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The aim of this work was to develop a new biological process for the fabrication of silver nanoparticles
(Ag-NPs) using the extract of a xerophytic plant (Neurada procumbens) as a reducing agent. The fabricated
Ag-NPs can effectively control multi-drug resistant gram-negative rods (MDR-GNRs), which were iso-
lated from the Buraidah Central Hospital (BCH), Saudi Arabia. The predominant MDR-GNR bacteria
included Klebsiella pneumoniae, Acinetobacter baumannii, and Escherichia coli. The Ag-NPs were examined
by diverse spectral and analytical techniques, and then their antibacterial effects against MDR bacteria
were determined. The UV spectroscopy showed absorption peaks between 400 and 455 nm specific to
AgNPs. The SEM and TEM results showed a smallsize of Ag-NPs in a range of about 20–50 nm. The
XRD pattern showed three major distinctive peaks of Ag-NPs at 38.1�, 44.3� and 64.4� confirming the
presence of Ag-NPs. Three multidrug-resistant bacterial strains were used to determine antimicrobial
activity by the well-diffusion method. The present workillusrates that synthesized Ag-NPs from the aque-
ous leaf extract of Neurada procumbens show considerable antibacterial potential against MDR clinical
isolates from different patient samples at BCH.
� 2019 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In the past two decades, public health standards in numerous
parts of the world have changed due to the increase in infectious
diseases (AlSalhi et al., 2016; Devanesan et al., 2017). The reason
is that misuse or overuse of antibiotics for bacterial infections
has led to resistance against many antibiotics. The Multidrug Resis-
tance (MDR) pathogens cause additional complications in respira-
tory and urinary tract infections (Allaker, 2010; Azhaguraja et al.,
2017; Devanesan et al., 2018; AlSalhi et al., 2019; Alfuraydi et al.,
2019). MDR bacteria is considered to be the greatest threats to
public health worldwide and it is often significantly harder to curb
(Roca et al., 2015; Al-Dhabi and Ghilan, 2019). MDR in bacteria
might be produced by either of the one of the two mechanisms
(Al-Dhabi and Ghilan, 2018). Firstly, the bacteria might accumulate
several different resistance genes within a single cell (Al-Dhabi
et al., 2019) Afterwards, this accumulation arises usually on resis-
tance (R) plasmids. The plasmid might be transported to another
cell quickly by means of metabolic process. Since a single plasmid
might transport R genes for many drugs, a pathogen population
can become resistant to numerous antibiotics instantaneously,
although the affected patient is being cured with either one of
the antimicrobial agent. General antibiotic cure favors the
advancement and spread of antibiotic R strains since the antibiotic
destroys the normal bacterial flora that would typically contest
with antibiotic R strain. Therefore, MDR in bacteria is controlled
by a gene on ‘‘R” plasmids or transposons and each gene codes
for resistance to a specific agent (Vijayaraghavan et al., 2012) or
antibiotic. As a result, each MDR bacterium has its own mechanism
of action. Many of the difficulties arise from the misuse and over-
use of drugs. However, some physicians administer antibacterial
drugs to patients with viral infections such as cold and influenza
viral pneumonia (Murugan et al., 2016), and it have been estimated
that over 50% of the antibiotics are prescribed without clear evi-
dence of infection. In some cases, antibiotics are prescribed for par-
ticular pathogens without bacterial infection and drug sensitivity
test report. Using broad-spectrum antibiotics in place of narrow-
spectrum ones creates hazardous side effects and increases bacte-
rial resistance capacity. Bacterial R to certain types of antibiotics is
a natural phenomenon that occurs by gene mutation and acquiring
resistance from other bacteria. Further, the genes for MDR are
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found in both the bacterial chromosome and plasmid. Bacteria
become drug-resistant in numerous ways such as by preventing
the entry of the drug. For example, penicillin G cannot penetrate
the envelope’s outer membrane of numerous Gram-negative bac-
teria (Link-Gelles et al., 2013). Some pathogens modify their
penicillin-binding proteins and create resistance. In addition,
reduced permeability might result in a sulfonamide R. Numerous
bacterial pathogens create resistance by inactivating drugs by
means of surface modification. Dobbins stated that each
chemotherapeutic agent is targeted by a specific enzyme or orga-
nelle so that were not susceptible to the drug. For instance, the
affinity of ribosomes for erythromycin and chloramphenicol can
be reduced by the changes in the 23S rRNA to which they bind.
Klebsiella pneumoniae, Escherichia coli, and Pseudomonas aeruginosa
have developed resistance against common antibiotics comprising
ampicillin, chloramphenicol, kanamycin, tetracycline, and
trimethoprim, whereas Neisseria gonorrhoeae is resistant to peni-
cillin, tetracycline, and fluoroquinolones (Chang et al., 2015).
Recently, nanoparticles have attracted great attention in medical
applications owing to the limitation of numerous infectious
microorganisms. Generally, the antimicrobial effect of nanoparticle
(NPs) appears via the disruption of the bacterial cell membrane,
penetration or generation of reactive oxygen species (ROS) by
increasing ROS levels, this oxidative stress in the normal redox
state of cell can influence toxic effects by means of the creation
of peroxides and free radicals that damage all constituents of the
bacteria cell, comprising proteins, lipids, and DNA (Panda et al.,
2011). There are many studies on the synthesis and characteriza-
tion of many metallic NPs such as Ag, Cu, Au, Al, Ti, Fe, Zn, Bi,
and among others, which are employed as budding antimicrobial
agents (Brown et al., 2012). Among the NPs, Ag nanoparicles (Ag-
NPs) have been used to fight infections and control spoilage
(Arasu et al., 2017; Arasu et al., 2019; Arokiyaraj et al., 2015).
Besides, Ag-NPs play a significant part in the clinical field owing
to its distinctive physicochemical properties, which include
antimicrobial and anticancer effects (Boovaragamoorthy et al.,
2019; Gurusamy et al., 2019; Ilavenil et al., 2015). Our study deals
with the synthesis of Ag-NPs by reducing Ag ions exist in AgNO3-
solution using cell-free aqueous extract of Neurada procumbens
leaf. The obtained particles were analyzed using UV–Vis spec-
troscopy, SEM, TEM, and XRD. Besides, the antibacterial nature of
the fabricated NPs was examined against the most predominant
MDR-GNR bacteria at BCH during January-June 2017.
2. Materials and methods

2.1. Materials

Different xerophytic plants, namely, Pulicaria undulata, Neurada
procumbens, Citrullus colocynthis, Emex spinosa, and Chrozophora
tinctoria, were collected from Riyadh, Saudi Arabia. All the healthy
plants were brought to the laboratory immediately with utmost
care. The collected plants were submitted and analyzed by the
Curator Herbarium Unit, Department of Botany and Microbiology,
KSU.
Fig. 1. Micrograph of Neurada procumbens.
2.2. Preparation of leaf extract

All healthy leaves from each plant were hand-picked and
washed carefully with normal water and then by distilled water.
Fresh plant leaves (20 g) were weighed and cut into fine pieces
using a clean stainless steel knife. The leaves were then boiled with
100 mL of water for 10 min in a 250 mL Erlenmeyer flask. The
aqueous extract was then separated using Whatman filter paper
(150 mm). The filtrate was centrifuged at 1200 rpm for 5 min to
remove unwanted cell debris. Finally, the obtained extract was
kept at 4 �C for the future analysis.

2.3. Synthesis of Ag-NPs

AgNO3 was used as the preliminary material for the synthesis of
Ag-NPs. For the synthesis of 1 mM of AgNO3 solution, about 17 mg
of AgNO3 salt was weighed and dissolved in 100 mL of double dis-
tilled water and stirred for 10 min. Then it was transferred to an
amber-colored bottle and stored in dark at room temperature.
Every time a freshly prepared solution was used for avoiding oxi-
dation process (Priya Banerjee and Aniruddha, 2014). Of each
extract, 10 mL was mixed with 90 mL of AgNO3 solution, 1/9 of
the extract was reduced into Ag+ ions. In order to optimize the
incubation time and temperature, five sets of the above-
mentioned mixture were prepared and kept at different tempera-
tures such as room temperature, 35 �C, 50 �C, 75 �C, and 95 �C using
water bath incubator, respectively (Ping et al., 2018).

2.4. Characterization of Ag-NPs

The maximum absorption wavelength of the obtained nanopar-
icles was measured by VU spectrum. The crystalline nature of Ag-
NPs was evaluated via X-Ray diffractometer, Rigaku (Ultima IV)
instrument. The morphological nature of the Ag-NPs was examined
by SEM and TEM analysis. The SEM measurements were carried
out using JEOL-Japan Electron Optics Laboratory JSM-6380 LA
and the TEM measurements were assessed using JEM-1010.

2.5. Antimicrobial assay

The antimicrobial activity was performed using the agar well
diffusion method (Brown et al., 2012; Arasu et al., 2013).

3. Results and discussion

3.1. UV–Vis spectral analysis

Five different desert plant leaves were engaged for the fabrica-
tion of Ag-NPs. Of these five plants, Neurada procumbens (Fig. 1)
gave the most appropriate and effective nanoparticles. The reaction
mixture was prepared by mixing plant extracts with AgNO3 (1: 9)
and incubated at 35 �C, 50 �C, 75 �C, 85 �C, and 95 �C. The AgNO3

solution without plant extract was considered as control. Fig. 2A



Fig. 2. A) Images of AgNO3 solution, Plant extract and AgNP solution, B) UV–visible spectrum.
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shows images of AgNO3, plant extract and Ag-NPs produced. Ini-
tially, the reaction mixture of AgNO3 solution and plant extract
was start-yellowish color, after incubation at different tempera-
tures; Ag-NPs were seen as yellow to dark brownish color at all
temperatures within 15 min. Under normal circumstances, the
color change was noticed after 12 h. The color change evidenced
the creation of Ag-NPs. The flask was then taken from the incuba-
tor and wrapped in Al foil to inhibit light to interact with bare
AgNO3 (Kumar et al., 2014; Rajkumari et al., 2019a,b; Roopan
et al., 2019).

The formation of NPs was analyzed by means of UV–visible
spectrophotometer (Fig. 2B) (Valsalam et al., 2019a). Surface plas-
mon resonance (SPR) of the synthesized Ag-NPs, appear as peaks
due to the characteristic SPR of Ag-NPs. Moreover, the present
work confirmed that small-sized Ag-NPs were produced at 95 �C.
Kumar et al. (2014) reported that the formation of narrow peaks
in the UV spectra indicates the synthesis of small-sized nanoparti-
cles. Further, the average diameter of Ag-NPs increased with the
higher reaction mixture (plant extract and AgNO3) leading the
Ag+ ions to completely convert into Ag-NPs with an increased rate
of the reaction. The greater intensity might be credited to higher
absorption and larger surface area of nanoparticles. Surface elec-
tron oscillation is reliant on on the particle size and shape, and
hence reflects different colors. The Ag-NPs suspension was kept
safely for about one month to examine the long-term nature of
the fabricated NPs. After one month, the long-term stability was
determined by means of absorption spectra after one month under
identical conditions but there was no substantial change in the
absorption, which indicated that the NPs are stable for up to one
month.
3.2. SEM analysis

SEM was used to assess the morphological nature of Ag-NPs.
SEM images showed predominantly spherical-shaped NPs. The
maximum size of the nanoparticles was always lower than
100 nm and the average size of green synthesized Ag-NPs was
ranging between 20 and 50 nm. SEM results (Fig. 3A-D) confirmed
that Neurada procumbens leaf extracts may perform as reducing
and capping agents for the creation of Ag-NPs effectively. In agree-
ment with our results, spherical and cubic shaped Ag-NPs, with a
size ranging from 35 to 65 nm, were synthesized using Centroceras
clavulatum.
3.3. TEM analysis

TEM analysis revealed spherical-shaped Ag-NPs of size varying
from 20 to 40 nm (Fig. 4A-D). Afterwards, the small-sized NPs were
created owing to the strong redox reaction between Neurada
procumbens extract and aqueous Ag metal ions (Valsalam et al.,
2019b). The appearance of dark caps on the surface of nanoparti-
cles exhibited the presence of secondary materials. This might be
ascribed to bio-molecules existing in the leaf extract. These biomo-
lecules can effect in the effective reduction of Ag salts to NPs and
work as suitable capping agent, thereby preventing them from
aggregation.****Fig. 5.
3.4. XRD analysis

The green synthesized Ag-NPs were characterized using powder
XRD. A representative XRD is based on the constructive interfer-
ence of monochromatic X-rays and a crystalline information of
the materials. The diffraction pattern clearly shows the main peaks
at 2 h of annealing, 38.19�, 44.37�, 64.56� and 77.47�, correspond-
ing to the planes 101, 111, 200 and 220, respectively (Fig. 6). Sim-
ilar results were observed by (Jeeva et al., 2014) who identified
crystalline peaks at 32.28, 46.28, 54.83, 67.47 and 76.69, which
were also obvious in many other studies in which the XRD pattern
involved the significant 2h range.

Earlier researchers have reported similar results for Ag-NPs
(Gopinath et al., 2012). Green synthetic approaches to fabricate
the Ag-NPs were recorded by the XRD pattern. The peaks were
identified conforming to (h k l) values of Ag. Particularly, the XRD
measurements evidenced that the subsequent particles are Ag-
NPs tends to possess an fcc structure. Further, the average crys-
talline size D, the assessment of the inter-planar spacing between
the atoms, d, lattice constant and cell volume have been assessed.
Thus, Ag-NPs with distinct dimensions might be fabricated by
plant compounds (Bindhu and Umadevi, 2014).
3.5. Microbial analysis

The well diffusion method was used to assess the antibacterial
behaviors of the fabricated Ag-NPs that were assessed against a
group of bacteria collectively called MDR-GNR. It is a mixed group
of various bacterial species and genera such as K. pneumoniae, A.



Fig. 3. SEM analysis of the AgNPs.

Fig. 4. TEM analysis of the AgNPs.
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Fig. 5. XRD spectra of the AgNPs.
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baumannii, and E. coli having resistance to a variety of antibiotics
(Table 1).

The loaded Mueller-Hinton (MH) agar plates were incubated at
37 �C for 24 h. Five holes were made in MH agar plate at five dif-
ferent concentrations of Ag-NPs (lg/mL = total volume of 1 mL)
10 mg, 25 lg, 50 lg, 75 lg, and 100 lg. The zone of inhibition
was estimated by means of evaluating the diameter of the inhibi-
tion zone around Ag-NPs (Fig. 6). When a 6 mm hole was impreg-
nated with Ag-NPs in a MH agar plate, the antimicrobial
Table 1
MIC for the MDR-GNR bacteria reported in the BCH patients by Automated MicroScan ins

E. coli A. baumannii

MIC (minimum inhibitory concentration
Su R Su R

– – –
>16 –

�16 – >32
– – –
– – –

�4 >8
<2 <2

>2 >2
>8 >8
<16 >16
>8 >8

Fig. 6. Antibacterial activity of Ag-N
immediately arises to diffuse into the neighboring agar. Out of
the five concentrations (from 10 mg to100 mg) of nanoparticles
poured into each well, the microbial growth was decreased with
increasing concentrations of nanoparticles.

The sensitivity of Escherichia coli, Acinetobacter baumannii,and
Klebsiella pneumoniae to a range of Ag-NPs100 mg–75 mg as
assessed using plate diffusion assay. The experiment was repeated
three times (Table 2)

Plant phytochemicals assist in the creation of Ag-NPs (Feng
et al., 2000) and from the results, it is obvious that the zone of inhi-
bition upsurges linearly with an increase in the concentration of
NPs, which is in consistent with other reports (Valsalam et al.,
2019a; Valsalam et al., 2019b) These results indicated that most
of the bacteria are resistant to the antibiotics tested manually on
MH agar or automated by Microscan.

The present results indicate that Ag-NPs have stronger antibac-
terial activity against all isolated MDR strains. However, the exact
mechanism of the antibacterial activity of Ag NPs is not fully
understood. Some researchers reported on the possible mecha-
nisms of Ag-NPs such as interaction of Ag ions and bacteria, elec-
trostatic interaction between positively charged Ag ions with
negatively charged DNA and protein (Dibrov et al., 2002) cell mem-
brane and disturbance of membrane permeability (Panacek et al.,
2006) the involvement of free radicals of Ag-NPs on membrane
damage (Kim et al., 2007), release of lipopolysaccharides from
the membrane due to metal depletion in the outer membrane,
and the final collapse of the cell. Disruption of ATP production,
DNA replication, or cell membrane damage causes the generation
trument.

K. pneumoniae MDR-GNR Antibiotics

)
Su R

– 16/8 Augmentin
– >16 Ampicillin
– >32 Amikacin
– – Vancomycin

�8 Cefoxitin
– �4 Imipenem
<2 Colistin

>2 Ciprofloxacin
>8 Gentamicin
>16 Cefepime

�4 Tetracycline

Ps against MDR-GNR bacteria.



Table 2
Zone of inhibition of Ag-NPs and polymyxin E against MDR-GNR bacteria.

No. MDR-GNR Zone of inhibition in mm

Colistin 10 mg >14 Concentration of Ag-NPs

10 mg 25 mg 50 mg 75 mg 100 mg

1 K. pneumoniae 14 R R I I S
2 A. baumannii 14 R R I S I
3 E. coli 14 R R I S S

S: Sensitive > 17 mm (100 mg,75 mg from Ag-NPs more effective to all strains).
R: Resistant < 14 mm (10 mg, 25 mg from Ag-NPs are resistant to all strains).
I: intermediate 12–14 mm (50 mg from Ag-NPs intermediate to all strain).
Colistin: CLSI interpretive criteria in disc diffusion (�14 sensitive).
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of ROS. Sondi (2004) reported that Ag-NPs at the initial stage of
bacterial interaction, adhere to the bacterial cell wall, then pene-
trate and kill the bacteria (Rajkumari et al., 2019a,b). The higher
zone of inhibition for Ag-NPs is affected by the small-sized Ag-
NPsthat release diffusible inhibitory compounds.

4. Conclusion

In summary, Ag-NPs were synthesized using the plant extract
from Neurada procumbens as a reducing agent. Ag-NPs showeda
high level of antimicrobial activity against MDR-GNR. This is a
rapid, low-cost, and eco-friendly technique. The results obtained
using various physicochemical characterization techniques such
as UV spectrophotometer, SEM, TEM, and XRD confirmed the pres-
ence of Ag-NPs. Further, fabricated Ag-NPs exhibited strong
absorption maximum between 400 and 455 nm. The SEM and
TEM images established the presence of spherical-shaped Ag-NPs
that ranges in size from 20 and 50 nm. Among the test bacterial
culture, the Ag-NPs exhibit efficient activity against the isolated
MDR-GNR from suspected patients at BCH. The maximum Ag-
NPs concentration achieved was between 75 and 100 mg with the
zone of inhibition of about 15–17 mm. An important finding is that
the release of Ag ions from Ag-NPs into the MDR bacteria could
inhibit their growth effectively. These results suggest that the
green synthesized Ag-NPs may serve as effective alternative anti-
microbial agents against infections caused by MDR bacteria that
pose a serious threat to public health. Moreover, this method will
be very useful for producing more nanoparticles and it could be
easily applied in the medical field as a biocide agent in hospitals,
etc. The in vitro analysis confirmed that Ag-NPs serve as potential
antimicrobial agents with high effectively. Finally, we recom-
mended Ag-NPs as alternative broad-spectrum antimicrobial
agents.
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