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Abstract
Murraya paniculata (MP) can be used as a reducing agent to produce silver nanoparticles (AgNPs) using a simple procedure.
AgNPs are characterized in morphological and chemical properties, antioxidant activity, and cytotoxicity. The morphology of
AgNPs derived from MP shows a face-centered cubic structure, spherical shape with an average particle size of 23 nm. The
chemical structure shows characteristic peaks of AgNPs using UV-vis spectrometer at 438 nm. The formation of AgNPs is
confirmed by analyzing their vibrational states under infrared radiation; typical peaks of AgNPs are recognized: at 3429 cm�1

(O-H stretch, H-bonded alcohols, phenols groups), 2923 cm�1 (C-H stretch alkanes), 1626 cm�1 (N-H bend 1° amines),
1583 cm�1 (C-C stretch in ring aromatic), 1039 cm�1 (C-N stretch aliphatic amines), 728 cm�1 (C-Cl stretch alkyl halides),
and 589 cm�1 (C-Br stretch alkyl halides), respectively. AgNPs produced from MP show antioxidant activity and cytotoxicity.
They show the highest sensitivity toward Bacillus cereus. Cytotoxicity of biosynthesized AgNPs, determined by scratch wound
assay on in vitro human endothelial vein cell, created from MP showed dose-dependent activity. These AgNPs, at a con-
centration of 15.625 μg/mL, stimulate the proliferation and migration of endothelial cells (EC) showing an angiogenic activity.
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Introduction

Nanotechnology is a research area in constant growth, and
its application varies from electronics, biomedicine, environ-
ment, food, textile, and biomedicine.1 Metallic nanoparticles
are a large and important component of nanotechnology. High
surface area, low melting point, and optical and magnetical
properties are just some of the characteristics that make metal
nanoparticles appealing in nanotechnology.2,3

Silver nanoparticles (AgNPs) have attracted intensive
research interest because of their advantageous applications,
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not only in biomedical 4 but also in drug delivery,5 food
industries,6 agriculture,7 and textile industries.8 AgNPs
show a unique antibacterial property; silver components are
toxic to any microorganisms.9 It is well-known that cell
death can be provoked by structural and morphological
changes induced by AgNPs.9 Other typical properties of
AgNPs are optical, thermal, and catalytic. When excited by
a light source, a collective oscillation is generated on the
conduction electrons on the surface. High thermal conductivity,
high electrical conductivity, and high thermal stability are some
of the thermal properties of AgNPs.10 High surface area is the
main reason for the excellent catalytic properties of AgNPs
and, similarly, to other types of nanoparticles.10,11 These
characteristics are highly influenced by particle morphology
and size.12 High control over the morphological properties of
final properties is achieved by employing chemical procedures
that can have hidden dangerous side effects for human health.13

Several efforts are placed into developing green alternatives for
the production of nanocomponents.14–17

Biological methods of nanoparticles synthesis using mi-
croorganisms, enzymes, fungus, and plants have been sug-
gested as alternatives to chemical and physical methods.1

Plant-mediated nanoparticle synthesis is preferred as non-
toxic, cost-effective, eco-friendly, and safe for human ther-
apeutic use.18 Furthermore, the use of plant extracts to
synthesize nanoparticles is advantageous over microorgan-
isms due to the ease of scale-up, the less biohazard, and the
elaborate process of maintaining cell cultures.19

Several plant extracts are present in literature references
focused on synthesizing AgNPs.20,21 Murraya paniculata
(Rutaceae) (MP) is a shrub commonly known as Orange
Jasmine. It shows a broad spectrum of medicinal, phar-
macological, and therapeutic properties.22 This plant is known
to have antifertility,23 antinociceptive and antiinflammatory, 24

antidiarrheal, 25 antidiabetic and antioxidant,26 antianxiety,27

and antibacterial 28 properties. Hence, we aim to synthesize
and characterize AgNPs fromMP to understand their possible
future applications.

Materials and methods

Materials

AgNPs were synthesized from fresh leaves of MP aqueous
extract; silver nitrate (AgNO3) was purchased from Sigma
Aldrich. Nutrient Agar (NA) and Muller Hilton Agar (MHA)
were procured from HiMedia, and Dimethyl Sulfoxide
(DMSO) from SD Fine-Chem Limited.

Preparation of M. paniculata

Fully-grown fresh leaves ofMPwere collected fromGuindy
campus, University of Madras. The collected fresh leaves
were cleaned with running distilled water (DI) to remove the

dust particles. Around 8 grams of leaves were chopped and
mixed with 100 mL of DI, and boiled in a microwave oven
for 10 minutes. Then, the samples were allowed to cool at
20°C, and the extracts were filtered with Whatman No. 1
filter paper. Last, the aqueous crude extract was collected
and stored at room temperature.

Synthesis of AgNPs

About 10 mL of aqueous extract of MP was incubated with
AgNO3 (1 mM) solution in an Erlenmeyer flask in a dark
condition for 24 hours. The reaction mixture generated a
change in color of the solution, from light green to dark
brown, indicating the reduction of AgNPs.

Characterization of AgNPs

The reduction of pure silver Ag+ ions was monitored by
measuring the reaction mixture’s UV-Vis spectrum at
wavelength from 200 to 800 nm. Moreover, 1 mM AgNO3

solution was used for the baseline correction. The mor-
phology of the AgNPs was examined using a Field Emission
Scanning Electron Microscope (HITACHI SU6600 FESEM)
with Energy Dispersive Analysis X-Ray (EDAX). Thin
films were prepared on aluminum foil by dropping a small
portion of the sample (about 10 mL) and placed on a copper
grid. For a nanoscale analysis, microscopes with a trans-
mission mode are considered more appropriate.29–36 For
HRTEM analysis, samples were sputter coated on a copper
stub with a 20 nm layer of gold. TEM measurements were
performed on instruments operated at an accelerating
voltage of 200 kV. The formation and quality of the com-
pounds were evaluated by XRD analysis using an XPERT-
PRO with a diffractometer and with an operating voltage of
40 kV at a current strength of 30 mA. The samples were
subjected to Cu Kα radiation, and the scanning was done in
the region of 30°–80°C. The images obtained were compared
with the Joint committee on powder diffraction standards
(JCPDS) library to account for the crystalline structure. To
identify the biomolecules present within the AgNPs, FTIR
analysis was performed with the KBr pellet in the range of
400–4000 cm�1.

Screening of antimicrobial activity for
silver nanoparticles

The antimicrobial effect of synthesized AgNPs was tested
against a few human pathogens, such as Gram-positive
Bacillus cereus, Staphylococcus aureus, Gram-negative
Escherichia coli, and Candida albicans by well diffusion
method. Active cultures for experiments were prepared by
transferring a loop of the stock solution to the nutrient broth
and incubated for 18 hours at 37°C. Each culture was
swabbed uniformly into the individual nutrient agar plates
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using sterile cotton swabs. A 6-mm-hole was bored asep-
tically with a sterile cork borer. Using a sterile micropipette,
100 μL of plant extract, AgNPs, and standard antibiotic
ampicillin were loaded into well and it was allowed to dry.
AgNO3 (1 mM) was used as a control. After 24 hours of
incubation, the diameter of the zone of inhibition was
measured.37

Antioxidant potential of AgNPs

DPPH radical scavenging activity. To assess the scavenging
ability on 2,2-diphenyl-1-picrylhydrazyl (DPPH), 1 mL of
DPPH (0.1 mM) was added to different concentrations (50,
100, 150, 200, and 250 μg/mL) of aqueous leaf extract and
AgNPs.38 The reaction mixture was shaken and incubated in
dark for 30minutes. The absorbance at 517 nmwasmeasured
using a UV-Visible spectrophotometer. Ascorbic acid was
used as a standard. The lower absorbance of the reaction
mixture indicated a higher percentage of scavenging activity.
The percentage of inhibition or scavenging of radicals (RSA)
was determined by equation (1), where A control stays for the
absorbance of the control and A sample for the absorbance of
the sample

RSA ¼
�
AControl � ASample

AControl

�
× 100 (1)

Reducing potential activity. The reducing power assay was
conducted based on the method of Oyaizu (1986).39 Dif-
ferent concentrations of aqueous extract (1 mL) and AgNPs
were separately mixed with 2.5 ml of phosphate buffer
(0.2 M pH 6.6) and 2.5 mL of potassium ferricyanide (1%).
The mixture was incubated at 50°C for 20 minutes. To this
mixture, 2.5 mL of trichloroacetic acid (10%) was added,
which was then centrifuged at 3000 r/min for 10 minutes.
Later, 2.5 mL of the supernatant solution was mixed with
2.5 mL of DI water and 0.5 mL of ferric chloride (0.01%).
The absorbance was measured at 700 nm using a UV-
Visible spectrophotometer.

Cytotoxicity of silver nanoparticles on human
umbilical vein endothelial cell line

Cell line and drug preparation. The human umbilical vein
endothelial cell line (HUVEC) was obtained from NCCS
(National Centre for Cell Sciences), Pune, India. The cells
were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% fetal bovine serum (Hi-
media) and 2 mM glutamine (Sigma chemical co), 100 UI/
ml penicillin, and 100 μg/mL streptomycin (GIBCO BRL).
The cells were maintained at 95% air humidity in a bio-
logical incubator at 37°C with 5% CO2; then, the viability
was assessed using MTT assay. The stock solution was

prepared in DMSO and was stored at �20°C until use. The
concentrations used for the study were freshly prepared for
each experiment with a final DMSO concentration of 0.1%.

Assessment of cell viability using MTT assay. The cell viability
of the AgNPs from MP was determined by MTT assay
(Mossman, 1983). HUVEC cell line was cultured and seeded
in 96-well plates approximately (1 × 105 cells/well) was
incubated for 24°hours at 95% air humidity in a biological
incubator at 37°C with 5% CO2. Cells were replaced with
fresh media containing different concentrations (from 3.925
to 1000°μg/ml) of synthesized AgNPs and incubated for
48 hours. Thereafter, the supernatant was removed and cells
were washed with DMEM medium. Subsequently, these
plates were subjected to MTT (3-(4, 5-dimethylthiazol-2-yl),
2,5-diphenyltetrazolium bromide, a yellow tetrazole) assay.
MTT (10°μl) was added to each well and incubated overnight
at 37°C. Purple formazone crystals were dissolved in 100°μl
of DMSO. The suspensions were read at 570°nm using a
spectrophotometer. The effect of the drug on growth is as-
sessed as the percent of cell viability.

Cell migration analysis using AgNPs. The cell migration of
HUVEC was evaluated using a scratch wound assay.40 In
brief, 1 × 105 cells/ml were added into 24-well culture plates
and cultured overnight. The cells were starved with 1% v/v
FBSmedium for 24°hours. The cells were then scraped with
a cross in the middle of the well with 200°μl pipette tips, and
the medium was changed with a fresh medium containing
IC50 concentration of AgNPs. The cells were then incubated
for 48°hours. The cells around the wounds were visualized
and imaged under an inverted microscope (×4 magnifica-
tion). The percentages of the open wound areas were es-
timated under a microscope.

Expression of vascular endothelial growth factor using western
blot analysis. The western blot analysis was carried out to
detect VEGF expression on endothelial cells. HUVEC (1 ×
105cells/well) were seeded in a 24-well culture plate and
incubated for 24°hours. Various concentrations (3.925–
1000°μg/ml) of AgNPs were added to the well plates and
incubated for 48°hours. After the treatment, cells were
harvested and washed twice with PBS. The cell pellets
were then lysed with RIPA buffer (50°mM Tris-HCl pH
7.4; 150 mM sodium chloride; 0.1% SDS; Triton-X-100;
5 mM EDTA; 0.25% sodium deoxycholate) for 15°minutes
in ice. The samples were then centrifuged at 14,000 r/min
for 5°minutes at 4°C. The protein concentrations were
determined by Bicinchoninic acid (BCA) method. The su-
pernatant protein was resolved by 12% SDS and trans-
ferred to 0.45°μM PVDF membranes (polyvinylidene
fluoride). The membrane was then blocked with 5% non-
fat milk in Tris-buffered saline containing Tween 20
(20°mM Tris-HCl pH 7.6; 150°mM NaCl; 0.1% Tween
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20). The blots were incubated overnight with primary
antibodies against human beta-actin (1:2000). After incu-
bation with the secondary horseradish peroxidase-conjugated
antibodies for 2°hours, detection was performed using a
chemiluminescence assay kit. The densities of the bands were
evaluated using total lab software, and the signal was nor-
malized for β-actin.

Statistical analysis

All data were expressed as mean and standard error derived
by the repetition of each test at least three times. All the
analyses were calculated using the Statistical Package of
Social Sciences (SPSS) software package version 16.0
program using analysis of variance (ANOVA) to investigate
the effect. Results with p < 0.05 were considered to be
statistically significant.

Results and discussion

Properties characterization

AgNPs produced by several techniques and sources char-
acterized by few main properties, such as morphology,
chemical composition, crystallinity, and stability.14 Deter-
mining these properties estimates the quality of the AgNPs
and their applicability to different purposes.

Stability. One of the most important properties of nano-
particles produced by a green procedure is stability. The
easiest procedure to verify if in a solution AgNPs are
present would be performing a visual check. It is well-
known that the optical properties of spherical AgNPs
depend on the AgNPs diameter and the refractive index
near the nanoparticles.41 Moreover, unaggregated AgNPs
usually show a yellow–orange color in the solution;
however, when the particles aggregate, the color of the
solution would appear grey.42 In our project, the AgNPs
are formed by adding different concentrations of extracts
(5°ml, 10°ml, 15°ml, and 20°ml) with aqueous AgNO3

(1°mM). After 24°hours incubation, the colors of the

solutions with different concentrations of MP and AgNO3

vary from yellow to dark brown (Figure 1 (a)). Therefore,
by selecting a variety of concentrations of both MP and
AgNO3, the nanoparticles do not show any sign of ag-
gregation after a day of incubation. The grey tone is ob-
tained only in case of a solution of a 100 weight percent of
AgNO3, when no AgNPs are formed.

For the solution containing 10°ml of MP extract, the
AgNPs appear very stable even after 30°days. The UV
spectrum does not showmajor alterations from one to 30 days
of incubation, as shown in Figure 1(b). At 10 mL concen-
tration of extract, the characteristic absorption peak is ob-
served at 438 nm in UV-Vis spectrum which confirmed the
formation of AgNPs and their stability on the 30th day (Figure
1 (b)). According to the generalized theory, only a single SPR
band peak is expected in the absorption spectra of spherical
nanoparticles, whereas anisotropic nanostructures or aggre-
gates of spherical nanoparticles could give rise to two or more
SPR bands depending upon the shape of the particles.43

Morphology. The surface morphology of AgNPs was in-
vestigated at the microscale level, using FESEM with
EDAX, and at the nanoscale level, using an HR-TEM. The
formation of AgNP and its agglomeration can be observed
at the microscale level (Figure 2(a)). The FESEM micro-
graph shows a spherical shape with a particle diameter that
ranges from 5–23°nm. In particular, the average projected
equivalent diameter 44 of AgNPs is 14 ± 9 nm. This number
is validated by analyzing the sample at the nanoscale level.
In Figure 2(b) and (c), it is clear that AgNPs produced by
MP are spherical; the average aspect ratio is 1.09.

Chemical composition. AgNPs, regardless of the procedure
used for the production, are supposed to show a strong
aluminum peak in X-ray spectra. As expected, the
presence of silver in the EDAX spectrum confirms the
presence of elemental silver. The only elements detected
using a FESEM-EDAX are aluminum or copper, oxygen, and
silver. Aluminum (Al) and copper (Cu) are due to the alu-
minum foil and copper TEM grids used as substrate,

Figure 1. (a) Synthesis of silver nanoparticles using different concentrations of aqueous extracts from leaves of M. paniculata and
different concentrations of AgNO3. (b) UV-Vis spectrum of 10 mL of AgNPs solution at different times, 1 and 30 days.
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respectively. Considering the above-mentioned elements and
oxygen, silver shows an atomic percentage of about 30%
with a standard deviation of 2 when analyzing three sam-
ples. Figure 2 (d) shows an example of an EDX sample
where silver peaks are typical; metallic silver nanoparticles
typically showed an absorption peak at 3 keV due to the
surface plasmon resonance.45

Solid-state. The crystallinity of AgNPs generated fromMPs
is analyzed by observing SAED patterns and deconvo-
luting an XRD spectrum. In Figure 3(a) , the SAED
patterns obtained by analyzing AgNPs produced from MP
extract show a high crystallinity. The same conclusions can
be reached by observing the XRD spectrum, Figure 3(b).
Several Braggs reflections with 2θ values of 38.0°, 44.1°,
and 64.6° sets of lattice plan were observed which may be
indexed to (111), (200), and (220) facets of silver, re-
spectively, confirms the FCC crystalline structure. The
values are in agreement with the JCPDS (Joint Committee
on Powder Diffraction Standard) file No. 04-078.

An FTIR measurement can determine the biomolecules
responsible for the reduction and capping of synthesized
AgNPs. The sharp and strong different peaks are observed at
3429°cm�1 (O-H stretch, H-bonded alcohols, phenols
groups), 2923°cm�1 (C-H stretch alkanes), 1626°cm-1 (N-H
bend 1° amine), 1583°cm�1 (C-C stretch in-ring aromatic),
1039°cm�1 (C-N stretch aliphatic amines), 728°cm�1 (C-Cl
stretch alkyl halides), and 589°cm�1 (C-Br stretch alkyl
halides), respectively (Figure 3(c)). The results indicated that
the interaction of amino groups, keto, and aldehyde 46 is
responsible for AgNP synthesis. These data indicate that the
involvement of phenols, alkanes, amines, aromatic, aliphatic
amines, and alkyl halides residues present in MP in the nano-
particles synthesis. Asmentioned earlier, leaves ofMP are a rich
source of alkaloids, phenolics, flavonoids, polysaccharides, and
proteins. It is well known that proteins can bind to AgNPs
through either amino acids or cysteine residues in the protein, 47

and therefore stabilization of AgNPs by surface-bound proteins
is possible. A similar observation is noticed in the biological
synthesis of AgNPs using Jatropha curcas seed extract.48

Figure 2. Examples of AgNPs generated from M. paniculata extract. The image is shown in (a) is obtained using an SEM, in (b) and (c)
using an HR-TEM. In (d), an example of an EDAX analysis on AgNPs produced from leaves of M. paniculata is reported.

Figure 3. SAED (a) and X-Ray diffraction (XRD) (b) analysis of AgNPs from M. paniculata. In (d), an example of FTIR analysis of AgNPs
from leaves of M. paniculata is shown.
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Biological applications of silver nanoparticles

Antimicrobial activity. The synthesized AgNPs tested for their
efficacy against human pathogens (Staphylococcus aureus,
Escherichia coli, and Candida albicans). Our present study
shows that the synthesized nanoparticles have potent ac-
tivity against Bacillus cereus and Candida albicans

followed by Escherichia coli and Staphylococcus aureus. It
shows that all the tested microorganisms were inhibited at
the concentration of 100°μg/ml of synthesized AgNPs. The
antimicrobial activity of the aqueous extract, AgNPs, and
standard drug was shown in Figure 4. The AgNPs show
better activity against Gram-positive as compared to Gram-
negative. The antimicrobial activities shown by AgNPs

Figure 4. Antimicrobial activity of synthesized silver nanoparticles from leaves of M. paniculata.

Figure 5. In (a), DPPH radical scavenging activity of synthesized silver nanoparticles from aqueous extract of M. paniculata. In (b),
reducing the potential of synthesized silver nanoparticles from aqueous extract of M. paniculata.

Figure 6. Cell viability of HUVEC by MTT assay and cytotoxicity were expressed as the concentration of 50% (IC50) cell growth
inhibition. The experiments were performed in triplicates. Images were taken by Inverted Phase contrast microscope magnification
×20 scale bar 50 μm.
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synthesized using different plant systems may differ from
species to species due to variations in shape and size of
AgNPs, bacterial load, exposure time, and nutrient media.

The effects of AgNPs on bacterial cells are unclear and
complicated.49 However, there are various mechanisms on
the action of AgNPs on the bacterial cell.50 Some of these
mechanisms were summarized and presented as follows: (i)
the ability of AgNPs to anchor to the bacterial cell wall and
then penetrate it ,51 (ii) the formation of free radicals by the
AgNPs which can damage the cell membrane and make it
porous ,52, 53 (iii) releasing the silver ions by the nano-
particles which can interact with the thiol groups of many
vital enzymes and inactivate them, 54 and (iv) the nano-
particles can modulate the signal transduction in bacteria
which stops the growth of bacteria.55

All the human pathogens are resistant to standard drug
ampicillin, but they are susceptible to the synthesized
nanoparticle from leaves ofMP. The results indicate that leaf
extract alone did not exhibit antimicrobial activity against
human pathogens. AgNO3 (1°mM) shows an appreciable
positive effect. However, plant AgNPs exhibit the greatest
antimicrobial activity against tested human pathogens.

Antioxidant activity. In light of the difference among the wide
range of assays available, a single antioxidant assay results
can give only a reductive suggestion of the antioxidant
potential. Moreover, the chemical complexity of samples
with a mixture of different functional groups and chemical
behavior could lead to a scattered result. Therefore, an
approach with multiple assays in screening work is highly
desirable. Thus, to better compare the results and cover a
wide range of possible applications, in vitro antioxidant
activities were assessed by different methods like reducing
power and DPPH radical scavenging assay.

DPPH radical scavenging activity of AgNPs. Free radical
scavenging activity is the most extensively used method to
understand the potentiality of AgNPs toward their bioac-
tivity. DPPH (purple) is a protonated radical which has a

characteristic absorbance at 517 nm using a spectropho-
tometer, which decolorizes (yellow) upon activation with
antioxidants. Various researchers use DPPH scavenging
activity as a fast and reliable parameter to assess the in vitro
antioxidant activity of AgNPs solution. The DPPH scav-
enging activity of AgNPs increases in a dose-dependent
manner (Figure 5(a)). The DPPH scavenging ability of the
AgNPs is higher than the aqueous extract ofMP and almost
similar to that of standard ascorbic acid. Therefore, the
AgNPs solution exhibits a proton-donating ability and could
serve as a free radical inhibitor per scavenger, possibly
acting as a primary antioxidant.

Reducing power assay using silver nanoparticles. Reducing
power is associated with antioxidant activity, 56 and the
compounds with reducing power indicate that they are
electron donors and can reduce the oxidized intermediates
of the lipid peroxidation processes; thus, they can act as
primary and secondary antioxidants. The presence of an-
tioxidants can result in the reduction of Fe3+ to Fe2+, and the
amount of Fe2+ complex is monitored by measuring the
formation of blue color at 700°nm. The increased absor-
bance at 700°nm indicates an increase in reductive potential.

The reducing potential of synthesized AgNPs was found
to surge with an increase in concentrations, indicating that
the reducing potential of AgNPs was found to be lesser than
that of the ascorbic acid (Figure 5(b)). It is evident from
Figure 5 (b) that the reducing powers of the aqueous extract
of M. paniculata, AgNPs, and the standard drug increase at
high concentrations.

Cell viability assay using silver nanoparticles. The viability of
HUVEC cells is checked using different doses (1000–3.906°μg/
mL) of AgNPs from leaves of MP. At the concentration,
15.625°μg/mL of AgNPs from MP, almost 89.03% of cells
were viable (Figure 6). So, synthesized AgNPs from theMP do
not show toxicity to HUVEC cells. It is toxic only when it
exceeds the dosage level, that is, by increasing the concentration,
AgNPs begin to show toxicity to theHUVECcell line. Based on

Figure 7. Cell migration potential by scratch wound assay. Photos were taken 48 hours after scratch wounding at ×4 magnification.

Rama et al. 7



this result, we conclude that AgNPs depicted angiogenic
property by cell migration assay.

Cell migration assay using AgNPs. Angiogenesis is associated
with several pathologies including cardiovascular diseases,
chronic inflammation, cancer, and wound healing, and de-
pending on the circumstances, it can be beneficial and del-
eterious. To explore the angiogenic potential of AgNPs from
MP, HUVEC cells were treated with different concentrations
of synthesized nanoparticles. At the concentration of
15.63°μg/ml, synthesized nanoparticles from MP enhance
angiogenesis by cell migration after incubation for 48°hours
(Figure 7).

Wound healing involves the regeneration of specialized
cells by the proliferation of surviving cells and connective
tissue response characterized by the formation of granu-
lation tissue.57 It is also characterized by hemostasis, re-
epithelialization, and remodeling of the extracellular matrix.
Thus, the effect of ethanolic extract and the acetone fraction
on wound contraction and epithelialization suggests it may
enhance epithelial cell migration and proliferation, as well
as the formation, migration, and action of myofibroblasts.

Expression of VEGF by western blotting analysis. VEGF is an
important proangiogenic cytokine and improves angio-
genesis during wound healing by stimulating the migration
and proliferation of endothelial cells through the extracel-
lular matrix.58 The VEGF levels in HUVEC cells are up-
regulated after 24 hours of incubation (Figure 8(a)). The
highest upregulation of VEGF protein is detected at the
concentration of 15.625°μg/ml (Figure 8(b)).

Angiogenesis is a critical component in wound healing.
Delayed or absent revascularization at the wound site con-
tributes to the etiology of chronic wounds. Induction of an-
giogenesis by VEGF can be considered as a factor to improve
wound healing. Western blotting analysis of HUVEC upre-
gulates the VEGF expression similar to that of β-actin.

Conclusion

Biosynthesizeing nanoparticles are very common and
have been extensively used in various biomedical ap-
plications. We developed a simple green chemistry ap-
proach for the synthesis of AgNPs by MP leaf extract.
This approach demonstrates the multifunctional activities of
biosynthesized AgNPs, which are mainly responsible for
various secondary metabolites such as alkaloids, steroids,
terpenoids, tannins, and other metabolites. We have observed
the biocompatible nature of AgNPs toward the normal cells,
and the results indicate the future application as a drug de-
livery vehicle to enhance angiogenesis. The synthesis of
nanoparticles has several benefits, such as less toxicity, an
eco-friendly approach, and cost-effectivity. Apart from that,
biosynthesized AgNPs show enhanced antimicrobial activity
compared to that of the standard drug. Besides, synthesized
AgNPs show a good radical scavenging activity, which
confirms that AgNPs have excellent antioxidant properties.
We believe that biosynthesized AgNPs will open a new
direction toward various biomedical applications in the
future.
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