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ABSTRACT

Objective: The present study was aimed to study at investigating the antibacterial potential of silver nanoparticles (AgNPs) coated cotton fabrics
against different pathogens and also for their wound healing property using fibroblasts cells.

Materials and Methods: The leaf extracts of Peltophorum pterocarpum were used for the synthesis of AgNPs and were characterizing using ultraviolet-
visible spectrophotometer, transmission electron microscopy, energy dispersive X-ray (EDX) spectroscopy, dynamic light scattering analysis, and zeta
potential measurement. The AgNPs were coated on cotton fabrics and tested for their antibacterial efficacy using agar well diffusion method. The
wound healing property of synthesized AgNPs was tested using fibroblast 3T3 cells.

Results: The plant extracts of P. pterocarpum were utilized for AgNPs. The optimum condition for synthesizing AgNPs was found to be 1 mg/ml
plant concentration, 7 pH, 1 mM silver nitrate concatenation, and incubation temperature of 37°C. The shape of synthesized AgNPs was found to
be spherical with an average size between 20 and 50 nm, and elemental silver peaks were confirmed by EDX spectrum. The cotton fabrics coated
with AgNPs show good zone of inhibition against all the tested pathogens and the treated fabrics were also characterized using scanning electron
microscope which reveals the presence of AgNPs on the fabrics. The scratch assay reveals that the AgNPs have good wound healing activity when
tested against fibroblast 3T3.

Conclusion: The present results conclude that the synthesized AgNPs have good stability with potent antimicrobial activity when coated with cotton

fabrics. The AgNPs also found to have good activity significant wound healing activity when tested using fibroblast cells.
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INTRODUCTION

Nanoparticles have gained much importance among researchers from
various branches of science in the last decade due to their potential
applications in different fields. Smaller size range and high surface
to volume ratio are the main reasons for this wide application of
nanoparticles [1]. Among the different noble metal nanoparticles, silver
nanoparticles (AgNPs) have major application in the medical science
due to their exceptional physical and chemical properties such as
stability, electrical conductivity, catalytic, and antibacterial activity [2].

Various physical, chemical, and biological processes are utilized for the
synthesis of nanoparticles. Both physical and chemical methods have
major limitations such as high temperature, pressure, and chemical
contamination during the process of synthesis of metal nanoparticles.
However, green or biological synthesis of metal nanoparticles has
significant advantages, eco-friendliness, large scale production, cost-
effectiveness, less contamination, etc. [3]. Recently, several researchers
have been exploiting various microbes and plants for the synthesis of
metal nanoparticles, especially, AgNPs [4,1]. The main advantage of
using plant and plant-related components for the synthesis of AgNPs
includes capping and stabilizing property [5]. Metabolites isolated
from microorganisms and plants have a tendency to reduce the metal
compounds to their respective nanomaterials. Especially, in the case
of plant compounds, polysaccharides, enzymes, proteins, alkaloids,
tannins, and vitamins could play a key role in the reduction of metals to
nanoparticles and also stabilize them [6,7]. The reduced silver particles
(Ag+) cause the change in secondary structure and formation of silver
nuclei and as they are trapping the Ag+ on the protein surface because of
electrostatic interaction. Further reduction in silver ions proceeds with

the silver nuclei growth, results in the accumulation of nuclei and thus
leads to the AgNP production. Among them, hydrophilic compounds
such as organic acids and flavones involve immediate reduction and
production of AgNPs, while anthraquinone and emodin compounds
reduce the silver after tautomerization process. Interestingly, different
plant sources provide several extract compositions which could be
essential as a reducing agent for the silver without elaborate process [8].

Antimicrobial property is one of the main applications of AgNPs in the
medical field. The wound healing property of AgNPs has been reported
to control the colonization and proliferation of the pathogens in the
wounded area [9]. The antibacterial activity of AgNPs depends on their
contact surface area and interaction with other organic and inorganic
molecules [10]. AgNPs have unique physicochemical properties which
confer them as a good source for the product developments against
multidrug-resistant microorganisms [11]. Moreover, the AgNPs are
non-toxic to human beings at their low concentration. In recent times,
the application of AgNPs to cotton fabric has attained a great deal
because of its wound healing property [12]. At present, the AgNPs
based wound dressing has been widely used for the treatment of open
wounds [13]. The presence of AgNPs damages the DNA of pathogenic
bacteria, thereby inhibiting their replication process. Previous research
has reported that the healing property of AgNPs on sterile wounds
in rat models was due to their anti-inflammatory action and it also
enhances the granulation phases of healing leading to epidermal
recovery [14-16].

Our earlier studies show that AgNPs synthesized using Peltophorum
pterocarpum leaf extracts showed the potential antimicrobial property
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when tested against different human pathogens. In the present study,
we aimed at determining the antibacterial potential of AgNPs coated
cotton fabrics against different pathogens and also evaluated for their
wound healing property using fibroblasts cells.

MATERIALS AND METHODS

Chemicals

For the present study, silver nitrate (AgNO,) was purchased from
Sigma-Aldrich; nutrient agar, Muller-Hilton Agar from HiMedia, India,
dimethyl sulfoxide and other analytical chemicals were procured from
Merck, Ltd. India.

Preparation of plant leaf extract and synthesis of AgNPs

Fresh and healthy leaves of P. pterocarpum were collected and washed
with running water to remove the surface impurities on the leaves.
The identification of plant materials was performed at the Centre for
Advanced Studies in Botany, and the specimen of plants was numbered
as KA9 and deposited in our laboratory for future reference [17]. Then,
the leaves (10 g) were mixed with 100 ml of deionized water and kept
in a rotary shaker for 48 h. The extracts were then collected by passing
it through Whatman No.1 filter paper and stored at 4°C for further
analysis. To 1 ml of leaf extract, 9 ml of 1 mM AgNO, solution was
mixed and kept in the dark condition for 24 h at room temperature. The
change in the color of the solution to brown color indicates the AgNPs
formation [17,18].

Ultraviolet-visible (UV-Vis) spectra analysis

The formation of AgNPs in the solution was determined and confirmed
by UV-Vis spectra analysis using double beam Perkin-Elmer UV-Vis
spectrophotometer at a resolution of 1 nm. The spectral range from
200 to 800 nm at a scan speed of 450 nm/min was used to analyze the
synthesized AgNPs.

Optimization of AgNPs synthesis

In the present study, different parameters such as the effect of various
concentrations of leaf extracts, different temperature, pH, and effect
of various concentrations of AgNO, were analyzed at the optimum
condition for the synthesis of AgNPs. The reaction temperature, such
as 23, 30, 37, 43, and 50°C, was maintained using the water bath. The
pH of the reaction was also optimized with pH ranging from 4, 5, 6, 7, 8,
and 9. Similarly, the concentration of AgNO, (1, 2, 3,4, and 5 mM) and
plant leaf extracts (1, 2, 3, 4, and 5 mg/mL) was also optimized for the
synthesis of AgNPs. The stability of the synthesized AgNPs was also
determined from 12 h to 3 months. During the optimization studies, the
AgNPs formation was monitored and measured spectrophotometrically
using UV-Vis spectrophotometer in the range of 200-800 nm.

Transmission electron microscopy (TEM)

The TEM study was performed to determine the size and shape of the
synthesized AgNPs. A drop of synthesized AgNPs was placed on the
carbon coated grid and allowed to dry by placing it in the desiccators.
The grid coated with the synthesized AgNPs was analyzed using TEM
microscope (FEI Tecnai) at 100 kV equipped with energy dispersive
X-ray (EDX) spectroscopy to study the elemental composition [19].

Dynamic light scattering (DLS) analysis and zeta potential
measurements

To determine the particle size distribution of the synthesized
nanoparticles, the synthesized AgNPs were subjected to DLS analysis
using Merck 2423. The stability of the synthesized AgNPs was
determined using zeta potential measurement. The synthesized AgNPs
were subjected for zeta potential measurement using zeta meter
(Malvern zeta seizer 2000, Malvern), and the values were determined
ranging from higher than +30 mV to lower than =30 mV.

Incorporation of synthesized AgNPs on cotton fabrics

For the present study, cotton fabrics of the size of 1x1 cm? were taken
and washed with deionized water and dried. The pre-sterilized fabrics
were then impregnated with AgNps solution (100 ppm) under aseptic
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conditions and were dried at 50° overnight. The AgNPs incorporated
cotton fabrics and untreated cotton fabrics were characterized under
the scanning electron microscope (SEM) (Hitachi S-3400N) to study
their morphological changes [19].

Antibacterial activity of AgNPs-cotton fabric

The antibacterial evaluation of AgNPs-cotton fabric was performed by
agar diffusion assay on nutrient agar plates. For the present study, four
different pathogens, namely, Staphylococcus aureus (MTCC-96), Bacillus
subtilis (MTCC-441), Escherichia coli (MTCC-443), and Pseudomonas
aeruginosa (MTCC-1688) were procured from the Institute of Microbial
Technology, Chandigarh, India. Briefly, an overnight culture of four
different strains was lawn cultured in the sterile nutrient agar plates.
The untreated and cotton fabrics coated with AgNPs were then placed
gently on the plates inoculated with the test strains. The plates were
then incubated for 24 h at 37°C, and the zone around the AgNPs-cotton
fabric was calculated and recorded.

In vitro wound scratch assay

The modified in vitro wound scratch assay was performed based on
the previously reported method [20]. In the present study, fibroblast
3T3 cells were procured from National Centre for Cell Sciences, Pune,
India. The cells were seeded in 6-well plates (8xs10° cells/well) and
grown until it reached a confluence of 90%. A wound was generated
using a micropipette tip (200 pl), and the cell debris was removed
by washing with fresh medium. Then, the wound was treated with
60 pg/mL biologically synthesized AgNPs and 60 pg/mL of the
commercial drug, Cipladine (Positive control) separately. The plate was
then incubated for 24-96 h at 37°C in a humidified atmosphere with a
supply of 5% CO,. The untreated cells without scratch were maintained
as a negative control. The scratch wound closure was observed using
an inverted microscope (Magnus INVI, Noida), and the pictures of
migrations of the treated cells were captured at various points of time
starting from 0" day to 4™ day (static imaging). The closure of the
wound scratch was determined by calculating the difference between
the wound width at t0 and t2, using the Image] processing software.
The scratch closure rate (SCR) was calculated based on the following
formula [21]:

SCR = ([At0-At2]/At0)x100

Where At0=Scratch area at time 0; At2=Scratch area at 2" day. Results
were reported as the mean of three independent experiments+standard
deviation.

RESULTS AND DISCUSSION

In the current scenario, different methods have been reported for
the synthesis of nanoparticles, which mostly depend on the cost,
time, and future applications of nanoparticles. Among the various
methods, plant-based syntheses of nanoparticles have been found to be
efficient in the medical field because of their excellent properties. The
abundance of secondary metabolites in plant components contributes
their medicinal property that imparts the functional value to the
nanoparticles synthesized from plant extracts. The composite of plant
metabolite-nanoparticle is much more efficient than their individual
activity. The AgNPs are extensively analyzed nanoparticles in various
clinical and medical fields [22]. In the present study, plant leaf extracts
of P. pterocarpum were used to synthesize the AgNPs and application
toward antibacterial and wound healing properties were evaluated
against various pathogens.

Synthesis of AgNPs using plant leaf extracts

The utilization of plant extracts for the reduction of silver ions to AgNps
was reported by various researchers from different leaf extracts such
as Mukia scabrella [23], Morinda citrifolia [23], Iresine herbstii [24],
Azadirachta indica [25,5], and Ocimum sanctum [26,27]. The formation
of AgNPs using the leaf extracts of P, pterocarpum was initially confirmed
by the presence of an initial color change to brown color. Further,
the maximum absorption peak of 413 nm was determined using UV-
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Vis spectrophotometer, which confirms the synthesis of AgNPs in
the reaction mixture. The change in the color is due to the excitation
of surface plasmon vibrations in the synthesized AgNPs. A similar
finding was reported by researchers who have also synthesized AgNPs
using different plant leaf extracts. They also reported the maximum
absorption peak in the range of 430-440 nm for the formation of AgNPs
when the aqueous extracts were treated with 1 mM AgNO, [28,18].

The mechanism of nanoparticles formation using plant extracts is
not clearly understood. However, reports suggest that the major
constituents responsible for the reduction of AgNO, to AgNPs have been
found to be secondary metabolites. The various components of the
crude extracts from plant such as alkaloids, flavonoids, terpenoids, and
phenolic compounds play the major role in the reduction of ionic metal
to metallic nanoparticles. Thus, optimizing the biosynthesis process
using different parameters also plays a major role in controlling the size
and shape of the synthesizing nanoparticles [29,30].

Optimization of AgNPs synthesis
Effect of plant concentration on AgNPs synthesis

Different parameters have been optimized for the ideal synthesis of
AgNPs using the P. pterocarpum leaf extract. The different parameters
such as the effect of different temperature, pH, concentration of AgNO,,
and plant material have been analyzed and studied for their important
role in the yield of AgNPs. The AgNPs have been synthesized using a
different concentration of leaf extracts ranging from 1 mg to 5 mg/ml.

The synthesis of AgNPs at different concentrations of leaf extract such
as 1-5 mg/mL using 1 mM of AgNO, was studied. The results show
that the increase in the concentration of plant extract has supported
the synthesis of AgNps; however, 1 mg/mL was found to produce
a stable synthesis of AgNPs with maximum absorption spectra at
445 nm. Similar results were reported in literature, which confirms the
formation of AgNPs in the reaction medium [31]. If we increase the leaf
extract concentration to 3-5mg/mL, there is an increase in the intensity
of absorption of AgNPs synthesized, as presented in Fig. 1. The slight
variations in the values of absorbance signify that the changes are the
particle size [32].

Effect of temperature on AgNPs synthesis

The effect of different temperature on AgNPs has been analyzed.
Fig. 2 shows the UV-vis spectrum of synthesized AgNPs at a different
temperature. The spectrum clearly reveals that the absorbance
increases with an increase in the reaction temperature. The low level of
AgNPs aggregation can be found when the temperature is exponentially
increased. However, at a specific temperature (50°C), the nanoparticles
may aggregate easily and the result of crystal growth around the
nucleus shows a decrease in absorption value [18]. In the present study,
the synthesis of stable AgNPs was observed when the temperature was
maintained at 37°C.
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Effect of pH on AgNPs synthesis

Stability of AgNPs on different days was optimized. The rate of AgNPs
formation increased at the higher temperature. Similarly, the other
physical parameter such as the influence of pH on the formation of
AgNPs was also studied. In general, the acidic condition inhibits the
AgNPs formation while basic pH induces the nanoparticle synthesis. In
the present study, pH varying from 4 to 9 was studied for the formation
of AgNPs using leaf extracts. The results show that at lower pH the
formation of AgNPs was found to be affected, and the major peak with
good intensity was not observed. However, the increase in pH between
5 and 9 results in the formation of AgNPs with maximum absorption
value (Fig. 3). Proton concentration in the acidic medium might be the
reason for the decreased reducing power of plant secondary metabolite.
At higher pH, the abundance of a functional group for silver binding
causes a higher number of AgNPs formation with small diameters.
Earlier reports suggest that the ionization of plant components such
as phenolic compounds and tannins in the plant extracts could be
affected during the adjustment of pH, thus resulting in varying size of
AgNPs [33].

Effect of AgNO, concentration on AgNPs synthesis

Similarly, the increase in the concentration of AgNO, from 1 mM to 5 mM
was also studied. The results showed that the increase in absorbance of
the synthesized AgNPs when the concentration of AgNO, was increased
from 1mM to 5 mM (Fig. 4). The maximum absorption peak varies
between 430 and 460 nm when the temperature was maintained
between 23°C and 50°C. A similar observation was also reported by
various researchers who studied the effect of reaction temperature on
AgNPs synthesis. A few reports also showed that an increase in particle
size has occurred when the incubation temperature was increased
beyond 60°C resulting in aggregation of the smaller nanoparticles.
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Fig. 2: Ultraviolet-visible spectrum of the silver nanoparticles
synthesized at the different reaction temperature
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Fig. 1: Ultraviolet-visible spectrum of the silver nanoparticles
synthesized using a different concentration of plant extract

Fig. 3: Ultraviolet-visible spectrum of the silver nanoparticles
synthesized at different pH
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Interestingly, the decrease in nanoparticle size may also occur when the
temperature was maintained at high, which may be due to increased
reaction rate [34,5].

Stability of AgNPs synthesis

The stability of the AgNPs was also studied by measuring the
maximum absorption spectra at different intervals from 12 h to 3
months. The results showed that the synthesized AgNPs found to be
stable even up to 3 months (Fig. 5), where the maximum absorption
was found to be between 420 to 430 nm. Earlier studies reported
that the plant metabolites may also have an effect on stability of the
synthesized nanoparticles [29]. The formation of monodispersed
nanoparticles using the plant leaf extract C. roxburghii was reported
by Balashanmugam and co-workers. They investigated the stability
of AgNPs by recording the maximum adsorption spectra for 2 months
and found that there was no alteration in the absorption peaks even
after two months of AgNPs formation which corroborate our results
findings [19].
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Characterization of synthesized AgNPs
TEM analysis of synthesized AgNPs

Fig. 6a shows the TEM analysis of the synthesized AgNPs prepared
by plant leaf extracts of P pterocarpum in the current study. The
synthesized AgNPs was found to be polydispersed in nature, spherical
in shape with an average size ranging between 30 and 50 nm. A similar
observation was recorded by various researchers regarding the shape
and size of AgNPs of about 10.4 nm [35], 34 nm [5], and 35 nm [18].
Fig. 6b shows the energy dispersive spectrum of the synthesized AgNPs
using P, pterocarpum leaf extracts. The spectrum shows a typical strong
signal peak at 3 keV, which confirms the presence of silver due to surface
plasmon resonance, which is similar to earlier reported studies [36,37].
EDX analysis was performed to confirm the elemental composition of
nanoparticles formation. Earlier reports also found the major peaks of
silver in the EDX analysis, which confirms the formation of AgNPs using
plant extract of Artocarpus heterophyllus seed extracts [38].

DLS and zeta potential analysis of synthesized AGNPs

The size distribution of synthesized AgNps was analyzed using DLS
technique. The results show that the average distribution size of the
synthesized AgNps was found to be 44.77 nm (Fig. 7). A few particles
size with distribution at lower range indicate the formation of AgNPs
synthesis with lower particle size. The size of nanoparticles formation
depends on the several key factors such as pH, temperature, substrate
concentration, and time of exposure to the substrate. Different size and
shapes of AgNPs synthesized by plant have been reported in previous
studies. The present results were in good agreement with the earlier
reports reported in literature [5,22,39].

Fig. 4: Ultraviolet-visible spectrum of the silver nanoparticles
synthesized at different concentration of silver nitrate
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Fig. 7: Dynamic light scattering analysis of synthesized silver

Fig. 5: Ultraviolet-visible spectrum of the silver nanoparticles at
different time durations
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Fig. 6: (a) Transmission electron microscopy and (b) energy
dispersive X-ray analysis of synthesized silver nanoparticles
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Fig. 8: Zeta potential analysis of synthesized silver nanoparticles
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Fig. 9: Antibacterial activity of the cotton fabric incorporated with
silver nanoparticles

Fig. 10: Scanning electron microscope analysis of untreated and
cotton fabric incorporated with silver nanoparticles

(a) Normal cells, (b) wounded cells, (c) 24 hrs (31.57%), (d) 48 hrs
(52.63%),(¢) 72 hrs (89.47%), (f) 96 hrs (99.47%).

Fig. 11: In vitro wound scratch of silver nanoparticles against
fibroblast 3T3 cells
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Fig. 8 shows the zeta potential measurement for the AgNPs synthesized
using P, pterocarpum. Zeta potential is one of the important parameters
for analyzing the properties of the nanoparticle surface and also
determining the stability of the dispersion. Previous studies have
corroborated that zeta potential measurement showing values more
than +25 mV or <-25 mV may have a good degree of stability [40];
further, the negative charge on the AgNPs ions may also be influenced
by the presence of biomolecules obtained from the plant extracts [41].
In our study, the zeta potential value of the dispersed AgNPs was found
to be =10 mV which is similar to the earlier reported studies [35,39].

Antibacterial activity of AgNPs-cotton fabric

The antimicrobial properties of AgNPs have been widely utilized
in various areas such as medicine, food packaging, health-related
industry, antiseptic formulation, wound care dressing, and also in
various environmental applications [42]. Since ancient times, the
application of silver and its associated components as potential
antimicrobial agents have been extensively used for preserving the
water in the form of silver coins or silver coated vessels [43,44]. In
the earlier study, the AgNPs synthesized using P. pterocarpum were
successfully tested for their antimicrobial property against various
pathogens [17]. In the present study, the potential AgNPs were further
incorporated on cotton fabrics and tested for their antimicrobial
efficiency against four different pathogenic strains, namely,
S. aureus (MTCC-96), B. subtilis (MTCC-441), E. coli (MTCC-443), and
P. aeruginosa (MTCC-1688).

The antibacterial activity of the cotton treated with the AgNPs
synthesized using plant extract was determined based on the zone of
inhibition against the tested pathogens (Fig. 9). The untreated control
fabric did not show the zone of inhibition around the fabric material.
The fabrics incorporated with AgNPs showed a clear zone of inhibition
around the cotton fabric against all the tested pathogenic bacterial
strains which confirm their efficiency. The bacterial growth inhibition
on agar plates revealed the biocidal activity of AgNPs cotton fabric.
In the present study, Gram-positive and Gram-negative bacteria were
used for assessing the antibacterial activity of AgNPs-cotton fabric.
Interestingly, the fabric coated with AgNPs inhibits the growth of both
types of bacteria. Similar results have already been reported in previous
studies for AgNPs synthesized from different sources, which was coated
on cotton fabric [45-48].

The cotton fabrics coated with nanosilver were evaluated for its
antibacterial efficacy and the nanosilver coated fabric shows a good
antimicrobial property against both Gram-positive and Gram-negative
bacteria [49]. Similarly, El-Shishtawy et al. investigated the cotton
fabrics coated with AgNps against different pathogenic strains [50].
The AgNPs have the tendency to attach to the cell surface and disturb
the membrane integrity and causes the dysfunction of permeability and
respiration. Moreover, the AgNPs could penetrate the cell and interact
with sulfur or phosphorus containing molecules in the cell such as DNA
and amino acids in protein; subsequently, cell damage occurred [51].
The untreated and AgNPs incorporated cotton fabrics were further
characterized using SEM, which revealed the presence of AgNPs on
the surface of the cotton fabrics (Fig. 10). This confirms the successful
incorporation of AgNps on cotton fabrics, which in accordance with the
existing reported literature [19,52].

In vitro wound scratch assay

AgNPs could influence cytokine production and possess the anti-
inflammatory properties [53]. In the present study, the synthesized
AgNPs were tested for wound healing activity using fibroblast 3T3 cells.
Fibroblast cells are commonly used to study cell proliferation. The
wounded cells were exposed to 60 pg/mL green synthesized AgNPs at
the different time such as 24, 48, 72, and 96 h at 37°C. The treated cells
after periodic incubation were observed and analyzed for their wound
recovery and growth of the fibroblast cells. At 24 h of AgNPs exposure,
cell migration occurred at 31.57% in wounded cells. Fig. 11 reveals
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the effect of an increase in AgNPs exposure period increases the cell
migration in fibroblast 3T3cells from 48 h (52.63%), 72 h (89.47%),
and 96 h (99.47%). The AgNPs loaded with hydrogel increases the cell
migrationin fibroblasts cell after 48 h [54]. After the scratch, the increase
in a number of fibroblasts might be the reason for fibroblast migration
or proliferation. Expression of contractile elements in fibroblasts
induced by fibroblast transition to myofibroblasts and promotes cell
migration. The AgNPs could drive the differentiation of fibroblasts into
myofibroblasts and also promotes the wound contraction [55].

CONCLUSION

Herein, we provide the antibacterial and wound healing potential of
AgNPs synthesized using plant leaf extracts of P. pterocarpum. The
results recorded were significant; however, further knowledge on the
biological effects of AgNPs on different bacterial strains will provide a
vital information for the utilization of AgNPs as an antibacterial agent
for medical applications.
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