procedures for the synthesis of AgNPs with
CMD, DS were developed. The increasing application of silver nanoparticles in many areas, especially favors the so-called
non-toxic, i.e. “green” synthesis procedures. Unlike physical and chemical synthetic methods, green synthesis has a number
of advantages: lower energy consumption, simple execution, costs are reduced, use of non-toxic chemicals as reducing
and stabilizing agents. Nanoparticles AgNPs-DS and AgNPs-CMD showed microbiological activity against the analyzed test
microorgan-isms. Silver nanoparticles obtained in this way, due to their stability and preserved antimicrobial activity, can be
widely used in various branches of industry. The results of testing the antimicrobial activity of synthesized nanoparticles from the
technologi-cal aspects are important; these compounds have potential application in the biomedical field, and simple procedures
have many advantages, such as low costs, compatibility for medical and pharmaceutical applications, as well as the production
of other commercial products in the food industry.
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Introduction

Nanotechnology is a relatively young, multidisciplinary field in which the knowledge of natural
sciences and engineering principles are applied with the aim of obtaining, characterizing and applying
nanometer-sized materials (Ramsten, 2014). Materials of nano dimensions have specific characteris-tics.
When the number of atoms that make up a material is significantly reduced, the atoms occupy a different
arrangement and the distance between the surface atoms changes, which leads to a change in physical
and chemical characteristics in relation to materials of the same composition, but with mac-roscopic
dimensions (Trajkovi¢ and Markovi¢, 2010). In the last few decades, metal nanoparticles (gold, silver,
platinum, palladium and many metal oxides, and composite materials based on them) have been the
focus of many research groups (Krsti¢, 2013, Nadagouda and Varma, 2007, Liu et al. 2009, Shevchenko
et al. 1985, Tolmachev et al.1985).

The size of metal nanoparticles ranges from 1 to 100 nm. Nanoparticles, thanks to their large
specific surface area in relation to their volume, as well as their high surface energy, have unique
catalytic, electrical, magnetic, optical and mechanical properties. (Horikoshi and Sorpone 2013). Silver
nanoparticles are due to their catalytic properties (Jiang et al., 2005) and optical (McFarland and Duy-ne,
2003) properties, as well as antimicrobial activities (Bhattacharya and Mukherjee 2008), attracted the
attention of many research groups. They can be synthesized by different procedures - methods: chemical
reduction of silver ions (in the presence of a reducing and stabilizing agent) in aqueous solutions (Leopold
and Lendl, 2003), Caswell et al., 2003, Chaki et al., 2004) as in non-aqueous solu-tions (Chen and Huang
2002, Wang et al., 2003, Faure et al., 2003), electro chemical method (Johans et al., 2004), reduction of
silver ions using ultrasound (Zhang et al. 2004), by photo-induced or cata-lyzed reduction (Shchukin et
al., 2003, Zhang et al., 2003, Cozzoli et al., 2004), by microwave-induced synthesis (Komarneni et al.,
2002, Yamamoto et al., 2004), by radiation-chemical reduction (Hornebecq et al., 2003, Lihui et al., 2004),
micro emulsion method (Zheng et al., 2003, Zheng et al., 2004, Maillard et al., 2002, Maillard et al., 2003)
and biochemical reduction of silver ions (Naik et al., 2002, Bhainsa and D’Souza 2006). In all AgNPs
synthesis procedures, the basic reaction is the reduc-tion of silver ions to elemental silver. In doing so,
one should bear in mind the great tendency towards agglomeration, which reduces the ratio of surface
area to volume, and thus changes the properties of nanoparticles. Therefore, when choosing a reducing
agent, one must take into account its properties as a protective agent that prevents agglomeration. For this
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purpose, various substances can be used, most often polymers of synthetic or natural origin, especially
biopolymers of the polysaccharide type and their derivatives (Krsti¢, 2013, Nadagouda and Varma, 2007,
Liu et al. 2009, Shevchenko et al. 1985, Tolmachev et al.1985, Quelemes et al., 2013,Hamedi et al., 2012,
Chudobova et al., 2013b, Garza-Navarro et al., 2013, Prinz et al.,2010). The increasing application of
silver nanoparticles in many areas, especially favors the so-called non-toxic, relatively “green” synthesis
procedures. In con-trast to physical and chemical synthetic methods, green synthesis has a number of
advantages: lower energy consumption, simple execution, costs are reduced, use of non-toxic chemicals
as reducing and stabilizing agents, which enables biocompatible and in vivo application of the formed
particles (Amooaghaie et al., 2015, Sathishkumar et al., 2009, Bar et al., 2009, MubarakAli et al., 2011).
There is an ever-greater interest in green synthetic procedures where plant or other natural products are
used as reducing and protective agents. One of the ways to switch to non-toxic syntheses is to use natural
products, i.e. water extracts of biomass, as well as polymers of natural or synthetic origin, produced by
various microorganisms, as a reducing and stabilizing agent. For biomedical applications, honey has
proven to be an attractive green agent, which simultaneously reduces silver and stabilizes silver na-
noparticles. Honey has been used for medicinal purposes since ancient times due to its composition and
specific characteristics. Honey consists of various carbohydrates (>80%), with fructose and glu-cose
being the most abundant, accounting for about 70%, while sucrose (table sugar) represents ~5%. The
rest is water, about 20%, while proteins are represented in a small percentage, about 0.3%. During the
synthesis of silver nanoparticles in honey, glucose serves to reduce silver, and honey proteins to stabilize
nanoparticles. In order for silver reduction to begin, the presence of sodium hydroxide is nec-essary,
which facilitates the opening of the glucose ring, which allows the silver ions to oxidize glucose to gluconic
acid. During this chemical reaction, silver nanoparticles and gluconic acid are formed, and all other
components of honey remain unchanged. The most commonly used biopolymers are poly-saccharides
and their derivatives: cellulose and carboxymethyl cellulose, dextran (Berry et al., 2003), CMD and DS,
pullulan, alginate, agar, starch (Chairam and Somsook 2008, Chairam et al., 2009), chi-tosan (Park et
al., 2005) and glycogen. From synthetic polymers, due to biocompatibility, PVP, PVA, poly(2-hydroxyethyl
methacrylate) (PHEMA) and poly(methyl methacrylate) (PMMA) are used. (Stasica et al., 2000, Darwis et
al.,2002). The mechanism of reduction of silver ions and stabilization of formed AgNPs by polysaccharides
is well explained in the paper (Bankura et al., 2012) on the example of the synthesis of silver nanoparticles
in water, using dextran as a reducing and protective agent. Silver nanoparticles cannot be synthesized
using a solution of dextran in purified water, because purified water has a weak acidity (pH = 6) that can
prevent the reduction of Ag+ to Ag0 in the nanometer range by forming R-O+H2. The presence of a very
low concentration of NaOH can liberate the hydroxyl groups of dextran by removing protons and help
the formation of silver nanoparticle which is observed by the color change of the solution (Bankura et al.,
2012).

Microbiological properties of silver nanoparticles

The microbiological properties of silver have been known for centuries. Thus silverware was used to
store water, while compounds containing silver were used in traditional medicine (Armentano et al., 2010,
Slawson et al.,1992). In the last few decades, there has been a significant increase in mi-croorganisms
that are resistant to existing antibiotics, which has brought silver back into medical use. (Monteiro et al.,
2009). Nanoparticles have been shown to have greater microbiological activity than silver ions (Lok et
al., 2006). Nanoparticles act at the level of the cell (cytoplasmic) membrane by in-teracting with structural
proteins, changing the permeability of the membrane, and then with membrane enzymes, inhibiting their
activity. Nanoparticles also penetrate the cell by interacting with DNA, which affects the cell’'s ability to
replicate. In doing so, the nanoparticles also dissolve, releasing silver ions that also have an anti-microbial
effect (Morones et al., 2005). Silver nanoparticles have been shown to act on various viruses (Xiang et al.,
2011), bacteria (Guzman et al., 2012, Radzig et al., 2013) and fun-gi (Panacéek et al., 2009). Chemically
synthesized silver nanoparticles in solutions of different saccha-rides showed antibacterial activity against
10 different types of bacteria, whereby the smallest nanopar-ticles in this study with a diameter of 25
nm were the most effective, while the largest nanoparticles with a diameter of 50 nm had the weakest
microbiological activity (Panacek et al.,2006). It has also been shown that the shape of nanoparticles
significantly affects microbiological activity (Pal et al.,2007). When examining the microbiological activity
of silver nanoparticles of different shapes (rod-shaped, spherical and triangular nanoparticles) against E.
coli ATCC 10536, it was shown that the most effective nanoparticles were triangular-shaped, while the
rod-shaped nanoparticles had the weakest microbio-logical efficiency. Silver nanoparticles are already
commercially used for wound dressings (Acticoat, Smith&Nephew, USA), but have potential applications
for antimicrobial creams and gels (Jain et al., 2009), as well as for coverings for catheters, drains and
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implants (Knetsch and Koole, 2011). Silver nanoparticles are also, due to their strong antimicrobial activity,
very attractive components for improv-ing the functionality of wastewater treatment membranes and water
filters (Jain and Pradeep 2005). However, the main problem with the application of silver nanoparticles
is their rapid release from the surface of the polymer from which the membranes are made (Tseng et
al.,2006), therefore, the con-centration of silver in the filtered water is above the permitted concentration
of 0.1 mg/l according to the EPA standard (Environmental Protection Agency-EPA). Therefore, the
functionality of the membranes is improved by immobilizing the silver nanoparticle inside the polymer
fibers from which the membrane is made. In this way, a small percentage of nanoparticles is released from
the polymer into the filtered water, and the antimicrobial activity remains unchanged.

Carbohydrates as ligands

Carbohydrates represent a very widespread group of natural products that are synthesized by liv-
ing organisms and that occupy an important place in life cycles. They make up about 80% of the mass
of the dry substance of plants and about 2% in animals, as energy reserves (eg as starch) or as building
materials (cellulose). Polysaccharides have different and, in many cases, complex chemical structures,
numerous physiological functions and a wide range of potential applications. The basis of the carbohy-
drate structure of polysaccharides is represented by monosaccharide units that can be connected to
each other through different positions and orientations, which makes the structural chemistry of poly-
saccharides very complex. They can be covalently bound to proteins or lipids and in the form of complex
glycoconjugates they form biologically important compounds that have different functions. According to
the sources from which they are obtained, they are divided into plant, animal and microorganism poly-
saccharides. Polysaccharides are used in industry as thickeners, stabilizers and gelling agents. Also,
they are used as agents for removing pollutants from the environment, and due to their biological effects,
such as antioxidant, probiotic or antitumor, the interest in polysaccharide chemistry is growing every day
(Dakovi¢,1985, Liu et al., 2010a). They can be isolated from different sources (bacteria, fungi, algae and
plants), although polysaccharides from algae and higher plants are dominant on the world market. These
biopolymers are isolated by direct extraction from biomass and can be used in their native form, while
in chemical form they are used in various fields. Thus, for example, dextran, which is a polysac-charide
obtained by microbiological synthesis, is a molecular chain of anhydro-D-glucopyranose units connected
by a-1,6 glycosidic bonds (in addition to these a-1,6 there may be others, a-1,2, a-1 ,3 and a-1,4). It is
used as the most effective substitute for blood plasma, it is used in postoperative therapy to prevent
venous thrombosis, as well as for the production of granulated gels in gel chromatography (Nikoli¢, 2001).

Exopolysaccharide dextran

Dextran is a branched exopolysaccharide consisting of D-glucopyranose residues interconnected
by a-1,6 glycosidic bonds in the main sequence, with different content of a-1,2), a-1,3 and a-1,4 branches,
and different conformation of the glucopyranose unit (Sarwat et al., 2008) (see Fig. 1). Dextran is a
natural product, but it can be synthesized from sucrose by means of certain lactic acid bacteria, the
most famous of which are Leuconostoc mesenteroides and Streptococcus mutans. It is used medically
as an antithrombotic, to reduce blood viscosity, and as a means of increasing volume in anemia. It is
used as a substitute for blood plasma in the treatment of shock caused by loss of body fluids (Rehm,
2010). Polysaccharide dextran has an extraordinary ability to form water-soluble complexes with various
biometals (Fe, Cu, Co, Zn, Ca, Mg), as well as other metals (Tb, Al, Cd, Pb, Ni, Mn). (Cakic¢ et al.,2008,
Nikoli¢ et al.,2009, Miti¢ et al., 2009, Nikoli¢ et al., 2008, Miti¢ et al.,2007, Miti¢ et al., 2008, Vasko et al.,
1971, Barker et al.,1953). Raw dextran cannot be used for clinical purposes, because it has toxic and
antigenic properties. For the above reasons, raw dextran is depolymerized and repeatedly fractionated
with hydrophilic solvents in order to obtain fractions with the narrowest distribution of molar masses. Due to
their toxicity, dextran molecules with a high molar mass cause side reactions in the body, while molecules
with a low molar mass are quickly excreted from the body. For clinical purposes, only dextrans with a low
degree of branching are used, i.e. those with a content of 0-1,6 bonds over 90%. Partially hydrolyzed
dextran dissolves in water, formamide, dimethylformamide, dimethylsulfoxide, ethylene glycol, glycerol
and in alkali solution. Various alcohols and acetones do not dissolve dextran, but rather precipitate it out
of solution.
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Figure 1. Molecular form of dextran

The reactivity of dextran (but also of other polysaccharides, for example pullulan, inulin, starch,
cellulose, agar, agaroid, chondroitin sulfate, etc.) primarily depends on the reactivity of the secondary,
equatorially oriented hydroxyl groups of the glucopyranose unit OH at C-2, C-3 and C-4 . Therefore,
dextran can build various compounds, among which, due to its biological function and pharmacological
activity, esters with inorganic or organic acids, but also complex compounds with biometals are important
(Ricketts,1952b, Kentaro and Kotaro 1974). From the group of esters and ethers, the most famous are
dextran and cellulose, i.e. and carboxymethyl dextran and carboxymethyl cellulose, as well as dextran
sulfate. These compounds are used in pharmacy and cosmetics for the production of many preparations
in which they have the function of fillers or, due to their hydrophilicity, for the production of moisturizing
creams. Given the presence of carboxyl and sulfo functional groups, they can build complexes with
biometals or other derivatives, mostly with Schiff's bases (amino acids), which can be further complexed,
say with platinum, and used in cancer therapy, as reducing and stabilizing agents for the synthesis of
MNPs or as their carriers (Tao et al., 2011). Certainly the most famous compound of dextran (but also
of other polysaccharides, pullulan and inulin) is its polynuclear complex with iron (more correctly with B,-
FeOOH form of iron hydroxide), bearing in mind its wide application in human medicine and vetennary
medicine in the treatment of iron deficiency anemia (Caki¢ et al., 2007).

Dextran derivatives

Carboxymethyl dextran (CMD) is a derivative of dextran, which is obtained by etherification of
dextran with halogen acetic acid, (most often chlorine- or bromine-chlorine) in a mixture of alcohol and
aqueous sodium hydroxide solution. The synthesis of carboxymethyl dextran is carried out in two stages,
the first represents alkalization of dextran, and the second represents carboxymethylation of dextran with
chloroacetic acid. CMD dissolves in distilled water and can be precipitated with ethanol.

Dextran sulfate (DS) is an ester of sulfuric acid and dextran. Given that there are three OH groups
per glucopyranose unit of dextran, the degree of esterification. In addition to dextran sulfate, inulin sulfates,
pullulan sulfates, and others (agar and agaroid, chondroitin sulfate, etc.) are also known (Ricketts 1952a).

Materials and methods

Synthesis of silver nanoparticles (AgNPs) with CMD. In a reactor with a volume of 100 ml, at room
temperature, 20 ml of freshly prepared CMD (see Fig. 2) (0.002 M) was first added, and after 10 minutes,
with constant stirring (300 rpm), and 10 ml of AGNO, solution (0.001 M). The suspension was stirred for
2 hours, and then the pH value of the suspension was adjusted to 7 by adding 0.4 ml of NaOH solution
(0. 001M) The mixture was kept under reflux for 24 hours. The change of white to yellow color of the
reaction mixture indicates the formation of AgNPs-CMD nanoparticles. The reaction mixture was then
cooled to room temperature, and the AgNPs-CMD nanoparticles were precipitated with 96% ethanol. After
standing overnight, the ethanol was decanted, and the precipitate was re-dissolved with redistilled water.
Finally, the nanoparticles were precipitated from the solution with 96% ethanol and, after decanting the
alcohol, dried for 3 hours at 105°C in a vacuum oven.
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Figure 2. Schematic representation of CMD synthesis

Synthesis of silver nanoparticles (AgNPs) with DS. In a reactor with a volume of 100 ml, at room
temperature, 20 ml of freshly prepared DS (see Fig. 3) (0.002 M) was first added, and after 10 minutes,
with constant stirring (300 rpm) and 10 ml of AgQNO3 solution (0.001 M). The suspension was stirred for
2 hours, and then the pH value of the suspension was adjusted to 7 by adding 0.4 ml of NaOH solution
(0.001 M). The mixture was kept under reflux for 24 hours. The change from white to yellow in the reaction
mixture indicates the formation of AQNPs-DS nanoparticles shown in Figure 3. The reaction mixture was
then cooled to room temperature, and the AgNPs-DS nanoparticles were precipitated with 96% ethanol.
After standing overnight, the ethanol was decanted, and the precipitate was re-dissolved with redistilled
water. Finally, the nanoparticles were precipitated from the solution with 96% ethanol and, after decanting
the alcohol, dried for 3 hours at 1050C in a vacuum oven.
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Figure 3. Structural formula of the sodium salt of dextran sulfate DS

Microbiological activity of silver nanoparticles. For testing, standard inoculums of microorganisms
were used, which were prepared by sowing the appropriate microorganism culture (100 ul) on a liquid
TSB medium (3 ml). After incubation of the inoculum at 37 °C overnight, the microorganisms were taken
from their exponential growth phase (16-18 hours after seeding) and used as such further in the ex-
periment. The method itself is based on adding sterile Erlenmeyer flasks in the sterile atmosphere of the
burner in the following order: physiological solution (50 ml), inoculum of the appropriate microorganism
(500 pl) and tested silver nanoparticles (1 mg). In order to maintain a sterile environment, the Erlen-meyer
flasks were capped and kept at a temperature of 37 °C in a water bath for 2 h, with agitation. After that,
an aliquot of suspension of 1 ml was taken from each Erlenmeyer which was further diluted deci-mally
with physiological solution 0.9% NaCl (sterilization for 20 minutes at 121°C). After homogenization of the
suspension on a vortex, the density of the suspension was adjusted by comparison with the 0.5 McFarland
standard, which corresponds to the number of microorganisms of 1-2x108 CFU/ml (eng. Colony Forming
Units) (Andrews, 2005). A 0.1 ml aliquot of the appropriate dilution was transferred to sterile Petri dishes,
after which it was covered with melted TSA medium (~20 ml), with mixing. Sterile discs with a diameter
of 9 mm were placed on the surface of the seeded substrate and impregnated with 60 pl of AgNPs-CMD,
AgNPs-DS nanoparticle solution in concentrations of 0.25 mgecm-3, 0.5 mgem-3, 1 mgem-3. Petri dishes
were incubated in a thermostat at a temperature of 37 °C for the next 24 hours (Hamblin and Jori 2011).
After incubation, the diameter of the zone of inhibition of the growth of micro-organisms was measured.
The following microorganisms were used for the microbiological activity of silver nanoparticles as an
indicator of strains: Gram-positive bacteria: Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC
11778, Bacillus luteus in haus strain, Listeria monocytogenes ATCC 15313, Gram-negative bacteria:
Escherichia coli ATTC 25922, Pseudomonas aeruginosa ATTC 27853, Klebsiella pneumoniae ATTC

https://medisij.com


https://medisij.com

Slobodan, G., Moméilo, C., & Miodrag, S. (2023). Microbiological activity of silver nanoparticles stabilized with dextran
derivatives, 2(1), 1-12. doi: 10.35120/medisij020101g
UDK: 579.67:[546.57:620.3

700603, Proteus vulgaris ATTC 8427, and fungus: Candida albicans ATTC 2091.

Results and Discussion

Microbiological activity of AGNPs silver nanoparticles with CMD. A large amount of literature data
shows that AgNPs possess significant microbiological activity, which is explained by the accumulation of
silver ions from the solution in bacterial membranes, which can lead to cell death (Deli¢, 2011). Namely,
the silver cation can react with thiol groups and proteins in cells, and in addition, it can inactivate en-zymes
that are required for normal cellular metabolism (Sondi and Salopek, 2004). The microbiological activity
of stabilized AgNPs-CMD was performed using the disk-diffusion method on agar. Clinical iso-lates of
bacterial pathogens were used to test the antimicrobial activity of synthesized AgNPs-CMD (B. lutea, B.
aureus, B. cereus, E. faecalis, P. aeruginosa, Klebsiella) and fungal strains (C. albicans) as indicators
of strains for analysis. The results of testing the antimicrobial activity of the AgNPs-CMD na-noparticles
solution are shown in Table 1.

Table 1.
Radial diameter of inhibition zones of tested bacterial and fungal strains

Radial diameter of inhibition (mm)

AgNPs-CMD

G3=0,25 mg/ml Gs= 0,5 mg/ml Gs=1 mg/ml

Bacillus lutea

1

13

Bacillus aureus

12

18

Bacillus cereus

11

12

Bacterial strains
Enterococcus faecalis - - 1

Pseudomonas aeruginosa - - 12
Klebsiella 13 14 15

Fungal strains Candida albicans - - 1

The radial growth of the zone of inhibition increases with increasing concentration of AgQNPs-CMD
from 0.25 to 1 mg/ml except for strains Enterococcus faecalis in which the zone of inhibition is reached only
at a AgNPs-CMD concentration of 1 mg/ml. Fungus Candida albicans is more sensitive to AGNPs-CMD,
while an inhibition zone of about 11 mm is achieved at a AgNPs-CMD concentration of 1 mg/ml. AgNPs-
CMD nanoparticles showed the highest activity against bacteria B. lutea and B. aureus. The antifungal
activity of AgQNPs-CMD was analyzed according to the strain C. albicans. Zones of inhibition according to
C. albicans are very small. Zone of inhibition B. lutea, B. aureus, B. cereus, E. faecalis, P. aeruginosa and
K. pneumoniae were 20, 21, 14, 11, 12 and 15 mm, respectively. AgNPs-CMD at a concentration of 1 mg/
ml showed a number of specificities according to their antimicrobial activity (see Fig. 4).

Bacillus aureus AT Bacillus cereus @

K&Jh V3

G Pseudomonas aeruginosa Klebsiella

Bacillus lutea

Figure 4. Microbiological activity of AgNPs-CMD nanoparticles of different concentrations against
bacterial strains (B. lutea, B. aureus, B. cereus, E. faecalis, P. aeruginosa and Klebsiella) (A) and fungal
strain (C. albicans) (B)
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Microbiological activity of AQNPs silver nanoparticles with DS. AgNPs-DS solution showed mi-
cro-biological activity against bacteria, Staphylococcus aureus, Bacillus cereus, Bacillus luteus in haus
strain, Bacillus subtilis, Listeria monocytogenes, Escherichia coli, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Proteus vulgaris which proves the presence of clear zones of bacterial growth inhibition
around the disks. The radial diameters of inhibition zones are shown in Table 2.

Table 2.
Radial diameter of inhibition zones for tested bacterial and fungal strains

Radial diameter of inhibition (mm)
AgNPs-DS
G1=0,25mg/ml G2=0,5mg/ml Gz= 1mg/ml
Staphylococcus aureus 17 18 19
Bacillus cereus 16 18 19
Gram

_ . Bacillus luteus in haus strain 20 21 24
Bacterial Bacillus subtilis 16 17 19

strains L
Listeria monocytogenes 16 17 18
Escherichia coli 17 18 21
Gram | Pseudomonas aeruginosa 23 24 26
Klebsiella pneumoniae 16 18 19
Proteus vulgaris 13 14 15

Fungal strain | Candida albicans - 16

Inhibition was observed in all analyzed bacterial strains at a concentration of 0.25 mg/ml AgNPs-
DS, indicating that the minimum inhibitory concentration for these microorganisms is low. For example,
in literature (Dhand et al.,2016) it was stated that the minimum inhibitory concentrations for Escherichia
coli and Staphylococcus aureus were about 0.26 mg/l. The highest zones of inhibition were recorded
against Pseudomonas aeruginosa and Bacillus luteus in haus strain. The zone of inhibition against these
microorganisms for a concentration of 1 mg/ml AgNPs-DS was 26 and 24 mm, respec-tively. Among the
bacterial strains, Proteus vulgaris it was the least sensitive to the activity of AQNPs-DS with an inhibition
zone of 15 mm, when a concentration of 1 mg/ml AgNPs-DS was used. Testing the activity of different
concentrations of AgNPs-DS in relation to all other used bacterial strains showed similar results with
inhibition zones in the range of 16-17 mm, 18-19 mm and 18-21 mm for concentra-tions of 0.25, 0.5 and
1 mg/ml AgNPs - DS. Results for Klebsiella pneumoniae, Bacillus luteus in haus strain and Pseudomonas
aeruginosa are higher than previously reported for AgQNPs-CMD. Antimicrobial activity against Candida
albicans was observed only at a concentration of 0.5 mg/ml AgNPs-DS. Low antimicrobial activity of AgNPs
against Candida albicans has already been reported for AGNPs stabi-lized by CMD. The mechanism of
antimicrobial activity of AQNPs can be explained by the accumulation of silver in bacterial membranes that
can lead to cell death. Dissolved Ag cation can react with thiol groups and proteins in cells. Additionally, it
can inactivate enzymes that are required for normal cellular metabolism (Dhand et al.,2016). AQNPs-DS
at a concentration of 1 mg/ml showed a number of speci-ficities according to antimicrobial activity. But a
higher concentration of silver can also be harmful to microbes. Therefore, lower concentrations are much
more applicable for this purpose. The lower effec-tive concentrations of AGNPs, which cause an effect on
organisms different from the control, range from a few ng/l to tens of mg/I depending on the organism and
many other factors. This silver nanoparticle synthesis design has great potential due to its antimicrobial
activity.

Conclusions

Synthesized AgNPs-DS and AgNPs-CMD nanoparticles showed microbiological activity against
the analyzed test microorganisms. AgNPs-DS and AgNPs-CMD showed no activity on the fungal strain
C. albicans, and AgNPs-CMD and on P. aeruginosa in a concentration of 0.5 mg/ml. Mutual comparison
of the size of the radial zones of inhibition shows that they are slightly smaller with AGNPs-DS, and the
smallest with AgNPs-CMD. Also, the zones of inhibition in all analyzed bacterial strains are larger when
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the concentration of AgNPs is 1 mg/ml than for 0.5 mg/ml. The results of testing the antimicrobial activity
of the synthesized AgNPs show that they can be used in the biomedical field for the production of var-ious
preparations in human medicine, cosmetics, veterinary medicine and the food indus-try.Nanoparticles
have been shown to have greater microbiological activity than silver ions. Nanoparti-cles act at the level
of the cell (cytoplasmic) membrane by interacting with structural proteins, changing the permeability of
the membrane, and then with membrane enzymes, inhibiting their activity. Nanopar-ticles also penetrate
the cell by interacting with DNA, which affects the cell’s ability to replicate. In doing so, the nanoparticles
also dissolve, releasing silver ions that also have an anti-microbial effect. Silver nanoparticles have
been shown to act on various viruses, bacteria and fungi. Chemically synthesized silver nanoparticles
in solutions of different saccharides showed antibacterial activity against 10 different types of bacteria,
whereby the smallest nanoparticles in this study with a diameter of 25 nm were the most effective, while
the largest nanoparticles with a diameter of 50 nm had the weakest microbiological activity. It has also
been shown that the shape of nanoparticles significantly affects microbiological ac-tivity. When examining
the microbiological activity of silver nanoparticles of different shapes (rod-shaped, spherical and triangular
nanoparticles) against E. coli ATCC 10536, it was shown that the most effective nanoparticles were
triangular-shaped, while the rod-shaped nanoparticles had the weakest microbiological efficiency. Silver
nanoparticles are already commercially used for wound dressings (Acticoat, Smith&Nephew, USA), but
have potential applications for antimicrobial creams and gels, as well as for coverings for catheters,
drains and implants. Silver nanoparticles are also, due to their strong antimicrobial activity, very attractive
components for improving the functionality of wastewater treatment membranes and water filters.
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