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Abstract

BACKGROUND: Woodfordia fruticosa is a well-known medicinal plant traditionally used for various treatment methods. Green
synthesis of silver nanocomposite with woodfordia flower extract is well-investigated. However, the therapeutic potential of
Woodfordia fruticosa leaf extract silver nanoparticles against various diseases has yet to be investigated.

RESULTS: Silver nanoparticles synthesized from Woodfordia fruticosa leaf extract (Wf-AgNPs) showed UV spectral peaks at
450 nm. Transmission electron microscope (TEM) images, ranging from 20 to 50 nm, confirm the nanosynthesis. The average
particle size of 39.63 nm with a zeta potential distribution value 17.0 was observed. Fourier transform infrared peaks ranging
from 2942to 669 cm™' confirm the amines, amides, carboxylic, aldehyde, alkane, phenolic and aliphatic bromo compounds
involved in the synthesis of AgNPs. Wf-AgNPs showed higher antioxidant activity compared to the ascorbic acid and BHT.
The phenolic and flavonoid content was 141.66 + 8.50 mg GAE/100 g dry weight and 191.66 + 5.6 mg quercetin equiv-
alent/100 g dry weight, respectively. Wf-AgNPs showed a strong inverse relationship between the dose and viability of the can-
cer cells. The antibacterial properties of Wf-AgNPs were confirmed through the bacteria's SEM images. Increased wound healing
potential, re-epithelization and elevation of the tensile strength of the infected skin tissue were observed after applying syn-
thesized Wf-AgNPs.

CONCLUSION: Various phytochemicals in the synthesized nanoparticles confer antimicrobial, antioxidant, anticancer and
wound-curing potentiality to the Wf-AgNPs.
© 2024 Society of Chemical Industry (SCl).
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INTRODUCTION

Nanotechnology is poised to revolutionize the medical and phar-
maceutical industries by introducing a variety of new techniques.’
Silver nanoparticles (AgNPs), with strong electrical conductivity,
act as an antibacterial agent? Exploring the therapeutic
properties of AgNPs is crucial as a consequence of their unique
characteristics, including high surface area-to-volume ratio, size-
dependent physicochemical properties, and inherent antimicro-
bial activity. These properties make AgNPs promising candidates
for various biomedical applications, including antibacterial, anti-
cancer and wound-healing therapies. The silver-coated positively
charged plant extract nanoparticle easily binds and penetrates
the negatively charged bacterial cell membrane, and inhibits bac-
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terial growth by disrupting the cell membrane and DNA replica-
tion by binding with respective enzymes>? AgNPs have
demonstrated cytotoxic effects against various cancer cell lines
by inducing apoptosis, inhibiting cell proliferation and disrupting
cancer cell membranes. Their ability to selectively target cancer
cells while sparing normal cells makes them promising candidates
for cancer therapy.* AgNPs exhibit potent wound-healing proper-
ties attributed to their antimicrobial activity, promotion of cell
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proliferation and modulation of inflammatory responses. They
can accelerate wound closure, reduce infection rates and improve
overall wound-healing outcomes.

In accordance with the current study, Woodfordia fruticosa,
which contains several potential phytochemicals with potent anti-
microbial, antioxidant, anticancer and wound-healing properties
characterized by GCMS analysis, was used to create biologically
active Ag-NPs using a natural, affordable synthetic method.”

Reports on nanoparticles of W. fruticosa are scarce, and no
report has yet been published on the therapeutic activity of nano-
particles prepared from leaf extract of W. fruticosa. Flower extract
of silver and gold nanoparticles synthesized from W. fruticosa has
been studied for antioxidant potential, wound-healing and anti-
bacterial activities.®” As various valuable phytochemicals have
already been reported, we hypothesize that the W. fruticosa silver
nanoparticles (Wf-AgNPs) may have increased therapeutic poten-
tial over the typical leaf extract of W. fruticosa.

MATERIALS AND METHODS

Collection of W. fruticosa leaf and phytochemical extraction
Leaf of W. fruticose was collected and identified from the forest
area of Gandhmardhan Hills, Western Odisha (20 0 42'- 21 0
00’ N, 82 0 41'-83 0 05’ E) during January 2021. The voucher
specimen number of the collected plant is SOA-GDH 013/2021.
Collected leaf samples were shade-dried and crushed by a
mixer-grinder into powder using a 20-mm mesh to get a uniform
size. A 5.0 g sample of the obtained powder was dissolved in
25 mL methanol and placed in the center of a microwave (Ethos
Easy advance microwave digestion system; US EPA 3051). The sus-
pension was heated at 70-80°C with a continuous stirring at a
specific interval. After heating, the suspension was cooled to
room temperature (RT) and centrifuged at 4000 rpm for 5 min.
The supernatant was preserved, and the residue obtained was
re-extracted using the same solvent and under the same condi-
tions. The supernatant obtained after re-extraction was
combined with the earlier one. The dried extract was obtained
after being filtered with Whatman No.1 filter paper and evaporat-
ing the collected supernatant under reduced pressure

Preparation of Wf-AgNPs

Wf-AgNPs were prepared following the standard method.’ A solu-
tion mixture was made by pouring 10 mL W. fruticosa extract with
90 mL of 1 mmol L™ silver nitrate (AgNO;) solution, followed by
30 min mixing at RT. The color change in the mixture revealed
the synthesis of Ag nanoparticles. Then the solution was centri-
fuged at 10000 rpm for 10 min at RT. The AgNPs pellet obtained
was washed twice in sterile milliQ water, dried, and then lyophi-
lized for further characterization and analysis.

Characterization of Wf-AgNPs

The prepared Wf-AgNPs were characterized by measuring the
absorption spectrum between 300 and 700 nm by a UV-visible
spectrophotometer (UV-2600; Shimadzu, Kyoto, Japan) by taking
different concentrations (12.5-200 pug mL™") of Wf-AgNPs solu-
tions. The average size and diameter of the nanoparticles were
measured through a particle size analyzer (PSA). The charges
and stability of the nanoparticles were obtained through poten-
tial Zeta charge (PZC) (Litesizer DLS 500: Anton Paar, Graz,
Austria). The surface functional group characteristics of the Wf-
AgNPs were detected using a Fourier transform infrared (FTIR)
spectroscope (alpha; Bruker, Darmstadt, Germany) by measuring

a wave number range from 3500 to 500 cm™"'. Further morpho-
logical arrangement of the synthesized Wf-AgNPs were confirmed
with TEM (F200; JEOL, Tokyo, Japan) operating at 3 kV.

Antioxidant properties

Wf-AgNPs were subjected to 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging activity.'® Ascorbic acid and butylated
hydroxytoluene (BHT) were taken as reference standard for the
experiment.One milliliter of various extract concentrations (vary-
ing from 10 to 100 pg mL™") was combined with an aliquot of
DPPH solution (0.01 mmol L™"), and the final volume was
adjusted to 250 pL using methyl alcohol. The solution was mixed
and then kept in the dark at RT for 30 min to detect any color
change at 517 nm, and the percentage of radical scavenging
activity was determined as per the formula below.

Percentage of free radical scavenging ability=CA-SA/CAx100
M

where CA is the control absorbance and SA is thesample absor-
bance. The gradient of various extract concentrations was consid-
ered to estimate the I1C50 value."’

Assessment of Wf-AgNPs anticancer properties

Human breast cancer cell lines (MCF-7), cervical cancer cell lines
(HeLa), human non-small cell lung carcinoma cell line (H1299)
and human hepatoma (Hep-G2) cell lines were collected from
the National Centre for Cell Science in Pune, India. For anticancer
activity detection, these cell lines were exposed to a range of Wf-
AgNPs concentrations (12.5-200 pg mL™") for 72 h before being
tested using the sulforhodamine B (SRB) assay at 510 nm to deter-
mine the viability of cells. Using an online median inhibitory con-
centration (ICsp) value calculator (AAT Bioquest, Inc., Sunnyvale,
CA, USA), the ICs, value for the extract was estimated.'?

Apoptosis assay and DNA fragmentation study

A cell apoptosis experiment was performed by seeding the cells
for 24 h, followed by treatment with Wf-AgNPs extract at ICso con-
centration and incubation for 72 h. After incubation, cells were
fixed with 2% formaldehyde, fluorescent stained with
10 pmol L™' DAPI (4',6-diamidino-2-phenylindole), 10 pmol L™
AO (Acridine orange) and 10 pmol L™" EtBr (Ethidium bromide)
for 10 min. Following staining, the cells were washed with 1x
phosphate-buffered saline, and fluorescence microscopy (Eclipse
Ts2R-FL; Nikon, Tokyo, Japan) was used to take pictures.'? Further-
more, the above experiment was reconfirmed through the
Annexin-V-FITC assay described by Meher et al.'® The TUNEL
(Terminal deoxynucleotidyl transferase dUTP nick end labeling)
assay was performed to determine whether cells were sensitive
to Wf-AgNPs and apoptosis. The Apo BrdU TUNEL test kit from
Invitrogen (Carlsbad, CA, USA) was used to examine DNA frag-
mentation using fluorescence microscopy.'*

Analysis of mitochondrial membrane potential (A¥m)
Utilizing JC-1 and DAPI labeling, the effect of Wf-AgNPs on the
mitochondrial membrane was assessed utilizing an inverted fluo-
rescent microscope (Eclipse Ts2R-FL; Nikon)."

Antibacterial activity of Wf-AgNPs

Four multidrug-resistant (MDR) bacterial strains, Pseudomonas
aeruginosa (0Q880561), Acenetobacterbaumannii (OP889558),
Klebsiella pneumonia (0Q880560) and Staphylococcus aureus
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(0Q804432) were collected from different clinical samples from
SUM Hospital, Bhubaneswar. The agar well diffusion method
was used to determine the Wf-AgNPs antibacterial activity. The
standard antibiotic, Linezolid (30 pg mL™"), was used as a control
against the Gram-positive bacteria S. aureus, whereas Imipenem
(10 pg mL™") was used as a positive control against the Gram-
negative bacteria. The micro broth dilution method was used to
determine the minimum inhibitory concentration (MIC) and min-
imum bactericidal concentration (MBC) of the synthesized nano-
particles.'® SEM was performed to confirm the antimicrobial
properties of Wf-AgNPs.!”

Wound curing activity

The wound-curing property of Wf-AgNPs was determined
through excision and incision wound-curing models. An excision
wound of 0.2 cm in depth and 2.5 cm in width was generated,
which was later infected with multidrug-resistant S. aureus strains
50 pL of 1 x 1078 CFU mL™" in 24 h. During the experiment, four
groups of six each animals were formed. Animals in group 1 were
used as the negative control (untreated). Animals in group 2 were
treated as routine and given Nitrofurazoneointment.Wf-AgNPs
were administered to groups 3 and 4 for 14 days from a low dose
(50 mg kg body weight™' day™") to a high dose (100 mg kg body
weight™' day™"), respectively. Wound areas were estimated on
Day (D)1, D5 and D15, along with the initial wound. All of the
experimental methods were authorized by the SOA University of
Bhubaneswar's animal Ethics committee (ProtocollAEC/SPS/
SOA/18/2019) with registration number (1171/To/Re/S/)
08/TPCSPA.

Detection of phytochemicals

An Exactive Plus Orbitrap high-resolution mass spectrometer con-
nected in tandem with Ultimate 3000 high-performance liquid
chromatography (Thermo Fisher Scientific, Waltham, MA, USA)
was used to detect the phytochemical compounds present in
the plant extract. The intensities of the mass peak and the respec-
tive standard curve were compared and annotated through a
PytHON in-house program by parsing it with the PubChem library
with a 0.01 m/z error range.

Statistical analysis

Sess v10 for Windows (SPSS, Inc., Chicago, IL, USA) was used for the
statistical analysis and a difference with a P-value of <0.05
deemed statistically significant.

RESULTS AND DISCUSSION

Preparation and characterization of Wf-AgNPs

The reduction of the Ag ions confirmed the synthesis of Wf-
AgNPs. Adding W. fruticosa leaf extract at different concentrations
(12.5-200 pg mL™") to aqueous AgNO; solution changed the
solution's colour, confirming the synthesis of Wf-AgNPs.”
The hue of the solution did not change at 200 pg mL™", indicating
that the synthesis of Wf-AgNPs was saturated. The SPR peaks
observed at 450 nm were measured at various Wf-AgNPs concen-
trations [Fig. 1(A)]l. The Highest absorbance was attained at
450 nm at the 200 pg mL™" concentration at RT. This is similar
to the findings of Ingarsal et al.® who also noticed the maximum
absorbance of Wf-AgNPs extracted from flowers at 460 nm. The
peak occurring between 420 and 450 nm affirmed the synthesis
and existence of Wf-AgNPs owing to its surface plasmon reso-
nance (SPR) character.'® The functional groups of phytochemicals

present in the synthesized Wf-AgNPs are responsible for capping
and reducing nanoparticles. These chemical groups were identi-
fied via Fourier transform infrared (FTIR) analysis. Several large
and small peaks in the range 2942-669 cm™' are depicted in
Figure 1(B). The absorption peaks at 2942 cm™' and 2827 cm™'
indicated C—H stretching vibrations.” The peak at 1717 cm™
and 1650 cm ™" indicated the C=0 bond of amides. More specifi-
cally, the stretching band between 1537 cm™' and 1378 cm™
demonstrated linked vibrations of the carbonyl group (C=0)
and the C—H bend of aldehyde groups, respectively.'® The C—O
band of phenolic compounds was attributed to the peak at
1205-1152 cm™". The peak at 669 cm™' was used to indicate
the C—Br band of aliphatic bromo compounds.?® The tiny peak
at 3412 cm™" confirms the O—H stretch of primary aromatic
amines or the hydroxyl phenolic (O—H) group. It suggests the
binding of Ag* with hydroxyl and/or amine groups of the leaf
extract.® According to the results of the FTIR analysis, the detected
amines, amides, carboxylic, aldehyde, alkane, phenolic and ali-
phatic bromo compounds are the functional organic molecules
that are involved in the synthesis of Wf-AgNPs.%'®

High-resolution (HR)TEM was used to further characterize the
synthesized Wf-AgNPs with various magnifications (20 nm and
200 nm). According to data obtained, the majority of synthesized
particles ranged in size from 20 to 50 nm, with an average particle
size of 23 nm, respectively [Fig. 1(C)]. Some of the Wf-AgNPs par-
ticles were spherical, prism- and rod-shaped, which corroborated
an earlier observation.” Additionally, the crystalline character of
the Wf-AgNPs, clearly indicated a lattice fringe.

Because it evaluates the hydrodynamic size of the nanoparti-
cles, particle size assessment is more critical in determining parti-
cle size. The mean size range of the nanoparticles, determined by
the particle size analysis, was 39.63 nm [Fig. 1(D)]. Zeta potential
analyses were used to determine the negative charge of the syn-
thesized Wf-AgNPs, which was observed to be —17.0 [Fig. 1(E)].
The synthesized Wf-AgNPs displayed greater stability than those
described in a prior study.?'

Antioxidant properties

Results suggest that the antioxidant activity of Wf-AgNPs elevated
along with the concentration and vice versa [Fig. 2(A)]. Lower I1C5q
value signifies higher antioxidant activity. It was observed that the
synthesized Wf-AgNPs had remarkably higher antioxidant proper-
ties (ICso = 62.28 pg mL™") compared to the W ruticosa leaf
extracts (Wf-leaf extracts) (ICso = 69.31 pg mL™"), ascorbic acid
(ICso = 75.89 pg mL™") and BHT (ICso = 87.21 pg mL™") [Fig. 2
(B)]. Phenolic and flavonoid content of Wf-AgNPs was found to
be 141.66 + 850 mg GAE/100g dry weight and 191.66
+ 5.6 mg quercetin equivalent/100 g dry weight. TPC positively
correlated with DPPH scavenging activity at the 0.01 level
(R? = 0.9967) (Fig. 2(C)). TFC and DPPH also positively correlated
at 0.01 level (R? = 0.9949) (Fig. 2(D)). The observed higher antiox-
idant properties of Wf-AgNPs than W. fruticosa leaf extract, is very
similar to the previous report.?*?> However, the higher antioxi-
dant property of the phyto-nanoparticles than the reference stan-
dard Ascorbic acid and agreed with the previous report'®?* who
also observed high antioxidant properties of green synthesized
AgNPs compared to standards like ascorbic acid. The higher anti-
oxidant properties of Wf-AgNPs over ascorbic acid and BHT may
be due to the presence of secondary metabolites like phenols
and flavonoids, which serve as capping agents for the AgNps
and can donate hydrogen from their hydroxyl group (-OH) to free
radicals and form the stable phenoxyl radicals,?® Besides, the high
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Figure 1. (A) UV-visible spectrum of WfAgNPs from 300 to 700 nm at different concentration. (B) FTIR spectrum of Wf- AgNPs. (C) HRTEM images of
Wf-AgNPs. (D) Particle size analysis of Wf-AgNPs. (E) Zeta potential distribution analysis of Wf-AgNPs
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Figure 2. (A) Antioxidant activity and (B) IC 50 value of W. fruticosa, Ascorbic acid and BHT, (C) Corelation between TPC with DPPH scavenging activity,

(D) Corelation between TFC with DPPH scavenging activity of Wf-AgNPs.

surface area to volume ratio of the synthesized Wf-AgNPs, may be
facilitated the enhanced interaction with reactive oxygen species
(ROS) and other oxidative species and their neutralization, subse-
quently confers the higher antioxidant activity than the traditional

antioxidants like ascorbic acid and BHT.25%7

Evaluation of anticancer potential

AgNps can slow down the growth of cancer cells by blocking sev-
eral signaling pathways that are involved in the genesis and pro-
gression of tumours.”® Because of their tendency to interfere with
the mitochondrial respiratory chain, which generates reactive
oxygen species that can damage DNA, silver nanoparticles are
employed as potential cancer therapeutics.® Due to their nano
size, it can quickly enter through the cancer cell membrane and
subsequently into the cancer cell organelles by endocytosis.?
These accumulated AgNps become cytotoxic to the cancer cell
with very little harm to normal cell®.? In the present investigation,
the synthesized Wf-AgNPs were treated against various cancer
cell lines (MCF-7, HepG2, H1299, Hela). The Wf-AgNPs anticancer
activity was evaluated at doses of 12.5 pg/mL to 200 pg/mL
(Fig. 3). Cell viability rapidly reduced in a dose-dependent manner
as Wf-AgNPs concentration increased (Fig. 3). When Wf-AgNPs
were used with various mammalian cell lines, findings of the same
kind were also obtained.*® In the present study, the observed IC
50 values for the respective cell lines are MCF-7(49.2 + 1.7), Hela
(87.3 + 1.5), h-1299(104 + 2.1), and HepG2 (90.4 + 1.5 pg/mL). In

contrast, a significantly lower IC 50 value with AgNPs treated
cancer cell lines was observed by Satpathy et al.*' The detected
cytotoxicity of the treated Wf-AgNPs against tested cell lines
may be due to greater cellular uptake and absorption of the trea-
ted Wf-AgNPs.32

* B MCF-7 = HeLa © h-1299 = HepG2
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Figure 3. Anticancer activity of Wf-AgNPs tested against different cancer
cell lines.
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As the MCF-7 cell line exhibits a high induction of cancer cell
death with a lower IC50 value (49 pg/mL), it has been the subject
of additional investigation.

Apoptosis assay

Apoptosis, or programmed cell death, is regarded as a crucial
therapeutic route for the treatment of cancer cells.?® Apoptotic
protein activation, DNA damage, mitochondrial disintegration,
and finally, cell shrinkage are the initial steps in the process of
apoptosis. These end up being the most crucial targets for cancer
treatment.?® Due to their nano size, AgNps can quickly enter
through the cell membrane and induce apoptosis in cancer cells
by triggering the synthesis of reactive oxygen species (ROS) by
their Ag + ion, which causes cell membrane degradation, oxida-
tive stress, and oxidative damage to cellular contents such as
DNA, lipids, and proteins, which may lead to cell death.?*32
Hence, the apoptosis assay was performed to explore the cell
death mechanism in response to the Wf-AgNPs treatment. After
being treated with the IC50 concentration of Wf-AgNPs (Fig. 4
(A)), the fraction of early apoptotic and late apoptotic cells against
breast cancer cell line (MCF-7) was determined by FACS. Hardly
any early apoptotic (5%) and late apoptotic (3%) cells were
detected in the control cell lines, possibly due to the typical cell
culture damage.

On the other hand, the proportion of early apoptotic cells was
substantially higher, 35%, and for late apoptotic, it was 30% in
the extract treatment vs. the untreated extract (P < 0.05). Varia-
tions of the viable cell population suggest that Wf-AgNPs-induced
anticancer actions cause the cell to undergo apoptosis.
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Supporting the present finding, a very similar observation was
reported by Ullah et al.>®* However, a significantly lower percent-
age of early and late apoptosis was reported by Al-kawmani
et al.?* may be due to variation in the treatment concentration
of treatedWf-AgNPs against the MCF-7 cell lines.

Various mechanistic assays, such as the DAPI, Propidium iodide
(P1), and Acridine orange (AO), Ethidium Bromide (EB) assays, were
employed to investigate and elucidate the mechanism of action
of these AgNPs.33 The use of DAPI, acridine orange, ethidium bro-
mide as well as propidium iodide staining on MCF-7 cancer cells
revealed condensed chromatin, membrane blebs, and numerous
fragmented nuclei, leading to cell damage and subsequent apo-
ptosis (Fig. 4(B),(D)). A very similar type of membrane and nuclear
changes was observed in MCF-7 cells treated with silver nanopar-
ticles synthesized from Morindapubescens,*®
Teucriumstocksianum.>®

One key indicator that confirms cells are entering apoptosis is
nuclear fragmentation. The TUNEL staining method, which
is often referred to as the TUNEL assay, identifies the DNA breaks
that arise from DNA fragmentation during the final stages of pro-
grammed cell death?” The number of TUNEL-positive cells
increased progressively after apoptosis was verified and shown
in Fig. 4(C). Morphological alterations mimicking apoptosis were
most noticeable after Wf-AgNPs treatment. The proportion of
TUNEL-positive cells was reduced to control levels after cleavage,
suggesting that the extract accelerates DNA degradation in
response to cellular stress, leading to apoptotic cell death. This
observed outcome is consistent with other studies on the effects
of green synthetic nanoparticles on DNA fragmentation.®”

Apoptosis detection by FACS and
Microscopy

(D)

Untreated Treated

DAPI

AO

EtBr

Figure 4. (A) Indicates the FACS study of apoptotic cells against breast cancer cell line (MCF-7), (B) MCF-7 cell line staining with Propidium iodide
(D) MCF-7 cell line staining with DAPI, Acridyne Orange and EtBr and (C)TUNEL assay.
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Transmembrane potential of mitochondria

Intracellular Ag * released from AgNPs primarily targets mito-
chondria, the primary ROS source. Dysfunctions such as
mitochondrial membrane insufficiency and structural disarray
coexist with the stress that AgNPs induce in the mitochondria.
Consequently, the cells may die due to cytochrome c being
released from the mitochondria and entering the cytoplasm 38.
Hence, the toxic effects of AQNPs on mitochondria are analyzed,
and it is found that AgNPs' contact interrupts mitochondrial
dynamics and biogenesis in MCF-7 cells. The fluorescence inten-
sity of both the untreated and treated MCF7 cells has been mea-
sured (Fig. 5). In the case of the JC-1 stain, untreated cells
showed mild red fluorescence, whereas treated cells showed
robust red fluorescence. Similarly, the rhodamine-123 stain shows
bright green in treated cell lines compared to the untreated one.
The DAPI stain revealed light blue cells with no morphological
changes, whereas the treated cells exhibited brilliant blue cells
with morphological changes. All these changes are due to disrup-
tion in the transmembrane potential of mitochondria. The present
finding is very similar to the previous report of Jain et al.,*® who

also observed that the fluorescence-stained biomarkers promote
the apoptosis of cells.

Antibacterial assay

The positively charged plant-coated AgNPs have the capability to
adhere to the surface of negatively charged bacterial cell mem-
branes, disrupting permeability and respiration processes, which
could be the cause of antibacterial activity.? The antibacterial
activity of Wf-AgNPs was assessed using the agar well diffusion
technique on different lawn cultures against four pathogenic
MDR bacterial isolates. Their zone of inhibition (ZOIl) was in the
order of S. aureus (32mm)> A baumanii (26 mm)
> K. pnemoniae (23 mm) > P. aeruginosa (19 mm). The standard
antibiotic, Linezolid (30 pg/mL), is used as a positive control
against gram-positive S.aureus, which showed ZOI 27 mm. In the
case of all gram-negative bacteria, imipenem(10 pg/mL) was
used, used as a positive control and showed ZOI of 22 mm against
P. aeruginosa, 26 mm against K. pneumonia, and 29 mm
against the bacterial strains A. baumanii. Similarly, the observed
MIC values of the Wf-AgNPs against four selected strains are

Detection of Mitochondrial transmembrane potential

Treated

Untreated

JC-1

DAPI Rhodamine-123

Merged

Figure 5. Mitochondrial transmembrane potential study.
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Figure 6. SEM image of (A) untreated and (B) Wf-AgNPs treated bacterial strains.

Figure 7. Wound-healing activity of Wf-AgNPs.

S. aureus (0.78 pg/mL), A. baumanii (3.12 pg/mL), K. pneumonia
(1.56 pg/mL), P. aeruginosa (3.12 pg/mL). The MBC values
detected against S. aureus, K. pneumonia, A. baumanii, and
P. aeruginosa were 3.12, 6.25, 12.5, and 12.5 pg/mL, respectively.
The two above standard antibiotics have also been taken as a con-
trol to determine MIC value. The binding of silver ions with protein
molecules in bacterial cell membranes may be the mechanism
through which Wf-AgNPs exert their antibacterial activity, causing
damage to the bacterial cell.>® The results with Wf-AgNPs against
the tested bacterial strains were in line with earlier reports of the
antibacterial properties of AgNPs made from various plant
extracts.** The SEM images of the Wf-AgNPs, treated and
untreated bacterial cells are depicted in (Fig. 6(A),(B)). It has been
observed that the Wf-AgNPs treated bacterial cell showed bacte-
rial cell degradation and lysis compared to the untreated
bacterial cell.

Wound healing activity
Excision and incision wound models are commonly used in pre-
clinical studies to evaluate wound healing properties of various

pharmaceutical agents.*' Generally, during excision wound
models, a portion of the skin is surgically removed, creating a
well-defined wound area. This model allows for the assessment
of the size and shape of the wound in terms of contraction, epi-
thelialization, and tissue regeneration, which very closely mimics
surgical wounds. However, in incision wound models, a cut was
made without removing tissue, and the wound tensile strength
and collagen deposition are crucial aspects of wound healing
and scar formation.

It has been observed that Wf-AgNPs treatment considerably
increased wound-healing activity in both of the examined models
compared to the reference standard and control group of ani-
mals. (Fig. 7). When compared to the control group of animals,
those treated with the excision wound model exhibited improved
epithelialization rate (10.8 + 0.67), a significant decrease in
wound area (P < 0.001), enhanced tissue dry weight (P < 0.001)
as well as escalating hydroxyproline content (P < 0.001) (Table 1).

As depicted in Table 2, compared to the skin-breaking strength
of untreated organism (320.2 + 3.12), the nanoparticle-treated
organism showed better skin-breaking strength (410.2 + 2.36) in
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Table 1. Excision wound model of Wf-AgNPs treated and untreated organism

Experimental condition Untreated control Standard Sample (low dose) Sample (high dose)
Wound area (mmz) onday 1 185.2 + 1.12 184.2 + 0.12 185.2 + 1.83 186.1 + 2.65
Wound area (mm?) on day 5 1454 + 0.92 1214 + 2.14 1322+ 1.12 1304 + 2.41
Wound area (mm?) on day 15 69.2 + 2.65 383+ 1.52 43.8 + 1.91** 40.8 + 1.45**
Period of epithelialization 15.2 + 0.51 9.9 +0.82 11.3 £ 0.42** 10.8 + 0.67**
Hydroxyproline (mg/kg) 304 + 2.11 56.6 + 1.33 52.3 + 2.56** 524 + 1.13**

** P <0.01.

Table 2. Incision wound model of Wf-AgNPs treated and untreated organism

Experimental condition Untreated control Standard Sample (low dose) Sample (high dose)
Breaking strength (g) 330.2 +£3.12 476.52 + 5.12 400.2 + 4.22%* 410.2 + 2.36
Granulation tissue wet weight (mg) 90.4 + 3.21 138.4 + 3.41 118.2 + 3.2%* 1202 + 1.3
Granulation tissue wet weight (mg) 152+ 1.23 223 +0.82 18.8 + 2.01* 173 +1.2
Hydroxyproline (mg/kg) 165.7 + 3.65 2256 + 353 198.3 + 2.85 2053 +3.72

*P < 0.05;

** P <0.01.
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Figure 8. Different antimicrobial compounds present in leaf extract of Woodfordia fruticosa (L.)

an incision wound model experiment. In comparison to the
untreated category of the organism, the Wf-AgNPs treated organ-
ism showed the escalated quantity of hydroxyproline amount
(P <0.001) and enhanced weight of the granulation tissue
(P < 0.001), both in lower as well as higher doses of treatment.

A previous study highlighted the wound healing properties of
biosynthesis of AQNPs from Catharanthusroseus leaf extract using

a mice model with effective closure and reducing the size of
wounds.*? Similarly, Lakkim et al.** explored the wound healing
potential of green synthesized AgNPs against MDR bacteria and
wound healing efficacy using a murine model by modifying con-
traction, epithelialization, and tissue regeneration as well as ten-
sile strength and collagen deposition, crucial aspects of wound
healing. Supporting the aforementioned result, reports have also
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demonstrated how the synthesized Wf-AgNPs, improved re-
epithelization and aid in the rapid healing of wounded tissue by
raising the tensile strength of the recovered skin tissue compara-
ble to that of healthy skin.”

Identification of active phytochemicals by high-Resolution

mass spectrometer (HRMS)

Plant extracts are the most promising sources of secondary
metabolites like protein, phenols, and flavonoids that not only
play a role in reducing the respective metal ions into nano size
but also play an important role in the capping of nanoparticles.
These green synthesized nanoparticles have several therapeutic
applications. Though several peaks have been detected through
HRMS analysis from the HRMS chromatogram (Fig. 8), 12 major
antimicrobial compounds peaks are identified and named as:
(i) Sabinene, (i) Myrcene, (iii) p-cymene, (iv) gallic acid,
(v) thymol, (vi) melilotic acid, (vii) spathulenol, (Viii) myricetin,
(ix) botulin, (x) diosgenin, (xi) nobiletin, and (xii) obacunone. The
identified compounds have already been reported for their anti-
cancer, anti-microbial, anti-viral, antiparasitic, antidiabetic, antitu-
mor, analgesic, local anaesthetic, antinociceptive, cicatrizing
properties.**

CONCLUSION

For the first time, the leaf extract of W. fruticosa, which contains
several necessary phytochemicals with potent antimicrobial activ-
ity, is used to synthesize silver nanoparticles economically. Char-
acterization of the chemically synthesized nanoparticles
revealed the presence of various chemical groups that play an
essential role in the synthesis of the nanosphere. HRMS study
revealed the presence of multiple phytochemicals containing
groups in the synthesized nanoparticles, which confer antimicro-
bial, antioxidant, anticancer, and wound-curing potential to the
Wf-AgNPs. Application of the Wf-AgNPs over the microbial
infected wounds showed quick collagen fiber aggregation, gener-
ation of new tissue, re-epithelization, and elevation of the tensile
strength of the infected skin tissue compared to the standard
drugs, leading to rapid wound curing properties of the prepared
Wf-AgNPs. Hence, the authors claim an excellent clinical nanofor-
mulation with the W. fruticosa leaf extract for the wide therapeutic
application.
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