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ABSTRACT: The current research focuses on the green synthesis
of silver nanoparticles (AgNPs) using a polar extract of taro corms
and the evaluation of its antioxidant properties and wound-healing
applications. Taro corm extract (100 mL) was treated with a 5 mM
AgNO3 solution (100 mL) at room temperature for the formation
of AgNPs, and a color change was observed. The surface plasmon
resonance (SPR) peaks in their UV−visible spectra appeared at a
range of 438−445 nm. Fourier transform infrared, scanning
electron microscopy, energy-dispersive X-ray, dynamic light
scattering, and X-ray diffraction were used for the characterization
of the taro corms extract-mediated AgNPs (TCE-AgNPs). The
synthesized AgNPs were crystalline and spherical, with an average
size of 244.9−272.2 nm with a polydispersity index of 0.530 and
zeta potential of −18.8 mV, respectively. The antibacterial potential of TCE-AgNPs was tested, and the inhibition zones detected
against Cronobacter sakazakii, Pseudomonas aeruginosa, Listeria monocytogenes, and Enterococcus faecalis were 28, 26, 18, and 13 mm,
respectively. Furthermore, the antioxidant activity of TCE-AgNPs showed significant radical-scavenging activity compared to the
standard used. Collagen content data collected from regenerated tissue and higher collagen content indicated rapid wound healing
compared to others, which was seen in a group treated with TCE-AgNP film bandages.

1. INTRODUCTION
Developments in nanotechnology have led to fascinating
findings in the field of materials research.1 The sectors of
personal care products, ecological defense, nutrition, farming,
and medical care can currently all benefit from the biological
production of financially and ecologically advantageous silver
nanoparticles (AgNPs).2 Several parts of plants, such as roots,
tubers, and fruit products, are typically employed in biological
synthesis, also known as “green synthesis,” which has
numerous conventions.3 Nanomaterials have the potential to
be prepared using conventional chemical as well as physical
approaches.4 Nevertheless, biochemical methods have limi-
tations like biotoxicity, which harms people and our
surroundings, while traditional techniques require many
resources.5 Additionally, nanomaterials produced mechanically
do not have the proper morphological measurement, content,
clarity, size variation, or shape.6 The enzymatic and
antimicrobial sectors have developed and employed a variety
of materials and metal-based oxide nanosystems. Among the
many different forms of nanoparticles (NPs), AgNPs have
drawn particular interest due to their distinctive physiochem-
ical and photoelectric properties that render these as efficient

fungicides and antibacterial, cancer-preventing, and enzymatic
substances. AgNPs are increasingly valued because they can
combat microorganisms that are resistant to antibiotics. Just
two of the harmful species for which AgNPs exhibit substantial
antimicrobial properties are Staphylococcus aureus and Escher-
ichia coli.7

Incredibly, NPs made of “AgNPs” possess a wide range of
applications in electronic devices, life sciences, and healthcare
because of their limited plasmonic impact, great surface-to-
volume proportion, and special physicochemical properties
that make them useful.8 Compared to other metal NPs, AgNPs
have received much attention because of their frequent usage
in several economically and biologically significant commod-
ities.9 The traditional methods of manufacturing, including
physiological, thermal processing, hydrothermal, and biochem-
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ical methods, are expensive and extremely unsafe and depend
on dangerous materials. Therefore, the emphasis is on an
environmentally friendly synthesis approach that makes use of
biological substances for the efficient creation of NPs. The
production of green NPs employing compounds that can be
considered economically secure and recyclable as reduction
and capping substances forms the foundation of the
aforementioned beneficial procedure.10

The etiology of destructive diseases, including carcinoma,
cerebrovascular problems, and diabetic complications, is linked
to damage from oxidation, according to the findings. It has
been demonstrated that radicals play a key role in preventing
several ailments. The initiation or proliferation stages of a
reactive response chain can be delayed or postponed by
antioxidants as well, reducing reactive oxygen species (ROS)-
mediated damage. AgNPs cause the formation of ROS, which
deactivates the chain of respiration in cells. In doing so, they
can also cause chromosomal harm to cancerous cells and stop
the development of cells by causing death. One in six fatalities
globally is thought to be related to cancer. Based on statistics,
10 million people will pass away in 2022 due to cancer-
associated diseases. It is generally established that surroundings

influence gene alterations that account for 90−95% of the total
malignancies.11 AgNPs have gained popularity relatively
recently, particularly because of their potential antibacterial,
antioxidant, and cancer-fighting abilities. Additionally, it is
believed that the widespread usage of current pharmaceuticals
is coming to an end because of the rise in bacterial organisms
resistant to them brought on through overuse or improper
ingestion. AgNPs could come into contact by binding to the
microbial cell membrane’s exterior and piercing it, making
them a viable replacement for antibacterials.12

Taro is a significant tropical root crop cultivated specifically
for its underground stems or starchy corms. It is recognized as
a vital staple crop throughout the Pacific Islands, Asia, and
Africa. A variety of carbohydrates, nutrients, and mineral
substances, including iron, calcium, and potassium, that may go
through fast oxidation are present in taro corms and are
responsible for their increased utility as antioxidants.13 Taro
phytonutrients exhibit immunomodulatory, cancer-fighting,
antimetastatic, antimutagenic, antihyperglycemic, and antihy-
percholesterolemic biological activities, as well as their
antioxidant characteristics.14 The use of taro, an intriguing
replacement for regular food boasting less sugar than potatoes,

Figure 1. Schematic representation of TCE isolation and collection.
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might lower the rate and frequency of several illnesses,
including specific malignancies.15 Investigators have previously
documented the effective production of PEG-based palladium
taro corm NPs and ZnO/Ag nanocomposites from the extract
of taro leaves.16 In terms of amount and variety, the dietary
component of taro is an abundant supply of antioxidants,
namely, phenolic chemical substances.17 The main objective of
this research was to use the polar extract of taro corms to
optimize the extraction process, and we further studied the
antioxidant and antibacterial activity. The wound-healing
ability and collagen content of the taro corm extract (TCE)
films were estimated for the first time.

2. MATERIALS AND METHODOLOGY
2.1. Materials. Taro corms used for mucilage extraction

were purchased from a local market. AgNO3 was procured
from Merck in Germany. 2,2-Diphenylpicrylhydrazyl (DPPH)
was obtained from Merck-Germany. All reagents and solvents
were of analytical grade, and deionized water was used for the
extraction of TCE and the preparation of all solutions.

2.2. Isolation of TCE. Taro corms were carefully and
thoroughly cleaned by using distilled water. The corm’s outer
surface was removed; small pieces of a particular size of corms
were dried for 15 days at room temperature. The corms were
crushed by a grinder after drying and then passed through a
sieve. 2.5 g of fine-dried corm powder was thoroughly mixed in
50 mL of distilled water in 100 mL and was stirred at room
temperature for 5 h on a hot plate. The solution was filtered via
Whatman paper, and a separating funnel was used to wash the
filtrate with n-hexane. Two layers formed after washing with n-

hexane, i.e., polar and nonpolar. The nonpolar layer was
discarded, while the polar layer was poured into a Petri dish
and dried for 24 h at 45 °C in a drying oven. The polar sample
was removed from the Petri dish after drying and stored in a
freezer.18 A schematic representation of the isolation and
collection of TCEs is shown in Figure 1.

2.3. Synthesis of TCE-AgNPs. The solution of TCE (5−5
mM) was freshly prepared in 100 mL of distilled water by
dissolving 85 mg of polar extract and AgNO3 (5 mM) by
dissolving 85 mg of AgNO3 in 100 mL of distilled water. Then
10 mL of freshly prepared TCE solution was drawn into a 50
mL beaker and added to 10 mL of the AgNO3 solution. The
response combination was irradiated with sunlight, and the
color shift was controlled for up to 15 min for various samples,
as explained in Figure 2.19

2.4. Characterization of the Synthesized TCE-AgNPs.
2.4.1. UV−Visible Analysis. UV−vis analysis was performed
for the characterization of the synthesized TCE-mediated
AgNPs (TCE-AgNPs). A specimen (1.0 mL) of the reactant
mixture was obtained at specific time intervals (1, 2, 5, 10, 15,
and 20 min) and investigated in a range of 200−800 nm using
a UV−vis spectrophotometer (UV-1700 PharmaSpec, Shi-
madzu).20

2.4.2. Fourier Transform Infrared Spectroscopy and
Thermogravimetric Analysis. Fourier transform infrared
(FTIR) spectroscopy was carried out to check various
components of the sample and synthesize AgNPs. Infrared
spectra were acquired of TCE and TCE-AgNPs using the
method of KBr pellets with a range of 500−4000 cm−1 via the
IR prestige-21 Shimadzu Germany.

Figure 2. Preparation of the TCE-AgNPs.
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2.4.3. X-ray Diffraction. X-ray diffraction (XRD) is a
nondestructive process for identifying the NP’s crystal
structure. Each crystalline solid has a distinctive structure of
the atom and a distinctive pattern of XRD. These patterns are
used to define the fingerprints of the crystal configuration. The
powdered sample was put on a sample holder and then
illuminated with set wavelength X-rays, and the reflected
radiation intensity was measured. Powder XRD (PXRD)
analysis on a diffractometer (JEOL X-ray diffractometer system
JDX-3532) with monochromatic X-rays was performed (over a
range of 5−70°, 2Ø).21
2.4.4. Energy-Dispersive X-ray and Scanning Electron

Microscopy. Energy-dispersive X-ray (EDX) spectroscopy and
scanning electron microscopy (SEM) can potentially be
employed together to analyze the chemical composition of
AgNPs and study their form. The sample slide was arranged
and examined at various resolutions using the JEOL JSM-
IT100 at a voltage of 5 kV.22

2.4.5. Particle Size Distribution. Dynamic light scattering
(DLS) (Nano ZS Zetasizer system, Malvern Instruments)
using a He−Ne laser beam (633 nm) and a temperature of 25
°C has been employed to determine the range of particle sizes
in the resulting solution. This analysis provides the
polydispersity index (PDI) that demonstrates the particle
size distribution. Before DLS measurements, various amounts
of TCE-AgNPs were diluted, and a 0.22 μm syringe was
employed to filter them.23

2.4.6. Zeta Potential Measurements. The zeta potential
quantifies the electrostatic repulsion between an NP’s surface
and the surrounding fluid, which contains ions with the
opposite charge. The NPs’ zeta potential is less than or equal
to −28 mV, indicating that they are agglomerated. A zeta sizer
(Malvern Zetasizer ZS-90, Malvern Instruments Ltd., U.K.)
was used for DLS analysis to quantify particle size and to
evaluate the zeta potential of the TCE-AgNPs.24

2.5. Antibacterial Assay. 2.5.1. Bacterial Strains. To
direct investigations, discoveries, and the creation of novel
medicines, the World Health Organization established a
worldwide target set of microorganisms tolerant to antibiotics
in 2017 including Cronobacter sakazakii, Pseudomonas
aeruginosa, Shigella spp., Listeria monocytogenes, Enterococcus
faecalis, and so on. It implies that such microbes require
innovative antibiotics immediately.25 So for antibacterial
activity testing, the bacteria C. sakazakii (ATCC#29544), P.
aeruginosa (ATCC#10145), L. monocytogenes (ATCC#13932),
and E. faecalis (ATCC#14506) have been selected. For
bacterial cultivation, dissolving 4 g of nutrient broth in 100
mL of distilled water made the nutrient medium for bacterial
inoculant growth, adjusting the pH to 7.0 and autoclaving the
solution, which was then poured (25 mL) into the Petri plates
under the laminar flow cabinet. First of all, media were
sterilized and poured into Petri plates inside the laminar flow
cabinet, and then the Petri plates were labeled; in one Petri
plate, C. sakazakii (ATCC#29544) was inoculated. A similar
method was carried out for P. aeruginosa (ATCC#10145), L.
monocy t o g en e s (ATCC#13932) , and E . f a e ca l i s
(ATCC#14506). Then all Petri plates were incubated for 24
h at 37 °C. The turbidity of the bacterial cultures was checked.
Now the bacterial strains were fully active and ready to grow
on Petri plates.26

2.5.1.1. Experimental Procedure. For media preparation,
4.3 g of agar was dissolved in 100 mL of distilled water. The
agar solution and Petri plates were then autoclaved for 20 min

at 121 °C. After sterilization, each Petri platform was filled with
25 mL of agar solution to enable it to solidify over 20 min.
After that, the stick plate method fulfilled the required bacterial
strain in each Petri dish. Five wells were created by the cork
borer after sticking and marked alphabetically. The entire
procedure was then carried out in a well with 30 μL of distilled
water as the negative control, 30 μL of erythromycin (1 mg/
mL) as the positive control, 30 μL of AgNPs, 30 μL of plant
extract, and 30 μL of AgNO3 solution and subsequently
incubated in a laminar flow and sterile laboratory conditions at
37 °C for 24 h.

2.6. Antioxidant Activity. 2.6.1. Ferric Reducing
Antioxidant Power Assay. The ferric reducing antioxidant
power (FRAP) assay was used to evaluate the antioxidant
activity. Distilled water was used to dilute the taro corm polar
extract and TCE-AgNPs to values ranging from 10 to 50 mg/L.
Ascorbic acid solution is used as a benchmark in FRAP assays.
Concentrations of 10, 20, 30, 40, and 50 mg/L were used as
the reference standard solutions. To make phosphate buffer
saline (pH 6.6), 8 g of sodium chloride, 0.2 g of potassium
chloride, 1.44 g of disodium hydrogen phosphate, and 0.24 g of
potassium dihydrogen phosphate were dissolved in 500 mL of
deionized water, then HCL was added until the pH reached
6.6, and it was finally diluted to 1000 mL with more deionized
water.27,28 To the samples and controls were added 2.5 mL of
phosphate buffer (pH 6.6) and 2.5 mL of 1% K3Fe(CN)6. The
mixture was shaken in a vortex for 5 min before being
incubated at 50 °C for 20 min. Following incubation, 2.5 mL
of 10% TCA was added to the mixture, and then the contents
were centrifuged (3000 rpm for 10 min). After centrifugation,
the supernatant was collected and diluted with deionized water
to a concentration of 2.5 mL. A colorful solution was obtained
by adding 0.51 mL of 0.1% ferric chloride to the mixture. A
UV−visible spectrophotometer set to 711 nm was used to
analyze the samples and reference standard solutions.29

2.6.2. DPPH Radical-Scavenging Capacity Assay. After a
few changes were made to the procedure, the DPPH test was
performed. A methanol solution of DPPH (4 mg/100 mL) was
combined with aliquots of each TCE-AgNP (1, 2, 3, 4, and 5
mL) to a final volume of 6 mL. The absorbance of the
solutions was then measured at 517 nm after 15 min of
incubation at room temperature in the dark. A DPPH blank
was made and analyzed (5.4 mL of methanol and 600 mL of
DPPH solution).30 The percentage of inhibition was estimated
by observing the absorbance drop at each concentration and
then plugging those values into the following formula

% inhibition
(A of control A of sample)

A of control
100= ×

2.7. Designing of a Wound-Dressing Patch. The
prepared TCE-embedded AgNPs were converted to a dressing
patch. A mixture of TCE-AgNPs was spread into the Petri dish
and covered with aluminum foil to make a film-type patch by
putting it in an oven at 50 °C for hours. After film formation,
films were stored in an airtight container for wound-healing
studies.31

2.7.1. Wound-Healing Experiment. First of all, this study
protocol was approved by the Ethical Committee of the
University of Sargodha (UOS), Sargodha, under ref no. 20−
2023/PREC and by the animal handling and care guidelines
mentioned by the National Institute of Health (NIH). 15
healthy rabbits (2 ± 0.3 kg, 3−4 months old) were selected
and divided into three equal groups: positive control (wound
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excision done), standard (wound excision with marketed
available bandage), and tested one (wound excision plus
prepared TCE-AgNP film bandage). All of the animals were
supplied with standard food and water throughout the study.
Local anesthesia was given to all three groups. Hair was
removed from the leg of the rabbit, and with the help of biopsy
forceps, a circular wound of 1 cm in diameter was created. The
wound was left open in the positive control group of rabbits
and was left untreated. A market-available bandage (BAND-
AID Brand HYDRO SEAL Hydrocolloid Bandage) was
applied to the standard group with the wound. The test
group was treated with prepared TCE-AgNP films with
adhesive tape. After this, all the groups were examined for 2
weeks, and the wounded-to-recovered area was calculated at
different intervals by tracing it on tracing paper. All three
groups were statistically compared.31 An illustration of the
whole procedure is shown in Figure 3.
2.7.2. Estimation of Collagen. Regenerated tissue-linked

collagen content was measured in all three groups using a
reported method.32 For this purpose, the scratched wound was
collected from the regenerated tissue. After this, the scratched
wound was chopped, washed with 0.5 M sodium acetate, and
suspended in 0.5 M acetic acid (10% w/v). Then the mixture
was stirred for 36 h and centrifuged at 5000 rpm for 1 h and 30
min. After centrifugation, sodium chloride (10% w/v) was
added to precipitate collagen, which was then separated via
filtration. The amount of collagen was calculated using the
following equation

i
k
jjjjj

y
{
zzzzzAmount of collagen

mg
kg

Total weight of filter paper plus filtrate after

filtration weight of filter paper before filtration

=

2.8. Statistical Analysis. All the collected results were
expressed as the mean ± standard deviation after analysis by
one-way ANOVA. A p-value < 0.05 was considered statistically
significant.

3. RESULTS AND DISCUSSION
3.1. Green Synthesis of AgNPs and TCE-AgNPs. When

the AgNO3 solution was exposed to sunlight, hydrated
electrons were produced in the system. It is possible to use
these electrons to reduce monovalent silver cations to
zerovalent silver atoms, which generally have a nanometer
range of size. In the current study, we used a polar extract of
taro corms to perform the green synthesis of AgNPs as a green-
reducing agent under sunlight. TCE-AgNP synthesis was
performed using an AgNO3 solution concentration of 5 mM.
Then the reactant was mixed, and Ag+ reacted with the polar
extract of taro corms in AgNO3 to give the TCE-AgNP
complex.33

3.2. Characterization of the Synthesized AgNPs:
Analysis through UV−Visible Spectroscopy. Using UV−
visible spectrophotometry, the synthesis of AgNPs with a polar
extract of taro corms was investigated. The sample stored in
the dark showed no UV spectrum. The color of the solution
differs with time, by reducing Ag+ to Ag0 when exposed to
sunlight. The combined oscillation of conducting electrons in

Figure 3. Complete illustration of the wound-healing experiment; three equal groups: (A) positive control (wound excision done), (B) standard
(wound excision with marketed available bandage), and (C) tested one (wound excision plus prepared TCE-AgNP film bandage).
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TCE-AgNPs has contributed to the strong absorption of the
surface plasmon resonance (SPR) phenomenon within the
visible range. The SPR transition relay showed changes in color
from yellowish-brown to reddish-brown in the dimension and
reaction time of TCE-AgNPs.34 The typical SPR peaks in their
UV−visible spectra of TCE-AgNPs appeared at a range of
438−445 nm, showing the synthesis of TCE-AgNPs at
corresponding reaction times: 1, 2, 5, 10, 15, and 20 min. As
the size of TCE-AgNPs increases, the wavelength of the

absorbed light (red shift) increases over time.35 Absorption
intensity also increased with time, from 1 to 20 min, suggesting
a steady decrease in Ag+ ions by taro corms, as shown in Figure
4.

3.3. FTIR Spectroscopy. FTIR spectra of the plant extract
and TCE-AgNPs are shown in Figure 5. These spectra help
identify the metabolites responsible for Ag ion reduction.
Distinctive peaks between 3299 and 3182 cm−1 appear both in
plant extract and TCE-AgNPs and confirm the presence of the

Figure 4. (A) TCE-Ag mixture presenting color change with time. (B) UV−vis spectrum data of synthesized TCE-AgNPs.

Figure 5. Spectra of the polar extract of the taro corms polar extract and TCE-AgNPs.
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OH group of alcohols and phenols.36 The absorption bands at
2927.96 and 2926.01 cm−1 correspond to alkanes. The peaks
2164.13 and 2160.27 cm−1 indicate the presence of alkynes,
N−C, and N�C groups in the R−N�C�S structure.37 The
absorption peaks at 1934.60 cm−1 in NPs and 1859.38 cm−1 in
plant extract point toward the presence of C−H bending of

aromatic compounds.38 A band at 1656.85 cm−1 in plant
extract corresponds to amide I and the peaks at 1568.13 and
1566.20 cm−1 are possibly due to amide II in proteins.39 The
band at 1411.89 cm−1 in the plant extract specifies the S�O
(sulfate ester) group. The bands at 1145.27 and 1138.00 cm−1

confirmed the carboxylic acid group in both. Another band at

Figure 6. PXRD spectra of TCE and TCE-AgNPs.

Figure 7. (A) Size distribution pattern of TCE-AgNPs. (B) Zeta potential pattern of TCE-AgNPs.
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1022 cm−1 represents the CH3 bond vibrations.
40 Proteins can

bind to metals in NPs by using their free carboxylate groups
and stabilize the product.41 A comparison of the FTIR spectra
of both the taro extract and TCE-AgNPs indicated a minor
shift in the position of a few of the absorption peaks. These
changes confirmed the involvement of plant extract metabo-
lites in AgNP formation. OH and CO groups present in plant
extract play a key role in the reduction and stabilization of
NPs.42

3.4. Powder X-Ray Diffraction. The PXRD study verified
the crystal phase of the TCE-AgNPs, as shown in Figure 6, as
numeral of Bragg’s reflections with 2θ values of −38.2, 44.3,
and 67.6° arrays of the framework were detected that indexed
to (111), (200), and (220) indicated facets of Ag0. The XRD
results verified the presence of the crystalline nature of
synthesized AgNPs.43

3.5. Zeta Potential and Particle Size Measurements.
DLS is an efficient and statistically valid method for
determining the particle size distribution of nanoscale materials
dispersed in solution or colloidal suspensions. As a function of
intensity, the size distributions of the synthesized AgNPs are
shown in Figure 7. Moreover, the surface charges of the
synthesized AgNPs were disclosed by measuring their zeta
potential, which was found to be −18.8 mV (Figure 7A),
indicating the increased stability of the particles.44 The
significant negative potential may be attributable to the
polyphenolic capping components of the extract. This finding
suggests that the existence of repulsive forces can prevent
particles from aggregating and agglomerating, leading to long-
term stability. Based on laser diffraction analysis, it was
observed that the collected particles were a polydisperse
mixture (Figure 7B). The average particle size was calculated
to be 244.9−272.2 nm with a PDI of 0.530.

3.6. SEM and EDX Analyses. A scanning electron
microscope is used to determine the surface morphology of
the synthesized NPs in terms of shape, size, and size
distributions.44 Synthesized AgNPs have been observed in
various shapes, including spherical, oval, triangular, cubic, and
pebble-like. They may appear in a single or aggregate form.
Morphological variations were caused by applied conditions
and the concentration of feed.45 Micrographs shown in Figure
8 reveal that the synthesized TCE-AgNPs were crystalline,

homogeneously dispersed, and almost spherical. Crystallization
may be due to polyphenolic compounds in the plant extract,
and these polar groups bind with Ag. A similar morphology
was observed for various plant-based AgNPs.46,47 In the EDX
studies presented in Figure 9, silver showed a weight
percentage of 64.19 and an atomic percentage of 18.56. The

EDX spectrum specified peaks corresponding to Ca, O, Cl, C,
K, N, Mg, Na, Si, and S. Distinctive peaks between 2.7 and 3.4
keV designated silver metal. The other signals could be due to
phytoconstituents that coat the AgNPs’ surface produced with
TCE.48

3.7. Antibacterial Activity. Silver itself and its various
modalities have been found to affect antimicrobial agents.49

The exceptional antibacterial activity of AgNPs against various
infectious and pathogenic bacteria has attracted the attention
of researchers as well as industries to formulate a wide variety
of NPs using various types of materials, including biodegrad-
able and renewable biopolymers.50 TCE-AgNPs’ antibacterial
activity was studied against various pathogenic bacteria, such as
C. sakazakii (ATCC#29544), P. aeruginosa (ATCC#10145), L.
monocytogenes(ATCC#13932), and E. faecalis (ATCC#14506),
using the well diffusion method. Synthesized AgNPs sup-
pressed the growth of both Gram-negative and Gram-positive
bacterial strains comparable to the negative control (A), as
shown on the Petri dishes. Figure 10 shows the inhibition
zones (mm) with AgNP solutions around each well. The
inhibition zones detected against C. sakazakii, P. aeruginosa, L.
monocytogenes, and E. faecalis were 28, 26, 18, and 13 mm,
respectively. These results confirmed that the synthesized
AgNPs have a significantly high growth-suppression ability
against the selected strains of bacteria.

3.8. Antioxidant Activities of TCE-AgNPs. 3.8.1. FRAP
Assay. The reducing ability reflects the antioxidant potential of
a formulation by fixing the intermediates of oxidation
reactions.51,52 The FRAP assay is used for screening the
antioxidant abilities and comparing the efficiencies of various
compounds. During this assay, a colorless Fe3+ complex reacts
with a potential antioxidant and reduces to an intense blue
Fe2+ complex.52 It is a facile, suitable, reproducible, and widely
accepted method to assess antioxidant efficiency.53 The results
of various concentrations of formulations (10−50 ppm)
showed % RSA ranging from 31.15 to 37.38% as presented
in Figure 11A. Generally, the antioxidant potential of AgNPs
depends on the chemical moieties present in the extract. If the
plant extract is rich in flavonoids and phenolic compounds, the
NPs showed high scavenging activity.54 The O−H functional
group mediated the antioxidant effect of these metabolites.55

The free O−H group on the aromatic ring is responsible for
the antioxidant properties. The hydrogen of O−H on the
aromatic ring was donated to the free radical, resulting in the
stability of free radical species.56 These results confirmed the

Figure 8. SEM images of TCE-AgNPs.

Figure 9. EDX spectrum showing the presence of silver in TCE-
AgNPs.
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antioxidant abilities of TCE-AgNPs and agree with previously
studied plant-based AgNPs.19

3.8.2. DPPH Radical-Scavenging Capacity Assay. The
DPPH free radical shows a characteristic absorption peak at
517 nm. The decline in absorbance value indicates the radical-
scavenging ability of the formulation.53 The free radical-
scavenging ability of TCE-AgNPs was determined by the
DPPH assay. The 50% inhibitory or radical-scavenging

concentration was used to estimate the DPPH radical-
scavenging activity. The results are shown in Figure 11B,
where TCE-AgNPs showed significant radical-scavenging
activity as compared to the standard used. The scavenging
activity increased with an increasing concentration.

3.9. Analysis of Wound-Healing Experiment. All three
groups were analyzed for 2 weeks for the healing of excision
wounds that were created on the leg of each rabbit. After the

Figure 10. Inhibition zone and antibacterial activity against 4 mentioned strains; (A) negative control, (B) positive control, (C) TCE-AgNPs, (D)
plant extract, and (E) AgNO3.

Figure 11. Antioxidant activities of TCE-AgNPs; (A) FRAP assay and (B) DPPH assay.
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results were collected, the average was taken for each group.
Reduction in wound area closure was taken as a healing
parameter. The control group showed a delay in wound
closure compared to both the standard and treated groups.
Even the treated group showed rapid recovery in comparison
with that of the standard group. Overall, all the results
collected from the three groups were comparable and are
summarized in Table 1.
Reduction in wound diameter was a clear indication of

wound healing, but collagen content has an important role in
the mechanism of wound healing, and it was also checked in all
three groups. Collagen content data collected from regenerated
tissue for all three groups are mentioned in Figure 12. Higher
collagen content was an indication of rapid healing in a group
as compared to others, which was seen in a group treated with
TCE-AgNP film bandages.

4. CONCLUSIONS
In this study, our team designed an ecofriendly, cost-effective
TCE-AgNPs-based film bandage using biodegradable and
nontoxic TCE with good antibacterial and antioxidant
activities. In vitro characterization and in vivo wound-healing
activities were performed to check the pharmacological activity
of TCE-AgNPs. TCE-AgNP films provide extra stability and a
better storage medium for AgNPs for prolonged periods and
facilitate patient compliance because of the ease of
administration. AgNPs embedded with TCE films can be
exploited for commercial purposes as a potential antimicrobial
and wound-healing bandage.
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Table 1. Reduction in the Wound Diameter (mm) Indicating Wound Healing in All Three Groups at Different Intervals

1st 3rd 5th 8th 11th 14th

control group 6.18 ± 0.08 5.98 ± 0.06 4.78 ± 0.03 3.48 ± 0.08 2.46 ± 0.04 1.46 ± 0.04
standard group 6.15 ± 0.12 5.83 ± 0.04 3.78 ± 0.09 1.86 ± 0.02 0.98 ± 0.06 0.14 ± 0.02
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Figure 12. Estimation of collagen content in three equal groups:
control (wound excision done), standard (wound excision with
marketed available bandage), and tested one (wound excision plus
prepared TCE-AgNPs film bandage). Note: Statistical significance
from control group and is shown by *p < 0.05.
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