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ABSTRACT: Nanoparticles are the modern-day drug delivery system for
biocompatible drugs. Numerous products have developed from nanotechnology
to develop effective wound healing and inflammatory treatments. Plant extracts
(phytoconstituents) have a lot of therapeutically potential because of their
distinctive properties, including anti-inflammatory, antioxidant and insulin-
sensitizing properties etc. Furthermore, the nanostructure of herbal extracts and
phytoconstituents could enhance the bioavailability, influence relieves of the
manner of drug carrier systems to the wounded area, and increase permeation
ability to the underlying layers of the skin, all of which are essential for the
recovery process and treating inflammation. This review emphasizes nano-
formulations of plant extracts. Many approaches have already been published for
the preparation of metal nanoparticles, including laser ablation, evaporation-
condensation, thermal-decomposition, chemical reduction, photochemical
processes, and biological methods (Green synthesis of metal nanoparticles
utilizing diverse herbal extracts). Some herbal extracts and their phytochemicals
are classified as a potential substitute for wound healing and treating
inflammation intermediates due to the presence of various bioactive ingredients,
the ease of access, and the reduction of adverse effects. Overall, when employed
in nano-formulations, various herbal extracts and related phytoconstituents have
shown excellent effectiveness in treating wounds and inflammation and could be
considered as possible pharmaceutical medications in the future. This review
provides a conceptual information of various herbal based nanoparticles for the
management of inflammation and wound healing.

have been

INTRODUCTION: Nanoparticles
derived from the Greek term "Nanos,” which
means “little,” "tiny," "dwarf," or "extremely
small.” Their particle sizes range from 1 to 100 nm
! Since, antiquity, herbal treatments have been
utilized to cure a wide range of ailments.
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Herbal medications became more popular due to
their ability to cure many conditions with fewer
complications and side effects.

Phytoconstituents derived from traditional plants
are now widely accepted as pilot molecules in
modern  medications Plants  contain
phytoconstituents, which are part of the
physiological functions of living plants. As a result,
they are expected to be more compatible with the
human body. The poor oral bioavailability of
phytoconstituents, however, concerns researchers.
These are being formed into various novel delivery
methods, such as phytosomes, liposomes, and
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nanoparticles, to overcome these impediments and
increase the effectiveness of herbal medicines *
Herbal nanotechnology is classified among the
most promising new drug delivery systems with
nano-formulations  thought to have many
advantages over conventional phytoconstituents
formulations, including enhanced permeability,
dissolution,  bioavailability, = pharmacological
activity, stabilization, enhanced biodistribution, and
prolonged administration *. In nanotechnology,
metal nanoparticles appear to have an improved
surface-to-volume ratio and antibacterial properties
due to their capacity to interact with biological
membranes °.

Noble metal nanoparticles, including platinum,
gold, silver, iron, titanium, zinc, and palladium
have sparked much interest because of their many
biological and physiochemical uses. To date, many
ways for producing silver nanoparticles (Ag-NPs)
have been published, including chemical, physical
and biological methods ° Fig. 1. Sharma et al. ’
prepared triptolide silver nanoparticles for anti-
inflammatory activity from plant extract of
Tripterygium  wilfordii. They found that
enhancement of the permeation of drugs via the
stratum corneum by improved hydration and
showed anti-inflammatory action on  skin.
Manikandan et al. biosynthesized silver
nanoparticles (Ag-NPs) from rose petals (Rosa
indica) and tested their in-vitro Antibacterial
activities against pathogenic human pathogens,
Anti-cancer activity against the human colon
adenocarcinoma cancer-cell line (HCT 15), and
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Anti-inflammatory activity against rat peritoneal
macrophages. Wounds and inflammation are
serious illnesses that have an impact on people's
quality of life across the world. Fortunately, the
body's natural healing process depends on
inflammation, which keeps cells functioning
normally.  However, acute and chronic
inflammation is recognized as troublesome types of
inflammation. People are familiar with the
symptoms of acute inflammation, which include
redness, swelling, and pain around tissues and
joints.  Numerous things, including microbial
diseases, environmental risks, and chemical agents,
can induce inflammation Despite current
advancements in  wound treatment and
inflammation, traditional approaches based on
natural and herbal medicines are now seen as
potential substitute medications due to the diversity
of phytoconstituents, easy accessibility, restricted
adverse effects, and reduced costs. The following
overview covers a thorough investigation on the
herbal nanoformulations both for wound-healing
and inflammation treatment, Table 1 and Table 2
summarised the herbal extracts and
phytoconstituents that aid in anti-inflammatory and
wound healing successfully. Nanostructures and
nanoformulations have shown success in recent
years in conguering the limitations of common
medications, providing an intelligent healing
process, regulating therapeutic release, reducing
healing doses, and developing a unique possibility
to assist healing events for chronic wounds *°.

Methods of
preparation of metal
Nanoparticles
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FIG. 1: DIFFERENT APPROACHES FOR PRODUCTION OF METAL NANOPARTICLE
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The
metal

Production of Metal
following  methods  for
nanoparticles are discussed:

Nanoparticles:
producing

Chemical Methods: Chemical vapour deposition,
Sol-gel process, Chemical reduction of metal salt,
Co-precipitation method, Micro-emulsion method.

Physical Methods: Evaporation-condensation,
laser ablation and thermal-decomposition.

Biological ~ Methods: From  plants and
microorganisms like bacteria, fungi, yeast, and
algae.

Chemical Methods: General synthesis of NPs by
chemical methods may be influenced by several
components like Metallic precursor(s), Silver
citrate, Silver nitrate (AgNO3) or Silver acetate,
Tetrachloroauric acid (HAuCl,), Reducing agents
(solvent) like Sodium borohydride (NaBH,),
Ascorbate, N, N- Dimethyl Formamide (DMF) and

Stabilizing agents like trisodium citrate,
Polyethylene glycol (PEG), Polyvinyl alcohol
(PVA), Polyvinylpyrrolidone (PVP), or sodium

oleate. The speed of these processes, which is
regulated by factors like  concentration,
temperature, pH and reducing capacity at critical
points in the synthesis, determines the diameter and
morphology of particles. On the other hand, the
stabilizing agent is crucial in biosynthesis because
it protects the nanoparticles from undesired
aggregation while they are shaped and sized **.

Although chemical production methods require less
time to produce vast quantities of nanoparticles,
they also require capping entities to sustain the size
of the nanoparticles (NPs). The chemicals used to
manufacture and produce stable nanoparticles are
toxic and produce unfriendly byproducts. On the
other hand, Chemical techniques are generally
costly and include poisonous compounds that might
cause several biological problems *.

As a result, the 'Green procedure,” which is less
damaging, more eco-friendly, and less expensive, is
being searched. Herbal Nanoparticles (NPs)
formation is quick and a one-step biosynthesis
technique that is biocompatible, simple and safe for
human medicinal usage **. Seo et al. ** produced
Ag-NPs using a chemical reduction approach,
evaluated them physicochemically and examined
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their influence on wound-healing activities in
Zebrafish.

Physical Methods: The primarily physical
methods used for metallic NPs are evaporation-
condensation, laser ablation and thermal
decomposition. In evaporation-condensation, a
typical tube furnace at atmospheric pressure is
required, which demands several Kkilowatts of
energy, ample space, and lots of preheating time to
reach thermal stability. Unlike tubular furnaces, the
temperature difference at the outer surface is
relatively sharp, allowing the water vapors to cool
rapidly .

Ag-NPs may be generated via the laser ablation
approach, which involves ionizing a metal or metal
source in the presence of a liquid medium. After
ionizing radiation upon a pulsed laser, the liquid
medium surroundings contain Ag-NPs solely from
the start of the metals, which have been cleaned of
extraneous ions, chemicals, or reducing agents *°.

In the thermal-decomposition method, the powder
form of Ag-NPs is formed by the decomposition of
metal complex. Physical processes have several
advantages over chemical approaches, including
removing solvent impurities from thin films and the
homogeneity of nanoparticle distribution. However,
aggregation is often challenging due to the lack of
capping agents *’.

Dadashi et al. ‘8 utilized laser ablation in acetone to

produce stable and pure iron NPs with great
dispersibility and single-phase purity. The
generation of stable iron NPs was validated by a
compositional and structural examination utilizing
FE-SEM, XRD and UV-Visible light spectroscopy.
The average particle size of iron NPs synthesized in
acetone is 30 nm, whereas iron and iron oxide NPs
synthesized in water have an average particle size
of 27 nm. Niasari et al. *° effectively generated
copper and copper oxide nanoparticles size ranging
from 8 to 10 nm by thermal degradation of
precursor complexes; [bis (salicylaldiminato)
copper (I1I)] complex. This method employed a
low-cost, reproducible process for the large-scale
production of copper nanoparticles. Jung et al.?
manufactured metallic nanoparticles by
evaporation/ condensation using a smaller ceramic
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furnace with a limited heating zone where these
source metals (silver) could be vaporized.

Biological Methods (Green Approach): Many
studies on the biosynthesis of metal-NPs have been
published by utilizing different sources like
bacteria %, fungus %, algae %, yeast 2* and plants %,
due to their anti-oxidant or reductive powers
required for metal component reduction processes
in their respective NPs. Green approach is a
biocompatible and eco-friendly process involving a
reducing agent/stabilizing agent (to manage the size
and avoid aggregation ‘. The reducing and
stabilizing agents are exchanged by
constituents produced by living microorganisms
like bacteria, yeasts, fungus, algae and plants in the
biosynthesis of NPs, resulting in prominent-scale
manufacture with lesser contamination. Because
harmful chemicals are not being utilised in the
biosynthesis  algorithm,  using  eco-friendly
materials to prepare silver nanoparticles has several
advantages and biomedical applications .

Plants are the superior framework for
manufacturing NPs since they are devoid of
hazardous substances and include naturally capping
agents, a single-step method for large-scale
manufacturing of NPs. Furthermore, using herbal
drugs minimises the demand for microbial isolation
and culture medium, increasing the cost-
effectiveness of microbial NPs ?’. Due to the need
for  exceptionally  sterile  conditions  and
maintenance, microbe-mediated manufacturing is
unsuitable for industrial applications. Plant extracts
are thus chosen over microorganisms because of
their ease of preparation, reduced biohazard, and
more complicated cell culture maintenance process
%8 This review has compiled various herbal extracts
derived from metal nanoparticles beneficial for
multiple pharmacological activities. Wen et al. %
revealed a straightforward green  one-pot
biosynthesis of stable AgNPs at ambient
temperature using the adaptive strain of fungus
Penicillium spinulosum. They proved that the
endophytic fungus's proteins coated the AgNPs,
kept them from aggregating, enhanced their
inhibitory effects, and increased the AgNPs' ability
to be recognized as antibacterial and significantlay
accelerated wound healing. Younis et al

produced biogenic AgNPs Dby cyanobacteria
Phormidium sp. shown antibacterial and wound
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healing properties. Researchers reported several
papers on metallic nanoparticles that were made
from green plants' leaves and stemmed, including
Azadirachta indica 3!, Erythrina suberosa
Ammania baccifera *, Aloe barbadensis (Aloe vera
plant) **, Ocimum sanctum ¥, Acalypha indica %,
Curcuma longa ¥, Meliaazedarach *, Moringa
oleifera seeds extract *° having wound healing
activities. A few examples of plants with Anti-
inflammatory properties are as follows: aqueous
leaf extract Brachychiton populneus *°, Azadirachta
indica kernel aqueous extract *, Madhuca
longifolia leaf extract **, aqueous leaves extract
Sterculia diversifolia *%, aqueous leaves extract
Rhizophora apiculata *, methanolic leaves extract
of Solanum khasianum *°, methanolic seeds extract
of Phoenix dactylifera .

Benefits of Herbal Methods:

Herbal Preparation Methods and their Benefits
Over Physical/ Chemical Methods: The
biosynthesis of metal NPs mediated by plant
extracts, such as Ag-NPs, has gained popularity
due to its ease and effectiveness in manufacturing
NPs with a consistent size and shape distribution.
The plants are readily available, easy to handle
well, and can conveniently expand to colossal scale
production. Moreover, unlike physical procedures,
no high-pressure, temperature, energy, or toxic
compounds are required. Aggregation due to a lack
of capping agents and nanoparticles distribution
homogeneity are another complex approach in
physical processes. To the initial solution, a
stabiliser (surfactant) is added to the original
solution in chemical synthesis methods to prevent
the agglomeration of Ag-NPs. In contrast, no
stabilizer is required in biological synthesis*" “.
Gudikandula K. and Charya Maringanti S.
produced Ag-NPs both chemically and biologically
utilizing the Pycnoporus sp., awhite rot fungi. They
also  discovered that silver nanoparticles
synthesized biologically had superior antibacterial
efficacy against pathogens than chemically
synthesized silver nanoparticles *°.

Several Preparative Approaches of Phyto-
medicine: According to Vaculikova et al. > the
observed solvent evaporation process can be used
for a viable and cost-effective methodology for
manufacturing NPs. This process may be scaled up
after selecting a handy non-toxic organic solvent.
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Candesartan cilexetil or Atorvastatin NPs produced
in this technique would then be employed in
nanotechnology with improved bioavailability.
Gardouh et al. ! successfully produced lipophilic
model  medications  (Dibenzoyl  peroxide,
Erythromycin base, and Triamcinolone acetonide)
to access the efficacy of Solid-Lipid Nanoparticles
(SLNs). By utilising the high shear hot
homogenization process, the drug molecules were
effectively integrated into SLNs. The influence of
formulation factors such as viscosity, surfactant
types, particle size, concentrations on encapsulation
efficiency, and physiochemical characteristics of
developed SLNs was examined. In-vitro drug
release studies revealed that drug released from
created SLNs formulas was greater than that from
commercially available formulae. Aside from
glycerol, as a viscosity enhancer, the type and
concentration of surfactant had substantially
influenced the physicochemical characterization of
SLNs and in-vitro drug release.

Protocol for Producing Nanoparticles from
Plant Extract: A broad range of plants has been
documented to contribute to generating Ag-NPs.
The step for selecting and procuring plant parts
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from available sources on the internet is considered
a general protocol for synthesizing NPs with a
green approach Fig. 2 °2. To eliminate any dirt or
debris from the plant parts, they were carefully
cleansed with fresh and distilled water. After being
shade dried for 15-20 days, the clean sources were
pulverized using a high-speed mixer and passed
from a stainless sieve. Then, a plant extract was
obtained using a suitable method (usually
continuous hot percolation extraction) and a
suitable solvent. After that, the infusion was
filtered.

The herbal extract was then mixed with a few
millilitres of metal salt solution (e.g., silver nitrate
solution), resulting in the bio-reduction of A" to A°,
and visual color shifts have identified from bright
to dark. The UV-visible spectrophotometer was
employed to determine the wavelength at different
time intervals to confirm nanoparticles °. The
produced NPs were then separated and analyzed
using a UV-Vis spectrophotometer, Fourier-
Transform Infrared Spectroscopy (FTIR), X-Ray
Diffraction  (XRD), Transmission  Electron
Microscopy (TEM), and Scanning Electron
Microscopy (SEM) >3,

Selection of plant's part

Preparation of extract
by suitable extraction
method

Metal salt solution
+
Plant extract

Colour of solution changes

From light to dark

.

Seprate out metal NPs

PLANT EXTRACT

BIO - REDUCTION

FORMATION OF METAL NPs

FIG. 2: BIOLOGICAL METHOD (PROTOCOL FOR PRODUCTION OF NPS USING PLANT EXTRACT)

Wound healing is a complicated set of well co-
ordinated biochemical and molecular processes that
regenerate skin integrity and adjacent subcutaneous
tissues. Several plant extracts and phytoconstituents
have been found as viable wound healing agents
since they include a variety of active components,
are easy to get, and have fewer adverse effects. The
advancement of nano-technological approaches can
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aid in the improvement of medicinal effectiveness
and also herbal-related materials. The study
findings are given, and a discussion of the
usefulness of herbal metal NPs in wound healing
therapy using an experimental paradigm >* Table 1.
In the present review, herbal nanoparticles
(particularly ~ Ag-NPs) have  the potential
therapeutic objectives in wound healing and anti-
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inflammatory characteristics and thus demonstrate
the best therapeutic results among the various

methods
nanoformulations °°.

utilized to
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produce phytochemical

TABLE 1: LIST OF PLANTS FOR HERBAL METAL NANOPARTICLES (NPs) INVESTIGATED FOR WOUND

HEALING ACTIVITY

Sr. Family Botanical name  Part  Metal NPs Experimental design Findings/Results
no. used (In-vitro/in-vivo)
1.  Euphorbiaceae Acalypha indica L Au-NPs BALB/c mice model with On the 15" day, the wound
diabetic wound infection area got completely re-
(in-vivo) epithelialized®
2. Fabaceae Erythrina L Ag-NPs  Normal fibroblast cell lines Positive effect®
suberosa Cell scratch assay (in-
Vitro)
3. Lythraceae Ammania Wh Ag-NPs Burn wound infection and Infections in burns were
baccifera inflammation treated by promoting
cellular proliferation and
reducing inflammation®.
4. Lamiaceae Ocimum L Ag-NPs Burn wound healing model Nanogel showed 96.20%
sanctum TiO,-NPs (in-vivo) wound healing activity on
burn wounds®*°°>/
5. Lauraceae Lindera R Ag-NPs Cell scratch method Wound closure activity:
strychnifolia (in-vitro) 64%".
6. Meliaceae Azadirachta L Ag-NPs Excision wound model Wound contraction rate:
indica ZnO-NPs (in-vivo) 94.54% on 10™ day *°~®
Incision wound model
(in-vivo)
7. Moringaceae Moringa L TiO,- Excision wound model Treated animals showed
oleifera NPs (in-vivo) 92.36 * 0.5% wound healing
activity on the 12" day®* ©,
8. Zingiberaceae  Curcuma longa Rh, Curcumin- Scratch-wound healing On HDF cells, Curcumin-
L Si-NPs assay Si-NPs showed complete
(in-vitro) wound closure after 24

hours® "

L: Leaves, R: Roots, Rh: Rhizome, Wh: Whole plant, BALB/c: Bagg Albino, HDF: Human Dermal Fibroblasts, Si-NPs: Silica
nanoparticles, TiO,-NPs: Titamium dioxide nanoparticles, Ag-NPs: Silver nanoparticles, Au-NPs: Gold Nanoparticles, ZnO-
NPs: Zinc oxide nanoparticles.

This review substantially demonstrates the
experimental design focused on the anti-
inflammatory properties of NPs Table 2. The anti-
inflammatory properties of Ag-NPs play a crucial

role in wound healing by reducing inflammatory
events during the early stages of wound healing in
both in-vivo and in-vitro models ®.

TABLE 2: LIST OF PLANTS FOR HERBAL METAL NANOPARTICLES (NPs) INVESTIGATED FOR ANTI-
INFLAMMATORY ACTIVITY

S. Family Botanical Part Metal Experimental model Findings/
no. name used NPs (In-vitro/in-vivo) Results
1. Acanthaceae  Andrographis L Zno-NPs  Protein denaturation assay ~ 1Cso value 66.78 pg/mL®®".
paniculata (in-vitro)
2. Combretaceae  Terminalia L Ag-NPs Carrageenan-induced hind % inhibition of oedema, at
catappa paw oedema in rats (in-vivo)  dose 50 mg/kg, 95.7% .
T. bellerica L Ag-NPs Same as above 92.13%
T. bentazoe L Ag-NPs Same as above 95.6%
T. mellueri L Ag-NPs Same as above 93%
3. Piperaceae Piper nigrum  Un Ag-NPs  LPS- induced expression of At concentrations, 10 to 20
F cytokines TNFa, IL-1p and pg/ml, cytokines were
IL-6. (in-vitro) inhibited "7°.
4. Polygalaceae Polygala R ZnO-NPs  LPS-induced expression of Suppresses the LPS-induced
tenuifolia COX-2, iINOS and cytokines  protein expressions of TNF-a

(in-vitro)

at img/ml ¥,

International Journal of Pharmaceutical Sciences and Research

4718



Aggarwal et al, IJPSR, 2023; Vol. 14(10): 4713-4723.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

5. Rosaceae Prunus F Ag-NPs

serrulata Ag-NPs

6. Solanaceae Atropa L Ag-NPs
acuminate

7. Ulmaceae Holoptelea L Ag-NPs
integrifolia

8. Verbenas/ Avicennia L Ag-NPs

Acanthaceae marina

LPS-induced inflammatory
response on RAW cell line
(in-vitro)

Effectively reduced
inflammatory mediators NO,
PEG,, and COX-2 %%,

Albumin denaturation assay I1Cs0 (ng/ml)
12.98 %
Antiproteinase activity 18.401

(in-vitro)
Denaturation assay and

K value (Binding constant) 5
BSA proteins binding 8

(in-vitro) 2.60+0.05x10*
Protein denaturation 72.1 9%
inhibition
Antiproteinase activity 72.9%
(in-vitro)

Al pt.: Aerial plant, B: Bark, F: Fruit, L: Leaves, UnF: Unripe Fruits, R: Roots, Rh: Rhizome, Wh: Whole plant, BSA: Bovine

Serum Albumin, COX-2: Cyclooxygenase-2, iNOS:

Inducible Nitric Oxide Synthase,

IL-18: Interleukins-1f, LPS:

Lipopolysaccharide, MPO: Myeloperoxidase NO: Nitric Oxide, PEG2: Prostaglandin E2, PVP: Poly Vinyl Pyrrolidone, PEG:

Polyethylene Glycol,
concentration.

CONCLUSION: The outcomes of the present
review primarily emphasized the importance of
bioactive components as another option for healing
the various types of wounds and inflammation
through a successful need for nanotechnology. The
influence of nanoparticles has gained interest due
to bio-availability, targeted therapy and stability.
Moreover, experimental biological studies are
imperative to assess the intracellular goals
associated with wound healing and the anti-
inflammatory impacts of herbal nanomedicine;
implementing well-refined clinical trials would be
essential to ascertain the effectiveness and safety of
natural herbal product-based nano-formulations for
treatment. Phytosomes  are  plant-derived
compounds comprising a phospholipid layer
surrounding a molecule or group of molecules.

This unique combination of phospholipids and
molecules provides several advantages in
therapeutic delivery. First, since a phospholipid
layer surrounds the molecules, they can move more
rapidly across the cell membrane and efficiently
than if not encapsulated. This leads to faster uptake
of the therapeutic agents into the cell, which can
result in a more rapid therapeutic effect. Second,
because of the lipophilic nature of phytosomes,
they can penetrate the cell membrane more easily
than many other molecules, resulting in greater
drug delivery. Finally, because of their non-toxic
nature, phytosomes are safer for therapeutic
delivery than many other compounds. This makes
them an attractive option for patients sensitive to
certain pharmaceuticals. Phytomedicines have also
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PVA: Poly(Vinyl Alcohol), TNF-a: Tumor Necrosis Factor-o, [Csg:

Half-maximal inhibitory

been proven beneficial in treating inflammation and
wound healing by reducing inflammation,
stimulating the development of new cells,
and promoting the regeneration of healthy tissue.
For example, as ginger, turmeric, and garlic has
been shhave

Additionally, Aloe vera gel, honey, and essential
oils have been found to be beneficial in treating
wounds and promoting healing. In addition to their
anti-inflammatory and wound-healing properties,
phytomedicines could be intended to assess
underlying  conditions  contributing to the
inflammation and wound-healing response. For
example, some herbal extracts have been found to
have anti-bacterial, anti-viral, and anti-fungal
properties, which can help to reduce the underlying
cause of the inflammation and promote faster
healing. Overall, using phytomedicines to prevent
inflammation and wound-healing has a long history
and is an effective treatment option. By reducing
inflammation, promoting cell and tissue growth,
and treating underlying causes of inflammation,
phytomedicines can help to promote faster and
more effective healing.

ACKNOWLEDGEMENT: The authors sincerely
thank the management of the Institute of
Pharmaceutical Sciences, Kurukshetra University,
Kurukshetra, Haryana, India, for providing research
facilities.

Funding: No external funding was received for the
work.

4719



Aggarwal et al, IJPSR, 2023; Vol. 14(10): 4713-4723.

CONFLICTS OF

INTEREST: The authors

declare no conflict of interest.

REFERENCES:

1.

10.

11.

12.

13.

International Journal of Pharmaceutical Sciences and Research

Rolim WR, Pelegrino MT, de Aradjo Lima B, Ferraz LS,
Costa FN, Bernardes JS, Rodigues T, Brocchi M and
Seabra AB: Green tea extract mediated biogenic synthesis
of silver nanoparticles: Characterization, cytotoxicity
evaluation and antibacterial activity. Applied Surface
Science 2019; 463: 66-74.

Variya BC, Bakrania AK and Patel SS: Emblica officinalis
(amla): A review for its phytochemistry, ethnomedicinal
uses and medicinal potentials with respect to molecular
mechanisms. Pharmacological Research 2016; 111: 180-
200.

Bairwa K and Jachak SM: Development and optimisation
of 3-acetyl-11-keto-p-boswellic acid loaded poly-lactic-co-
glycolic  acid-nanoparticles ~ with  enhanced oral
bioavailability and in-vivo anti-inflammatory activity in
rats. The Journal of Pharmacy and Pharmacology 2015;
67(9): 1188-1197.

Khogta S, Patel J, Barve K and Londhe V: Herbal nano-
formulations for topical delivery. Journal of Herbal
Medicine 2020; 20: 100300.

Gudikandula K and Charya Maringanti S: Synthesis of
silver nanoparticles by chemical and biological methods
and their antimicrobial properties. Journal of Experimental
Nanoscience 2016; 11(9): 714-721.

Ahmed S, Ahmad M, Swami BL and lkram S: A review
on plants extract mediated synthesis of silver nanoparticles
for antimicrobial applications: A green expertise. Journal
of Advanced Research 2016; 7(1): 17-28.

Sharma A, Yadav KS, Pottoo FH, Rai VK and Barkat MA:
Nanomedicine based phytoformulation in disease
diagnosis and treatment. Nanophytomedicine: Concept to
Clinic 2020; 193-218.

Manikandan R, Manikandan B, Raman T, Arunagirinathan
K, Prabhu NM, Jothi Basu M, Perumal M, Palanisamy S
and Munusamy A: Biosynthesis of silver nanoparticles
using ethanolic petals extract of Rosa indica and
characterization of its antibacterial, anticancer and anti-
inflammatory activities. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy 2015; 138:
120-129.

Pereira SG, Moura J, Carvalho E and Empadinhas N:
Microbiota of chronic diabetic wounds: ecology, impact,
and potential for innovative treatment strategies. Frontiers
in Microbiology 2017; 8: 1791.

Manimekalai P, Gurumoorthy M and Dhanalakshmi R:
Evaluation of in-vivo wound healing activity of dried leaf
ethanolic extract of Indigofera tinctoria on albino wistar
rat. Research Journal of Pharmacy and Technology 2019;
12(2): 827-830.

Zhang XF, Liu ZG, Shen W and Gurunathan S: Silver
nanoparticles:  Synthesis, characterization, properties,
applications, and therapeutic approaches. International
Journal of Molecular Sciences 2016; 17(9): 1534.
Sonanwane DB, Shah AM and Jaiswal N: Review on
application of nanoparticles and classification, synthesis.
Research Journal of Pharmacology and
Pharmacodynamics 2022; 14(2): 117-124.

Antony JJ, Sithika MA, Joseph TA, Suriyakalaa U,
Sankarganesh A, Siva D, Kalaiselvi S and Achiraman S:
In-vivo antitumor activity of biosynthesized silver
nanoparticles using Ficus religiosa as a nanofactory in dal

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

induced mice model. Colloids and
Biointerfaces 2013; 108: 185-190.

Seo SB, Dananjaya SHS, Nikapitiya C, Park BK,
Gooneratne R, Kim TY, Lee J, Kim CH and De Zoysa M:
Silver nanoparticles enhance wound healing in zebrafish
(Danio rerio). Fish Shellfish Immunology 2017; 68: 536-
545.

Iravani S, Korbekandi H, Mirmohammadi SV and
Zolfaghari B: Synthesis of silver nanoparticles: Chemical,
physical and biological methods. Research in
pharmaceutical sciences 2014; 9(6): 385-406.

Lee SH and Jun BH: Silver nanoparticles: Synthesis and
application for nanomedicine. International Journal of
Molecular Sciences 2019; 20(4): 865.

Bachhav PA, Shroff RM and Shirkhedkar AA: Silver
nanoparticles: A comprehensive review on mechanism,
synthesis and biomedical applications. Asian Journal of
Pharmaceutical Research2020; 10(3): 202-212.

Dadashi S, Poursalehi R and Delavari H: Structural and
optical properties of pure iron and iron oxide nanoparticles
prepared via pulsed nd: YAG laser ablation in liquid.
Procedia Materials Science 2015; 11: 722-726.
Salavati-Niasari M and Davar F: Synthesis of copper and
copper (i) oxide nanoparticles by thermal decomposition
of a new precursor. Materials Letters 2009; 63(3-4): 441-
443.

Jung JH, Oh HC, Noh HS, Ji JH and Kim SS: Metal
nanoparticle generation using a small ceramic heater with
a local heating area. Journal of Aerosol Science 2006;
37(12): 1662-1670.

Hug MA: Green synthesis of silver nanoparticles using
Pseudoduganella eburnea MAHUQ-39 and their
antimicrobial mechanisms investigation against drug
resistant human pathogens. International Journal of
Molecular Sciences 2020; 21(4): 1510.

Fouda A, Awad MA, Al-Faifi ZE, Gad ME, Al-Khalaf
AA, Yahya R and Hamza MF: Aspergillus flavus-
mediated green synthesis of silver nanoparticles and
evaluation of their antibacterial, anti-candida, acaricides,
and photocatalytic activities. Catalysts 2022; 12(5): 462.
Azeem MNA, Ahmed OM, Shaban M and Elsayed KNM:
In- vitro antioxidant, anticancer, anti-inflammatory, anti-
diabetic and anti-alzheimer potentials of innovative
macroalgae bio-capped silver nanoparticles.
Environmental  Science and  Pollution  Research
International 2022; 29(39): 59930-59947.

Kharchenko Y, Lastovetska L, Maslak V, Sidorenko M,
Vasylenko V and Shydlovska O: Antibacterial activity of
green synthesised silver nanoparticles on Saccharomyces
cerevisiae. Applied Sciences 2022; 12(7): 3466.
Lomeli-Rosales DA, Zamudio-Ojeda A, Reyes-Maldonado
OK, Lopez-Reyes ME, Basulto-Padilla GC, Lopez-
Naranjo EJ, Zufiiga-Mayo VM and Velazquez-Juarez G:
Green synthesis of gold and silver nanoparticles using leaf
extract of Capsicum chinenseplant. Molecules 2022; 27(5):
1692.

Nayak S, Ghugare P and Vaidhun B: Green-synthesis of
silver nanoparticles by Hygrophila auriculata extract:
Innovative technique and comprehensive evaluation.
Indian Journal of Pharmaceutical Education and Research
2021; 55(2): S510-S517.

Shobana S, Veena S, Sameer SSM, Swarnalakshmi K and
Vishal LA: Green synthesis of silver nanoparticles using
Artocarpus hirsutus seed extract and its antibacterial
activity. Current Pharmaceutical Biotechnology 2020;
21(10): 980-989.

surfaces B,

4720



Aggarwal et al, IJPSR, 2023; Vol. 14(10): 4713-4723.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

International Journal of Pharmaceutical Sciences and Research

Nasim 1, Jabin Z, Kumar SR and Vishknupriya V. Green
synthesis of calcium hydroxide-coated silver nanoparticles
using Andrographis paniculata and Ocimum sanctum
Linn. leaf extracts: An antimicrobial and cytotoxic
activity. Journal of Conservative Dentistry 2022; 25(4):
369.

Wen L, Zeng P, Zhang L, Huang W, Wang H and Chen G:
Symbiosis theory-directed green synthesis of silver
nanoparticles and their application in infected wound
healing. International Journal of Nanomedicine 2016; 11:
2757-2767.

Younis NS, ElI Semary NA and Mohamed ME: Silver
nanoparticles green synthesis via cyanobacterium
phormidium sp.: Characterization, wound healing,
antioxidant, antibacterial, and anti-inflammatory activities.
European review for Medical and Pharmacological
Sciences 2021; 25(7): 3083-3096.

Igbal Y, Malik AR, Igbal T, Aziz MH, Ahmed F,
Abolaban FA, Ali SM and Ullah H: Green synthesis of
Zno and Ag-doped Zno nanoparticles using Azadirachta
indica leaves: Characterization and their potential
antibacterial, antidiabetic, and wound-healing activities.
Materials Letters 2021; 305: 130671.

Mohanta YK, Panda SK, Jayabalan R, Sharma N, Bastia
AK and Mohanta TK: Antimicrobial, Antioxidant and
Cytotoxic activity of silver nanoparticles synthesized by
leaf extract of Erythrina suberosa (roxb.). Frontiers in
Molecular Biosciences 2017; 4:14.

Jadhav K, Dhamecha D, Bhattacharya D and Patil M:
Green and ecofriendly synthesis of silver nanoparticles:
Characterization, biocompatibility studies and gel
formulation for treatment of infections in burns. Journal of
Photochemistry and Photobiology B 2016; 155: 109-115.
Batool M, Khurshid S, Qureshi Z and Daoush WM:
Adsorption, antimicrobial and wound healing activities of
biosynthesised zinc oxide nanoparticles 2021; 75(3): 893-
907.

Sood R and Chopra DS: Optimization of reaction
conditions to fabricate ocimum sanctum synthesized silver
nanoparticles and its application to nano-gel systems for
burn  wounds. Materials Science &Engineering C:
Materials for Biological Applications 2018; 92: 575-589.
Boomi P, Ganesan R, Prabu Poorani G, Jegatheeswaran S,
Balakumar C, Gurumallesh Prabu H, Anand K, Marimuthu
Prabhu N, Jeyakanthan J and Saravanan M: Phyto-
engineered gold nanoparticles (AuNPs) with potential
antibacterial, antioxidant, and wound healing activities
under in-vitro and in-vivo conditions. International Journal
of Nanomedicine 2020; 15: 7553-7568.

Maghimaa M and Alharbi SA: Green synthesis of silver
nanoparticles from Curcuma longa L. and coating on the
cotton fabrics for antimicrobial applications and wound
healing activity. Journal of Photochemistry and
Photobiology B 2020; 204: 111806.

Chinnasamy G, Chandrasekharan S and Bhatnagar S:
Biosynthesis of silver nanoparticles from Melia azedarach:
Enhancement of antibacterial, wound healing, antidiabetic
and antioxidant activities. International Journal of
Nanomedicine 2019; 14: 9823-9836.

Mehwish HM, Liu G, Rajoka MSR, Cai H, Zhong J, Song
X, Xia L, Wang M, Aadil RM, Inam-Ur-Raheem M,
Xiong Y, Wu H, Amirzada MI, Zzhu Q and He Z:
Therapeutic  potential of Moringa oleifera seed
polysaccharide embedded silver nanoparticles in wound
healing. International Journal of Biological
Macromolecules 2021; 184: 144-158.

40.

41.

42,

43.

44,

45.

46.

47,

48.

49,

50.

51.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Naveed M, Batool H, Rehman SU, Javed A, Makhdoom
Sl, Aziz T, Mohamed AA, Sameeh MY, Alruways MW,
Dablool AS and Almalki AA: Characterization and
evaluation of the antioxidant, antidiabetic, anti-
inflammatory, and cytotoxic activities of silver
nanoparticles synthesized using Brachychiton populneus
leaf extract 2022; 10(8): 1521.

Lan Chi NT, Narayanan M, Chinnathambi A,
Govindasamy C, Subramani B, Brindhadevi K, Pimpimon
T and Pikulkaew S: Fabrication, characterization, anti-
inflammatory, and anti-diabetic activity of silver
nanoparticles synthesized from Azadirachta indica kernel
aqueous extract. Environmental Research 2022; 208:
112684.

Salve P, Vinchurkar A, Raut R, Chondekar R, Lakkakula
J, Roy A, Hossain MJ, Alghamdi S, Almehmadi M,
Abdulaziz O, Allahyani M, Dablool AS, Sarker MMR and
Nur Azlina MF: An evaluation of antimicrobial,
anticancer, anti-inflammatoryand antioxidant activities of
silver nanoparticles synthesized from leaf extract of
Madhuca longifolia utilizing quantitative and qualitative
methods. Molecules 2022; 27(19): 6404.

Al-Ramamneh EAM, Ghrair AM, Shakya AK, Alsharafa
KY, Al-lsmail K, Al-Qaraleh SY, Mojski J, Naik RR:
Efficacy of Sterculia diversifolia leaf extracts: Volatile
compounds, Antioxidant and Anti-inflammatory activity,
and green synthesis of potential antibacterial silver
nanoparticles. Plants 2022; 11(19): 2492.

Alsareii SA, Manaa Alamri A, AlAsmari MY, Bawahab
MA, Mahnashi MH, Shaikh 1A, Shettar AK, Hoskeri JH
and Kumbar V: Synthesis and characterization of silver
nanoparticles from Rhizophora apiculata and studies on
their wound healing, antioxidant, anti-inflammatory, and
cytotoxic activity. Molecules 2022; 27(19): 6306.
Chirumamilla P, Vankudoth S, Dharavath SB, Dasari R
and Taduri S: In-vitro anti-inflammatory activity of green
synthesized silver nanoparticles and leaf methanolic
extract of Solanum khasianum clarke. Proceedings of the
National Academy of Sciences. India Section B:
Biological Sciences 2022; 1-7.

Khader SZA, Ahmed SSZ, Mahboob MR, Prabaharan SB,
Lakshmanan SO, Kumar KR and David D: In-vitro anti-
inflammatory, anti-arthritic and anti-proliferative activity
of green synthesized silver nanoparticles-Phoenix
dactylifera (Rothan dates). Brazilian Journal of
Pharmaceutical Sciences 2022; 58.

Berta L, Coman NA, Rusu A and Tanase C: A review on
plant-mediated synthesis of bimetallic nanoparticles,
characterisation and their biological applications. Materials
(Basel, Switzerland) 2021; 14(24): 7677.

Devi BV and Rajeshkumar S: Anti-inflammatory activity
of silver nanoparticles synthesised using Andrographis
paniculata and Phyllanthus niruri. Plant  Cell
Biotechnology and Molecular Biology 2020; 21(25-26):
96-104.

Gudikandula K and Charya Maringanti S: Synthesis of
silver nanoparticles by chemical and biological methods
and their antimicrobial properties. Journal of Experimental
Nanoscience 2016; 11(9): 714-21.

Vaculikova E, Grunwaldova V, Kral V, Dohnal J and
Jampilek J: Preparation of candesartan and atorvastatin
nanoparticles by solvent evaporation. Molecules 2012;
17(11): 13221-13234.

Gardouh AR, Gad S, Ghonaim HM and Ghorab MM:
Design and characterization of glyceryl monostearate solid
lipid  nanoparticles prepared by high  shear

4721



Aggarwal et al, IJPSR, 2023; Vol. 14(10): 4713-4723.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

International Journal of Pharmaceutical Sciences and Research

homogenization. British Journal of Pharmaceutical
Research 2013; 3(3): 326.

Sudhakar T, Premkumar J, Sapkota R and Rijal S:
Antimicrobial activity of silver nanoparticles synthesized
from Ficus benghalensis against human pathogens.
Research Journal of Pharmacy and Technology 2017;
10(6): 1635-1640.

Shinde SU, Gidde ND, Shinde PP and Kadam AB: An
overview of nanoparticles: Current scenario. Research
Journal of Pharmacy and Technology 2021; 13(3): 239-
246.

Hajialyani M, Tewari D, Sobarzo-Sanchez E, Nabavi SM,
Farzaei MH and Abdollahi M: Natural product-based
nanomedicines for wound healing purposes: Therapeutic
targets and drug delivery systems. International Journal of
Nanomedicine 2018; 13: 5023-5043.

Agarwal H, Nakara A and Shanmugam VK: Anti-
inflammatory mechanism of various metal and metal oxide
nanoparticles synthesized using plant extracts: A review.
Biomedicine & Pharmacotherapy 2019; 109: 2561-2572.
Xu LN, Wang HX and Zhao L: Biosynthesis of AgNPs
and their effective wound healing activity in nursing care
in children after surgery. Research Journal of Pharmacy
and Technology 2020; 55: 101425.

Rahmanpour A, Farahpour MR, Shapouri R, Jafarirad S
and Rahimi P: Synthesis and characterization of alumina-
based nanocomposites of TiO2/AI203/Chitosan with
antibacterial properties accelarate healing of infected
excision  wounds. Colloids and  Surfaces A:
Physicochemical and Engineering Aspects 2022; 644:
128839.

Ahn EY, Jin H and Park Y: Assessing the antioxidant,
cytotoxic, apoptotic and wound healing properties of silver
nanoparticles green-synthesized by plant extracts.
Materials Science & Engineering C: Materials for
Biological Applications 2019; 101: 204-216.

Chinnasamy G, Chandrasekharan S, Koh TW and
Bhatnagar S: Synthesis, characterization, antibacterial and
wound healing efficacy of silver nanoparticles from
Azadirachta indica. Frontiers in Microbiology 2021; 12:
611560.

Manca ML, Manconi M, Meloni MC, Marongiu F, Allaw
M, Usach |, Peris JE, Escribano-Ferrer E, Tuberoso CIG,
Gutierrez G, Matos M and Ghavam M: Nanotechnology
for Natural Medicine: Formulation of neem oil loaded
phospholipid vesicles modified with argan oil as a strategy
to protect the skin from oxidative stress and promote
wound healing. Antioxidants (Basel, Switzerland) 2021;
10(5): 670.

Igbal Y, Malik AR, Igbal T, Aziz MH, Ahmed F,
Abolaban FA, Ali SM and Ullah H: Green synthesis of
ZnO and Ag-doped ZnO nanoparticles using Azadirachta
indica leaves: Characterization and their potential
antibacterial, antidiabetic, and wound-healing activities.
Materials Letters 2021; 305: 130671.

Sivaranjani V and Philominathan PJ: Synthesize of
titanium dioxide nanoparticles using Moringa oleifera
leaves and evaluation of wound healing activity. Wound
Medicine 2016; 12: 1-5.

Al-Ghanayem AA, Alhussaini MS, Asad M and Joseph B:
Moringa oleifera leaf extract promotes healing of infected
wounds in diabetic rats: Evidence of antimicrobial,
antioxidant and proliferative properties. Pharmaceuticals.
2022; 15(5): 528.

Mirzahosseinipour M, Khorsandi K, Hosseinzadeh R,
Ghazaeian M and Shahidi FK: Antimicrobial
photodynamic and wound healing activity of curcumin

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

encapsulated in-silica nanoparticles. Photodiagnosis and
Photodynamic Therapy 2020; 29: 1016309.

Singh C, Mehata AK, Priya V, Malik AK, Setia A, Suseela
MNL, Vikas, Gokul P, Samridhi, Singh SK and Muthu
MS: Bimetallic Au-Ag nanoparticles:  Advanced
nanotechnology for tackling antimicrobial resistance.
Molecules 2022; 27(20): 7059.

Rajakumar G, Thiruvengadam M, Mydhili G, Gomathi T
and Chung IM: Green approach for synthesis of zinc oxide
nanoparticles from Andrographis paniculata leaf extract
and evaluation of their antioxidant, anti-diabetic, and anti-
inflammatory activities. Bioprocess and Biosystems
Engineering 2018; 41(1): 21-30.

Misra S, lkbal AM, Bhattacharjee D, Hore M, Mishra S,
Karmakar S, Ghosh A, Srinivas R, Das A, Agarwal S and
Saha KD. Validation of antioxidant, antiproliferative, and
in-vitro anti-rheumatoid  arthritis  activities  of
epigallo-catechin-rich bioactive fraction from Camellia
sinensis var. assamica, Assam variety white tea, and its
comparative evaluation with green tea fraction. Journal of
Food Biochemistry 2022; 46(12): 14487.

Govindappa M, Hemashekhar B, Arthikala M-K, Rai VR
and Ramachandra YL: Characterization, antibacterial,

antioxidant, antidiabetic, anti-inflammatory ~ and
antityrosinase activity of green synthesized silver
nanoparticles using Calophyllum tomentosum leaves

extract. Research in Physics 2018; 9: 400-408.

Shah M, Parveen Z and Khan MR: Evaluation of
antioxidant, anti-inflammatory, analgesic and antipyretic
activities of the stem bark of Sapindus mukorossi. BMC
Complementary and Alternative Medicine 2017; 17(1):
526.

Truong D-H, Nguyen DH, Ta NTA, Bui AV, Do TH and
Nguyen HC: Evaluation of the use of different solvents for
phytochemical constituents, antioxidants, and in-vitro anti-
inflammatory activities of Severinia buxifolia. Journal of
Food Quality 2019; 2019.

Gunathilake K, Ranaweera K and Rupasinghe HPV: In-
vitro anti-inflammatory properties of selected green leafy
vegetables. Biomedicines 2018; 6(4): 107.

Singchuwong T, Chareonviriyaphap T, Leepasert T,
Taengphan W and Karpkird T: Anti-inflammatory
potential and enhanced skin permeation of Andrographis
paniculata crude extract-loaded hydroxyethylcellulose
nanoparticles. Available at SSRN 4264154. 2022 Nov 11.
El-Rafie HM and Hamed MA: Antioxidant and anti-
inflammatory  activities of  silver  nanoparticles
biosynthesized from aqueous leaves extracts of four
Terminaliaspecies. Nanoscience and Nanotechnology
2014; 5(3): 035008.

Rukshala D, de Silva ED, Ranaweera B, Fernando N and
Handunnetti SM: Anti-inflammatory effect of leaves of
Vernonia zeylanica in lipopolysaccharide-stimulated raw
264.7 macrophages and carrageenan-induced rat paw-
edema model. Journal of Ethnopharmacology 2021; 274:
114030.

Bawazeer S, Khan I, Rauf A, Aljohani AS, Alhumaydhi
FA, Khalil AA, Qureshi MN, Ahmad L and Khan SA.
Black pepper (Piper nigrum) fruit-based gold
nanoparticles (BP-AuNPs): Synthesis, characterization,
biological activities, and catalytic applications—A green
approach. Green Processing and Synthesis 2022; 11(1):
11-28.

Takooree H, Aumeeruddy MZ, Rengasamy KRR,
Venugopala KN, Jeewon R, Zengin G and Mahomoodally
MF: A systematic review on black pepper (Piper nigrum
L.): from folk uses to pharmacological applications.

4722



Aggarwal et al, IJPSR, 2023; Vol. 14(10): 4713-4723.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Critical Reviews in Food Science and Nutrition 2019; 59:
210-243.

Zhang Y, Yan G, Sun C, Nan L, Wang X, Xu W and Chu
K: Compound GDC, an isocoumarin glycoside, protects
against LPS-induced inflammation and potential
mechanisms in-vitro. Inflammation 2019; 42: 506-15.
Reddi KK, Li H, Li W and Tetali SD. Berberine, a
phytoalkaloid, inhibits inflammatory response induced by
LPS through NF-KappaB pathway: possible involvement
of the IKKa. Molecules 2021; 26(16): 4733.

Singh A, Boregowda SS, Moin A, Abu Lila AS, Aldawsari
MF, Khafagy ES, Alotaibi HF and Jayaramu RA:
Biosynthesis of silver nanoparticles using Commiphora
mukul extract: evaluation of anti-arthritic activity in
adjuvant-induced arthritis rat model. Pharmaceutics 2022;
14(11): 2318.

Nagajyothi PC, Cha SJ, Yang 1J, Sreekanth TV, Kim KJ
and Shin HM: Antioxidant and Anti-inflammatory
activities of zinc oxide nanoparticles synthesized using
Polygala tenuifolia root extract. Journal of Photochemistry
and Photobiology B, Biology 2015; 146: 10-17.

Li Y, Yin S, Chen X, Shi F, Wang J and Yang H: The
inhibitory effect of paeoniflorin on reactive oxygen species
alleviates the activation of NF-xB and MAPK signalling
pathways in macrophages. Microbiology 2022; 168(8):
001210

Singh P, Ahn S, Kang JP, Veronika S, Huo Y, Singh H,
Chokkaligam M, El-Agamy Farh M, Aceituno VC, Kim
YJ and Yang DC: In-vitro anti-inflammatory activity of
spherical silver nanoparticles and monodisperse hexagonal
gold nanoparticles by fruit extract of Prunus serrulata: A
Green synthetic approach. Artificial cells, Nanomedicine,
and Biotechnology 2018; 46(8): 2022-2032.

Raka RN, Zhigian D, Yue Y, Luchang Q, Suyeon P,
Junsong X and Hua W: Pingyin rose essential oil alleviates
LPS-Induced inflammation in RAW 264.7 cells via the
NF-kB pathway: an integrated in-vitro and network
pharmacology analysis. BMC Complementary Medicine
and Therapies 2022; 22(1): 1-6.

Gao L, Mei S, Ma H and Chen X: Ultrasound-assisted
green synthesis of gold nanoparticles using citrus peel
extract and their enhanced anti-inflammatory activity.
Ultrasonics Sonochemistry 2022; 83: 105940.

Rajput S, Kumar D and Agrawal V: Green synthesis of
silver nanoparticles using Indian Belladonna extract and
their potential Antioxidant, anti-Inflammatory, anticancer
and larvicidal activities. Plant Cell Reports 2020; 39(7):
921-939.

Kumar V, Singh S, Srivastava B, Bhadouria R and Singh
R: Green synthesis of silver nanoparticles using leaf

87.

88.

89.

90.

91.

92.

93.

94,

95.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

extract of Holoptelea integrifolia and preliminary
investigation of its antioxidant, anti-inflammatory,
antidiabetic and antibacterial activities. Journal of
Environmental Chemical Engineering 2019; 7(3): 103094.
Somwong K, Lertpatipanpong P, Nimlamool W, Panya A,
Tragoolpua Y, Yongsawas R, Gritsanapan W, Pandith H
and Baek SJ: Effect of Holoptelea integrifolia (Roxb.)
Planch. n-Hexane extract and its bioactive compounds on
wound healing and anti-inflammatory activity. Molecules
2022; 27(23): 8540.

Karpagavinayagam P and Vedhi C: Green synthesis of iron
oxide nanoparticles using Avicennia marina flower extract.
Vacuum 2019; 160: 286-92.

Saleem A, Saleem M and Akhtar MF: Antioxidant, anti-
inflammatory and antiarthritic potential of Moringa
oleiferalam: An ethnomedicinal plant of moringaceae
family. South African Journal of Botany 2020; 128: 246-
256.

Pratheema P, Gurupriya S, Ramesh J, Cathrine L and
Pratheema P: Anti-inflammatory and anti-bacterial activity
of titanium nanoparticles synthesized from rhizomes of
Alpinia calcarata. International Journal of Research in
applied Science and Engineering Technology 2018; 6:
2472-2477.

Ansari P, Uddin MJ, Rahman MM, Abdullah-Al-Mamun
M, Islam MR, Ali MH and Reza AS: Anti-inflammatory,
anti-diarrheal, thrombolytic and cytotoxic activities of an
ornamental medicinal plant: Persicaria orientalis. Journal
of Basic and Clinical Physiology and Pharmacology 2017;
28(1): 51-58.

de Almeida M, da Rocha BA, Francisco CRL, Miranda
CG, Santos PDF, de Aradjo PHH, Sayer C, Leimann FV,
Gongalves OH and Bersani-Amado CA: Evaluation of the
in-vivo acute anti-inflammatory response of curcumin-
loaded nanoparticles. Food & Function 2018; 9(1): 440-
449,

Ratnaningtyas NI, Husen F, Hernayanti H, Ekowati N and
Budianto BH: Anti-inflammatory and immunosuppressant
activity of Coprinus comatus ethanol extract in
carrageenan-induced rats (Rattus norvegicus). Molekul
2022; 17(3): 335-45.

Karpagavinayagam P, Prasanna AE and Vedhi C: Eco-
friendly synthesis of nickel oxide nanoparticles using
Avicennia  marina  leaf  extract:  Morphological
characterization and electrochemical application. Materials
Today: Proceedings 2022; 48: 136-42.

Kumaran NS: In-vitro anti-inflammatory activity of silver
nanoparticle synthesized Avicennia marina (forssk.) vierh:
A Green Synthetic Approach. International Journal of
Green Pharmacy 2018; 12(03).

How to cite this article:
Aggarwal D, Kamal, Choudhary M, Agarwal G, Kumar A and Sharma D: Understanding of phyto-nanomedicine for the management of
inflammation and wound healing: an outlook. Int J Pharm Sci & Res 2023; 14(10): 4713-23. doi: 10.13040/1JPSR.0975-8232.14(10).4713-23.

All © 2023 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

4723



