Journal of Chemical Health Risks

www.jchr.org

JCHR (2023) 13(5), 809-821 | ISSN:2251-6727

Comparative Analysis of Antibacterial activity of PEG coated and
uncoated Biogenic Silver Nanoparticles on Multi-Drug Resistant
Pyogenic bacteria isolated from Oral Lesions.

Kunal Madhav'?, Nitika Anand', Archana Pandita?", Kumar Saurav Singh3, Siddharth Srivastav*, Diksha Rani®
"Dept. of Microbiology, I.T.S. Dental College, Hospital and Research Centre, Greater Noida, Uttar Pradesh-201310.
2Dept. of Biotechnology, Sharda University, Greater Noida, Uttar Pradesh-201310.

3Dept. of Periodontics, I.T.S. Dental College, Hospital and Research Centre, Greater Noida, Uttar Pradesh-201310.
“Dept. of Oral Medicine, 1.T.S. Dental College, Hospital and Research Centre, Greater Noida, Uttar Pradesh-201310.
SDept. of Microbiology, All India Institute of Medical Science, Rishikesh.

*Corresponding Author: Archana Pandita

*Dept. of Biotechnology, Sharda University, Greater Noida, Uttar Pradesh-201310.

KEYWORDS
Phytogenic,
antibacterial activity,
silver nanoparticles,
multi drug
resistance, TEM.

ABSTRACT:

The aim of the present study is to evaluate the antibacterial activity of silver nanoparticles that
were biogenically synthesized from Klebsiella pneumoniae (BNP) and Neem leaves aqueous
extract (NLNPs), followed by Polyethylene glycol capping (PEG). Characterization by UV-Vis
spectroscopy, XRD and TEM revealed the topology and morphology of these biosynthesized
silver nanoparticles. Average diameter of these nanoparticles was found to be 19.02 nm for BNP
and 15 nm for NLNP. These nanoparticles were assessed for their antibacterial activity on the
bacterial pathogens that were isolated from oral lesions (S. aureus, E. coli and K. pneumoniae).
On the analysis of antibiotic susceptibility, these isolates were found to resist multiple antibiotics
and hence they were categorized as MDRs. Antibacterial sensitivity testing by well diffusion
method of PEG coated and uncoated BNP and NLNP revealed the strong inhibition potential of
these silver nanoparticles on the pyogenic oral isolates S. aureus, E. coli and K. pneumoniae. It
can be concluded from this study that coating of the BNP and NLNP by PEG has a poor impact

on the antibacterial properties as compared to uncoated BNP and NLNP.

1. Introduction:
Multi-drug resistant bacteria are now a serious threat to
public health and contemporary medicine, and their rise
has been deemed a worldwide health disaster [1]. These
adaptable microorganisms have quickly developed in
recent years, becoming able to withstand the effects of
many antibiotics, rendering previously effective
therapies useless. This issue, also known as antimicrobial
resistance (AMR), has a big impact on how patients are
treated, how healthcare is organized, and how society as
a whole is doing [2]. The common isolates obtained from
the clinical setup includes a diverse group of both Gram
positive and Gram negative bacterial pathogens like
Staphylococcus

Escherichia

baumanii,
and

aureus,  Acinetobacter
coli, Klebsiella  pneumoniae
Pseudomonas aeruginosa that are responsible for various
infections related to vital organs of cardiovascular
system, respiratory system, gastrointestinal tract and
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genitourinary system [3—7]. Patients suffering from
infections caused by these group of pathogens are
difficult to be treated by antibiotics [8]. The persistent
adaptability of these pathogens and their propensity to
propagate diseases highlight the urgent need for a deeper
knowledge of the mechanisms causing their genesis as
well as the creation of cutting-edge tactics to counter this
expanding threat. The overuse and abuse of antibiotics,
both in clinical settings and in agriculture, are the
primary causes of this issue [9,10]. In clinical practice,
antibiotics are sometimes recommended for viral
infections needlessly or used incorrectly with insufficient
doses and durations, which can unintentionally select for
antibiotic-resistant bacterial strains [11,12]. Numerous
variables, such as patient demand, uncertainty about the
diagnosis, and a desire to immediately relieve symptoms,
can contribute to overprescribing and other inappropriate
usage of medications. The effects of microorganisms that
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are resistant to many drugs are severe. The arsenal of
viable antibiotics is declining, and infections that could
once be treated are now potentially fatal [13].

In order to combat the emergence of AMR strains, novel
strategies which includes the use of silver nanoparticles
as an alternative substitute for antibiotics are being
explored [14-16]. These nanoparticles have been
reported to effectively target pathogens of various
entities like bacteria, fungi and viruses [17-20]. Silver
nanoparticles can interact with the cell membranes of
bacteria, causing disruption and also harm the cell
membrane thereby increasing the
permeability and causing the loss of vital ions and
cellular elements [21]. When contact with
silver nanoparticles can produce

structurally,

in
microorganisms,
reactive oxygen species such superoxide ions and
hydroxyl radicals. Oxidative stress brought on by ROS
can harm biological components like DNA, proteins, and
lipids and result in cell death [22-24]. When silver
nanoparticles bind to microorganisms DNA, the genetic
material undergoes structural modifications which
results in DNA damage, disruption of transcription and
replication processes [25]. The silver ions (Ag") that are
released by silver nanoparticles are extremely poisonous
to microorganisms as they interfere with vital cellular
functions including electron transport chains and energy
synthesis leading to the death of microorganism [26,27].
Despite the fact that silver nanoparticles have a lot of
potential as antibacterial agents, it's important to take
into account any potential toxicity to human and
environmental cells as well as the emergence of silver-
resistant microbes [28-30]. In order to use silver
nanoparticles safely and effectively while minimizing
any potential downsides, research is still being done in
this area. One of the key factors that corelates the toxicity
of the nanoparticles lies in their mode of synthesis.
Previous researches have also cited the role of the
chemically synthesized nanoparticles to be more
cytotoxic as compared to those that are synthesized
biologically [31,32]. There are various routes for the
synthesis of silver nanoparticles biologically which
involves the wuse of various plant sources and
microorganisms like bacteria, fungi and yeast [33-37].
The nanoparticles derived from these sources have
shown to display enhanced level of antimicrobial,
antioxidant and other properties that makes their use to
be highly compatible for biomedical applications. Yet
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there is a constant contradiction for the identification of
the best methods out of phytogenic and bacteriogenic
modes of nanoparticles synthesis that can be used for the
formation of highly effective and biomedically
compatible nanoparticles. The present article is an
attempt to identify the best suitable method for the
synthesis of the silver nanoparticles by using the
extracellular extract of bacteria and aqueous extract of
plant leaves. The nanoparticles derived from these
sources were then evaluated for their antibacterial
abilities against the pyogenic group of bacteria that were
isolated from pyogenic oral lesions.

2. Materials and Methods:

2.1Isolation and identification of pyogenic bacteria:
Pyogenic pathogens were isolated from the pus samples
which was procured from a tertiary health care unit. The
their morphological,
biochemical and molecular characterization. These

isolates were screened for
isolates were also assessed for their resistance against
different antibiotics and also for their ability to produce
biofilms.

2.2 Preparation of neem leaves aqueous extract:

50 gm of fresh neem leaves were selected for the
preparation of the aqueous extract. The leaves were
collected, washed thrice with sterile double distilled
water. The leaves were then added to 100 ml of sterile
distilled water and heated at 85°C for 30 minutes,
followed by cooling at room temperature and filtered
through filter paper. The filtrate thus obtained was stored
at 4°C till further use.

2.3 Isolation and identification of soil isolate for the
synthesis of silver nanoparticles:
Klebsiella  pneumoniae  subsp.
isolated from the previous study [33], was used for the

quasipneumoniae,

biosynthesis of the silver nanoparticles.

2.4 Synthesis of silver nanoparticles from bacteria:
The isolates thus obtained was inoculated in 50 ml of
sterile nutrient broth and incubated at 37°C for 48 hours.
The growth thus obtained was centrifuged at 5500 rpm
for 30 minutes and the filtrate thus obtained was used for
the synthesis of silver nanoparticles. 10 ml of the
extracellular extract was then added to the | mM AgNO3
solution followed by incubation in dark conditions at
room temperature for 24 hours. Change in the color of
the solution from pale yellow to brown color indicated
the formation of silver nanoparticles. Nanoparticles thus
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formed was purified by centrifugation at 14,000 rpm for
30 minutes with autoclaved distilled water followed by
redispersion in sterile autoclaved distilled water till
further use.

2.5Synthesis of silver nanoparticles from neem
leaves:

10 ml of the neem leaves aqueous extract was added to 1
mM AgNOs; solution. The reaction mixture was then
incubated at room temperature under dark conditions for
24 hours. Change in the color of the solution from pale
yellow to brown color indicated the formation of silver
nanoparticles. Nanoparticles thus formed was purified by
centrifugation at 14,000 rpm for 30 minutes with
autoclaved distilled water followed by redispersion in
sterile autoclaved distilled water till further use.

2.6 Capping of silver nanoparticles by Polyethylene
glycol:

Polyethylene glycol (PEG) solution was made by adding
10 gm of PEG powder to 90 ml of sterile distilled water
followed by continuous stirring for 24 hours at room
temperature. The PEG solution thus formed, was divided
into two flasks each containing 50 ml of BNP and NLNP
respectively. The reaction mixture was then stirred on
magnetic stirrer for 48 hours at room temperature.

2.7 Characterization of silver nanoparticles:

For the assessment of the surface plasmon resonance, the
nanoparticles were screened under the spectrum ranging
200-800 by using the UV-Vis
spectrophotometer. Powdered silver nanoparticles were
exposed to the Cu-Kol X Ray Diffractometer with
wavelength 1.5046 A and operated at 30 mA and 40 kV
with 20 (30-°140°) for the assessment of crystallinity. For
the topological identification of the synthesized silver
nanoparticles, the nanoparticles were sonicated with
ethanol and placed on copper grid, followed by drying

from nm

and observed under Transmission electron microscope.

2.8 Isolation and identification of pyogenic isolates
obtained from oral lesions:

Pus samples from the patients were collected and
inoculated in Brain Heart Infusion broth followed by
incubation at 37°C for 24 hours. The growth thus
obtained was then examined for their morphology by
Gram staining and were also streaked on Mc Conkey
agar, Blood agar and Mannitol salt agar for their
biochemical characterization. Identification of the
pyogenic bacterial isolates was also confirmed by
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analysis on the VITEK-2 system. The isolates were then
screened for susceptibility to various antibiotics by Kirby
Bauer disc diffusion method.

2.9 Identification of antibiotic resistant pyogenic
strains:

The pyogenic bacterial isolates were inoculated in 10 ml
of sterile Muller Hinton Broth, followed by incubation at
37°C for 18 hours. Post incubation, the bacteria from the
broth culture were then transferred to sterile Muller
Hinton Agar Plates by using sterile cotton swab and
antibiotic discs comprising of antibiotics against Gram
Positive and Gram negative bacteria was incorporated to
it. Assessment of the antimicrobial activities was carried
out by the Kirby -Bauer method against the antibiotic
discs comprising of antibiotics Ampicillin (20 mcg),
Cotrimoxazole (25 mcg), Tazobactam (110 mcg),
Chloramphenicol (30 mcg), Ciprofloxacin (5 mcg),
(30 mecg), Tetracycline (30 mcg),
Gentamicin (10 mcg), Amikacin (30 mecg) and
Levofloxacin (5 mcg), was used against the gram-

Ceftriaxone

negative isolates, while antibiotics such as Ampicillin
(20 mcg), Cotrimoxazole (25 mcg), Cephalexin (30
mcg), Tetracyclin (30 mcg), Ciprofloxacin (5 mcg),
Levofloxacin (5 mcg), Linezolid (30 mcg), Cloxacilin (5
mcg), Roxithromycin (15 mcg), Lincomycin (2 mcg) and
Gentamicin (10 mcg) were used against Gram positive
isolates. The plates were then incubated at 37°C for 24
hours after which the zone of inhibition was measured
(in mm).

2.10 Antibacterial activity of silver nanoparticles:
Pyogenic bacterial isolates were transferred to sterile
Muller Hinton (MH) Broth followed by incubation at
37°C for 18 hours. The bacterial growth thus obtained
after the incubation was then transferred on the sterile
MHA plates and wells of 6 mm diameter was punched
with the help of sterile well borer. 50 pl of the PEG
coated and uncoated silver nanoparticles was then added
to each well and incubated at 37°C for 24 hours. Broad
spectrum antibiotic Streptomycin sulphate was used as
the positive control while 1 mM AgNO; was used as a
negative control. The experiment was done in triplicate
and the result thus obtained was evaluated in the form of
Mean = SD. Statistical analysis of the result was done on
the basis of the one-way ANOVA followed by Tukey’s
multiple comparison test to assess the significance.

2.11 MIC evaluation of silver nanoparticles:
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Assessment of Minimal Inhibitory Concentration (MIC)
and Minimal Bactericidal Concentration (MBC) of BNP
and NLNP was done by broth dilution method. Overnight
cultures of the pyogenic bacterial isolates which were
grown in sterile MH broth. Two-fold serial dilution of
BNP and NLNP in the concentrations ranging from 50-
1.56 pg/ml was added to the broth containing the
bacterial concentration of 10° CFU/ml. Streptomycin
sulphate was used as a positive control while sterile
distilled water was used as a negative control. The setup
was then incubated at 37°C for 24 hours and the MIC was
evaluated by analysis of visual turbidity of the tubes.
2.12 MBC evaluation of silver nanoparticles:

50 wl aliquot was taken from the tubes which showed no
growth and was seeded on the sterile BHI agar plates
followed by incubation at 37°C for 24 hours. The
minimal concentration at which 99.9% of the bacterial
population failed to develop colony on the agar plate was
considered as the endpoint for MBC.

3. Result

3.11Isolation and identification of pyogenic bacteria:
20 pus samples were collected from the patients visiting
various departments at I.T.S. Dental college, Greater
Noida for the treatment of oral conditions. Out of the 20
pus samples S. aureus was isolated from 12 samples
while K. pneumoniae was isolated from 5 and E. coli was
obtained from 3 pus samples respectively. Confirmation
of these pathogens was carried on the basis of
morphological, biochemical and automated analysis.

3.2 Identification of drug resistance in the isolated
pyogenic bacteria:

On the basis of the antibiotic sensitivity tests, as shown
in Table-1 (a) and (b), the isolates were considered as
sensitive and resistant. It was observed that all the
pyogenic bacterial isolates were resistant to multiple
antibiotics.

S. No. Antibiotics Zone of inhibition (mm)

E. coli | Category | K. pneumoniae | Category
1. Ampicillin (20 pg) 0+0 Resistant 0+0 Resistant
2. Cotrimoxazole (25 pg) 0+0 Resistant 0+0 Resistant
3. Cefotaxime (30 pg) 0+0 Resistant 0+0 Resistant
4. Tazobactam (110 pug) 8+1.1 Resistant 19+0.5 Intermediate
5. Chloramphenicol (30 pg) 0+0 Resistant 19+1.1 Intermediate
6. Ciprofloxacin (5 ug) 0+0 Resistant 0+0 Resistant
7. Ceftriaxone (30 pg) 0+0 Resistant 0+0 Resistant
8. Tetracycline (30 pg) 12+0.5 | Resistant 0+0 Resistant
9. Ofloxacin (5 ug) 0+0 Resistant 0+0 Resistant
10. Gentamicin (10 pg) 0+0 Resistant 17+£0.5 Intermediate
11. Amikacin (30 pg) 0+0 Resistant 15+0.5 Intermediate
12. Levofloxacin (5 pg) 11£0.5 | Resistant 0+0 Resistant

Table-1 (a) Antibiotic sensitivity test of Gram negative pyogenic isolates E. coli and K. pneumoniae.

Zone of inhibition (mm)

S. No. Antibiotics S. aureus Category
1. Ampicillin (20 pug) 0+0 (R) Resistant
2. Co-Trimoxazole (25 pg) 0+0 (R) Resistant
3. Cephalexin (30 pg) 0+0 (R) Resistant
4, Tetracycline (30 pg) 0£0 (R) Resistant
5. Cefotaxime (30 pg) 0£0 (R) Resistant
6. Ciprofloxacin (5 pg) 0+0 (R) Resistant
7. Levofloxacin (5 pg) 14+0.3 (R) Resistant
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8. Linezolid (30 ug) 26+1.4 (S) Sensitive
9. Cloxacillin (5 pg) 15+0 (R) Resistant
10. Roxithromycin (15 pg) 20+0.8 (I) Intermediate
11. Lincomycin (2 pg) 10+0.6 (R) Resistant
12. Gentamicin (10 pg) 0+0 (R) Resistant

Table-1 (b) Antibiotic sensitivity test of Gram positive pyogenic isolate S. aureus.

3.3 Characterization of silver nanoparticles:
3.3.1UV-Vis:

3.3.2The addition of cellular extracts from Klebsiella
spp. to a ImM AgNO3 solution triggered surface
plasmon resonance activity in BNP. This led to a colour
shift from pale yellow to brown during the incubation
period, aligning with findings from prior studies. A
comparable response occurred when ethanolic extracts
from Neem leaves were introduced to the 1mM AgNO3

PEG Coated and Uncoated Neem Leaves Nanoparticles UV Vis Spectra

101
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=
1

Optical Density

400
Wavelength nm.

600

800

solution. UV-Visible spectroscopy disclosed a surface
plasmon resonance peak at 422.5 nm for BNP and 432
nm for NLNP. The alteration in colour, as observed
through spectrophotometry, was ascribed to the bio-
reductive attributes of the ethanolic extracts, serving as a
catalyst in the conversion of Ag" to Ag’ for both NLNPs
and Bacterial cellular extract. The peak intensity in the
UV-Visible spectra affirmed the successful formation of
silver nanoparticles in both BNPs and NLNPs.

PEG Coated and Uncoated Bacterial Nanoparticles UV Vis Spectra

1.5+
- PEP

— BIP

—
1

Optical Density
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Fig.1. UV-Visible Spectroscopy analysis of PEG coated and uncoated NLNP and BNP Silver Nanoparticles: P-
NLNP =PEG coated Neem Leaf Nanoparticles, P-BNP= PEG coated Bacterial Nanoparticles, NLNP = Neem Leaf

Nanoparticles and BNP = Bacterial Nanoparticles.

3.3.2XRD:

After conducting XRD analysis on the powdered AgNPs,
various angular diffraction patterns were obtained and
subsequently examined using the X’ Pert Highscore Plus
software (Version 3.0, PANalytical, Netherlands). The
results were then utilized to assess the crystalline nature
of the nanoparticles, including parameters such as peaks,

813

Full Wavelength Half Maxima (FWHM), and Miller’s
indices for determining the crystallinity of both BNPs
and NLNPs. The diffraction peaks, identified at 20 values
of 38.1° (1 11),44.2°(200), 64.5° (22 0),and 77.4° (3
1 1), were observed in the case of NLNPs on specific
crystallographic planes, as depicted in Fig. 5 (a).
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Fig. 3. (b) XRD Spectra of BNP

For BNPs, the diffraction peaks were identified at 20
values of 38.0° (1 1 1), 45.4° (2 0 0), 66.2° (2 2 0), and
75.3° (3 1 1), as illustrated in Fig. 5 (b). Examining the
data derived from the crystal patterns of both BNP and
NLNP indicated a resemblance in the Face-centered
Cubic shape.
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3.3.3TEM:

The TEM analysis of uncoated BNPs revealed the
existence of spherical silver nanoparticles, with a mean
diameter of approximately 19.02 nm, determined using
ImageJ software (Version 1.80, USA). In case of
uncoated NLNPs, the size of the nanoparticle was found
to be 15.02 nm. PEG coated BNP and NLNP had an
averages size of 20 and 16.04 nm respectively as
illustrated in Fig. 2 (a-d).
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Fig. 2. (a) PEG uncoated BNPs
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Fig. 2. (¢) PEG uncoated NLNPs

3.4 Antibacterial activity of silver nanoparticles:

The antimicrobial activity of BNP and NLNP was
assessed by the well diffusion method as shown in Fig.6
(a-c), against multi-drug resistant S. K.
pneumoniae and E. coli, the result of which is
summarized in Table-1. It was observed that the zone of
inhibition in case of non-coated BNP was 22, 21 and 19
mm, while the zone of inhibition in case of NLNP was

aureus,

~
.,!?‘:’
.
¢
":.': E

Fig. 2. (d) PEG coated NLNPs

20, 18 and 19 mm against S. aureus, K. pneumoniae and
E. coli respectively. PEG coated P-BNP and P-NLNP
were 16, 14 and 12 mm against S. aureus, K. pneumoniae
and E. coli. The results were compared with the standard
antibiotic Streptomycin sulphate, with the concentration
of 50 pg/ml, which showed the zone of inhibition of 23,
20 and 18 mm against S. aureus, K. pneumoniae and E.
coli.

S. No. Pyogenic pathogens Zone of inhibition (mm)
BNP | NLNP | P-BNP P-NLNP | Streptomycin
1. S. aureus 22 20 19 18 22
2. E. coli 21 18 18 18 24
3. K. pneumoniae 19 19 20 17 26
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Fig. 6. Antibacterial activity of PEG Coated Bacterial and Neem Leaf Nanoparticles (BP and NP) and uncoated
nanoparticles (B and N) against (a) S. aureus (Sa) (b) E. coli (EC) and (c) K. pneumoniae (KP). PC= Positive Control,
Streptomycin sulphate (50 pg/ml).

3.4.2 Assessment of MIC and MBC:

MIC and MBC values of PEG coated and uncoated BNP
and NLNP displayed a strong inhibition of all the
pyogenic pathogens at the lowest concentrations as
displayed in Table 2 (a) and (b) and Fig. 2 (a) and (b).
The uncoated BNP had the MIC values of 1.56 pg/ml
against S. aureus and 3.12 pg/ml against E. coli and K.
pneumoniae respectively. Uncoated NLNP had the MIC
values of 3.12 pg/ml against S. aureus and K
pneumoniae and 6.25 pg/ml against E. coli. PEG coated
BNP had a MIC of 12.5 pg/ml against S. aureus, while
against E. coli and K. pneumoniae it had a value of 25.0
pg/ml respectively, whereas PEG coated NLNP had a
MIC value of 25 pg/ml for S. aureus and E. coli followed
by 50 pg/ml for K. pneumoniae respectively.

MBC values obtained for the PEG coated and uncoated
BNP and NLNP also suggested the strong antibacterial
activity. MBC of uncoated BNP was seen at the
concentration of 3.12 pg/ml against S. aureus and 6.25
pg/ml against E. coli and K. pneumoniae respectively.
Uncoated NLNP had the MBC values of 6.25 pg/ml
against S. aureus and K. pneumoniae and 12.5 pg/ml
against E. coli. PEG coated BNP had MBC of 25 pg/ml
against S. aureus, while against E. coli and K
pneumoniae it had a value of 50 ug/ml respectively,
whereas PEG coated NLNP had an MBC value of 25
pg/ml followed by 50 pg/ml for E. coli and K.
pneumoniae respectively.

S. No. Pyogenic pathogens BNP NLNP P-BNP P-NLNP
4, S. aureus 1.56 3.12 12.5 25
5. E. coli 3.12 6.25 25 50
6. K. pneumoniae 3.12 3.12 25 50

Table-2 (a): MIC values of PEG coated and uncoated BNP and NLNP against pyogenic pathogens.
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MIC
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E3 NLNP
T 40+ Em P-BNP
g B3 P-NLNP
O
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S. aureus E. coli K. pneumoniae

Pyogenic bacterial pathogens

Fig. 2 (a) MIC values of PEG coated and uncoated BNP and NLNP against pyogenic bacterial isolates.

S. No. Pyogenic pathogens BNP | NLNP | P-BNP | P-NLNP
1. S. aureus 3.12 6.25 25 50
2. E. coli 6.25 12.5 50 50
3 K. pneumoniae 6.25 6.25 50 50

Table-2 (b): MBC values of PEG coated and uncoated BNP and NLNP against pyogenic pathogens.

MBC
60
B BNP
B3 NLNP
£ 40~ Em P-BNP
§ BN P-NLNP
S 20-
0

S. aureus E. coli K. pneumoniae

Pyogenic bacterial pathogens

Fig. 2 (b) MBC values of PEG coated and uncoated BNP and NLNP against pyogenic bacterial isolates.

4 Discussion: the silver nanoparticles that were synthesized from the
The present study emphasizes on the effect of capping extracellular extract of bacteria and plant extracts. These
agent Polyethylene glycol on the antibacterial effect of nanoparticles were then tested for their antibacterial
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activity on the pyogenic multi drug resistant bacteria that
were isolated from the oral lesions.

Nanoparticles that are synthesized form the biological
sources like bacteria and plant are called as biogenic
nanoparticles [38—40]. In the present study the silver
nanoparticles biosynthesized by using K
pneumoniae which was isolated from soil sample. This
strain is one of the rarely used bacterial strain that has
been utilized for the biosynthesis of silver nanoparticles
[33,41]. The other source used for the biosynthesis of the
silver nanoparticles included was aqueous extract of
neem leaves, which has been used in previous studies for
the biosynthesis of the silver nanoparticles [32,38,42,43].
Surface plasmon resonance peaks of bacteria derived
silver nanoparticles (BNP) and neem leaf derived silver
nanoparticles (NLNP) was estimated by UV-Visible
spectroscopy. It was observed that the peaks of the BNP
was at 422.5 nm which is in accordance with the previous
study [44], while in case of neem leaf derived silver
nanoparticles (NLNP) the peak was seen at 432 nm
which is similar to the result of Avinash et al and Madhav
et al [45,46]. In case of PEG coated BNP and NLNP the
surface plasmon peaks were found to be in the similar
range as that of the uncoated ones, although a change in
the absorbance values were seen. For the PEG uncoated
BNP and NLNP, the absorbance values were 0.562 and
1.526 respectively. While in case of PEG coated the
absorbance value of these nanoparticles increased to 0.86
in case of BNP while the absorbance decreased to 1.498
in case of NLNP. XRD analysis revealed the crystalline
morphology of BNP and NLNP. The peaks were
observed at 38.0° (1 1 1),45.4°(200), 66.2° (2 2 0), and
75.3° (3 1 1) in case of BNPs while in case of NLNPs,
the peaks were observed at 38.1° (1 1 1), 44.2° (2 0 0),
64.5°(220),and 77.4° (3 1 1). In both of the cases of the
XRD results of BNP and NLNP the results were found
similar to the studies conducted previously [47,48].
Topological analysis of the nanoparticles by TEM
revealed the spherical morphology of both PEG coated
and uncoated BNP and NLNP.

Assessment of the antibacterial activity of the silver
nanoparticles by the well diffusion of technique revealed
the potential of the PEG coated and uncoated silver
nanoparticles as an alternate to the traditionally used
antibacterial agents. The result highlights the potential of

were

the uncoated silver nanoparticles to be more as compared
to the PEG coated silver nanoparticles on the multi drug
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resistant pyogenic isolates. The result thus obtained was
similar to the study conducted by Kasim et al. [49]. It was
also seen that the PEG coated BNP and NLNP had MIC
and MBC values more than the PEG uncoated BNP and
NLNP.

5 Conclusion:

The present study highlights the implication of the
stabilizing agent Polyethylene glycol or PEG, which is
used as the capping agent of nanoparticles and its effect
on the antibacterial properties.

Based on the results, it can be concluded that PEG
capping can interfere the antibacterial properties and
other physiological characteristics of the biologically
synthesized silver nanoparticles to some extent. As the
decrease in the antibacterial activity of the nanoparticles
is minute, PEG coated silver nanoparticles can still be
used as an alternative source to the traditional approach
to control the ailment causing source.

6 Acknowledgements:

The authors would like to thank the Indian Institute of
Technology- Delhi and All India Institute of Medical
Sciences- New Delhi for providing the technical support
and facilities for the identification and characterization
of silver nanoparticles. The author would also like to
express their kind gratitude to the Principal, Heads and
faculty members of Department of Periodontics and Oral
Medicine of I.T.S Dental college, Greater Noida, for their
assistance in the study.

References:

1.  Garousi M, Monazami Tabar S, Mirzai H, Asgari P,
Sabeghi P, Salehi A, et al. A global systematic
review and meta-analysis on correlation between
biofilm producers and non-biofilm producers with
antibiotic resistance in Uropathogenic Escherichia
coli. Microb Pathog [Internet].
2022;164(January):105412.  Available  from:
https://doi.org/10.1016/j.micpath.2022.105412

2. Shaik S, Suresh A, Ahmed N. Genome Dynamics
and Evolution of Multiple-Drug-Resistant Bacteria:
Implications for Global Infection Control Priorities.
J Infect Dis. 2021;224(Suppl 7):S876-82.

3. Almalki MA, Varghese R. Prevalence of catheter
associated biofilm producing bacteria and their
antibiotic sensitivity pattern. J King Saud Univ - Sci


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2023) 13(5), 809-821 | ISSN:2251-6727

10.

11.

12.

[Internet]. 2020;32(2):1427-33. Available from:

2021;10(1):141-59.

https://doi.org/10.1016/j.jksus.2019.11.037 13. Fiirnkranz U, Walochnik J. Nosocomial infections:
Navidinia M. the Clinical Importance of Emerging Do not forget the parasites! Pathogens.
Eskape Pathogens in Nosocomial Infections. J 2021;10(2):1-21.

Paramed Sci. 2016;7(3):43-57. 14. Mittapally S, Taranum R, Parveen S. Metal ions as
Aytan-Aktug D, Nguyen M, Clausen PTLC, antibacterial agents. J Drug Deliv Ther. 2018;8(6-
Stevens RL, Aarestrup FM, Lund O, et al s):411-9.

Predicting Antimicrobial Resistance Using Partial 15. Lysakowska ME, Ciebiada-Adamiec A, Klimek L,
Genome Alignments. mSystems. 2021;6(3). Sienkiewicz M. The activity of silver nanoparticles
Pérez-Lazo G, Abarca-Salazar S, Lovon R, Rojas (Axonnite) on clinical and environmental strains of
R, Ballena-Lopez J, Morales-Moreno A, et al. Acinetobacter spp. Burns [Internet].
Antibiotic consumption and its relationship with 2015;41(2):364-71. Available from:
bacterial resistance profiles in eskape pathogens in http://dx.doi.org/10.1016/j.burns.2014.07.014

a peruvian hospital. Antibiotics. 2021;10(10). 16. Satyavani K, Gurudeeban S, Ramanathan T,
Balasa G, Levengood ES, Battistelli JM, Franklin Balasubramanian T. Biomedical potential of silver
RB. Diversity of multidrug-resistant bacteria in an nanoparticles synthesized from calli cells of
urbanized river: A case study of the potential risks Citrullus colocynthis (L) Schrad. J
from combined sewage overflows. Water Nanobiotechnology. 2011;9:2-9.

(Switzerland). 2021;13(15). 17. Alduraihem NS, Bhat RS, Al-zahrani SA, Elnagar
Blair JMA, Webber MA, Baylay AJ, Ogbolu DO, DM, Alobaid HM, Daghestani MH. Anticancer and
Piddock LJ V. Molecular mechanisms of antibiotic Antimicrobial Activity of Silver Nanoparticles
resistance. Nat Publ Gr [Internet]. Synthesized from Pods of Acacia nilotica. Process.
2014;(December):1-10. Available from: 2023;11(301):1-16.
http://dx.doi.org/10.1038/nrmicro3380 18. Melaiye A, Youngs WIJ. Silver and its application
Song X, Liu P, Liu X, Wang Y, Wei H, Zhang J, et as an antimicrobial agent. Expert Opin Ther Pat.
al. Dealing with MDR bacteria and biofilm in the 2005;15(2):125-30.

post-antibiotic era: Application of antimicrobial 19. Nakamura S, Sato M, Sato Y, Ando N, Takayama
peptides-based nano-formulation. Mater Sci Eng C T, Fujita M, et al. Synthesis and application of
[Internet]. 2021;128(July):1-23. Available from: silver nanoparticles (Ag nps) for the prevention of
https://doi.org/10.1016/j.msec.2021.112318 infection in healthcare workers. Int J Mol Sci.
Odu CE, Egbere JO, Onyimba IA, Ghamba PE, 2019;20(15).

Godiya S, Isyaka TM, et al. Resistance Profiles of 20. Xu J, Song X, Yin ZQ, Cheng AC, Jia RY, Deng
Bacteria Isolated from Wastewater in the State YX, et al. Antiviral activity and mode of action of
Specialist Hospital Maiduguri. Eur J Biol extracts from neem seed kernel against duck plague
Biotechnol. 2022;3(3):1-6. virus in vitro. Vol. 91, Poultry Science. 2012. p.
Oh JH, Park J, Park Y. Anti-biofilm and anti- 2802-7.

inflammatory effects of Lycosin-II isolated from 21. Le Ouay B, Stellacci F. Antibacterial activity of
spiders against multi-drug resistant bacteria. silver nanoparticles: A surface science insight.
Biochim Biophys Acta - Biomembr [Internet]. Nano Today [Internet]. 2015;10(3):339-54.
2022;1864(1):183769. Available from: Available from:
https://doi.org/10.1016/j.bbamem.2021.183769 http://dx.doi.org/10.1016/j.nantod.2015.04.002
Seshadri VD. Identification of antibacterial 22. Liao C, Li Y, Tjong SC. Bactericidal and cytotoxic
phytochemicals in Terminalia arjuna (Roxb.) properties of silver nanoparticles. Int J Mol Sci.
Wight & Arn. and Andrographis paniculata 2019;20(2).

(Burm.f.)) Nees for the treatment of multidrug 23. Wypij M, Jedrzejewski T, Ostrowski M, Trzcinska

resistant (MDR) bacterial pathogens: An in silico
analysis. Ann Phytomedicine An Int J.

819

J, Rai M, Golinska P. Biogenic silver nanoparticles:
Assessment of their cytotoxicity, genotoxicity and


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2023) 13(5), 809-821 | ISSN:2251-6727

24.

25.

26.

27.

28.

29.

30.

31.

32.

study of capping proteins. Molecules.
2020;25(13):1-19.

Choi O, Hu Z. Size dependent and reactive oxygen

enhanced antimicrobial efficacy than the
chemically  synthesized  nanoparticles: A
comparative study. Sci Prog. 2021;104(2):1-15.

species related nanosilver toxicity to nitrifying 33. Madhav K, Pandita A. Biosynthesis of Silver
bacteria. Environ Sci Technol. 2008;42(12):4583— Nanoparticles from Klebsiella pneumoniae and
8. analysis of its Haemato-Toxic and Antibacterial
More PR, Pandit S, Filippis A De, Franci G, Properties . 2023;10:2366—78.

Mijakovic I, Galdiero M. Silver Nanoparticles: 34. Barabadi H, Alizadeh A, Ovais M, Ahmadi A,
Bactericidal and Mechanistic Approach against Shinwari ZK, Saravanan M. Efficacy of green
Drug Resistant Pathogens. Microorganisms. nanoparticles against cancerous and normal cell
2023;11(2). lines: A systematic review and meta-analysis. IET
Tambosi R, Liotenberg S, Bourbon ML, Steunou Nanobiotechnology. 2018;12(4):377-91.

AS, Babot M, Durand A, et al. Silver and copper 35. Tahir MF, Khan MZ, Attacha S, Asim N, Tayyab
acute effects on membrane proteins and impact on M, Ali A, et al. The Comparative Performance of
photosynthetic and respiratory complexes in Phytochemicals, Green Synthesised Silver
bacteria. MBio. 2018;9(6):1-13. Nanoparticles, and Green Synthesised Copper
Yin IX, Zhang J, Zhao IS, Mei ML, Li Q, Chu CH. Nanoparticles-Loaded Textiles to Avoid
The antibacterial mechanism of silver nanoparticles Nosocomial Infections. Nanomaterials.
and its application in dentistry. Int J Nanomedicine. 2022;12(20).

2020;15:2555-62. 36. Shivaji S, Madhu S, Singh S. Extracellular
Adragna NC, Alla PK, Pavel-Sizmore IE, Paluri synthesis of antibacterial silver nanoparticles using
ASL, Yaklic J, Lauf PK. Assessment of silver- psychrophilic bacteria. Process Biochem [Internet].
nanoparticles-induced erythrocyte cytotoxicity 2011;46(9):1800-7. Available from:
through ion transport studies. Cell Physiol http://dx.doi.org/10.1016/j.procbio.2011.06.008
Biochem. 2019;53(3):532-49. 37. Pawar AA, Sahoo J, Verma A, Alswieleh AM,
Kong Y, Paray BA, Al-Sadoon MK, Fahad Albeshr Lodh A, Raut R, et al. Azadirachta indica -Derived
M. Novel green synthesis, chemical Silver Nanoparticle Synthesis and Its Antimicrobial
characterization, toxicity, colorectal carcinoma, Applications. ] Nanomater. 2022;2022.
antioxidant, anti-diabetic, and anticholinergic 38. Zainurin MAN, Zainol I, Mudhafar M. BIOGENIC
properties  of  silver  nanoparticles: A SYNTHESIS OF SILVER NANOPARTICLES
chemopharmacological study. Arab J Chem USING NEEM LEAF EXTRACT AS REDUCING
[Internet]. 2021;14(6):1-10. Available from: AGENT AND HYDROLYZED COLLAGEN AS
https://doi.org/10.1016/j.arabjc.2021.103193 STABILIZING AGENT. Malaysian J Microsc.
Desai AS, Singh A, Edis Z, Bloukh SH, Shah P, 2021;3(2):81-91.

Pandey B, et al. An In Vitro and In Vivo Study of 39. Hu X, Saravanakumar K, Jin T, Wang MH.
the Efficacy and Toxicity of Plant-Extract-Derived Mycosynthesis, characterization, anticancer and
Silver =~ Nanoparticles. J Funct Biomater. antibacterial activity of silver nanoparticles from
2022;13(2). endophytic fungus Talaromyces purpureogenus. Int
Rozhin A, Batasheva S, Kruychkova M, J Nanomedicine. 2019;14:3427-38.
Cherednichenko Y, Rozhina E. Biogenic Silver 40. Gomaa EZ. Silver nanoparticles as an antimicrobial
Nanoparticles : Synthesis and Application as agent: A case study on Staphylococcus aureus and
Antibacterial and Antifungal Agents levels The escherichia coli as models for gram-positive and
synthesized was AgNPS-based of obtained of gram-negative bacteria. J Gen Appl Microbiol.
Nanoparticles. Micromachines. 2021;12(480):1— 2017;63(1):36-43.

17. 41. Saleh MN, Khoman Alwan S. Bio-synthesis of

Khan K, Javed S. Silver nanoparticles synthesized
using leaf extract of Azadirachta indica exhibit

820

silver nanoparticles from bacteria Klebsiella
pneumonia: Their characterization and antibacterial


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2023) 13(5), 809-821 | ISSN:2251-6727

42.

43.

44.

45.

46.

47.

studies. J Phys Conf Ser. 2020;1664(1).
Priyadarshini S, Sulava S, Bhol R, Jena S. Green
synthesis of silver nanoparticles using Azadirachta
indica and Ocimum sanctum leaf extract. Curr Sci.
2019;117(8):1300-7.

Verma A, Mehata MS. Controllable synthesis of
silver nanoparticles using Neem leaves and their
antimicrobial activity. J Radiat Res Appl Sci
[Internet]. 2016;9(1):109—15. Available from:
http://dx.doi.org/10.1016/].jrras.2015.11.001
Shanthi S, David Jayaseelan B, Velusamy P,
Vijayakumar S, Chih CT, Vaseecharan B.
Biosynthesis of silver nanoparticles using a
probiotic Bacillus licheniformis Dahbl and their
antibiofilm activity and toxicity effects in
Ceriodaphnia cornuta. Microb Pathog [Internet].
2016;93:70-7. Available from:
http://dx.doi.org/10.1016/j.micpath.2016.01.014
Avinash B, Venu R, Prasad TNVKV, Raj MA, Rao
KS, Srilatha C. Synthesis and characterisation of
neem leaf extract, 2, 3-dehydrosalanol and
quercetin dihydrate mediated silver nano particles
for therapeutic applications. IET
Nanobiotechnology. 2017;11(4):383-9.

Madhav K, Pandita A, Asthana G, Singh KS.
ANTIFUNGAL ACTIVITY OF
POLYETHYLENE GLYCOL COATED AND
UNCOATED SILVER NANOPARTICLES |,
DERIVED FROM KLEBSIELLA SPP . AND
NEEM LEAVES , AGAINST AZOLE
RESISTANT CANDIDA ALBICANS
2023;12(5):2004—15.

Nazeruddin GM, Prasad NR, Waghmare SR,
Garadkar KM, Mulla IS. Extracellular biosynthesis
of silver nanoparticle using Azadirachta indica leaf
extract and its anti-microbial activity. J Alloys
Compd [Internet]. 2014;583:272-7. Available
from:

821

48.

49.

http://dx.doi.org/10.1016/j jallcom.2013.07.111
Dilshad E, Bibi M, Sheikh NA, Tamrin KF,
Mansoor Q, Magbool Q, et al. Synthesis of
functional silver nanoparticles and microparticles
with modifiers and evaluation of their
antimicrobial, anticancer, and antioxidant activity.
J Funct Biomater. 2020;11(4):1-21.

Kasim ASM, Ariff A Bin, Mohamad R, Wong
FWEF. Interrelations of synthesis method,
polyethylene glycol coating, physico-chemical
characteristics, and antimicrobial activity of silver
nanoparticles. Nanomaterials. 2020;10(12):1-15.


http://www.jchr.org/

