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ABSTRACT

The production of nanoparticles from plant species is of great interest now a days as they
exhibit important characteristic features of possessing antimicrobial and anticancer activities.
The review study focuses on a green synthesis of metallic nanoparticles which avoid the usage
of hazardous substances, reducing agents, or chemically synthesized protecting substances.
This process utilizes accessible components found in nature. This environmentally friendly
method of synthesizing metallic nanoparticles has gained popularity based on its non-toxic
nature, cost-effectiveness, and ecological benefits. In this particular study, Actinodaphne
madraspatana, a plant belonging to the Lauraceae family and native to India, is used as both
a reducing agent and a stabilizing agent in metallic nanoparticle synthesis. The traditional
treatment carried out by the leaves of this plant are mental illness, diabetes, and wounds. This
review aims to provide a comprehensive overview of the synthesis of metallic nanoparticles by
Actinodaphne madraspatana and their diverse therapeutic applications. The characterization
of metallic nanoparticles produced by this plant help in understanding the properties, probable

applications and behavior of the nanoparticles. The review also explores the morphological and
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phytochemical studies of the Actinodaphne madraspatana plant. Therefore, this study may

provide the high production and use of nanoparticles from the Actinodaphne madraspatana

plant to treat severe diseases.
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INTRODUCTION

The study of Nanotechnology is altering any
matter at the nanoscale to create novel and
distinctive materials. With the capacity to
reduce material prices, minimize energy
usage, be incredibly smaller, and have a
significant ratio of surface to volume,
nanotechnology can be cost-effective [1]. In
terms of biological qualities, catalytic
activity, optical absorption, thermal and
electrical conductivity, mechanical
properties, and melting point, nanoparticles
differ from bulk materials with the same
chemical composition in terms of both their
chemical and physical features [2].

Using natural materials to convert metallic
ions into  nanoparticles offers an
environmentally beneficial approach to
nanoparticle synthesis [3]. The synthesis can
be achieved through various techniques,
including chemical, physical, and biological
methods. Chemical processes including the
sol-gel method, chemical reduction
procedures, and co-precipitation are utilized
to create nanoparticles [4]. Thermal

breakdown, laser irradiation,

ultrasonication, ball milling, and electrolysis
are the physical processes utilized to
synthesize nanoparticles [5]. The biological
process identified as biofabrication is used
to synthesize nanoparticles. This process
uses microorganisms such as bacteria, fungi,
yeast, virus, microalgae, macroalgae, and
plant biomass/extract [6]. Nanoparticles are
broadly used in industries, including
biomedicine, agriculture, drug delivery,
catalysis, and wastewater treatment (Figure
1) [7]. Compared to other biological sources,
plant biomass/extract has certain significant
advantages in the production of
nanoparticles over other tiny substances [8].
Plants have the distinctive potential for the
production of metallic nanoparticles by
various biomolecules present in their
biomass. These biomolecules include amino
acids, enzymes, proteins, polysaccharides,
organic acids, and vitamins such as citrate.
Each of these biomolecules can perform a
specific function in the stabilization and

synthesis of metallic nanoparticles [9].
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Figure 1: Nanoparticles- Methods with their Applications

The primary step in the nanoparticles

formation  involves reducing  metal
complexes to obtain metal colloidal
dispersion. The green synthetic method is
required to convert the metallic precursors
into nanoparticles [10]. Green or natural
materials, including plant and microbial
extracts, have garnered significant intensity
in the field of nanoparticle synthesis [11].
One method entails mixing extracts of plants
with metallic compound solutions for the
required nanoparticle production. The non-
biological applications include
photocatalysis and reduction properties
whereas the biological applications include
antiviral, bactericidal, fungicidal, anti-
inflammatory, anti-carcinogenic, and anti-
oxidant capabilities [12]. Biomolecules
serve in-situ reducing and capping agents
that stabilize the nanoparticles by reducing
metallic salts from an oxidation state

(positive) to a zero-oxidation state. The

monolayer is formed surrounding the
nanoparticle and the agglomeration
prevention that occurs when nanoparticles
interact

chemically and  physically.

Maintaining the surface energy of
nanoparticles is essential for ensuring their
durability and efficacy. Agglomeration
should avoid the distinctive qualities and
reactivity of the nanoparticles preserved
with correct surface energy control [13].
Several studies had centered on distinct
nanoparticle synthesis including silver, gold,
palladium, iron-oxide, and zinc-oxide
nanoparticles [14].
Morphology of Actinodaphne
madraspatana

The Actinodaphne madraspatana plant is a
species of the Lauraceae family and is
endemic to India. It is a widespread,
standard-size evergreen tree that grows on
the Rock Hill slopes at higher altitudes [15].

The leaves are coriaceous, lanceolate,
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oblanceolate, or elliptic, and are 4-6 in a
whorl and 10-30 cm long. Flowers are
dioecious, brownish-yellowish, and borne in
dense clusters in the axillary or lateral axils.
The female flowers are umbellate, while the
male flowers are in groups and produce
ellipsoidal berries as their fruits [16].
Medicinal uses

Traditional uses for the plant's leaves
include treating diabetes and using them to
treat insanity, erratic behavior, and wounds.
The plant is a vitamin A precursor.
According to reports, the flowers are liable
to treat mania and unstable behavior [17].
Actinodaphne madraspatana leaves with
ethanol extract possess antidiabetic and anti-
inflammatory  properties, and further
research is necessary to isolate and
characterize them. The active
phytoconstituents available from the leaves
of the plant are liable for anti-inflammatory,
antioxidant, and antidiabetic efficacy and
are tested in in-vitro [18]. Plant-based
remedies have been studied for their wound-
healing properties, and numerous plant
species have been described to show
significant wound-healing activity [19].
Phytochemicals analysis

Recent research on the phytoconstituents of
Actinodaphne madraspatana Bedd extracts
confirmed the substances present in the plant
leaves such as tannins, flavonoids, saponins,
triterpenoids, steroids, alkaloids, glycosides,

and carbohydrates [20]. These active

polyphenolic compounds have therapeutic
effects to being reliable stabilizers and
reductants for nanoparticle synthesis. Green
chemistry principles are satisfied by the
practicality, availability, and
biocompatibility of these active phenolic
found in

chemicals Actinodaphne

madraspatana  Bedd  leaves,  which
motivates us to investigate the effectiveness
of plant extract in nanoparticle formation. In
a process of nanoparticle formation, the
phytoconstituents found in the
Actinodaphne madraspatana leaves extract
served as reducing and protective agents
[21].

A green approach for the metallic
nanoparticles synthesis utilizing plant
extract

Plants are considered the low-maintenance,
cost-effective, and chemical factories of
nature. The synthesis of nanoparticles by
plant extract is beneficial including easy
availability, eco-friendly relationship, zero
contamination, and higher reduction
potential [22]. Since even minute amounts
of these heavy metal traces can be adverse at
low concentrations, plants have shown
exceptional potential in detoxifying and
accumulating heavy metals. Compared to
other biological synthesis procedures
carried out by microbes, the creation of
nanoparticles by plant extract has some
advantages [23]. A plant extract has the

benefit of conserving microbiological
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cultures, allowing nanoparticle synthesis
with higher capacity than other biologically
synthetic methods [24].

Phytochemicals present in fruit, leaves,
stems, and roots are widely utilized for the
green synthesis of nanoparticles. Plant parts
are primarily washed and heated in distilled
water for nanoparticle formation. After
squeezing, filtering, and adding respective
solutions, the solution color gradually
changes, revealing the nanoparticle
formation (Figure 2) [25]. Plant extracts are
ecological and affordable, eliminating base

groups as intermediate during synthetic

processes. The polyols, polyphenols, and

Preparation of
plant extract
using leaves

terpenoids are phytocompounds found in
plant extract resulting in the bioreduction of
metallic ions. Using natural biomolecules as
reducing agents increases synthesized
nanoparticle’s biocompatibility and

potential biomedical applications.
Nanoparticles are distinguished primarily by
dispersity, shape, size, and surface area [26].

The respective methods used to characterize

nanoparticles are UV--visible
spectrophotometry,  Fourier  transform
infrared spectroscopy (FT-IR), X-ray

diffraction (XRD), Transmission electron
microscopy (TEM), and Scanning electron

microscopy (SEM) [27].

solution
respectively

Bio-reduction
and fabrication
of metallic
solution

Green synthesis of l
nanoparticles

Applications in
various sector

Characterization
of nanoparticles
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Figure 2: Flowchart for the synthetic route of nanoparticle synthesis, characterization with applications
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Synthesized nanoparticles by plant leaves
of Actinodaphne madraspatana

A. Silver nanoparticles

Silver nanoparticles (AgNPs) have appeared
as highly versatile nanomaterials with
diverse applications in sectors ranging from
healthcare and electronics to environmental
remediation and agriculture. The silver
nanoparticle synthesis primarily involves a
solution of silver metal ions and a biological
agent capable of reduction and stabilization
of the nanoparticles through the reaction of
biomolecules found in plant components
alkaloids,

such as amino  acids,

polysaccharides,  proteins,  phenolics,
saponins, terpenes, and vitamins [28].
Previous research studies had disclosed that
the Actinodaphne madraspatana leaf extract
can be combined with a ImM AgNO;
solution to facilitate the silver nanoparticle
formation. The presence of silver
nanoparticles is always revealed by the
observable color change, and their distinct
characteristics can be investigated further
based on their sizes, shapes, surface areas,
and dispersion. The silver nanoparticles
(AM-AgNPs) formation from the extract of
leaves was shown by the intensity increase
of the surface plasmon resonance (SPR)
band at a wavelength of 410 nm, providing
evidence that the AgNO3 solution is being
converted into silver nanoparticles (AM-
AgNPs). Analysis of the Actinodaphne

madraspatana Bedd leaf extract using FTIR

spectroscopy revealed significant peaks at
3288 cm™, 1592 cm!, 1372 ecm™!, 1032 cm
!, and 822 cm™!, respectively. Furthermore,
XRD investigation of the AM-AgNPs
diffraction pattern shows peaks at 38, 44, 64,
and 77, corresponding to the (111), (200),
(220), and (311) lattice planes. Earlier
research has indicated the AgNPs size
decreases from 60 to 20 nm with an increase
in pH from 6 to 12. Additionally, the alkaline
pH of the extract of Actinodaphne
madraspatana Bedd accelerates the silver
ions reduction to AgNPs at a faster rate.
Moreover, these environmentally friendly
and catalytically active AM-AgNPs can be
utilized for investigating the degradation of
organic pollutants, such as textile dyes,
present in industrial effluents [29].

B. Gold nanoparticles

Gold nanoparticles (AuNPs) have garnered
significant attention for having distinct
properties, making them highly versatile in
various  applications such as high
biocompatibility, medicine, tunable surface
plasmon resonance, low toxicity, strong
scattering, absorption, etc. [30]. The AuNPs
synthesis using Actinodaphne
madraspatana leaf extract involves the
interaction of specific chemical compounds
available in the leaf extract which results in
gold ions reduction and nanoparticle
formation. As per the earlier studies, the
gold ions reduction to AuNPs is achieved

within 48 hours by the extract which
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contains terpenoids are liable for this
reaction. The mixture color turned pink on
adding 1mM HAuCls3H,O to the leaf
extract, indicating the AM-AuNPs
production. The UV-Vis spectra revealed a
steady increase in the intensities of the
surface plasmon resonance (SPR) band at
530 nm, shifting from 558 to 530 nm. The
Fourier-transform infrared (FTIR) spectra of
the Actinodaphne madraspatna Bedd leaf
extract exhibited significant peaks at 3336
cm™}, 1602 cm™, 1383 ecm™, and 1022 cm™,
suggesting the involved functional groups
are present in the reduction and stabilization
of AuNPs. X-ray diffraction (XRD) analysis
confirmed the crystalline nature of the
synthesized AuNPs, with diffraction peaks
corresponding to the (111), (200), (220), and
(311) lattice planes of the face-centered
cubic (fcc) structure. Previous research
stated that the average size of synthesized
AM-AuNPs particles decreased from 80-20
nm. The shape of the AM-AuNPs was
observed to be polyhedral, and the selected
area electron diffraction (SAED) pattern
exhibited bright spots in concentric
diffraction rings, indicating their crystalline
synthesized ~AM-AuNPs

nature. The

demonstrate  potential applications in
environmental remediation, particularly for
polluted water treatment. Their unique
properties and characteristics make them
appropriate for various fields, including

biocompatibility, medicine, biology, and

optical applications. The gold nanoparticle
synthesis by Actinodaphne madraspatana
leaf extract offers a sustainable and eco-
friendly approach to obtaining AuNPs with
tunable properties. These nanoparticles hold
great promise for various applications,
including environmental remediation and
advanced technological applications [31].
C. Palladium nanoparticles

Palladium is a silvery-white expensive metal
Palladium

having high density.

nanoparticles (PdNPs) have gained
increasing demand in past years based on
their wide-ranging applications in catalysis,
fuel cells, hydrogen storage, sensors, and the
active membranes preparation. Furthermore,
PdNPs are particularly valued in catalysis
due to their elevated surface energy, high
surface-to-volume ratio, lower coordination
numbers, and increased surface atom
availability. The factors contribute to
enhanced catalytic properties [32]. Previous
studies have revealed that Actinodaphne
madraspatana Bedd (AMB) leaves can
synthesize PdANPs. The introduction of a
ImM Pd (OAc): solution to the extract of
leaves leads to a color change, indicating the
of Pd

formation nanoparticles. The

absorption peak of the synthesized
nanoparticles is observed at 400 nm with a
broad continuous absorption band in the
UV-visible range between 200 to 700 nm.
FTIR spectra analysis of the AM-PdNPs

reveals significant peaks at 3288, 1592,
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1372, 1032, and 822 cm™, specifying the
presence of specific functional groups as
reducing and stabilizing of PdNPs. X-ray
diffraction (XRD) patterns exhibit peaks of
40.6, 46.8, and 68.1,
corresponding to the (111), (200), and (220)

diffraction at

reflection planes, respectively. TEM images

provide  particle size  histograms,
demonstrating that the AM-PdNPs synthesis
are well-dispersed and range in size from 6
to 22 nm, with an average particle size of 13
nm. The PdNPs exhibit a variety of shapes,

including spherical, quasi-spherical, and

monodispersity. These synthesized PdNPs
have proven to be effective and alternative
nanocatalysts for the environmental
remediation of toxic substances and organic
pollutants found in industrial wastewater.
Additionally, they show  potential
applications in medicine and sensors. Their
unique properties make them valuable in
diverse fields, highlighting their versatility
and promising role in addressing
environmental and healthcare challenges

[33].

twinned crystals, displaying
Table 1: Green synthesized nanoparticles properties and applications
Year Material UV intensity Particle Size/ Applications References
Precursor (nm) Shape
Silver 20-60 nm/ Anti-cancer, catalytic
2017 (AM-AgNPs) 410 Spherical activity [42]
Antimicrobial activity,
Gold 20-80 nm/ environmental
2020 (AM-AuNPs) 400 Polyhedral remediation of polluted 1451
water
Palladium Catalysis, Bio-sensors,
2017 (AM-PdNPs) 400 13 nm/ Spherical remediation of 48]
wastewater
Iron oxide . Phyto-catalytic and anti-
2017 (AM-FeNPs) 280 20 nm/ Spherical microbial activity [49]
2021 Zinc 355 18-68 nm/ Photo-catalytic activity, (50]

(AM-ZnONPs)

wurtzite crystal

and bio-remediation

D. Iron oxide nanoparticles

Iron oxide nanoparticles (FeONPs) have
gained significant attention in materials
research and biomedical fields based on
their ultra-fine sizes, high surface-to-volume
ratios, and biocompatibility. Various
conventional methods, such as vacuum
electrochemical

sputtering, aerosol,

synthesis, thermal decomposition, and

chemical processes utilized for FeONPs
synthesis [34]. Previous research reveals
that the reaction mixture of 0.1 M FeCls
nanoparticle solution with Actinodaphne
madraspatna Bedd leaf aqueous extract
results in a blackish-brown color, indicating
the creation of FeONPs. The absorbance
peak of ferric chloride (the iron precursor) is

observed around 300 nm, with continuous
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absorption in the visible range of 400 to 600
nm. The phenolic moieties present in the
Actinodaphne madraspatna Bedd leaf
extract contribute to the absorbance peak at
280 nm. FT-IR measurements have been
conducted to regulate the function of
phytoconstituents in the Actinodaphne
madraspatna Bedd leaf extract in the
production of AM-FeONPs. The extract of
leaves displays significant peaks at 3422
cm™}, 1645 cm™, 1404 cm™, and 1091 cm™.
The absence of the zero-valent iron peak at
2 = 45° further supports the successful
synthesis of FeEONPs. The synthesized AM-
FeONPs exhibit an approximately spherical
shape and 20 nm is the average particle of
size. TEM images reveal that a thin organic
layer is present surrounding the synthesized
AM-FeONPs, acting as a layer of capping
and ensuring the particles are well-
separated. This highlights the
phytoconstituent present in the
Actinodaphne madraspatna leaf extract in
providing a role of stability to the FEONPs
[35].

E. Zinc oxide nanoparticles

Zinc oxide nanoparticles (ZnONPs) have
gamered  significant  attention  from
researchers and scientists in recent times
based on their numerous utilizations in the
biomedical field, optics, and electronics.
These nanoparticles  possess  unique
properties, including a high binding energy

excitation of 60 meV and a large bandgap of

337 eV, which contribute to their
semiconducting characteristics such as high
catalytic activity, wound healing, anti-
inflammatory properties, and UV filtering
capabilities. Consequently, they find
extensive use in various cosmetic products,
particularly in sunscreens. Additionally,
ZnONPs have shown great potential in
diverse applications in the biomedical field,
including antifungal, antibacterial,
anticancer, antidiabetic, and drug delivery
activities [36]. To synthesize ZnONPs in a
green and sustainable manner, a strategy
employing the leaf extract of Actinodaphne
madraspatna Bedd (AMB) has been
employed. The reaction solution color
changes confirm the formation of ZnO
nanoparticles. The UV-Vis spectra of the
ZnONPs synthesized in the presence of
AMB extract reveal an absorbance peak at
355 nm. The FT-IR spectrum of the ZnONPs
displays a characteristic peak at 416.62
cm . Further studies on the optical
properties of AM-ZnONPs indicate a
reduction in the bandgap values within the
range of 3.05 to 2.96 eV. TEM data provide
insights into the crystal structure of the
synthesized AM-ZnONPs, which exhibit a
wurtzite crystal structure with crystallite
sizes ranging from 18 nm to 68 nm. The
observation is that the green-synthesized
AM-ZnONPs, with their reduced bandgap,

exhibit enhanced photocatalytic activity and
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bioremediation capabilities, as evidenced by
higher rate constants [37].

CONCLUSION

In this study, a simple, cost-effective
synthesis of metallic nanoparticles by plant
Actinodaphne madraspatna Bedd leaf
extract was studied. The nanoparticles were
distinguished with each other based on their
size, shape, surface area, and dispersity. The
presence of phytoconstituents such as
proteins, phenols, tannins, flavonoids,
saponins, triterpenoids, steroids, alkaloids,
glycosides, and carbohydrates in the extract
might be responsible for the synthesis of
AuNPs, AgNPs, PdNPs, FeONPs, and
ZnONPs. Additionally, plants had special
chemicals that assist in synthesis and
increasing the process rate. The green
synthesis of nanoparticles using plants is a
fascinating, rapidly expanding area of
nanotechnology, and has a significant
impact on the environment in the direction
of  sustainability. ~ The  synthesized
nanoparticles have several applications in
catalysis, bioengineering sciences,
medicine, water treatment, bio-sensors,
agriculture, cosmetics, and other biological
domains. These biogenic nanoparticles can
be employed in numerous ways to disinfect
water for environmental remediation as well
as in nano-weapons against phytopathogens.
These synthesized nanoparticles may
represent the future force of the biomedical

industry in the drug delivery system.

REFERENCES
[1] Brock, S. L. (2004). Nanostructures
and  Nanomaterials:  Synthesis,
Properties and Applications By
Guozhang Cao (University of
Washington). Imperial College Press
(distributed by World Scientific):
London. 2004. xiv+ 434 pp. $78.00.
ISBN 1-86094-415-9.

[2] Bunge, S. D., Boyle, T. J, &
Headley, T. J. (2003). Synthesis of
coinage-metal nanoparticles from
mesityl precursors. Nano Letters,
3(7), 901-905.

[3] Sepeur, S. (2008). Nanotechnology:
technical basics and applications.
Vincentz Network GmbH & Co KG.

[4] Devatha, C. P, & Thalla, A. K.
(2018).

Green  synthesis  of

nanomaterials.  In Synthesis  of
inorganic nanomaterials (pp. 169-
184). Woodhead Publishing.

[5] Akhtar, M. S., Panwar, J., & Yun, Y.
S. (2013). Biogenic synthesis of
metallic nanoparticles by plant
extracts. ACS Sustainable Chemistry
& Engineering, 1(6), 591-602.

[6] Chokriwal, A., Sharma, M. M., &
Singh, A. (2014). Biological

synthesis of nanoparticles using

bacteria and their

applications. American Journal of

PharmTech Research, 4(6), 38-61.

IJBRAS, July, 2024, 13(7)

3185



Joshi K et al Review Article

[7] Dauthal, P., & Mukhopadhyay, M. S. (2019). Green synthesis of silver

(2016). Noble metal nanoparticles: nanoparticles  from  medicinal
plant-mediated synthesis, plants and evaluation of their
mechanistic aspects of synthesis, and antiviral potential against
applications. Industrial & chikungunya virus. Applied
Engineering Chemistry microbiology and

Research, 55(36), 9557-9577. biotechnology, 103, 881-891.
[8] Iravani, S., Korbekandi, H., [13] Amooaghaie, R., Saeri, M. R., &
Mirmohammadi, S. V., & Azizi, M. (2015). Synthesis,

Zolfaghari, B. (2014). Synthesis of characterization and
silver  nanoparticles:  chemical, biocompatibility of silver
physical and biological nanoparticles synthesized from
methods. Research in Nigella sativa leaf extract in

pharmaceutical sciences, 9(6), 385.

[9] Sharma, G., Sharma, A. R., Bhavesh,

R., Park, J., Ganbold, B., Nam, J. S.,
& Lee, S. S. (2014). Biomolecule-
mediated synthesis of selenium
nanoparticles using dried Vitis
vinifera (raisin)
extract. Molecules, 19(3), 2761-
2770.

[10] Kurhade, P., Kodape, S., &

Choudhury, R. (2021). Overview
on green synthesis of metallic

nanoparticles. Chemical

Papers, 75(10), 5187-5222.

[11] Duan, H., Wang, D., & Li, Y.

(2015).  Green chemistry for
nanoparticle synthesis. Chemical
Society  Reviews, 44(16), 5778-
5792.

[12] Sharma, V., Kaushik, S., Pandit, P.,

Dhull, D., Yadav, J. P., & Kaushik,

comparison with chemical silver
nanoparticles. Ecotoxicology and
Environmental Safety, 120, 400-
408.

[14] Ahluwalia, V., Kumar, J., Sisodia,

R., Shakil, N. A., & Walia, S.
(2014). Green synthesis of silver
nanoparticles by  Trichoderma
harzianum and their bio-efficacy
evaluation against Staphylococcus
aureus and Klebsiella

pneumonia. /ndustrial Crops and

Products, 55, 202-206.

[15] Adinarayana, D. (1976). A new

flavone from  Actinodaphne
madraspatana. Indian J Chem, 18,
552.

[16] Babu, M. S., & Rao, B. R. P.

(2015).  Conservation  Priority
Areas for Vascular Plants in

Seshachalam Hill Ranges,

IJBRAS, July, 2024, 13(7)

3186



Joshi K et al Review Article
Southern Eastern Ghats, [21] Saravanan, D., & Thirumalai, D.
India. Indian Journal of (2015). Asharani IV. Evaluation of

[17]

[18]

[19]

[20]

Forestry, 38(1), 29-34.

Padmavathy, J., Venkatachalam, T.,
Chandiran, 1. S., Raman, S. G,
Rajkumar, R., & Saravanan, D.
(2021).  Evaluation of Anti-
inflammatory and Anti-diabetic
activities of Actinodaphne

madraspatana bedd leaves.
Research Journal of Pharmacy and

Technology, 14(1), 47-51.

Saravanan, D., & Asharani, 1. V.
(2016). HPTLC analysis and in-
vitro antioxidant, anti-
inflammatory and antidiabetic
activities of ethanol extract of
leaves of Actinodaphne
madraspatana Bedd. Pakistan

Journal of  Pharmaceutical
Sciences, 29(1).

Yamini, K., & Gopal, V. (2013).
Screening Of Wound Healing
Activity On Methanolic Extract Of
Actinodaphne
Leaves Bedd. World Journal of

Research, 2(6),

Madaraspatana

Pharmaceutical
2535-2540.

Saravanan, D., & Kasisankar, V.
(2013). Asharani IV. GC-MS
analysis of phytocomponents in the
leaves of Actinodaphne
madraspatana Bedd. Int J Res

Pharm Sci, 4, 469-73.

[22]

[23]

[24]

[25]

phytonutrients, mineral
composition, antimicrobial and
hepatoprotective  activities  of
leaves of Actinodaphne

madraspatana Bedd (Lauraceae). J
Chem Pharm Res, 7, 312-20.
Carolin, C. F., Kumar, P. S.,
Saravanan, A., Joshiba, G. J., &
Naushad, M. (2017). Efficient
techniques for the removal of toxic
heavy metals from aquatic
environment: A review. Journal of
environmental chemical
engineering, 5(3), 2782-2799.

Pal, G., Rai, P., & Pandey, A.
(2019).

nanoparticles: A greener approach

Green  synthesis  of

for a cleaner future. In Green
synthesis, characterization and
applications of nanoparticles (pp.
1-26). Elsevier.

Pathak, J., Ahmed, H., Singh, D.
K., Pandey, A., Singh, S. P, &
Sinha, R. P. (2019). Recent
developments in green synthesis of
metal  nanoparticles  utilizing
cyanobacterial cell
factories. Nanomaterials in plants,
algae and microorganisms, 237-
265.

Razavi, M., Salahinejad, E.,

Fahmy, M., Yazdimamaghani, M.,

IJBRAS, July, 2024, 13(7)

3187



Joshi K et al

Review Article

[26]

[27]

[28]

[29]

Vashaee, D., & Tayebi, L. (2015).
Green chemical and biological
synthesis of nanoparticles and their
biomedical applications. Green
Processes  for Nanotechnology:

From Inorganic to Bioinspired

Nanomaterials, 207-235.

Frey, N. A., Peng, S., Cheng, K., &
Sun, S. (2009). Magnetic
nanoparticles: synthesis,

functionalization, and applications
in bioimaging and magnetic energy
storage. Chemical

Reviews, 38(9), 2532-2542.
Abdel-Mohsen, A. M., Hrdina, R.,
Burgert, L., Krylova, G., Abdel-
Rahman, R. M., Krejéova, A, ... &
Benes, L. (2012). Green synthesis

Society

of hyaluronan fibers with silver
nanoparticles. Carbohydrate
polymers, 89(2), 411-422.

Habeeb  Rahuman, H. B.,
Dhandapani, R., Narayanan, S.,
Palanivel, V., Paramasivam, R.,
Subbarayalu, R., &
Muthupandian, S. (2022).
Medicinal plants mediated the
green  synthesis  of  silver
nanoparticles and their biomedical
applications. /ET
nanobiotechnology, 16(4), 115-
144.

Priya, D. B., & Asharani, . V.

(2017). Size Dependent Catalytic

[30]

[31]

[32]

[33]

[34]

Activity of Actinodaphne
Bedd
Mediated Silver Nanoparticles. J.
Clust. Sci, 28, 1837-1856.

Dwivedi, A. D., & Gopal, K.

(2010). Biosynthesis of silver and

madraspatana Leaves

gold nanoparticles using

Chenopodium album leaf
extract. Colloids and Surfaces A:
Physicochemical and Engineering
Aspects, 369(1-3), 27-33.
Asharani, 1. V., Priya, D. B,
Sivagami, M., & Thirumalai, D.
(2022). Catalytic activity of size
tailored gold nanoparticles for the
reduction of  environmental
pollutant, 4-nitrophenol: a greener
approach. Journal — of  Cluster
Science, 1-11.

Siddiqi, K. S., & Husen, A. (2016).
Green synthesis, characterization
and uses of palladium/platinum
nanoparticles. Nanoscale research
letters, 11(1), 1-13.

Badma Priya, D., & Asharani, I. V.
(2018). Catalytic reduction in 4-
nitrophenol using Actinodaphne
Bedd

madraspatana leaves-

mediated palladium
nanoparticles. /ET
Nanobiotechnology, 12(2),  116-
126.

Rajendran, S. P., & Sengodan, K.

(2017). Synthesis and

IJBRAS, July, 2024, 13(7)

3188



Joshi K et al

Review Article

[35]

[36]

characterization of zinc oxide and
iron oxide nanoparticles using
Sesbania grandiflora leaf extract as
reducing agent. Journal of

Nanoscience, 2017.

Priya, D. B., Thirumalai, D., &
Asharani, 1. (2017). Green
Synthesis ~ of  Iron  Oxide

Nanoparticles Mediated by
Actinodaphne madraspatna Bedd
Journal of
Chemistry, 29(11), 2446-2448.

Bhuyan, T., Mishra, K., Khanuja,

M., Prasad, R., & Varma, A. (2015).

Leaves. Asian

Biosynthesis of zinc oxide

[37]

nanoparticles from Azadirachta

indica for antibacterial and
photocatalytic

applications. Materials Science in
Semiconductor Processing, 32, 55-
ol.

Badma Priya D, Thirumalai D,
Asharani IV. Influence of synthetic
parameters on the enhanced
photocatalytic properties of ZnO
nanoparticles for the degradation of
organic dyes: a green approach. J
Mater Sci:  Mater  Electron
[Internet]. 2021 Apr 1 [cited 2023

Feb 2];32(8):9956-71.

IJBRAS, July, 2024, 13(7)

3189



