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ABSTRACT

Objective: The objective of the present study is to synthesize green mediated silver nanoparticles (AgNPs) using Plectranthus amboinicus leaf extract 
and to evaluate its antibacterial activity against selected urinary tract infection (UTI) causing bacteria.

Methods: Phytoconstituents present in leaf extract of P. amboinicus (Lour.) Spreng were analyzed by standard qualitative tests. The synthesized 
AgNPs were characterized by visual inspection, ultraviolet-visible spectroscopy, Fourier transform infrared spectroscopy, X-ray diffraction, scanning 
electron microscopy, and energy dispersive spectroscopy. The antibacterial activity of synthesized AgNPs was examined against the UTI pathogens 
such as Pseudomonas aeruginosa, Enterobacter sp., Klebsiella pneumonia, and Escherichia coli. The minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC) of AgNPs were carried out by broth dilution method and standard plate count method, respectively.

Results: Synthesized AgNPs exhibited a spherical shape with an average size of 17.3 nm. The antibacterial activity of AgNPs against tested bacterial 
pathogens showed a maximum inhibition zone of 22.00±1.00 mm against P. aeruginosa. The bacterial growth inhibition was confirmed by MIC and 
MBC.

Conclusion: P. amboinicus leaf extract mediated AgNPs could be used as an effective antibacterial agent for the management of UTIs. Surface 
modifications of urinary catheters with AgNPs may prevent the risk of contamination and the associated infections.

Keywords: Silver nanoparticles, X-ray diffraction, Scanning electron microscopy, Energy dispersive spectroscopy, Antibacterial activity, Minimum 
inhibitory concentration, Minimum bactericidal concentration.

INTRODUCTION

Bacterial infections are the leading cause of death for millions of people. 
This is due to the emergence and increase in the number of multidrug-
resistant microorganisms due to the indiscriminate use of antimicrobial 
agents [1,2]. It has been estimated to affect 150 million people each 
year worldwide with an annual incidence of 12.6% in women and 3% 
in men [3]. Functioning antibiotics make urinary tract infection (UTI) 
only a minor annoyance but if antibiotics fail, the infection can spread 
into the kidneys and bloodstream and even becomes life threatening. 
Appropriate treatment of UTI is important for successful treatment and 
prevention of complications.

However, with the increasing prevalence of antibiotic-resistant urinary 
pathogens, the selection of an appropriate agent is more difficult. This was 
reflected in the 2010 clinical practice guidelines which recommended the 
use of nitrofurantoin as a first-line agent, in the place of cotrimoxazole, 
due to a rise in the occurrence of organisms resistant to the latter [4,5].

The emergence of nanoscience and nanotechnology in the past decade 
represents opportunities for exploring the bactericidal effects of metal 
nanoparticles. The bactericidal effect of metal particles has been 
attributed to their small size and high surface to volume ratio thereby 
enhancing its biological and chemical activity with high antibacterial 
efficacy [6,7]. Among the noble metal nanoparticles, silver nanoparticles 
(AgNPs) have become the focus of intensive research due to its wide 
range of applications for many sectors of life and industry [8]. AgNPs 
are capable of killing about 650 types of pathogens, and it is also known 
to be efficient even in small quantities [9,10].

The exploitation of different plant material for the biosynthesis of 
nanoparticles provides advancement over chemical and physical 

method as it is cost-effective, easily scaled up for large-scale synthesis, 
and eco-friendly [11]. Plectranthus amboinicus (Lour.) Spreng is 
traditionally used as an herbal drug for chronic ailments [12]. This herb 
is widely used by the indigenous people of tropical rainforests either in 
folk medicine or for culinary purposes. This is mainly due to its natural 
production of essential oil with high amounts of bioactive compounds 
such as Thymol [13], β-caryophyllene, α-humulene, γ-terpinene, 
p-cymene, α-terpineol, and β-selinene, identified in the oil component 
of its leaves [14,15]. Medicinal plants serve to be a source of remedy for 
many diseases and place an important role in the health of an individual 
and society [16].

The aim of this work was a fabrication of AgNPs mediated from 
P.  amboinicus leaf extract, its characterization and testing its 
antibacterial activity against UTI pathogens.

MATERIALS AND METHODS

Materials
Pure and analytical grade chemicals were used in this study. Silver 
nitrate (AgNO3), ethanol, nutrient agar, nutrient broth, Mueller-Hinton 
agar, and agar were purchased from HiMedia (P) Ltd., Mumbai, India, 
and were used as starting materials without further purification.

Methods

Collection and identification of plant
Healthy, disease-free and mature leaves of P. amboinicus (Lour.) 
Spreng were collected from the region of Sulur, Coimbatore district, 
Tamil Nadu, India. The collected plant material was identified and 
authenticated with the help of Botanical Survey of India, Tamil Nadu, 
India, Agricultural University Campus, Tamil Nadu, India.
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Preparation of plant leaf extract
About 25  g of freshly collected P. amboinicus (Lour.) Spreng leaves 
were washed thoroughly under running tap water. They were washed 
again with deionized water to remove dirt. The leaves were boiled in 
100 ml of deionized water at 60°C for about 5 min followed by cooling 
and filtering using Whatman No.  1 filter paper to obtain the plant 
extract [17].

Green synthesis of AgNPs using P. amboinicus leaf extract
A solution of 0.1 mM AgNO3 was prepared by dissolving 0.1698  g of 
AgNO3 in 1 L of distilled water. For the fabrication of AgNPs, 10 ml of 
the plant leaf extract was added to 90  ml of 1 mM AgNO3 in 250  ml 
conical flask and kept over orbital shaker at 120 rpm for 5 h at room 
temperature [16]. Formation of AgNPs was marked by the appearance 
of reddish brown color. The synthesized AgNPs were separated from 
the reaction mixture by centrifugation at 9000  rpm for 20  min. The 
particles were then washed with deionized water and were dried 
overnight at room temperature. The resulting powder was used for the 
following analysis.

Characterization
Phytochemical analysis of plant leaf extract
Phytochemical screening of the freshly prepared plant leaf extract of 
P. amboinicus (Lour.) Spreng was carried out by following standard 
procedures [18] to analyze the presence of various phytoconstituents 
such as carbohydrates, alkaloids, terpenoids, flavonoids, tannins, 
steroids, anthraquinones, saponins, resins, glycosides, and phenols.

Visual inspection
The reduction of metal ions was roughly monitored by visually 
observing the change of color in the reaction solution.

Ultra violet (UV)-visible absorption spectroscopy
The formation of AgNPs by the reduction of pure silver ions was noticed 
by measuring the UV-visible spectrum of the reaction solution in 1 ml 
of its sample.

Fourier transform infrared (FTIR) spectroscopy
FTIR spectra of the plant extract and plant-mediated nanoparticles 
were achieved in a Shimadzu FTIR spectrophotometer by registering 
amplitude waves ranging from 4000 to 400 cm−1 to determine the mode 
of interactions between plant extract and the nanoparticle surface.

X-Ray diffraction (XRD)
The crystallographic analysis was performed by powder XRD. The 
diffraction patterns of the synthesized nanoparticles were observed 
according to the description of Wang [19]. The XRD pattern of 
nanoparticles was recorded in the scanning mode of an X’Pert PROPAN 
analytical instrument (λ=1.54060 Å). The resultant diffraction 
intensities were recorded from 10° to 90° in 2θ angles and compared 
with the standard JCPDS files. The average size of the nanoparticles 
can be estimated by the full width at half maximum (FWHM) from 
diffraction peaks using Debye-Scherrer’s equation:

D=
cos

κλ
β θ

Where,
D is the thickness of the nanocrystal, k is a constant, λ is the wavelength 
of X-ray, and β is the FWHM of reflection at Bragg’s angle 2θ.

Scanning electron microscopy (SEM)
Morphological characteristics of the green synthesized AgNPs were 
obtained through SEM operated at 5 kV, magnification 100 kx.

Energy dispersive spectroscopy (EDS)
Elemental analysis of nanoparticles was carried out using EDS 
instrument in a resolution of 134.12 Å, operated at 20.0  kV with a 
magnification of 5 k to determine the elemental composition and purity 
of the sample.

Antibacterial studies of plant leaf extract
The antibacterial activities of plant extract of P. amboinicus and 
P.  amboinicus mediated AgNPs were evaluated using disc diffusion 
method [20]. Pure cultures of each bacterial strain were subcultured. 
Each strain was swabbed uniformly onto the individual Mueller-Hinton 
agar plates using sterile cotton swabs. Whatman No. 1 filter paper discs 
of 6 mm diameter were impregnated with 50 µL of plant extract and 
50 µl of freshly prepared AgNP solution which were used to evaluate 
the antimicrobial activity. Disc impregnated with deionized water was 
used as a control. The discs were placed on agar plates and incubated 
at 37°C for 24  h. Antibacterial activities were then determined by 
measuring the clear zone of inhibition around the discs. The assay was 
performed in triplicate.

Determination of minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC) of P. amboinicus 
mediated AgNPs
The MIC was determined based on liquid batch cultures according to 
the modified method [21]. Liquid batch cultures containing various 
concentrations of AgNPs in suspension (100–1000  µg/ml) were 
taken in sterile test tubes each containing 10  ml nutrient broth and 
were mixed well for 10 min after adding the nanoparticles to prevent 
aggregation. Subsequently, the tubes were inoculated with 0.1  ml of 
freshly prepared bacterial suspension and then incubated overnight at 
room temperature. A negative control without bacterium and a positive 
control without AgNPs were incubated for comparative purpose. After 
incubation, MIC measurements were done for each tested bacterial 
strain at 540 nm using spectrophotometer (ELICO SL 207 MINI SPEC). 
The MBC, that is, the lowest concentration of AgNPs that kills 99.9% of 
the bacteria was also determined from the batch culture studies [22].

Assessment of activity index (AI) and fold area increase
The AI and the fold area increase were calculated by the mean surface 
area of the inhibition zone generated by the leaf extract alone and in 
combination with the AgNPs using the following equations:

Activityindex=
b

a

and

Fold area increase=
b a

a

2 2

2

−

Where,
“a” is the zone of inhibition for the leaf extract and
“b” is the zone of inhibition for the AgNPs.

Statistical analysis
The results of antimicrobial activity are presented as mean±SD. The 
experimental data of antimicrobial activity of P. amboinicus plant leaf 
extract and P. amboinicus leaf extract mediated AgNPs were analyzed 
by ANOVA.

RESULTS AND DISCUSSION

Collection and identification of plant
The collected and identified healthy, disease free and mature leaves of 
P. amboinicus (Lour.) Spreng are represented in Fig. 1.
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Green synthesis of AgNPs using P. amboinicus leaf extract
Green synthesis of AgNPs was achieved using P. amboinicus leaf extract. 
Fig. 2 represents the dried powder form of AgNPs.

Characterization
Phytochemical analysis of plant leaf extract
The results of the phytochemical analyzes of the leaf extract of 
P. amboinicus (Lour.) Spreng are given in Table 1.

Visual inspection
The change in solution color from colorless to reddish-brown was 
a clear indication of the formation of green mediated AgNPs in the 

reaction mixture (Fig. 3). The occurrence of color change in the reaction 
mixture was due to the excitation of surface plasmon resonance in the 
AgNPs [16].

UV-visible absorption spectroscopy
The UV-visible spectra of P. amboinicus plant extract and colloidal 
solution of green mediated AgNPs showed strong peaks at 326 nm and 
413 nm, respectively (Figs. 4a and b). UV-visible absorption spectra of 
AgNPs showed an intense absorption peak due to its surface plasmon 
excitation which represents the collective excitation of a conduction 
electron in metal. A strong absorbance peaks observed between 400 nm 
and 420 nm indicated the presence of AgNPs [17].

FTIR spectroscopy
The FTIR spectra of plant extract and stabilized AgNPs are illustrated in 
Fig. 5a and b. FTIR spectrum of plant extract showed major absorbance 
bands at 3433.29 cm−1, 3417.86 cm−1, 2924.09 cm−1, 2862.36 cm−1, 
1616.35 cm−1, 1411.89 cm−1, and 1064.71 cm−1 (Fig.  5a). The bands 
at 3433.29 cm−1 and 3417.86 cm−1 correspond to O-H stretching 
vibrations indicating the presence of alcohol or phenol groups. The C-H 
stretching at 2924.09 cm−1 and 2862.36 cm−1 corresponds to acyclic 
alkanes. The C=O stretching vibration at 1616.35 cm−1 indicates the 
presence of aromatic ketones or carboxyl groups. The FTIR spectrum 
bands at 1411.89 cm−1 and 1064.71 cm−1 are characteristics of aliphatic 
aldehydes and primary aliphatic amines, respectively. After reaction of a 
plant extract with AgNO3, the peaks are shifted to higher wavenumbers 
such as 3444.87 cm−1, 2962.66 cm−1, 1627.92 cm−1, 1431.18 cm−1, and 
1095.57 cm−1  (5b). This indicated the strong interaction of resultant 
nanoparticles with the functional groups of plant leaf extract. It is 

Fig. 1: Fresh leaves of Plectranthus amboinicus

Fig. 2: Powder form of green mediated silver nanoparticles

Table 1: Qualitative phytochemical analysis of leaf extract of  
P. amboinicus

Phytoconstituents Test adopted Results
Saponins Foam test −
Terpenoids Salkowski test +
Tannins Lead acetate test +
Glycosides Keller Killiani’s test +
Anthraquinones Benzene test −
Flavonoids Sodium hydroxide test +
Alkaloids Mayer’s test +
Phenols Ferric chloride test +
Resins Sodium hydroxide test −
Carbohydrates Benedict’s test +
+: Present, −: Absent. P. amboinicus: Plectranthus amboinicus

Fig. 3: Formation of silver nanoparticle colloidal solution. 
(a) AgNO3 solution, (b) plant leaf extract, and (c) silver 

nanoparticles colloid

cba

Fig. 4: Ultraviolet-visible absorption spectrum of Plectranthus 
amboinicus plant leaf extract (a) and leaf extract mediated silver 

nanoparticles (b)

ba
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observed that functional group such as O-H (hydroxyl), C=O (carbonyl), 
CHO (aldehyde), and NH2 (amines) present in leaf extract was involved 
in the capping and stabilization of AgNPs that could prevent the particle 
aggregation [23].

XRD
Fig. 6 shows the XRD patterns of green mediated AgNPs. A number of 
Bragg’s reflections with 2θ values of 37.86°, 44.07°, 64.31°, and 77.16° 
corresponded to the (111), (200), (220), and (311) sets of lattice planes 
of face-centered cubic structure of metallic silver ions revealing that the 
synthesized AgNPs composed of pure crystalline silver [24]. The size 
of the green synthesized AgNPs was found to be 17.3 nm. In addition, 
unassigned peaks appeared at 27.59°, 32.00°, 46.02°, 54.58°, 57.27°, 
and 67.22°. This may be due to the bioorganic compounds occurring on 
the surface of the AgNPs.

SEM
SEM image of P. amboinicus leaf extract-mediated, AgNPs were evenly 
shaped and spherical in nature (Fig. 7). From the given micrographs, it 
was observed that the synthesized nanoparticles were well dispersed. 
The aggregation of nanoparticles was attributed to the Van der Waals 
forces. Similar results were also reported for photosynthesized 
AgNPs [24,25].

EDS
The elemental analysis of green mediated AgNPs was performed using 
EDS analysis recorded in the spot-profile mode. The resultant EDS 
spectra revealed strong signals in the silver region (2.98 keV) and thus 
confirmed the formation of nanosilver in the prepared samples (Fig. 8). 
Throughout the scanning range of all EDS spectra, no other peaks 
hinting at impurity were detected. This indicated that the synthesized 
AgNPs were at levels of high purity. The appearance of additional 
peaks in the spectrum may be due to the components present in the 
P. amboinicus plant extract.

Antibacterial studies of AgNPs
Antibacterial activity of green mediated AgNPs and plant leaf extract 
was carried out qualitatively by determining the level of inhibition zone 
using agar well diffusion method, and the results are depicted in Table 2. 
The formation of an inhibition zone clearly indicates the mechanism 
of the biocidal action of nanoparticles. The examined plant extract of 
P. amboinicus and green synthesized AgNPs showed varying degrees of 
antibacterial activities against the selected pathogens. The pathogens 
susceptible to the antibacterial property of nanoparticles exhibited 
larger inhibitory zones. The antibacterial activity of P. amboinicus 
mediated AgNPs against tested pathogens showed a maximum zone of 
inhibition (22.00±1.00 mm) against Pseudomonas aeruginosa whereas 
minimum inhibitory zone of about 11.66±1.52 mm was observed against 
Enterobacter sp. Similar results had been previously reported  [26]. 
P. amboinicus mediated AgNPs showed a greater antibacterial effect 
toward all the tested pathogenic strains when compared to plant 
extract. The size of the inhibition zone increased significantly with 

Fig. 6: X-ray diffraction spectrum of Plectranthus amboinicus leaf 
extract mediated silver nanoparticles

Fig. 7: Scanning electron micrograph of Plectranthus amboinicus 
plant leaf mediated silver nanoparticles

Table 2: Zone of inhibition (mm) of Plectranthus amboinicus leaf 
extract and AgNPs against selected UTI pathogens

Name of the bacterial 
pathogens

Zone of inhibition (mm) 
(Mean±SD)

Plant 
extract

AgNPs

Pseudomonas aeruginosa (G) 7.33±0.33 22.00±1.00
Enterobacter sp. (G−) 6.00±0.00 11.66±1.52
Klebsiella pneumoniae (G−) 7.00±0.00 14.00±1.00
Escherichia coli (G−) 7.66±0.57 13.00±1.00
AgNPs: Silver nanoparticles, G−: Gram‑negative. UTI: Urinary tract infection

Fig. 5: Fourier transform infrared spectra of Plectranthus amboinicus plant leaf extract (a) and leaf extract mediated silver 
nanoparticles (b)

ba
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decreasing size of the nanoparticles [27]. It is reasonable to state that 
the binding of smaller nanoparticles with the larger surface area to the 
bacteria cell wall will exhibit a greater bactericidal effect than the larger 
nanoparticles [28].

Determination of MIC and MBC of P. amboinicus mediated AgNPs
The MIC of P. amboinicus mediated AgNPs against selected human 
UTI pathogenic bacteria is shown in Fig. 9. The broth dilution method 
revealed that the MIC of AgNPs was found to be 700 µg/ml for Klebsiella 
pneumoniae, 900 µg/ml for Enterobacter sp., 400 µg/ml for P. aeruginosa, 
and 800  µg/ml for Escherichia coli. Increasing concentration of 
AgNPs substantially inhibited the growth of all bacterial strains in 
dose-dependent manner. The decrease in optical density is possibly 
associated with the cell envelope deformation occurring at the point of 
cell division. In the present experiment, optical density almost reached 
zero which reasons that there were no more bacteria present in the 
culture.

From the recorded data of MBC, the bacterial growth gradually decreased 
as the concentration of nanoparticles increased due to the bactericidal 
property of green AgNPs. It was observed that the concentration 
of green synthesized AgNPs was ranged between 400  µg/ml and 
900 µg/ml. Based on the observed data, MIC and MBC values against 

P. aeruginosa exhibited the highest susceptibility at a concentration of 
400 µg/ml than the other tested strains. Table 3 summarizes the two-
way ANOVA test which represents the bactericidal effect exhibited 
by green synthesized AgNPs and plant leaf extract on UTI pathogens. 
The variance due to bacterial pathogens were statistically significant 
(F=13.82; p<0.05).

AgNPs have the ability to anchor to the bacteria cell wall, due 
to its larger surface area, subsequently penetrate it and thereby 
cause structural changes in the cell membrane like disrupting the 
permeability of the cell membrane which would lead to the leakage of 
intracellular components, thus killing the bacterial cells [29]. There is 
a formation of “pits” on the cell surface, and there is an accumulation 
of the nanoparticles on the cell surface [30]. The formation of free 
radicals by the AgNPs may be considered to be another mechanism 
by which the cells die. AgNPs induce the formation of reactive 
oxygen species in several bacteria which are responsible for inducing 
genetic variability, promoting cell death, and possibly regulating 
biofilm development  [31]. Silver atoms form stable bonds with the 
thiol groups (-SH) of enzymes involved in transmembrane energy 
generation and ion transport, thus deactivating them [32]. It was 
also proposed that silver ions enter the cell, intercalate between the 
purine and pyrimidine base pairs and disturbs the hydrogen bonding 

Fig. 8: Energy dispersive spectroscopy of Plectranthus amboinicus leaf extract-mediated silver nanoparticles

Fig. 9: Determination of minimum inhibitory concentration of green mediated silver nanoparticles against (a) Plectranthus amboinicus, 
(b) Enterobacter sp., (c) Escherichia coli, and (d) Klebsiella pneumonia

dc

ba
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between the DNA strands thus denaturing them. The interaction of 
the AgNPs with the sulfur and phosphorus of the DNA can lead to 
problems in DNA replication of the bacteria and thus terminate the 
microbial growth [33].

Assessment of AI and fold area increase
The assessment of AI and fold area increase between the P. amboinicus 
leaf extract and AgNPs against selected UTI pathogens was given in 
Table 4. It is revealed that the calculated AI of AgNPs was >1 (AI>1), it 
means that all the bacterial strains used in the present study showed 
strong inhibitory actions. The maximum AI value was obtained for 
P.  aeruginosa (3.00±0.00) using AgNPs. The interactions of AgNPs 
with bacteria are dependent on the size and surface area of the 
nanoparticles [28]. The smaller AgNPs have more bactericidal activity 
than the AgNPs which possess a larger surface area.

Among the tested, UTI pathogens P. aeruginosa exhibited the 
highest increase in fold area (8.01±0.01) followed by K. pneumoniae 
(3.01±0.57) using with P. amboinicus mediated AgNPs. The mechanism 
of the bactericidal effect of Ag NPs can be attributed to the fact that 
they possibly attach to the surface of the cell membrane disturbing 
permeability and respiration functions of the cell [34].

CONCLUSION

Nanotechnology has paved the way to combat the challenges of 
multidrug resistance due to their unique physiochemical properties. 
Plant extracts and plant-derived compounds are likely to produce 
a valuable source of new medicinal agents for therapeutic use. 
P.  amboinicus leaf extract-mediated AgNPs showed varying degrees 
of antibacterial property against the selected UTI pathogens. From 
the present study, it is concluded that the P. amboinicus leaf extract-
mediated AgNPs could be used as an effective antibacterial agent for 
the management of UTIs.
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