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Multidrug-resistant bacteria continue to pose the greatest threat to public health. Metallic nanoparticles are
one of the more promising strategies for combating antibiotic resistance. This research aims to determine
the effect of gold and silver nanoparticles and gold-silver alloy nanoparticles as antibacterial agents. On the
other hand, biogenic synthesized gold and silver nanoparticles using Ziziphus spina-christi leaf extract and
preparation of gold-silver alloy nanoparticles for treatment of multidrug-resistant bacteria were studied.
The formation of nanoparticles was characterized using ultraviolet-visible spectrophotometer, fourier
transforms infrared spectroscopy, X-ray diffraction and transmission electron microscopy. Antibacterial
activity of the biosynthesized gold nanoparticles, silver nanoparticles and gold-silver alloy nanoparticles
was studied against Klebsiella pneumoniae, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
aureus, Acinetobacter baumannii and Enterococcus faecalis. In the present study, the minimum inhibitory
concentration ranged from 61.33 to 64 pg/ml and the minimum bactericidal concentration of the
silver nanoparticles ranged from 85.33 to 93.33 ug/ml against multidrug-resistant strains. Synthesized
gold nanoparticles had no inhibition zone, indicating that silver nanoparticles have no negative effect
on multidrug-resistant bacteria. Minimum inhibitory concentration of gold nanoparticles was in high
concentration against multidrug-resistant strain was not bactericidal. The highest minimum inhibitory
concentration of gold nanoparticles was 114 pg/ml. Finally, the minimum inhibitory concentration ranged
from 53.33 to 62 pg/ml and the minimum bactericidal concentration of the gold-silver alloy nanoparticles
ranged from 77.33 to 93.33 pg/ml against multidrug-resistant strains. These results indicate that gold-silver
alloy nanoparticles showed higher antimicrobial ability when compared to silver nanoparticles and gold
nanoparticles alone. Finally, the synthesized nanoparticles could be used as an alternative antimicrobial
agent against multidrug-resistant bacteria, according to our findings.
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Since the beginning of nanotechnology, various
Nanoparticles (NPs) synthesis methods have been
observed and changed for the better. Many of these
processes use hazardous chemicals, much energy and
much heat to create NPs with limited properties. Green
synthesis methods based on a microwave, sonochemical,
electrochemical and hydrothermal methods, for
example, have been developed to address this problem.
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Green synthesis methods that use biological material
sources such as plants, microbes and agricultural and
industrial wastes have recently gained traction. To
a large extent, biological synthesis has been used to
produce NPs of bimetallic or trimetallic alloys!*..

Silver (Ag) is a flexible, stronger than Gold (Au)
natural element that is also a great insulator of thermal
and electric energy™. Silver Nanoparticles (AgNPs)
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and their variants have a long history of medical
applications™. Many studies have found a connection
between AgNPs bactericidal activity and their ability
to penetrate bacterial cell walls and alter membrane
structure. Unchecked movement through the cell
membrane and the eventual death of the bacteria result
from this alteration in cell permeability. Other studies
relate antimicrobial property to the generation of free
radicals that damage membranes®. Researchers have
discovered that the enzyme-activating thiol groups
interact with AgNPs, which in turn prevents enzyme
activation and cell division'®. Another mechanism by
which Ag ions are thought to interfere with protein
translation is their binding to the ribosomal subunit 30S.

Aqueous solutions of Au contain no free ions because it
is rigid and rare metal. Gold Nanoparticles (AuNPs) are
non-toxic to human cells. AuNPs bactericidal activity
does not promote the formation of Reactive Oxygen
Species (ROS), which are the primary cause of bacterial
cell death and this, is why they are effective against
bacterial”. It has been found that AuNPs have no effect
on bacterial growth or activity, but vancomycin-AuNPs
conjugates reduce the number of growing bacterial
cells. The antibacterial properties of vancomycin-
coated stable AuNPs were of considerable rise when
compared to that of the free antibiotics!®!.

Alloy NPs are made up of two or more metals that
have properties like hardness, strength and durability
in a homogeneous mixture®. For various applications,
such as incorporating AgNPs with AuNPs, NPs must be
combined with other materials. Due to this incorporation,
their properties differ from those of monometallic NPs,
such as the ability to catalyze, which is higher in alloy
NPs than in monometallic NPs!'. Alloy compounds
have different structures and physical properties than
their parent elements and possess superior characteristics
to those of their parent elements. AgNPs-AuNPs,
AgNPs-Copper Nanoparticles (CuNPs), AgNPs-
Titanium Dioxide Nanoparticles (TiNPs) and AuNPs-
Palladium Nanoparticles (PdNPs) are the most well-
known bimetallic NPs. Optical, catalytic and electronic
properties make them excellent choice bimetallic
NPs are preferable to monometallic NPs. Grade ef al.
studies of the bactericidal effect of AgNPs-AuNPs alloy
NPs on Staphylococcus aureus (S. aureus) using laser
ablation drew more attention to the possibility of a new
medical treatment field"). With the help of dextran
solution, Dos Santos et al. synthesized an Ag-Au alloy
with significant antimicrobial properties against a wide
variety of biological growth, which could be used in
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medical equipment and antimicrobial agents'l.

AgNPs and AuNPs with desired morphology and size
have been prepared using natural capping, reducing
and stabilizing agents using green chemistry methods
in recent years. Metallic Nanoparticles (MNPs) can
be synthesized using biological methods rather than
toxic, harsh and expensive chemical substances.
Metal ion bioreduction is a chemically complex
but environmentally friendly process that uses
polysaccharides, proteins and vitamins which are
examples of biomolecules that can be found in certain
organisms extracts. The most common method for
producing green NPs is the use of plant extracts to
synthesize MNPs. Furthermore, the plants have the
distinct advantage of being widely distributed, readily
available, much safer to handle, low cost, simple to
scale up for huge synthesis and do not require the use of
toxic chemicals, high pressure, temperature or energy
and act as a source of several metabolites, as well as
being a source of several metabolites!'].

Zizyphus spina-christi (Z. spina-christi) is a member
of the Rhamnaceae family, which includes plants
native to tropical Africa and Asia. Traditional medicine
uses Z. spina-christi to treat inflammatory and pain-
related ailments in areas where the plant is found. A
local application of wood ash mixed with vinegar
is recommended in the treatment of serpent bites.
Fresh green leaf cataplasm is applied to swollen eyes
before going to bed for abscesses and furuncles. Fruit
infusions have been used to treat measles because they
are emollients and laxatives!'. Z. spina-christi leaf
extract phytochemical analyses revealed the presence
of phenolic, flavonoids, tannins, alkaloids and saponins.
Because of the high concentration of Hydroxyl (OH)-
groups in Z. spina-christi phytochemical compounds,
these antibacterial and antioxidant properties are
enhanced!"’!,

The emergence of Multidrug-Resistant (MDR) bacteria
is a significant public health issue, necessitating
the creation of new bactericidal materials. Many
antimicrobial drugs face a major challenge because
of pathogens acquired resistance!'. Over 70 % of
bacteria that cause infections in hospitals are resistant
to at least one antibiotic, according to the World Health
Organization (WHO) and some species are resistant to
all approved antibiotics. The MDR isolates of S. aureus,
Klebsiella pneumoniae (K. pneumoniae), Pseudomonas
aeruginosa (P. aeruginosa), Enterococcus faecium
(E. faecium), Enterobacter species and Acinetobacter
baumannii (A. baumanii) cause 16 % of all healthcare-
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associated infections, putting healthcare professionals
on the defensive!'’l. Bacteria are able to adapt to the
selection pressure of antibiotics, resulting in their
ability to develop and maintain antibiotic resistance.
In addition, the variety of mechanisms for antibiotic
resistance has risen in recent years!'®,

Z. spina-christi extracts were used as a reducing and
stabilizing agent for the biosynthesis of Au, Ag and Au-
Ag alloy NPs in this study. AgNPs combined with Z.
spina-christi leaf extract had a synergistic bactericidal
effect on the biosynthesized Au-Ag alloy NPs. As an
alternative to conventional antibacterial materials, this
hybrid nanomaterial has been developed.

MATERIALS AND METHODS

Plant collection and preparation of extract:

Fresh Z. spina-christi leaves were collected in the Al
Shafa area of Taif, Saudi Arabia, during the summer. To
make fresh aqueous extract plants, for 30 min at 80°,
25 g of thoroughly cleaned and finely chopped plants
were sterilized in 100 ml of double-distilled water. The
extract was filtered through Whatman filter paper no. 1
and kept at 4° for up to 1 w (fig. 1).

Biosynthesis of NPs using plant extract:

AgNPs biosynthesis: 1 ml of the prepared plant extract
was added to 10 ml of 1 mM Silver Nitrate (AgNO,)
with constant stirring at room temperature!'’®’. During
exposure to plant extracts, Ag ions were reduced into
AgNPs, resulting in the color change.

AuNPs biosynthesis: The Z. spina-christi extract (1
ml) was added to 25 ml of 1 mM Chloroauric Acid
(HAuCl,) at room temperature for 20 min*’. NPs had
formed when the color of the solution changed from
light yellow to red grape.

Biosynthesis of Au-Ag alloy NPs:

For Au-Ag alloys NPs synthesis, at room temperature,
in 25 ml of deionized water, 1 mM AgNO, and 1
mM HAuCl, were dissolved. At a rate of 10 min, the
reaction solution was heated to 90° while being stirred
at 600 rpm. The solution was then injected with 25 ml
Z. spina-christi extract. The solution was kept at 90° for
3 h before cooling to room temperature. The reaction
mixture changed color from yellow to dark due to Au-
Ag alloysP!,

Characterization of NPs:

Ultraviolet-Visible (UV-Vis) spectra: The formation
of AuNPs, AgNPs and Au-Ag alloys was monitored
using double-beam spectrophotometry using Z. spina-
christi leaf extract at a resolution of 1 nm in the 300-
800 nm wavelength range?.

Transmission Electron Microscopy (TEM): The
microscopy technique known as TEM (Hitachi,
H-7500) involves passing an electron beam through an
ultra-thin specimen and interacting with it as it passes
through. These NPs images of AuNPs, AgNPs and
Au-Ag alloys NPs are the result of electrons passing
through the specimen, which are magnified and focused
on an imaging device!®!.

X-Ray Diffraction (XRD) analysis: AuNPs, AgNPs
and Au-Ag alloys NPs were examined using XRD to
figure out their particle size and chemical composition.
With 30 kV, 30 mA and Cu K radians at an angle of 2,
the Shimadzu XRD-6100/6100 model was used. After
the material was finely ground, the bulk composition of
the analyzed material was determined. For the AgNPs
and AuNPs, Debye Scherer’s equation was used to
determine the particle or grain size?*,
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Fig. 1: Z. spina-christi leaf extracts preparation
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Fourier Transform Infrared Spectroscopy (FTIR):
To remove any loose moieties, centrifuge at 10 000 g
for 20 min, the stabilized AuNPs, AgNPs and Au-Ag
alloys solution was collected and dried thoroughly. The
Shimadzu IR-470 spectrometer was used to conduct
FTIR measurements on the AuNPs, AgNPs and Au-
Ag alloys powder (Shimadzu, Japan). It has been
determined that the FTIR peaks of the AuNPs and
AgNPs were identified and expressed in wavenumbers
(em™). A leaf extract from Z. spina-christi was also
examined®!,

Characterization and isolation:

Clinical isolates collection and growth conditions:
Urine and sputum specimens were collected from
King Faisal Hospital, Taif, Saudi Arabia. For 24-48 h,
the bacteria were incubated at 37° on Cystine Lactose
Electrolyte Deficient (CLED) agar, Blood agar and
MacConkey agar. Based on the colony morphology on
blood and MacConkey agar, Gram-negative bacteria
were identified through biochemical reactions like
those for oxidase, Sulfide Indole Motility (SIM), Triple
Sugar Iron (TSI), citrate and urease®®. K. pneumoniae,
Escherichia coli (E. coli), P. aeruginosa, S. aureus,
A. baumannii and E. faecalis were found to be the
most common bacterial isolates found in the samples.
These bacterial strains were kept on Mueller-Hinton
agar slants in the clinical laboratories during the
antimicrobial efficacy study at a temperature of 4° to
maintain viability. At a temperature of 37°, bacteria
were subcultured in Mueller-Hinton broth. 107 Colony-
Forming Unit (CFU)/ml was the final concentration
of the cell suspensions after diluting them with sterile
saline solution, further efficacy of antimicrobials
studies were carried out using AuNPs, AgNPs and Au-
Ag alloys to investigate their antimicrobial properties.

Susceptibility testing for antibiotics: The Kirby-
Bauer disc diffusion method on Mueller-Hinton
agar was used to test bacterial isolates for antibiotic
susceptibility according to Clinical and Laboratory
Standards Institute (CLSI) guidelines?”. 0.5 McFarland
turbidity standards were used to grow it at 37°. Discs of
antibiotics were added to a Mueller-Hinton agar plate
for the bacterial culture. The CLSI guidelines were
used to interpret the Zone of Inhibition (ZIN) on the
plates after an overnight incubation period.

Antibacterial activity of AuNPs, AgNPs and Au-Ag
alloys using agar diffusion method: This procedure
was used to test the antimicrobial properties of the
metal NPs against MDR bacteria®®. The nutrient broth
was used to grow the MDR bacteria at 37° overnight
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and grown MDR bacteria were then again subcultured
into nutrient broth media and allowed to grow for
another 2 h until the Optical Density (OD) was reduced
to 0.01. On nutrient agar plates, 100 1 of liquid culture
were evenly distributed. An agar well borer was used to
create wells with a diameter of 6 mm on agar plates and
incubated at 37° with the AuNPs, AgNPs and Au-Ag
alloys in the wells. The diameter of bacterial clearance
after 16-24 h was used to calculate the ZIN.

Micro-dilution test for Minimum Inhibitory
Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) determination: The test was
carried out by inoculating bacterial culture into the
wells of a microdilution plate and arranging antibiotic
dilutions across the rows. Dilution tests can also be
performed using individual tubes or plates in modern
laboratories, but high-throughput plates were used in
this experiment. A series of dilutions of antibiotic drug
concentrations, with each concentration in a range
being doubled from lowest to highest, were used to
test for antibiotic efficacy. An in vitro test of the drug’s
activity and bacterial resistance was required for the
MIC to be helpful. Drug-resistant isolates have a lower
MIC value. The MICs were calculated using serial
two-fold dilutions of AgNPs ranging from 96 pg/ml
to 8 pg/ml and AuNPs ranging from 114 pg/ml to 8
png/ml. The concentrations are always given in mg/ml.
MBC is the lowest concentration that can kill 99.9 %
of microorganisms®®!. MBC is possible, but it is more
complex than determining MIC. As a result, clinical
laboratories rarely measure or report the MBCPEY,

Statistical analysis:

Each activity assay was performed in triplicates. One-
way Analysis of Variance (ANOVA) in Statistical
Package for the Social Sciences (SPSS) statistics
program (IBM SPSS statistics 22) was used to evaluate
the significance levels of results at p<0.05.

RESULTS AND DISCUSSION

AgNO, (1 mM) and Z. spina-christi leaf extract (25 %)
were used to create AgNPs, which led to a color shift
from yellow to brown, then dark brown, as depicted in
the image above (fig. 2). AgNPs, which are formed when
Ag salt is reduced, were responsible for the solution’s
color change. Reducing and stabilizing agents allowed
Ag ions to be reduced to AgNPs. The excitation of
surface plasmon vibrations caused the yellowish-brown
color of AgNPs in an aqueous solution. The color of the
reaction mixture remained the same for about an hour
after the color change was complete. So the reaction
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mixture’s AgNO, concentration had been reduced
drastically.

Our findings corroborate those of SP et al.®Y. First, the
absorption spectrum was produced by strong Surface
Plasmon Resonance (SPR) or the resonant absorption of
photons by AgNPs. Because the SPR band was affected
by the refractive index of the solution and the size, the
observed absorption band was size-dependent®s. SPR
of metal UV-Vis spectrometry that AgNPs are being
formed has been confirmed, which revealed a sharp
peak at 420 nm (fig. 3)B3.

Fig. 4 shows that within 30 min of the Au salt solution’s
addition to plant extract, the extracts color changed
from colorless to wine red, indicating that AuNPs
had formed. This is due to the molecular assistance of
biological reducing agents found in the plant extract
in the fabrication of AuNPs. The presence of reducing
agents caused Au ions to be reduced to AuNPs. Natural

 —

Zizyphus spina christi

Plant extract

it

reducing agents were found in Z. spina-christi leaf
extract, which converted aqueous HAuCl, solution to
AuNPs. Due to the excitation of SPR, AuNPs showed
a red grape color in an aqueous solution and showed a
sharp peak at 550 nm (fig. 3)**. The observed absorption
band was influenced by the solution’s size and refractive
index, making the SPR band size-dependent*>!.

Z. spina-christi was used to successfully synthesize
metallic NPs of Au, Ag and Au-Ag alloys NPs.
Deionized water was used to dissolve I mM AgNO, and
1 mM HAuClI, in 25 ml. Following that, the reaction
solution was brought to 90° by stirring it at 600 rpm for
10 min at a time. The solution was then injected with 25
ml Z. spina-christi extract. Before allowing the solution
to cool to room temperature, it was kept at 90° for 3
h. Au-Ag alloys were formed and the reaction mixture
turned dark yellow?*. A UV-Vis spectrophotometer
confirmed the formation of these MNPs (fig. 5).

"
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Fig. 2: Z. spina-christi leaf extract solution changes color over time when AgNO, is added to it
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Fig. 3: AuNPs, AgNPs and Au-Ag alloys NPs UV-Vis spectra using Z. spina-christi leaf extract, (—) Au-Ag alloy; (—) Au; (—) Ag
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Fig. 4: The color of the solution changes over time by adding HAuCl, to Z. spina-christi leaf extract

Gold nanoparticles

Fig. 5: Biosynthesis of Au-Ag alloys NPs

UV-Vis spectroscopy of AuNPs, AgNPs and Au-Ag
alloys NPs was described below. The most common
bimetallic NPs structures are alloys and core-shells,
following the atoms intrinsic properties and their
synthesis techniques. A structure can be determined
by using the UV-Vis spectroscopy technique. SPR
bands have been discovered in AuNPs and AgNPs, for
example. For core-shell NPs, metal clusters separated
into cores and shells typically show two distinct peaks
in absorbance. Pure NPs have two absorption peaks,
but the alloy NPs has a single absorption peak in the
middle. Figure depicting each product’s UV-Vis spectra
are shown (fig. 3). There was only one absorption peak
between 413 and 545 nm in all samples (Ag or Au
NPs). When the metal precursor’s mole fraction of Au
reaches 50 % (i.e., the Au/Ag ratio is 1:1), an SPR peak
appears at 425 nm.

A single SPR peak shift from AuNPs and AgNPs can be
used to identify Au-Ag alloy NPs. For the bi-metallic
alloy, a single SPR peak is expected, whereas two SPR
peaks are expected if two individual metal NPs are
physically mixed in the same condition. In a previous
study, a shift in the SPR peak was observed® and
other reportsi*”! for obtaining Au-Ag alloy NPs using
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Silver nanoparticles

Au-Ag alloy NPs

Jasminum sambac (J. sambac) and Fusarium semictum
(F. semictum) fungi extracts, respectively®,

High-resolution TEM was used to examine the size
and morphology of biosynthesized AgNPs with
sizes ranging from 11.9 to 38.8 nm and a scale of 20
nm, as well as a histogram showing sizes of particles
with spherical and hexagonal morphology®!. TEM
micrograph indicates the AuNPs were spherical and
hexagonal (fig. 6). The synthesized AuNPs were formed
in 14.64-32.95 nm in size. Our results were correlated
to data obtained by Patil et al*. The particles in
the biosynthesized Au-Ag alloy were spherical and
hexagonal, with an average size of 12.62-40.62 nm,
according to TEM images (fig. 6)“! diameter on
average of 15 nm was found for individual AgNPs and
AuNPs, suggesting that electron densities within the
particle volume were more uniform. AgNPs were more
dispersed than AuNPs, which were more aggregated
and Au-Ag alloy.

Au, Ag and Au-Ag alloy FTIR spectra are depicted
in fig. 7. Identification of bioactive molecules for
the stability of future generations of NPs through the
reduction and bio-capping of MNPs was carried out
using FTIR.
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Fig. 6: TEM images of biosynthesized, (1) AgNPs; (2) AuNPs and (3) Au-Ag alloy NPs with corresponding particle size distribution
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Fig. 7: FTIR spectra of biosynthesized, (1) Extract; (2) AgNPs; (3) AuNPs and (4) Au-Ag alloy NPs

The FTIR analysis of AgNPs revealed two sharp
absorption peaks at 1630 cm™ and 3444 cm™, indicating
possible protein-AgNPs interaction. This peak, which
corresponded to OH stretching or H-bonding for
alcohol or phenols, was found at 3324 cm’', indicating
that OH bonding is enhanced during the formation of
NPs. The amine peak was between 1630 and 1633 cm™.
The absorption peak of 1635.89 cm™! is similar to that
of proteins!*?.

The above-mentioned functional groups are mostly
derived from heterocyclic compounds, as indicated
by the FTIR data and these are the water-soluble
components of Z. spina-christi. As a result, water-
soluble compounds like phenolic, alcohol and amines
may act as capping agents in the synthesis of AuNPs, as
well as aiding in NPs stabilization under physiological
conditions. The capping and stabilization of AuNPs
have been attributed to hydroxyl groups and amines*).
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To the presently formed phyto-mediated NPs, an FTIR
analysis was performed. The active biomolecules found
in plant leaves include amides, hydroxyls, ketones,
ethers, alkyls and other functional groups that have
previously been reported*!. The FTIR spectra of
AuNPs, AgNPs and Ag-Au NPs have been published
and possible peaks from the biomolecules responsible
for photosynthesized NPs reduction, capping and
efficient stabilization have been identified.

According to the FTIR data, the different functional
groups mentioned above are mostly derived from
heterocyclic compounds and these are the water-
soluble components of Z. spina-christi. As a result,
water-soluble compounds such as phenolic, alcohol and
amines may act as a capping agent in the synthesis of
AuNPs, aiding in NPs stabilization under physiological
conditions. Hydroxyl groups and amines are thought
to be responsible for the capping and stabilization of
AuNPs*1,
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Fig. 8 shows the Au, Ag and Au-Ag alloy NPs
synthesized in a biosynthetic manner. As metals with
similar lattice constants, the two values of Au-Ag alloys
are very close. The four intense peaks are found at
20=37.51°,44.12°, 64.00° and 76.91°, which correspond
to (111), (200), (220) and (311), respectively and can
be indexed using the facets of AuNPs and AgNPs face-
centered cubic crystal structure. The bimetallic Au-Ag
alloys reflections are identical to the monometallic Au
and Ag NPs. Using the Scherrer equation, the mean
sizes of these NPs were calculated to be 2430 nm based
on the line width of the maximum intensity reflecting
peak.

The Debye-Scherrer formula is used to calculate the
average crystalline size.

D=KA/B cos 0

Where K is Scherrer constant, A is the wavelength of
X-ray, 0 is the Braggs angle in radians and beta (B) is
the full width at half maximum of the peak in radians.

A geometric factor of (0.9), the XRD source’s
wavelength and the angular Full-Width at Half
Maximum (FWHM) of the XRD peak at the angle

=3

Intensyfeourts|

of diffraction 6 are used to calculate D, the average
crystalline size of NPs (fig. 8).

In our results of the XRD spectrum of the biosynthesized
NPs, the D and 20 values of Au and Ag NPs have
similar lattice constants. Au-Ag alloys are very similar.
However, the four intense peaks are observed at
26=37.51°, 44.12°, 64.00° and 76.91° corresponding
to (111), (200), (220) and (311), which can be indexed
according to the facets of the face-centered cubic crystal
structure of Au and Ag NPs“l. The Au-Ag alloy’s
reflections are identical to the monometallic NPs of
Au and Ag. Based on the line width of the maximum
intensity reflecting peak, the mean sizes of these NPs
were calculated to be 25-30 nm using the Scherrer
equation’®!,

The bacterial strains K. pneumoniae, E. coli, P.
aeruginosa, S. aureus, A. baumannii, E. faecalis were
isolated from urine and sputum. Antimicrobial agent
sensitivity testing was performed on the bacterial
isolates found in urine and sputum. The antimicrobial
MICs of these bacterial strains were tested against each
other (Table 1).

20 (degrees)

3

G- N

T 20 (earees)

Fig. 8: XRD analysis of biosynthesized, (1) AgNPs, (m) Ag ; (2) AuNPs, (=) Au; (3) Au—Ag alloy NPs, (m) AgNPs and (m) AuNPs

TABLE 1: PATTERNS OF RESISTANCE TO MDR BACTERIA FOUND IN URINE AND SPUTUM ISOLATES

Bacterial isolates Antibiotic resistance pattern Number of antibiotics Sources

K. pneumoniae AK, AMP, AMC, ATM, FEP, FOX, CAZ, CRO, CXM, 19 Urine
CEF, CIP, ETP, GEM, IPM, LVX, MEM, NTF, TZP, SXT

E. coli AK, AMP, ATM, FEP, CAZ, CRO, CXM, CEF, CIP, GEM, 12 Urine

LVX, SXT

P aeruginosa AK, AMP, AMC, ATM, FEP, FOX, CAZ, CRO, CXM, 19 Urine
CEF, CIP, ETP, GEM, IPM, LVX, MEM, NTF, TGC, SXT

S. aureus AMP, ATM, CTX, CEC, GEM, IPM, CIP, OXA, PEN 9 Sputum

A. baumannii AK, AMP, AMC, ATM, FEP, FOX, CAZ, CRO, CXM, 19 Sputum
CEF, CIP, ETP, GEM, IPM, LVX, MEM, NTF, TZP, SXT

E. faecalis CTX, FOX, CEC, CLI, ERY, GEM, IPM, CIP, TET, SXT 10 Urine

Note: AMC:Amoxy/Clavulanic acid; CTX: Cefotaxime; FOX: Cefoxitin; LVX: Levofloxacin; CRO: Ceftriaxone; CIP: Ciprofloxacin; AMP:
Ampicillin; LEX: Cefalexin; FEP: Cefepim; MEM: Meropenem; CAZ: Ceftazidime; SXT: Sulpha/Trimethoprim; CXM: Cefuroxime; GEM:
Gentamicin; IPM: Imipenem; ATM: Aztreonam; CEF: Cephalothin; ETP: Ertapenem; NIT; Nitrofurantoin; TGC: Tigecycline; IPM: Imipenem;
TZP: Piperacillin-tazobactam; CLI: Clindamycin; AK: Amikacin; DAP: Daptomycin; ERY: Erythromycin; FUS: Fusidic acid; CEC: Cefaclor; LZD:
Linezolid; MXF: Moxifloxacin; MUP: Mupirocin; NTF: Nitrofurantoin; OXA: Oxacillin; FEP: Cefepime; PEN: Penicillin G; RIF: Rifampicin; TEC:

Teicoplanin; TET: Tetracycline and VAN: Vancomycin
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The results obtained have been interpreted following
the CLSI guidelines. First, as presented in Table 1,
the isolates of K. pneumoniae were resistant to 19
antimicrobials and isolates of E. coli were resistant to
12. Moreover, isolate P. aeruginosa was resistant to
19 antibiotics and isolates S. aureus was resistant to 9.
Also, isolate A. baumannii was resistant to 19 antibiotics
and isolates E. faecalis was resistant to 10. According
to Matsushita and Janda™*”!, many bacterial strains have
mobile components that encode antibiotic resistance
and can be transferred between them or even between
different species by horizontal or vertical gene transfer.
Other mechanisms of resistance could be caused by
chromosomal Deoxyribonucleic Acid (DNA) mutation.
According to the findings, bacteria’s rapid growth rate
and the absolute number of cells reached mean, that
resistance develops quickly in a population with high
infection rates*’). The antibiogram of these isolates
showed high resistance rates to critically essential
antibiotics, which WHO classifies, making these
infections hard to treat by many classes of antibiotics
(B-lactamase,  cephalosporins, = aminoglycosides,
fluoroquinolones and lincosamides)™*®!.

K. pneumoniae, the most common cause of nosocomial
infection-related mortality and morbidity, has a high
rate of resistance that can spread into the general
population, making treatment more difficult*’!. The
findings revealed high levels of resistance to commonly
used antimicrobials. Mutations that alter the expression
and function of chromosomally encoded mechanisms
can lead to antibacterial resistance in P. aeruginosa;
alternatively, the bacteria can acquire resistance genes
on mobile genetic elements (plasmids)®”. Extended
Spectrum Beta-Lactamase (ESBLs) or AmpC-type
cephalosporins and uncommon carbapenemases, which
are plasmid and integron-mediated antimicrobial
resistance determinants, are commonly produced by
MDR strains of A. baumannii®!. Their prevalence is
relatively high in some settings™?,

Micro-dilution plates and a suitable diffusion assay are
used. The antibacterial properties of synthesized NPs
were tested against several MDR bacterial pathogens.
ZIN, MIC and MBC are the diameters of the ZIN in
millimeters (Table 2, Table 3 and fig. 9).

TABLE 2: BIOSYNTHESIZED Au, Ag AND Au-Ag ALLOY NPs HAVE ANTIBACTERIAL PROPERTIES
AGAINST MDR PATHOGENIC STRAINS WAS COMPARED TO THAT OF A STANDARD DRUG

Mean ZIN (mm) (Mean+SD)

Test Samples Au NPs Ag NPs Au-Ag NPs Standard (Cefepime)
Concentration (pg/ml) 100 100 100 20

K. pneumoniae 00.00+0.00 14.67+0.58 15.67+0.58 17.3320.58

E. coli 00.00+0.00 16.67+0.58 18.33+0.58 17.33£0.58

P. aeruginosa 00.00+0.00 14.33+0.58 15.33+0.58 15.67+0.58

S. aureus 00.00+0.00 16.33+0.58 16.67+0.58 19.33£0.58

A. baumannii 00.00+0.00 15.67+0.58 17.67+0.58 19.33+0.58

E. faecalis 00.00+0.00 17.33+£0.58 18.33+0.00 16.33+5.51

TABLE 3: MIC,, AND MBC VALUES OF Au, Ag AND Au-Ag ALLOY NPs AGAINST PATHOGENIC K.

pneumoniae STRAINS

Test Samples Au NPs Ag NPs Au-Ag NPs
(C:g’}‘:l’)‘”am“ MIC,, "MBC MIC,, "MBC MIC,, "MBC

K. pneumoniae 108+0.00 3ND 64:0.00 88+0.00 62+5.20 80+0.00
E. coli 108+0.00 ND 64:0.00 88+0.00 61.3314.62 88+0.00
P. aeruginosa 11420.00 ND 61.33+4.62 93.33:4.62 61.33:4.62 93.3324.62
S. aureus 112+3.46 ND 61.33+4.62 85.33:4.62 53.33+4.62 77.33+4.62
A. baumannii 104+3.46 ND 61.3314.62 93.3314.62 56+0.00 77.3324.62
E. faecalis 108+0.00 ND 64+0.00 88+0.00 56+0.00 82.67+4.62

Note: 'The concentration that inhibits 90 % (MIC, ) of bacterial cells, minimum inhibitory concentration; 2Minimum bactericidal concentration

and 3ND: Not Detected
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Fig. 9: Activity of AgNPs against, (1) K. pneumoniae; (2) E. coli; (3) P. aeruginosa; (4) S. aureus; (5) A. baumannii and (6) E. faecalis

The antimicrobial activity of NPs was investigated
against MDR pathogenic K. pneumoniae, E. coli, P.
aeruginosa, S. aureus, A. baumannii, E. faecalis strains
using agar disk diffusion and microdilution plate
methods. E. faecalis was found to have the largest ZIN
(17.33 mm) of the AgNPs, while P. aeruginosa was
found to have the minor ZIN (14.33 mm). There was a
range of 61.33 to 64 pg/ml of MIC and 85.33 to 93.33
ug/ml of MBC for AgNPs against MDR bacteria. Data
from this study agree with those found by Jyoti et al.'**!.
In this study, synthesized AuNPs had no ZIN, indicating
that AuNPs have no adverse effect on MDR bacteria.
MIC of AuNPs was in high concentration against MDR
was not bactericidal. The highest MIC of AuNPs was
114 mg/ml against P. aeruginosa strains. Finally, the
ZIN of Au-Ag alloy NPs was found to be highest (18.33
mm) against E. coli and E. faecalis and lowest (15.33
mm) against P. aeruginosa, the MIC ranged from 53.33
to 62 pg/ml and the MBC of the Au-Ag alloy NPs
ranged from 77.33 to 93.33 pg/ml against MDR strains.

In our results, biosynthesis AgNPs showed an
antibacterial effect against MDR bacteria (E. coli, S.
aureus, Methicillin-Resistant S. aureus (MRSA), 4.
baumannii, P. aeruginosa, E. faecalis, K. penumonaie).
Previous studies that looked at AgNPs antibacterial
activity yielded similar results®™,

The mechanism of the AgNPs inhibitory action on
MDR bacteria is still unknown. The small AgNPs
synthesized by Z. spina-christi leaf extract could
explain the antibacterial activity. Sulfur and phosphorus
components (proteins and DNA) in the cytoplasm could
react with Ag ions released from AgNPs, resulting in a
decrease in DNA replication and cell viability. This was
confirmed by TEM analysis of cell membrane rupture,
which showed that small AgNPs with an extensive
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surface area provided larger NPs which have better
contact and interaction with bacteria. The thiol group of
enzymes, such as Nicotinamide Adenine Dinucleotide
Hydrogen (reduced) (NADH) dehydrogenases, could
interact with Ag ions and disrupt the respiratory chain.
AgNPs also generated free radicals, which oxidized
cells and caused cell death!*>!,

In this study, AuNPs showed no ZIN against test
MDR bacteria and fragile antibacterial activity at a
high concentration of AuNPsP®. However, researchers
have found that AuNPs are ineffective or only mildly
bactericidal at high concentrations. Furthermore, an
efficient drug delivery/carrier system based on AuNPs
with specific physicochemical properties has been
widely accepted because of their simple and well-
studied syntheses, ease of surface functionalization and
biocompatibility and low toxicity™"..

Functionalized phytochemicals because of the
combination of plant extract, Au and Ag metals, Au-Ag
alloy NPs have a more significant ZIN than AuNPs and
AgNPs alonel®). A previous study™ discovered that
Au-Ag alloy NPs have a larger ZIN than AuNPs and
AgNPs alone.

In conclusion, this research suggests a new approach
to dealing with MDR bacteria-related infections using
Z. spina-christi leaves extract, a green strategy for the
rapid biosynthesis of Au, Ag and Au-Ag alloy NPs
has been developed. This extract contained reducing,
stabilizing and capping agents for the biosynthesis of
NPs containing Au, Ag and Au-Ag alloy. A UV-Vis
spectroscopy analysis showed that NPs formed at 413
nm for AgNPs, 545 nm for AuNPs and 425 nm for
the Ag-Au alloy. The XRD analysis confirmed that
the synthesized Au, Ag and Au-Ag alloy NPs were
Face-Centered Cubic (FCC) phases. Under optimum
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