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The increasing drug resistance pattern in bacterial pathogens promotes the need to find out alternative
strategies to ensure human health. In the imperative lookout for effective drugs to combat multidrug-
resistant bacteria, silver nanoparticles (AgNPs) are given priorities. Hence in the present approach,
AgNPs were synthesized using the extract of the inflorescence of a medicinal plant, and its antibacterial
activity against multidrug-resistant uropathogens was studied. For the synthesis of AgNPs, the inflores-
cence of a medicinal plant Tridax procumbens was subjected to a microwave irradiation technique. The
characteristics of the synthesized nanoparticles (NPs) were analyzed by using UV-visible spectroscopy
(UV-Vis), Dynamic light scattering device (DSL), Scanning electron microscope (SEM), Fourier-
transform infrared (FTIR) spectroscopy and Zeta potential analyzer. The synthesized AgNPs were with
unique optical morphology and semi-spherical shape having irregular contour with the size range
40.0-52.5 nm. The bacterial isolates Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa,
and Gram-positive Staphyloccocus saprophyticus from urinary tract infected persons that showed resis-
tance to more than ten antibiotics were chosen for AgNPs impact analysis. The mean diameter of zone
of inhibition (in mm) for the different isolates at the dose of 50 pg/mL concentration showed a maximum
for S. saprophyticus (21.0 £ 1.7 mm)followed by P. aeruginosa (18.0 + 1.3 mm), K. pneumoniae (18.0 + 0.
09 mm) and E. coli (17.0 = 1.70). The MIC values for the isolates showed a minimum for S. saprophyticus
(2.5 pg/mL) and a maximum for E. coli (55.5 pg/mL). The results show that the T. procumbens phytochem-
icals inspired silver nanoparticles can be explored further to develop useful antibiotics.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In the Kingdom of Saudi Arabia, 25% of all infections seen in the
emergency department is because of community-acquired urinary

Urinary tract infection (UTI) is a growing health issue among
men and women. The women are primary victims of UTI due to
their biological conditions (Miaomiao et al., 2019). UTIs cause a sig-
nificant amount of morbidity and mortality. Of the different etio-
logical agents, Enterobacteriaceae, particularly E. coli, is the most
common pathogen that causes UTIs (Zeyaullah and Kaul, 2015).
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tract infections (Alanazi et al., 2019). The UTIs constitute a signifi-
cant burden on healthcare systems, and its prevalence ranges
between 1.4% and 5.1%. Globally catheter-associated urinary tract
infections (CAUTI) affect more than 150 million people annually
(Ozturk and Murt, 2020). UTI bacterial isolates are mostly resistant
to many drugs (Christy et al., 2019). Antibiotic-resistance caused
by multidrug-resistant (MDR) microbes is becoming a severe
threat to human health globally. MDR pathogens were the only sig-
nificant reason identified for de-escalation failure on hospitalized
patients (Alshareef et al., 2020). MDR caused by Gram-negative
bacteria leads to higher mortality rates than Gram-positive bacte-
ria (Gandra et al., 2019). The growing use and abuse of antibiotics
has led to the emergence of antimicrobial-resistant microbes
(AMR). As it is caused by hard-to-treat with an existing therapeutic
agent, there is an imperative need to search alternative therapeutics
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to combat AMR (Thombre et al., 2019). Mostly the AMR resistance
genes (ARG) are dispersed through horizontal gene transfer medi-
ated by genetic elements (Thombre et al., 2016). Compounds
from marine seaweeds, phytochemicals antimicrobial peptides,
and proteins are reported to possess antibacterial properties
(Dutta et al., 2007; Thombre et al., 2016). Marine natural prod-
ucts and their bioactive compounds are said to have the potential
to be developed as effective drugs against infectious diseases in
this AMR era (Thombre et al.,, 2019; Liu et al., 2019). Baptista
et al. (2018) highlighted the importance of nano natural drugs
for drug-resistant microbes. Giau et al. (2019) proposed the treat-
ment of pathogenic infections using nano-drug delivery vehicles.
Regi and Gonzalez (2019) reported the importance of nanomate-
rials as an alternative to infection with resistant microbes.
Weldrick et al. (2019) proposed the administration of antibiotics
combining with nanocarriers to get better control over drug-
resistant bacteria. Silver nanoparticles with unique optical, elec-
trical, and thermal properties can be incorporated into a wide
array of products to use it as carrier molecules. Nanoparticles
synthesized using plant extracts are reported to be good antibac-
terial agents against drug-resistant microbes (AlSalhi et al., 2016’
Devanesan et al., 2020, 2018; Valsalam et al., 2019; Mariselvam
et al., 2014). The well documented antimicrobial activity of silver
nanoparticles has led to the development of novel applications
which made them as an alternative to antibiotics (Durai et al.,
2014; Devanesan et al., 2020).

T. procumbens L. Taxonomic Serial No.: 38,575 can be weedy
according to the authenticate with a taxonomist. Tridax procum-
bens L. plants widely distributed with different names [National
Plant Data Center]. The plant T. procumbens and its parts are
reported to have an excellent antibacterial activity, antioxidant
activity, antitumor activity and several other pharmacological
properties (Jachak et al., 2017; Beck et al., 2018). T. procumbens
L. leaf extract plays a significant role in reducing the gene
expressions (TNF-o and COX-2) in induced inflammation sites
in Swiss albino mice (Berlin-Grace et al., 2019). AgNPs synthe-
sized using T. procumbens showed an excellent antibacterial
activity by increasing protein leakage at the cell level and nucleic
acid degradation (Rani et al., 2020). Hence in the present study,
the inflorescence extract T.procumbens was used to synthesis sil-
ver nanoparticles. The prepared nanoparticles were tested for
antibacterial activity against the bacterial isolates having resis-
tance to more than ten antibiotics. The multidrug-resistant bac-
teria isolated from patients with urinary tract infection were
used. It is decided to test whether the silver nanoparticles pre-
pared by using the medicinal plant T. procumbens extracts can
be of any use to inhibit the growth of the UTI inhabiting
multidrug-resistant bacteria that pose a severe problem for
treatment.

2. Materials and methods
2.1. Plant extract preparation

The chosen plant T. procumbens was collected from Western
Ghats regions in Tirunelveli belt of Tamil Nadu South India. The
inflorescence of T. procumbens were removed using a sterilized
knife and washed several times in running tap water and then fol-
lowed with deionized water. Two hundred grams of the T. procum-
bens inflorescence, and 400 mL deionized water was takenina 1L
Erlenmeyer flask. The mixture was heated in at 100C for 2 h. The
mix of the solution filtered with the help of the Whatman No.1 fil-
ter paper. The pure extract was retained of the synthesis process.
The extract and its application in silver nanoparticles preparation
was made as explained earlier, (Devanesan et al., 2018).

3. Synthesis of AgNPs using Tridax procumbens extract

The inflorescence of the medicinal plant T. procumbens was used
to prepare the extract. Twenty-five milliliter of the extract of the
inflorescence was taken in a 100 mL flask, and 25 mL of AgNO3
(10 mM) solution was added to it. The solution was kept in an
ultrasonic bath for 30 min, and it was subjected to 360 W micro-
wave irradiation for 5 min. The mixture was then centrifuged for
20 min at 12000 rpm, and the organic residues were removed.
The pellets were washed three times with ethanol. The pellets
were powdered to get nanoparticles, and the powdered nanoparti-
cles were lyophilized and kept at room temperature for further
work.

4. Characterization of silver oxide nanoparticles

The formed Ag-NPs were confirmed using Ultraviolet-visible
(UV-Vis) (ThermoScientificMultiscanSpectrum1500, USA) study
with a range of 200-800 nm. The functional groups on AgNP were
further studied with FTIR spectroscopy using in the field of 400-
4000 cm (Shimadzu, Japan). The morphology and properties of
AgNPs were measured by SEM (Shimadzu, Japan), Dynamic light
scattering device (DSL), and Zeta potential analyzer (Nano ZS-90
Malvern Instruments, England).

5. Antibacterial study
5.1. Bacterial isolation and characterization

The bacterial isolates that showed maximum resistance were
isolated and were inoculated on Nutrient agar, blood agar, and
Mac Conkey agar and incubated at 37 °C for 24 h. After the incuba-
tion period, the isolated colonies were further purified and sub cul-
tured. To select the pure colonies of the isolates nutrient agar, and
5% sheep blood agar, were used. After the incubation period pre-
liminary identification of each isolate was carried out based
on morphological, cultural and biochemical characteristics. Gram-
staining, capsule staining and motility test were performed for
morphological characterization The growth pattern characteristic
for each isolate was traced using different culture media including
Nutrient agar, Bismuth Glycine Glucose Yeast agar, MacConkey
agar, Eosine Methylene Blue agar, Citrimide agar, Mannitol Salt
agar, and Blood agar base with 5% sheep blood supplementation.
For the identification, the biochemical characteristics of each iso-
late was measured using the biochemical parameters viz., sugar
fermentation (lactose, glucose, mannitol, maltose, sucrose and
xylose), TSI, IMViC (indole, MR, VP, citrate) oxidase, catalase and
nitrate tests Further for E. coli identification, selective media such
as Eosin methylene blue agar (EMB) was used After the preliminary
identification the bacterial isolates identified specifically using
automated bacterial identification unit. This was performed in
Vivek clinical laboratory and Research centre, Nagercoil Tamil-
nadu, India using with the Vitek 2 compact (bioMérieux Inc.
USA) system using GP ID REF21342 (identification-Gram-positive
bacteria) and GN ID REF21341 (identification-Gram-negative bac-
teria) cards. The manufacturer’s instructions were strictly followed
in all test protocol. For the experiments, four bacterial strains that
showed resistance to more than ten antibiotics were selected. The
isolated strains are E. coli, K. pneumoniae, S. saprophyticus, and P.
aeruginosa. Of the four isolates except for S. saprophyticus all the
other three are gram negative bacteria. The isolates were recruited
from early morning midstream urine of males diagnosed with UTI.
The urine sample of infected patients was collected from the mid-
stream urine, and the bacteria were isolated, identified, and sensi-
tivity study was made using more than sixteen antibiotics. One
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Fig. 1. UV-Vis Spectra of AgNPs synthesized using T. procumbens.

strain from each selected bacterial species that showed resistance
to a maximum number of ten antibiotics were identified for further
antibacterial potency testing using the T. procumbens bio-inspired
silver nanoparticles. For antimicrobial study, five different doses
of Ag-NPs viz., 10, 20, 30, 40, and 50 ug/mL were used. The inocu-
lum of UTI bacterial isolates identified were grown overnight in the
Mueller-Hinton medium at 37 °C experimental protocol was fol-
lowed (Alharbi and Alarfaj, 2020). The suspension of Ag-NPs and
standard antibiotics were loaded into sterile disks and incubated
for 24 h at 37 °C. The antibacterial activity of Ag-NPs was measured
using inhibition assay. The antimicrobial activity of Ag nanoparti-
cles was tested separately for each UTI isolates, E. coli, S. sapro-
phyticus, K. pneumoniae, and P.aeruginosa. The mean zone of
inhibition for five disks for each dose of Ag-NPs was calculated.
For comparison, the standard antibiotic Ciprofloxacin was used.

5.2. Minimum inhibitory concentrations (MICs)

The MICs were determined by the standard broth microdilution
method (CLSI, 2008) using a 96-well titer plate, as suggested by
Baker et al. (2017). The isolated bacteria, E. coli, S. saprophyticus,
K. pneumoniae, and P. aeruginosa were incubated in Mueller Hinton
broth medium at 37 °C for 4 h. Two-fold serial dilution of AgNPs at

concentrations [100, 50, 25, 12.5, 6.25, 3.12, 1.6, 0.78 and 0.39 pg/
mL] were done using Mueller-Hinton Broth medium. Then, ten pL
of the log phase bacterial culture was added to each well to achieve
a final inoculum size of 10° CFU/mL, followed by incubation at
37 °C for 18 to 20 hrs. After incubation, the MIC values were deter-
mined. The test tubes were incubated for 24 h. At 37 °C. The lowest
concentration that inhibited the microbial growth was taken as
MIC. All tests, and their respective control samples, were per-
formed in triplicate.

6. Results and discussion

The combination of T. procumbens extract and ten mM of AgNO;
solution mixture turned a color change from colorless to brown-
orange. The reaction indicated the formation of nanoparticles from
a particular reaction mixture. The color changes took place to the
interaction of Ag+ and plant extract constituents, particularly pro-
teins, amino acids, enzymes, polysaccharides, etc. these are
involved as a stabilizing and reducing agents to formation Ag+ to
Ag0. The formed. UV-visible absorption spectra of AgNPs of T.
procumbens recorded with a scanning range of 200-800 nm. The
stiff prominent absorption peak was recorded at 420 nm in

Fig. 2. SEM images AgNPs formed using T. procumbens.
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Fig. 1. The peak was associated with surface plasmon resonance
(SPR) for AgNPs.

SEM measurement was used to categorize the surface morphol-
ogy and evaluate the size distribution of the synthesized AgNPs
(Fig. 2). The NPs were aggregated and spread with uniform shapes.
AgNPs look like semi-spherical and non-uniform contours with
40.0-52.5 nm average diameters. The zeta potential, an indicator
of surface charge potential, helps to understand the stability of
nanoparticles in Aqueous suspensions (Erdogon et al., 2019). Zeta
potential values of AgNPs were measured —31.4 + 0.7 mV, and

the produced nanoparticles are negatively charged on their surface
(Fig. 3). FTIR spectrum exhibit the characteristic formation exis-
tence of AgNPs (Fig. 4). The band seen between of 3490-
3500 cm~! is due to O-H stretching H-bonded alcohols and phe-
nols. The peak found around 1500-1550 cm™' indicates C-H bond,
peak around 1450-1500 cm™! is due to N-H. The stretch for Ag-
NPs is found around 500-550 cm™". FTIR study suggests the pres-
ence of proteins, flavonoids, and terpenoids around nanoparticles.
Amino acid residues and proteins can bind metal and promote cap-
ping of silver nanoparticles to prevent agglomeration and thereby

Zeta Potential Distribution

GOWO -.-.-.v-n-.---v--v: --------------

............................................

-100

Zeta Potential (mV)

0 100 200

[—— Record 1: 1 zeta 1]

Fig. 3. Zeta potential of silver nanoparticles synthesized using T. procumbens extracts.
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Fig. 4. DL S graph of AgNPs synthesized using T. procumbens.
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stabilize the medium (Marslin et al., 2018; Alfuraydi et al., 2019).
The reducing sugars present in the plant products reduces the
metal ions and facilitate the formation of corresponding metal
nanoparticles. The terpenoids are reported to reduce metal ions
by oxidation of aldehyde groups in the molecules to carboxylic
acids (Erdogan et al., 2019). The vibrant presence of flavonoids in
the inflorescence of T. procumbens as per FTIR observation confirms
its potency to facilitate NPs formation and equipping the formed

NPs with mechanisms to target microbes and tumor cells. GNPs
surface chemistry is helpful in the advancement of biomedical
applications. The surface of green synthesized NPs with functional-
ized surfaces and sticky capping agents promotes advanced biolog-
ical applications (Marslin et al., 2018).

The size of nanoparticle is an important indicator of product
quality and performance. It promotes the accumulations in the tar-
get sites through the vascular gap of the capillary, which was
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Fig. 5. FTIR image of nanoparticles synthesized.
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Fig. 6. Sensitivity of bacterial isolates to plant extract inspired AgNPs is shown as a zone of inhibition.
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reported to be in size up to 400-600 nm (Perez et al., 2016). Such
enhanced permeability and retention (EPR) effect, provides higher
accumulations of nanoparticles with a size less than 400 nm into
the tumor (Patil et al., 2018). DLS image (Fig. 5) shows that the par-
ticle sizes of AgNPs were found in the range 40.0-67.7 nm. In the
green synthesis of AgNPs, it is possible to get a particle with a size
lower than 100 nm.

These characteristics help drug internalization into the cancer
cells and attach with bacterial cells to a greater extent (Silva
et al., 2019). In addition to potential zeta report is an assessment
of the stability of synthesized AgNPs. The surface charge of the
NPs concludes the stability of the products and also avoids the
aggregation of each particle (Devanesan et al., 2020). In the current
study, the zeta potential value of AgNPs was determined —32.3 £ 0.
8 mV. The negative values are considered to be stable in the aque-
ous dispersion medium (Dos Santos et al., 2012). These findings
highlighted that the presently synthesized AgNPs could preserve
their structure over the long-term and aid in the successful cellular
uptake of AgNPs.

In the present study, Ag-NPs prepared were tested against four
multidrug-resistant uropathogens isolated from UTI patients. The
following bacteria viz., E. coli, K. pneumoniae, P. aeruginosa, and
gram-positive S. saprophyticus were isolated from UTI patient’s
urine sample in South India. The study proved that botanically
synthesized Ag-NPs were able to inhibit the growth of the uro-
pathogens more effectively than synthetic antibiotics Fig. 6 and
Table 1(a-d). The mean diameter of zone of inhibition (in mm)
for the different isolates at a dose of 50 pug/mL concentration
showed a maximum for S. saprophyticus (21.0 £ 1.7 mm) followed
by P. aeruginosa (18.0 + 1.3 mm), K. pneumoniae (18.0 £ 0.09 mm)
and E. coli (17.0 + 1.70). The present study confirms the previous
report of Rani et al. (2020) that the AgNPs synthesized by them
using T. procumbens extract also inhibited the growth of two
MDR strains, P. aeruginosa (11.00 + 1.00 mm) and E. coli (15.33 +
0.58 mm)

The MIC values for the isolates showed a minimum for S. sapro-
phyticus (2.5 pg/mL) and a maximum for E. coli (55.5 pg/mL)
(Table 2). Rani et al. (2020) reported a MIC value in a range
between 11.43 and 102.8 pug/ml. For AgNPs synthesized using
the extracts of T.procumbens tested against MDR resistant P.
aeruginosa and E. coli. Also, it has been shown that the cellular
membrane of bacteria has a negative charge (Van Der Wal
et al., 1997). As antimicrobial resistance has become a severe
threat to human health, it is necessary to overcome it with the
help of alternative medicine if synthetic drugs fail. Therefore,
there is an increased involvement in the investigation of plants
as well as plants reduced NPs as a source to inhibit human micro-
bial diseases. As there is an urgent need to combat multidrug-
resistant bacteria, new generation antibiotics are to be devel-
oped. In this search, attention can be focused on AgNPs synthe-
sized using T. procumbens.

In the current study, the AgNPs were found to inhibit the
growth of the drug-resistant UTI isolates more effectively than
standard antibiotics. AgNPs with a small size (20-40 nm) easily
binds with bacterial surface in comparison to larger AgNPs. The
smaller sized particles have a large contact area and easy reacha-
bility to cellular organelles (Alharbi and Alarfaj, 2020; AlSalhi
et al., 2016).

Further, the presence of Ag-NPs is reported to produce ROS
stress-causing microbial growth inhibition (Qing et al., 2018). It
has been reported that smaller Ag-NPs can anchor to the bacterial
cell wall and consequently infiltrate it by doing damages in the
bacterial membrane, which can lead to cellular contents leakage
and bacterial death (Abbaszadegan et al., 2015; Dhandapani
et al., 2020). The antibacterial effect of Ag-NPs on Gram-negative
bacteria was stronger than Gram-positive bacteria because of the

Table 1
a-d. Antibiotic resistance in bacterial isolates of UTI patients tested against green
synthesized Ag-NPs.

A Concentration of Ag Mean diameter of Zone of inhibition
Name of the  nanoparticle (ug/mL)  (in mm) 5 discs with SD
organism
Green Ag-  Standard antibiotics
NPs (Ciprofloxacin)
Escherichia 10 12+13 10+ 04
coli 20 13+1.2 10+x04
30 14+14 10+ 04
40 15+13 10+ 04
50 17 £ 1.7 10+ 04
B Concentration of Ag Mean diameter of zone of
Name of the nanoparticle(ug/mL 0 inhibition (in mm) 5 discs with
organism SD)
Green Standard antibiotics
Ag-NPs (Ciprofloxacin)
Klebsiella pneumoniae 10 14 +£0.9
12+05
20 15+14 1205
30 16+1.7 1205
40 17 +£1.1 12+ 0.5
50 18 +0.9 12+0.5
C Concentration of Ag Mean diameter of Zone of
Name of the nanoparticle(ug/mL) inhibition (in mm) 5 discs with
organism SD
Green Standard antibiotics
Ag-NPs  (Ciprofloxacin)
Staphyllococcus 10 13+1.0 11+0.1
saprophyticus 20 14 11+0.1
1.4
30 17 11+0.1
1.5
40 21+ 11+0.1
13
50 21+ 11 £0.1
1.7
D Concentration of Ag Mean diameter of Zone of
Name of the nanoparticle(ug/mL) inhibition (in mm) 5 discs with
organism SD
Green Standard antibiotics
Ag-NPs  (Ciprofloxacin)
Pseudomonas 10 13+14 1108
aeruginosa 20 15+1.0 11+038
30 16+16 11+0.8
40 17+ 14 11+038
50 18+ 13 11+0.8

Table 2
MICs of Ag-NPs for the four different UTI strains isolated.

Bacteria MICs (pg/mL)
Escherichia coli (UTI multidrug-resistant strain) 53.5
Klebsiella pneumonia (UTI multidrug-resistant strain) 21.6
Pseudomonas. aeruginosa (UTI multidrug-resistant strain) 4.5

Staphyllococcus saprophyticus (UTI multidrug-resistant strain) 2.6

difference in the cell wall thickness (Mandal et al., 2016). Ag-NPs
also interact with ribosomes and lead to their denaturation, causing
inhibition of translation and protein synthesis (Singh et al., 2014;
Shaik et al., 2016). The present study concludes that the AgNPs syn-
thesized using the plant product extract showed high antimicrobial
activities because of the influence of phytochemical involvement in
AgNPs synthesis. Microbiological study using varying concentrations
of green and chemically synthesized NPs showed that green
nanoparticles have a high biocidal activity against various pathogens
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than the chemically synthesized NPs (Shaik et al., 2016; Devanesan
et al., 2020).

7. Conclusion

The extract of the inflorescence of T. procumbens is rich in fla-
vonoids and polyphenols, and this has promoted a cap formation
in AgNPs. The phytochemical coatings around the AgNPs trig-
gered its functional mechanism. The AgNPs with the layers of
T. procumbens bioactive compounds helped to target the cell
membrane of the bacteria and made cellular damages both
externally. AgNPs with a small size (20-40 nm) binds with bac-
terial surface easily in comparison to larger AgNPs. The smaller
sized particles have a large contact area, and easy reachability
to cellular organelles. The present study concludes that the
AgNPs prepared using the extracts of the inflorescence of
T. procumbens are potential antibiotic agents against the
multidrug-resistant bacteria isolates. So further research can
be carried out to develop for from urinary tract bacterial
pathogens that escape several antibiotics.
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