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Investigating the possibility of treating Serratia marcescens with an antibiotic-
resistant mixture containing nanoparticles using AgNPs as a new type of
antimicrobial: An experimental study

Abstract

Objective: To explore the possibility of treating serratia marcescens with an antibiotic-resistant mixture containing
silver nanoparticles.

Method: The experimental study was conducted at the Bacteriology Laboratory of Ibn Al-Baladi Hospital, Baghdad,
Iraq, from December 2021 to April 2022, and comprised human urine samples, a wound sample from local chickens,
and respiratory secretions from pigeons. The isolates were kept on a brain-heart infusion medium with glycerol. Their
response to antibiotics with different concentrations of 9% and 7% silver nanoparticles were checked. To optimise
factors for the effect of silver nanoparticles, incubation time, temperature and silver nitrate concentration were the
three parameters used. Disc diffusion method was used to evaluate the antibacterial activity of silver nitrate against
serratia. The inhibitory zone developed was measured. Clinical and Laboratory Standards Institute’s guidelines were
followed.

Result: Optimal silver nitrate concentration was 9%, and 37°C temperature and incubation time 24h was needed for

silver nanoparticle production. Silver nanoparticle had 100% antibacterial activity.
Conclusion: Nanoparticles were found to have the potential to become a viable therapeutic option.
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Introduction

Serratia (S.) marcescens belongs to the enterobacteriaceae
family and is a member of the serratia genus. There are
now 14 species of serratia in genus Serratia, with eight of
them linked to human sickness.! The most well-known of
the eight species linked to clinical illness are S. marcescens,
S.liguefactions and S. odorifera.'? The spread of multi-drug
resistance (MDR) among clinically significant bacterial
species highlights the urgent need for new antibacterial
therapies.>* S. marcescens isolates have been shown to
interact in cell signalling mechanisms involved in biofilm
development.® If further research confirms biofilm’s
harmful involvement in S. marcescens, it is possible that it
is related to other aspects of this opportunistic illness,
such as adherence, colonisation, and antibiotic resistance.
Enterobacteriaceae have exhibited an extraordinary ability
to acquire, transfer and modify the expression of
numerous antibiotic resistance genes over the last two
decades.® The reasons for the synergistic interaction are
unknown. However, it has recently been shown that the
ampicillin-induced over-expression of AmpC f-
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Lactamases goes along with changes in outer membrane
profiles, which, in turn, can foster the efficiency of phage
infection’. Decreased membrane permeability and active
efflux of toxic substances that limit the effectiveness of
antimicrobials are referred to as “intrinsic resistance”
Acquired resistance is most frequently brought on by
plasmid horizontal gene transfer, or gene mutations.
Phenotypic resistance, also referred to as adaptive
resistance, is connected to a rapid transcriptome response
to environmental or stressful stimuli.® In recent years,
there has been much interest in the biosynthesis of
nanomaterials. If fully employed, biological synthesis
might give an edge over chemical approaches in terms of
increased productivity and cheaper costs. In recent years,
a new dimension of metal-microbial interaction has been
researched for the production of metal nanoparticles,
such as gold, silver, cadmium, zirconia and silica titanium.®
Synthesis of metal nanoparticles from bacteria, yeasts,
fungi and other biological sources has been reported, and
the same has been applied to a variety of fields, such as
drug delivery, biosensors, bioimaging, antimicrobial
activity, food preservation and so on.°

The current study was planned explore the possibility of
treating S. marcescens with an antibiotic-resistant mixture
containing silver nanoparticles (AGNPs).
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Materials and Methods

The Experimental study was conducted at the Bacteriology
Laboratory of Ibn Al-Baladi Hospital, Baghdad, Iraq, from
December 2021 to April 2022, and comprised human urine
samples, a wound sample from local chickens, and
respiratory secretions from pigeons (Table 1). S. marcescens
strains were taken from a previous study'' done at the same
centre. These isolates were kept on a brain-heart infusion
medium with glycerol, and were registered with the
National Centre for Biotechnology Information (NCBI)
(MZ395963.1, MZ395964.1; MZ395967.1, MZ395968.1; and
MZ395969.1, MZ395970.1).

Silver nitrate (AgNO3) (Sigma Aldrich, St. Louis, USA) and
Muller Hinton agar (HI media, India) were used, and
antibiotic susceptibility test for various classes of
antibiotics, including augmentin (AUG) (amoxicillin and
clavulanic acid), amikacin (AK) and norfloxacin (NOR) was
carried out by modified Kirby-Bauer disk diffusion
method' in the light of Clinical Laboratory Standard
Institute (CLSI) recommendations.™

In 100ml of deionized distilled water (DW), 16.98g of
AgNO3 was dissolved. Then, Tml of the prepared solution
was added to another 1000ml of DW to make a TmM
solution.™

Silver nanoparticles (AgNPs) were prepared from alcoholic
extracts with some modifications', and 5ml were distilled
into a 95ml molar amyl AgNO3 solution under ultrasonic
conditions, with an ultrasonic power of 100W and a
frequency of 42kHz. After 20min of sonication, the solution
was stirred at 800rpm at 25°C for 30min, and the samples
were then stored in dark bottles at 25°C for 24h. The final
samples were stored in dark bottles, and within 5 days, the
colour change of the solution was observed, indicating the
formation of AGNPs. The aqueous Ag+ ions were reduced
during exposure to the culture supernatant of S.
marcescens. The colour of the reaction solution turned from
yellow to brown due to the formation of NPs.

Disc diffusion method was adopted to evaluate the
antibacterial activity of AgNPs prepared against serratia
according to the use of filter paper that was immersed in
AgNPs for 2min before culturing them on plates to
determine the inhibition zone and then these plates were
incubated for 24h at 37°C. The inhibitory zone developed
after 24 h and was measured, quantified and compared.'®

Results

The inhibition zone, indicating the area on the agar
medium where bacterial growth stopped, was clearly
visible (Figure 1). This test was performed on three
isolates using three different antibacterial drugs.
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Antibiotic susceptibility testing findings were noted
(Table 2).

AgNPs could inhibit S. marcescens at different
concentrations, and the highest inhibition area was at 9%
concentration (Table 3; Figures 2-4).

Table-1: Types and sources of Serratia marcescens isolates.

NO. Type of samples Sources of samples isolates
1 Urine Human 8H
2 Wound Local chicken 6W
3 Respiratory secretion pigeon 4R

Table-2: Results of antibiotic susceptibility testing.

Antibiotic Concentration Susceptible Intermediate Resistant
(peg/ disc)

Amoxicillin / Clavulanic ~ AUG (30) 6mm

acid (Augmentin)

Amikacin AK (25) 15mm

Norfloxacin NOR (10) 27mm

Table-3: The effect of antibiotics with silver nanoparticles on Serratia marcescens.

Concentration (pcg/ disc) 8H 6w 4R
9% silver nanoparticles 12mm 13mm 1mm
Amoxicillin / Clavulanic acid [Augmentin 14mm 16mm 17mm
(AUG 30)] with 9% silver nanoparticles

7% silver nanoparticles 10mm 1Tmm 12mm
Amoxicillin / Clavulanic acid [Augmentin 12mm 14mm 15mm

(AUG 30)] with 7% silver nanoparticles

Figure 1:  Antibiotic susceptibility testing of birds serratia marcescens isolates (4R, W6, 8H) on
Mueller Hinton agar.

Figure 2: Comparison of clear visible area of silver nanoparticle (AgNPs) agent concentrations (9%,
7%) with a mixture of Amoxicillin / Clavulanic acid and AgNPs for serratia marcescens
inhibition (6W).
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Figure 3: Comparison of clear visible area of silver nanoparticles (AgNPs) agent concentrations
(9%, 7%) with a mixture of Amoxicillin / Clavulanic acid and AgNP concentrations (9%,
7%) for serratia marcescens inhibition (4R).

Figure 4: Comparison of clear visible area of silver nanoparticles (AgNPs) agent concentrations
(99, 7%) with a mixture of Amoxicillin / Clavulanic acid and AgNP concentrations (9%,
7%) for serratia marcescens inhibition (8H).

Discussion

AgNPs exhibited antibacterial action against gram-
negative bacteria. Because the disk diffusion test was the
preliminary screening tool, a further assessment in
identifying the antibacterial activity of AQNPs is required”.
Resistance to ampicillin, amoxicillin, amoxicillin-
clavulanate, and cefuroxime has previously been
documented in S. marcescens.'® The antibacterial action of
AgNPs is owing to their tiny size and high surface area-to-
volume ratio.” Using dose-dependent growth kinetics of
bacterial strains, the relative rate and extent of antibacterial
activity of AgNPs can be determined. Three representative
bacterial strains’ growth profiles after being treated with
10nm AgNPs were part of the current study. When
compared to the negative control, the addition of AgNPs
affected the growth kinetics of all bacterial strains. As the
concentration of AgNPs increased, bacterial growth was
inhibited, which is in line with literature.?° Studies on the
mechanism of action of NPs-antibiotic combinations have
shown that the increase in antibacterial activity may be
owing to their chemical interaction, but the underlying
chemical mechanism of the action, whether synergistic or
antagonistic, is yet unknown.?' Recent research indicates
that silver cation (Ag+) is more likely to be the agent
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causing cell death.?? Ag+ increases the bactericidal activity
of antibiotics by increasing the generation of reactive
oxygen species, which causes the bacterial cell to die.
Antibiotics combined with AgNPs are effective against
resistant bacteria.”® The particle size of AgNPs influences
their bactericidal effects; the greater is the antibacterial
efficacy, the smaller are the particles.”

Further studies are required to validate the current findings
and to investigate the effects of AgNPs on various bacteria
in order to decrease their microbial pathogenicity.

Conclusion

AgNPs might be a beneficial synergistic agent to develop
more effective antibacterial treatments against MDR
bacterial strains.
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