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Abstract

Nanotechnology has become one of the most auspicious technologies applied in all fields of science. Nanoparticles gain
attention of researchers because they possess distinctive properties like their small size i.e. 1-100 nm large surface-to-
volume ratio and high rate of reaction. Nanoparticles synthesis by physical, chemical and biological methods have their
considerable applications in the biomedical and physiochemical areas. Green synthesis of metal nanoparticles are plant
mediated and these are gaining more attention due to their easy, rapid and ecofriendly nature. Biomolecules present in
the plant extract can be used to reduce metal ions to nanoparticles in a plant extract mediated process. The mono and
Bi-Metallic nanoparticles were prepared from the plant extract of Aconitum heterophyllum. The synthesized Bi-Metallic
nanoparticles were then characterized to their study. The gold, Silver and bimetallic nanoparticles showed that the
effective antifungal achievement against C. albicans. The antifungal activity of the BMNPs was found to be improved
in comparison to the AgNPs and AuNPs due to the additional properties of the silver nanoparticles present in the BMNPs.
Keywords: Aconitum extract,, silver nanoparticles, gold nanoparticles, TEM, bioactivities antifungal activity.

Introduction

Natural products and traditional medicines are of great importance. These products and their derivatives have been
recognized for many years as a source of therapeutic agents and structural diversity with multidimensional chemical
structures. The utility of natural products as biological function modifiers has also won considerable attention. From
earlier decades medicinal plants/herbs existed on earth, having global and paramount importance. The world is decorated
with medicinal herbs, which is a rich wealth of endurance. Every plant is identified by its own different therapeutic
properties due to active bioactive molecule. In the modern system of medicine, natural drug substances are reported to
be vital and have appreciable roles. Their therapeutic role was justified by the presence of their bioactive molecules. Due
to disease- inhibiting capabilities, they are extremely useful as natural drugs, provide basic bioactive compounds that are
less toxic and more effective, and bring biological and chemical means of modification and pave the way into
development of potent drugs -2

Ativisha (Aconitum heterophyllum wall) of family Ranunculaceae is an Ayurvedic herb which is known for its important
medical properties. The root of the plant find use in one form or the other in various Ayurvedic preparations. Ativisha
(Aconitum heterophyllum) is a popular Ayurvedic herb for treating diarrhoea, fever, and inflammation. Ativisha is a
critically endangered species found exclusively in the subalpine Himalayas. The commercialization of Ativisha far
exceeds the plant's natural supply, resulting in extensive substitution and adulteration. Atisine is generally regarded non-
poisonous due to its significantly lower toxicity than aconitine and pseudaconitine. Despite the fact that the alkaloid
atisine produces hypotension, a full aqueous extract of the root generated considerable hypertension, most likely as a
result of an effect on the sympathetic nervous system. Aconitine acts on the central nervous system, cardiovascular
system, and respiratory system due to the presence of benzyl ester and OH- groups in the molecular structure.
Celastruspaniculatus polyesters include this system, and their esters operate similarly to aconitine. The nanoparticles of
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plant extract are better than pure extract for pharmacological activity. Nanotechnology is defined as the creation of
particles with a size range of 1.0 to 100 nanometers. Because of their huge surface area, certain medicinal nanoparticles
are thought to have strong antifungal characteristics, Because of their antioxidant and reducing characteristics,
microorganisms and plants are commonly used in the biological synthesis of silver nanoparticles. The downside of
microbe-mediated synthesis is that it requires extremely strict aseptic conditions to maintain. As a result, plant extracts
may be preferable to microbes for the green manufacturing of nanoparticles. Proteins, amino acids, enzymes, and
phytoconstituents are involved in the reduction of silver ions as well as the stabilization of Nano-material synthesis.
Green metallic nanopaticles are biocompatible, environmentally benign, and cost- effective. The Antimicrobial effect
could be due to the electrostatic attraction between nanoparticles and fungal cells, or it could collect inside the cells,
causing damage to the cell walls and membranes. It's also possible that silver can intercalate between the purine and
pyrimidine base pairs, causing the DNA molecule to denaturize >*.

Bimetallic nanoparticles, which are composed of two distinct metals, have garnered more attention than monometallic
nanoparticles in both the scientific and technological communities. These are created by mixing metallic nanoparticles
with different architectural characteristics. These properties may be different than those of pure elemental particles and
may include size-dependent optical, electrical, thermal, and catalytic effects. Indeed, metallization allows for significant
enhancements in the catalytic characteristics of the resultant nanoparticles that are not possible with monometallic
catalysts. The electronic effect is critical in bimetallic catalysts because it describes charge transfer. By alloying the
constituent elements, the structure of the bimetallic nanoparticles can be altered. An additional degree of freedom is
introduced when monometallic nanoparticles are converted to bimetallic nanoparticles. Following that, the catalytic
activities of various bimetallic nanoparticles were compared. With the aid of physical and spectroscopic measurements,
many methodologies and correlations have been created. The circumstances of preparation dictate the structure and
miscibility of the two metals within the bimetallic nanoparticle. Bimetallic nanoparticles are frequently synthesised by
simultaneously reducing two metal ions in the presence of an appropriate stabilising technique, such as steric hindrance
or static-electronic repulsive force. Between the core shell and the homogeneous alloy, this process produces a particle
structure that is dependent on the reduction situation 7.

Candidiasis is a fungal infection that is spread by yeasts belonging to the species Candida albicans. Candida yeasts are
normally found in abundance in the gastrointestinal tract, mucous membranes, and skin without causing infection;
nevertheless, an excess of these organisms can cause symptoms. Candida symptoms vary according to the location of
infection on the body. Thrush is the medical word for a mouth condition. Signs and symptoms include white patches on
the tongue and other areas of the mouth and throat. Discomfort and trouble swallowing are additional signs and
symptoms. When it affects the vaginal area, it is called a yeast infection. Biofilms have been linked in a variety of
microbial diseases throughout the body, accounting for up to 80% of all infections, according to one estimate. Biofilms
have been associated with infectious processes such as bacterial vaginitis, urinary tract infections, catheter-associated
infections, middle-ear infections, dental plaque development, gingivitis, and contact lens coating. Current treatments are
ineffective against multidrug-resistant pathogens. Resistance has developed into a significant issue, necessitating the
development of new antimicrobials *.

Additionally, the metallic nanoparticles are successfully used to diagnose and cure cancer. Nanoparticles are frequently
synthesised using a series of chemical and physical methods that are both expensive and potentially hazardous to the
environment, as they include the use of poisonous and dangerous substances that can result in a variety of biological
risks. The development of biologically inspired experimental methodologies for nanoparticle production is rapidly
growing in importance as a field of nanotechnology '°.

As a result, plant extracts may be preferred to microbes for this purpose because to their ease of development, lower
toxicity, and more complicated way of cell culture upkeep. It is the optimal platform for nanoparticle synthesis since it
is free of toxic substances and contains natural capping agents that enhance the stability of metal nanoparticles '.

MATERIALS AND METHODS

The reagents used were of analytical quality, and they were obtained from Merck (Mumbai, India). The chemicals that
were employed in the synthesis were of the highest analytical quality. Merck (India) provided silver nitrate (AgNO3),
while Sigma Aldrich, Pvt. Ltd. in Mumbai, provided chloroauric acid (HAuCl4.3H20). Room temperature is used to
carry out the biological reduction of silver nitrate and chloroauric acid for the preparation of a nanocomposite using
aconitum root extract. For phytochemical extraction, hexane, ethyl acetate and methanol were utilized as solvents. All
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of the solvents were purchased from Sigma Aldrich, Pvt. Ltd. in Mumbai, India. Sabouraud’s dextrose broth (SDB) and
potato dextrose agar (PDA) were purchased from Hi-Media, India.

Collection of plant

In September (flowering season), the Aconitum Hetreophyllum species was obtained from Razdhan pass (Bandipora),
Jammu and Kashmir, India.

Cold Extraction of root of A. Heterophyllum

Considering its critically endangered status, root (5 g), stem, was cleaned and cut into tiny pieces, then shade-dried at
ambient temperature before being processed into powder with a mechanical grinder. The root powder was then
sequentially extracted using a series of solvents, including hexane, ethyl acetate and methanol, over a period of 48 h,
with occasional shaking and using intermittent heating over a water bath at their respective boiling temperatures.
Whatman filter paper No. 1 was used to filter the extracts. The filtrate was collected and concentrated in a water bath,
with the leftovers being discarded. The dried extracts were labeled and kept in glass vials at 4 °C for subsequent testing
12-14

Qualitative Detection of Phytochemical Constituents:

Detection of active phytochemical constituents was carried out for all the extracts using the standard procedures.In order
to determine the active phytochemical contents in all of the extracts, the usual methodologies were used. The subsequent
fractions obtained with hexane, ethyl acetate and methanol were qualita- tively analyzed for secondary metabolites, such
as phenolics, alkaloids, glycosides, tannins, flavonoids, terpenes, saponins and steroids, using conventional procedures
15

Synthesis of nanoparticles

Nanoparticles can be created in a variety of shapes and sizes, based on the needs that have been established. In order to
synthesise nanoparticles, there are two basic approaches: top-down processes and bottom-up processes. The latter is the
preferred way since it involves the accumulation of atoms into molecules, which then cluster together to produce
nanoparticles '%!7,

a) Synthesis of silver nanoparticles

An aqueous solution (0.0lmM) of silver nitrate (AgNo3) and various concentrations of root extract of Aconitum
heterophyllum from 1 to 5 ml were formed independently for the preparation of silver nanoparticles. Each concentration
of the root extract was added to a 10 ml solution of 0.01mM AgNO3 that had been previously prepared. It took 20
minutes for the colour of the solution to shift from light yellow to dark brown, indicating the production of AgNO3 in
the solution. The resulting colloidal silver solution was subjected to UV — Vis spectroscopy to determine its composition
18,19.

b) Synthesis of gold nanoparticles

Chloroauric acid [HAuCl4], 0.5mM was mixed with the plant extract of Aconitum heterophyllum root (40mg/ml).The
final reaction mixture was made upto 1ml and incubated in water bath at 700 C for 10mins. The formation of Au
nanoparticles was observed with a color change from yellow to pink. The mixture was centrifuged at 12000 rpm for 20
mins to separate the nanoparticles which were then dried to obtain their powdered form %°.

) Synthesis of gold-silver bimetallic nanoparticles

Chloroauric acid [HAuCI4], 1.5mM and silver nitrate [AgNO3], 1.5mM were mixed in the ratio of 1:1 with the plant
extract (40mg/ml). The final reaction mixture was made upto Iml and incubated in water bath at 80 o C for 10mins. The
formation of bimetallic nanoparticles can be monitored by the change in color from yellow to a dark purple 2!,
Characterization of biosynthesized nanoparticles

UV-visible spectroscopy

The UV-vis spectra of the biosynthesized Ag, Au, and Ag/Au bimetallic nanoparticles in the 200-850-nm wavelength
range was investigated. A UV—Visible spectrophotometer was used to observe the reduction of Ag, Au, and Ag/Au ions
in the reaction mixture. A pipette was used to pipette 2 ml of the sample into a cuvette, which was then evaluated at
room temperature .

Scanning electron microscopy (SEM)

Scanning electron microscopy (SEM) is used to observe the surface morphologies of Ag, Au, and Ag/Au nanoparticles
in greater detail. Because the surface of the samples is not sufficiently conductive, charge-up can occur during irradiation
with the electron beam when the samples are exposed to it. The surface of the samples is coated with a very thin film
sample prepared using the silver, gold, and silver/gold bimetallic nanoparticles via a method of spin coating (1500 rpm)
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on a 1x1-cm aluminium foil, after which the samples are allowed to dry for 30 minutes at room temperature 25

X-ray diffraction (XRD) technique
PAN analytical X-PERT PRO diffractometer at room temperature was used to determine the crystalline structure and
particle size of nanoparticles. Cu K radiation (a = 1.54060 °K) was used in conjunction with a nickel monochromator in
the 2° angle, 100-800 range to acquire the results. It is possible to execute this test procedure by shining an x-ray beam
onto a sample and measuring the scattered intensity as a function of the outgoing direction. Once the beam has been
separated, the scattering pattern, also known as a diffraction pattern, displays the crystalline structure of the material.
The Rietveld refinement approach is then applied in order to characterise the crystal structure that is most likely
responsible for the pattern that was observed 227,
Fourier transformed infrared spectroscopy (FTIR)
The chemical arrangements of AgNPs, AuNPs and bimetallic nanoparticles were carried out using the FTIR spectrometer
(Perkin Elmer Spectrum 100 FTIR Spectrometer) at room temperature. FTIR experiment was carried out to identify the
biomolecules present in the extract responsible for the reduction of silver and gold ions. The Infrared spectra
were noted in the range of 4000-500 cm 1 at 4 cm 1 resolutions and assigned peak numbers. At room temperature, the
chemical compositions of NPs were determined using an FTIR spectrometer (Perkin Elmer Spectrum 100 FTIR
Spectrometer) and an FTIR spectrometer. It was decided to conduct an FTIR experiment in order to determine the
biomolecules contained in the extract that were responsible for the reduction of silver and gold ions 2%,
Microscopic (TEM) analyses
A transmission electron microscope (TEM) was used to examine the morphology of the biosynthesized silver, gold, and
silver/gold bimetallic nanoparticles. For TEM investigation, we prepared the samples by drop coating the nanoparticle
solutions onto carbon-coated copper grids and allowing them to cure at room temperature for several hours. The TEM
study was carried out using a Tecnai F20 model that had been set up with an accelerating voltage. The transmission
electron microscope (TEM) images a nanoparticle sample using an electron beam, which provides significantly higher
resolution than is feasible with light-based imaging techniques. The transmission electron microscope (TEM) is the
method of choice for directly measuring nanoparticle size, grain size, size distribution, and morphology %!,
Antifungal activity determination of prepared samples
Preparation Potato dextrose Agar media (PDA)
For the fungal growth the easiest and most common culture media is potato dextrose agar media which can be easily
prepared in laboratory. Potato infusion and dextrose promote luxuriant fungal growth.*?
Determination of antifungal susceptibility:
Fungal Culture: Fungus in freeze dried condition and revived the culture on agar plate in laboratory.
In vitro antifungal test:
The antifungal activity was performed on petridishes containing potato dextrose agar when temperature of the medium
reached at 40°C i.e. slightly above the room temperature. The specific concentration of 100% stock solution nanoparticles
(diluted in double distilled water) were added to petriplates of 9 cm diameter containing PDA. The rate of mycelial
growth was measured after placing an active mycelial plug of fungi on petridish. Fluconazole was used as positive
control. Finally the petriplates were incubated at 28°C. The observation was recorded after 48 hours. The rate of mycelial
growth inhibition was calculated by formula *:

GI1% =DC-DT/DC*100
Here DC = diameter of zone of inhibition of control, DT is the diameter of zone of inhibition of antimicrobial agent

RESULTS
Phytochemical Characterization of Plant Extract:

Tablel: Qualitative phytochemical screening of aconitum heterophyllum

S.no. | Plant constituents Hexane extract Ethyl acetate extract Methanolic extract
- + ++

1. Alkaloids
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+ + +

2. Steroids

- + +
3. Terpenoids
4. Terpenes

+ + ++
5. Phenols

- + +
6. Tannins

+ + ++
7. Saponins

+ + ++
8. Flavonoids

+ + +
9. Glycoside

Note: ‘++’ = Strong presence, ‘+’ moderate presence, and ‘—’ = absent;
Synthesis of gold nanoparticles:
The synthesis of gold nanoparticles can be observed with change in color from yellow to pink.The formation of bimetallic
nanoparticles can be monitored by the change in color from yellow to a dark purple. The Preparation or development of
bimetallic nanoparticles was observed by the change in color from yellow to dark purple.
Characterization of gold and gold-silver bimetallic nanoparticles:
UV-vis spectroscopy
The formation of monometallic and bimetallic nanoparticles was monitored using a Microplate reader Epoch 2 (Biotech)
to obtain the UV-vis spectra. The nanoparticle solution was scanned between the wavelengths of 300 to 850nm. The
peak for silver, gold and bimetallic nanoparticles was found to be at 437nm,537nm and 468nm respectively. The
resemblance in the peak of the BMNPs may be due to the high concentration of the gold nanoparticles due to their shorter
synthesis time in comparison to Ag-nanoparticles.
Phyto-fabricated mono and bimetallic nanoparticles:
The phyto-fabrication of mono (Au, Ag) and bimetallic (Au-Ag) nanoparticles loaded with flavonoids has been
validated using UV spectroscopy. Synthesis of AuNps was carried out as functions of pH 3.5, 5.5 and 7.5 . No
desirable SPR peak was obtained at high acidic and basic conditions. Therefore, pH 5.5 has been considered optimum
pH, due to its high absorbance A max: 537 nm.

“"moo 400 500 600 700 800

Fig.1 : UV-Vis spectra of AulNps at different pH
The phyto-fabrication of AgNps was carried out as functions of pH 7.5, 9.5 and 11.5. No perceptible peak was
obtained at acidic conditions. As the pH increases (7.5-11.5), the wavelength shifted (447 - 437 nm) towards a lower
wavelength. The hypsochromic shift from 447 to 437 nm attributed to the formation of small-sized nanoparticles and
having high absorbance intensity. Therefore, pH 11.5 has been considered as optimum pH, having a characteristic peak
at A max: 437 nm. The pH has a significant role in the phyto-fabrication of metal nanoparticles by altering the charge
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on the molecule, affecting their properties and behavior. The change in the pH of the solution can alter peak
absorption, wavelength and intensity.
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Fig.2 : UV-Vis spectra of AgNps at different pH
Phyto-fabrication of bimetallic nanoparticles has been carried out in two possible methods: co-reduction (simultaneous
addition) and sequential reduction (stepwise addition). The simultaneous addition (co-reduction) is used for the
fabrication of Au-Ag nanoparticles in which both metals are reduced simultaneously. The second option is the stepwise
addition of sequential reduction and used to form core-shell structures of nanoparticles attached to another metal . The
simultaneous co- reduction method has been widely employed for the phyto-fabrication of bimetallic nanoparticles.
Synthesis of Au-AgNps was carried out as functions of pH 4, 6, 8 and 10. The confirmation of the fabrication of Au-
Ag bimetallic nanoparticles (pH 10) is evident from the appearance of a single band (Amax 468 nm) at a characteristic
wavelength (420-495 nm) of bimetallic nanoparticles.

300 a00 s00 00 700 sB00

Absorbance

Fig.3 : UV-Vis spectra of Au-AgNps at different pH
Fourier Transform Infrared Spectra
The FTIR spectra can help in study the functional groups present in the synthesized nanoparticles. Since the
nanoparticles were synthesized from the aconitum root extract, its functional group get attached to the nanoparticles
and impart additional characteristics. The region below 1500 cm-1 is known as the fingerprint region which is due to
the bending vibrations of the molecule. The band noticed between 3371 to 3290 cm-1may be assigned to O-H
stretching. The high peak between 1710 and 16 cm-1 may indicate a stretching of C=0 bonds.

X-ray Diffraction (XRD):

The diffraction peaks of phyto-fabricated mono and bimetallic nanoparticles were depicted in Fig. The X-ray
diffraction pattern of AuNps and AgNps nanoparticles were observed at 38.41°, 44.45° and 64.72°; 38.21°, 44.32° and
64.62° diffraction angles which were indexed to the (111), (200) and (220) lattice planes of face centered cubic
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structure of gold and silver nanoparticles.
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Fig.4 : XRD of mono and bimetallic nanoparticles
The two diffraction peaks of bimetallic nanoparticles appeared at 38.31° and 44.44° diffraction angles which
correspond to (111) and (200) lattice planes of face centered cubic structure of bimetallic Au-AgNps . Among all
diffraction peaks, (111) plane has the highest intensity comparative to other ones. The high reactivity of (111) plane is
attributed to the elevated atom density. The unassigned peaks in the XRD pattern might be due to the crystallization of
the bio-organic phase.
Scanning Electron Microscopy (SEM)
SEM images of all the phyto-fabricated nanoparticles were found in polydispersed spherical shaped surface
morphology . The capability of cellular-uptake is influenced by the nanoparticle’s shape. The spherical nanoparticles
demonstrate the highest uptake among differently shaped nanoparticles. The spherical shaped nanoparticles require a
minimum energy barrier with respect to the non-spherical counterparts.

I §..5 A J ! .
R el - O e, | -

Fig.5 :SEM of (a) AuNps (b)AgNps and (c) Au-AgNps
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Transmission Electron Microscopy (TEM) and Zeta sizer studies
TEM analysis confirmed the spherical shape of all the three phyto-fabricated nanoparticles having the size in the range
15-45 nm, 16-30 nm and 31-80 nm at the magnification of 300,000X. The average hydrodynamic size (Z average) of
phyto-fabricated nanoparticles:AuNps, AgNps and Au-AgNps was 54.26 nm, 42.32 nm and 88.10 nm respectively.
The phyto-fabricated nanoparticles AuNps, AgNps, and Au-AgNps exhibited zeta potentials as -31.0 mV, -23.2 mV
and -33.6 mV respectively.

Fig.6 : Zeta potential of mono and bimetallic nanoparticles
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Zeta potential values are often used as an indication of the stability of colloidal particles. The absolute values replicate
the net electrical charge of the particles of functional groups present on the external surface . The high negative value
indicated the stability (repulsive barrier) of the nanoparticles by preventing the agglomeration of nanoparticles. The
negative potential, in the present case, might be arising from the loading of negatively charged functional groups (-OH
groups of the flavonoids). The plant secondary metabolites form a coating on metal nanoparticles. This capping effect is
considered valuable for shielding nanoparticles from their aggregations and keeping them in a nano state. They also
contribute in the enhancement of bio-efficacy owing to their medicinal properties. There was lack of authentic evidence
except for the appearance of a faded layer around nanoparticles, visible in Transmission Electron Microscopy.
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Fig. 7: TEM images of mono and bimetallic nanoparticles exhibiting faded layer around them
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Antifungal activity

Antifungal tested by well diffusion method .Potato dextrose agar plates were inoculated with each fungal culture 10
days old by point inoculation. The filter paper wells 5 mm in diameter impregnated with 20 40 and 60 uL.
concentrations of the synthesized AgNPS, AuNPs and AuAgNPs were placed on test organism-seeded plates.
Fluconazole (10 pg well) used as positive control After 72 h of incubation at 28°C and inhibition zones were measured
in mm.

Table2: Antifungal activity of extract in AgNPs, AuNPs and AuAgNPs

. Zone of inhibition (mm) |(Fluconazole)
A Nanoparticles (AgNPs) Concentrations (ng/mL) (mm)
Pathogenic fungus 20 40 60
1. Candida albicans 0.60 02 04 06
2. Aspergillusfumicatus 0.40 03 04 06
Zone of  inhibition (mm) | Standard
B. Concentrations (ug/mL) (Fluconazole)
Nanoparticles (mm)
(AuNPs)
Pathogenic fungus 20 40 60
Candida albicans
1. 0.50 03 04 06
Aspergillusfumicatus 0.60 03 04 06
Zone of  inhibition (mm) | Standard
c. Nanoparticles Concentrations (ng/mL) (Fluconazole )
(AuAgNPs)
Pathogenic fungus 20 40 60
Candida albicans
1 02 04 05 06
Aspergillusfumicatus 02 03 04 06

Antifungal activity of the synthesized nanoparticles:
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Fig8: (a) Aspergillusfumigatus (b) Candida albicans

CONCLUSION

On the basis of complete review of monometallic and Bi-Metallic Nanoparticles of Aconitum Heterophyllum it
was found that nanoparticles are effective for antifungal activity. Antifungal drugs like Aconitum heterophyllum
are highly specific against fungus and are widely used in the treatment of various fungaldiseases. Now day’s eco-
friendly methods are gaining importance for synthesis of nanomaterial’s. The synthesis process developed in this
study could be forwarded for study of various metal combinations to develop most powerful novel antifungal
materials.

The green synthesis of MNPs and BNPs with Aconitum Heterophyllum.extract which acts as a reducing and
capping agent The NPs were found to be spherical in shape and polydisperse. The nanoparticles were
characterized using various microscopic and spectroscopic techniques. The nanoparticles were surrounded by a
thin layer of phytochemicals (Phenolic compounds, proteins and metabolites), that has different functional groups
of phenols, amines, alcohols, ketones, aldehydes, etc. Morphology of NPs and their compounds were identified
from the characterization using UV-Vis spectrophotometer, SEM, Zeta Analyzer, XRD and FTIR techniques.
BNPs are considered to be more active antifungal as compared to their counterparts of MNPs (Monometallic Nano
Particles)because of lattice strain effects, geometric effects and electronic charge transfer effects.

References

1. Maojo, V., Fritts, M., de la Iglesia, D., Cachau, R.E., Garcia-Remesal, M., Mitchell, J.A. et al. (2012)
Nanoinformatics: a new area of research in nanomedicine. International Journal of Nanomedicine, 7, 3867-90.
https://doi.org/10.2147/1IN.S24582

2. Bréchignac, C., Houdy, P. and Lahmani, M., editors. (2007) Nanomaterials and Nanochemistry [Internet].
Springer-Verlag, Berlin Heidelberg. https://doi.org/10.1007/978-3-540-72993-8

3. Nalwa, H.S. (2002) Nanostructured Materials and Nanotechnology: Concise Edition. Gulf 25, 245-53.
https://doi.org/10.1016/j.jfda.2017.02.004

4. Donega, C. de M. (2011) Synthesis and properties of colloidal heteronanocrystals. Chemical Society Reviews,
40, 1512-46. https://doi.org/10.1039/COCS00055H

5. Jeevanandam, J., Barhoum, A., Chan, Y.S., Dufresne, A. and Danquah, M.K. (2018) Review on nanoparticles

and nanostructured materials: history, sources, toxicity and regulations. Beilstein Journal of Nanotechnology, 9,
1050—74. https://doi.org/10.3762/bjnano.9.98

1484



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Sanchez, C., Lebeau, B., Ribot, F. and In, M. (2000) Molecular Design of Sol- Gel Derived Hybrid Organic-
Inorganic  Nanocomposites. Journal of  Sol-Gel Science and  Technology, 19, 31-8.
https://doi.org/10.1023/A:1008753919925

Pathakoti, K., Manubolu, M. and Hwang, H.-M. (2017) Nanostructures: Current uses and future applications in
food science. Journal of Food and Drug Analysis, 25, 245-53. https://doi.org/10.1016/j.jfda.2017.02.004
Singh, P., Shandilya, P., Raizada, P., Sudhaik, A., Rahmani-Sani, A. and Hosseini-Bandegharaei, A. (2018)
Review on various strategies for enhancing photocatalytic activity of graphene based nanocomposites for water
purification. Arabian Journal of Chemistry,. https://doi.org/10.1016/j.arabjc.2018.12.001

Xu, C., Anusuyadevi, P.R., Aymonier, C., Luque, R. and Marre, S. (2019) Nanostructured materials for
photocatalysis. Chemical Society Reviews, 48, 3868—902. https://doi.org/10.1039/C9CS00102F

Garner, K.L. and Keller, A.A. (2014) Emerging patterns for engineered nanomaterials in the environment: A
review of fate and toxicity studies. Journal of Nanoparticle Research, 16. https://doi.org/10.1007/s11051-014-
2503-2

Singh, J., Dutta, T., Kim, K.-H., Rawat, M., Samddar, P. and Kumar, P. (2018) ‘Green’ synthesis of metals and
their oxide nanoparticles: applications for environmental remediation. Journal of Nanobiotechnology, 16.
https://doi.org/10.1186/s12951-018-0408-4

Ranjan, S., Dasgupta, N., Chinnappan, S., Ramalingam, C. and Kumar, A. (2017) A Novel Approach to Evaluate
Titanium Dioxide Nanoparticle—Protein Interaction Through Docking: An Insight into Mechanism of Action.
Proceedings of the National Academy of Sciences, India Section B: Biological Sciences, 87, 937-43.
https://doi.org/10.1007/s40011-015-0673-z

Pulimi, M. and Subramanian, S. (2016) Nanomaterials for Soil Fertilisation and Contaminant Removal. In:
Ranjan S, Dasgupta N, and Lichtfouse E, editors. Nanoscience in Food and Agriculture 1, Springer International
Publishing, Cham. p. 229-46. https://doi.org/10.1007/978-3-319-39303-2 8

Yu, C.-H., Tam, K. and Tsang, E.S.C. (2008) Chapter 5 Chemical Methods for Preparation of Nanoparticles in
Solution. In: Blackman JA, editor. Handbook of Metal Physics, Elsevier. p. 113-41.
https://doi.org/10.1016/S1570- 002X(08)00205-X

Charitidis, C.A., Georgiou, P., Koklioti, M.A., Trompeta, A.-F. and Markakis, V. (2014) Manufacturing
nanomaterials: from research to industry. Manufacturing Review, 1, 11.
https://doi.org/10.1051/mfreview/2014009

Bauer, R.A. and Schoonman, J. (1995) Laser vapour phase synthesis of ceramic powders. In: Terpstra RA, Pex
PPAC, and de Vries AH, editors. Ceramic Processing, Springer Netherlands, Dordrecht.p. 34-57.
https://doi.org/10.1007/978-94-011-0531-6 2

Casey, J.D. and Haggerty, J.S. (1987) Laser-induced vapour-phase synthesis of titanium dioxide. Journal of
Materials Science, 22, 4307—12. https://doi.org/10.1007/BF01132022

Bensebaa, F. (2013) Chapter 3 - Dry Production Methods. In: Bensebaa F, editor. Interface Science and
Technology, Elsevier. p. 147-84. https://doi.org/10.1016/B978-0-12-369550-5.00003-3

D’Amato, R., Falconieri, M., Gagliardi, S., Popovici, E., Serra, E., Terranova, G. et al. (2013) Synthesis of
ceramic nanoparticles by laser pyrolysis: From research to applications. Journal of Analytical and Applied
Pyrolysis, 104. https://doi.org/10.1016/j.jaap.2013.05.026

Subramani, K. and Ahmed, W. (2011) Emerging Nanotechnologies in Dentistry: Processes, Materials and
Applications. William Andrew. Book chapter .

Rajput, N. (2015) Methods Of Preparation Of Nanoparticles — A Review. International Journal of Advances in
Engineering & Technology, 7, 6, 1806—11.

Kadavil, H., Zagho, M., Elzatahry, A. and Altahtamouni, T. (2019) Sputtering of Electrospun Polymer-Based
Nanofibers for Biomedical Applications: A Perspective. Nanomaterials, 9. https://doi.org/10.3390/nano9010077
Abadias, G., Chason, E., Keckes, J., Sebastiani, M., Thompson, G.B., Barthel, E. et al. (2018) Review Article:
Stress in thin films and coatings: Current status, challenges, and prospects. Journal of Vacuum Science &
Technology A, 36, 020801. https://doi.org/10.1116/1.5011790

Grigoriev, S., Metel, A., Volosova, M. and Melnik, Y. (2018) Improvement of Thin Film Adhesion Due to
Bombardment by Fast Argon Atoms. Coatings, 8 303. https://doi.org/10.3390/coatings8090303

1485



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Bansal, P., Kaur, P., Surekha, Kumar, A. and Duhan, J. (2017) Microwave assisted quick synthesis method of
silver nanoparticles using citrus hybrid “Kinnow”, and antimicrobial activity against early blight of tomato.
Research on Crops, 18, 650-5. https://doi.org/10.5958/2348-7542.2017.00111.5

Kaur, P., Jain, P., Kumar, A. and Thakur, R. (2014) Biogenesis of PbS Nanocrystals by Using Rhizosphere
Fungus i.e., Aspergillus sp. Isolated from the Rhizosphere of Chickpea. BioNanoScience, 4, 189-94.
https://doi.org/10.1007/s12668-014-0135-8

Nayantara and Kaur, P. (2018) Biosynthesis of nanoparticles using eco-friendly factories and their role in plant
pathogenicity: a review. Biotechnology Research and Innovation, 2, 63-73.
https://doi.org/10.1016/j.biori.2018.09.003

Ahmad, A., Mukherjee, P., Senapati, S., Mandal, D., Khan, M.I.,, Kumar, R. et al. (2003) Extracellular
biosynthesis of silver nanoparticles using the fungus Fusarium oxysporum. Colloids and Surfaces B:
Biointerfaces, 28, 313-8. https://doi.org/10.1016/S0927-7765(02)00174-1

Fang, X., Wang, Y., Wang, Z., Jiang, Z. and Dong, M. (2019) Microorganism Assisted Synthesized
Nanoparticles for Catalytic Applications. Energies, 12, 190. https://doi.org/10.3390/en12010190

Ghiuta, 1., Cristea, D., Croitoru, C., Kost, J., Wenkert, R., Vyrides, 1. et al. (2018) Characterization and
antimicrobial activity of silver nanoparticles, biosynthesized using Bacillus species. Applied Surface Science,
438, 66. https://doi.org/10.1016/j.apsusc.2017.09.16

Yurtluk, T., Akcay, F.A. and Avci, A. (2018) Biosynthesis of silver nanoparticles using novel Bacillus sp. SBTS.
Preparative Biochemistry & Biotechnology, 48, 151-9. https://doi.org/10.1080/10826068.2017.142196
Kalishwaralal, K., Deepak, V., Ramkumarpandian, S., Nellaiah, H. and Sangiliyandi, G. (2008) Extracellular
biosynthesis of silver nanoparticles by the culture supernatant of Bacillus licheniformis. Materials Letters, 62,
4411-3. https://doi.org/10.1016/j.matlet.2008.06.051

Klaus, T., Joerger, R., Olsson, E. and Granqvist, C.-G. (1999) Silver-based crystalline nanoparticles, microbially
fabricated. Proceedings of  the National Academy of  Sciences, 96, 13611-4.
https://doi.org/10.1073/pnas.96.24.13611

Siddiqi, K.S., Husen, A. and Rao, R.A.K. (2018) A review on biosynthesis of silver nanoparticles and their
biocidal properties. Journal of Nanobiotechnology 16. https://doi.org/10.1186/s12951-018-0334-5

1486



