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ABSTRACT

Reliable and environmentally friendly methods for the separation of nanoparticles are urgently
needed in the field of nanotechnology. Traditional NP synthesis approaches are costly, harmful
and detrimental to the atmosphere. To overcome these challenges, scientists have turned to
natural sources such as plants, microorganisms, fungi and biopolymers for synthesizing Silver
Nanoparticles (AgNPs), with these sources acting as both reducing and capping agents. Avocado
leaves, known for their abundance in antioxidant compounds that protect against free radical
damage and disease, are particularly noteworthy in this regard. This study aims to establish the
synthesis and formulation of Fucoidan-Chitosan-coated silver nanoparticles using plant extract,
with characterization conducted via SEM, EDX, FT-IR and UV-Visible Spectroscopy, along with
the evaluation of the antibacterial activity of Ag nanoparticles. Nanoparticle-based therapy
has garnered significant attention in the pharmaceutical and biomedical sectors. Functional
nanoparticles were produced by coating fucoidan-chitosan onto silver nanoparticles loaded with
avocado extract. These nanoparticles were synthesized through green synthesis using avocado
leaf extract. The findings revealed that the fucoidan-chitosan coating enhances the stability and
dispersibility of AG nanoparticles in aqueous environments, while also conferring antibacterial
properties. Notable antibacterial activity of the avocado plant extract-coated AGNPs were observed
against various organisms in vitro. The obtained sample holds promise for treating a range of
disorders such as cancer, diabetes, cardiovascular diseases and Polycystic Ovary Syndrome
(PCOS). The hybrid nanoparticles represent a potential therapeutic agent in cancer therapy, with
the active extracts of avocado leaves offering promising medicinal applications.
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INTRODUCTION

Persea americana is a moisture-loving plant belonging to
the Lauraceae family. It is widely acknowledged that the
leaves of Persea americanaare richin dietaryand therapeutic
compounds. Compared to the rest of the leaves,
which can heal wounds in a quick manner and contain
many monounsaturated fat acids like palmitoleic acid,
phosphoritic acid, strachic acid, olitic acid, Linoleic
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acid and lactic acid, Avocado leaf composition has an
oil content that is high.!"! Marine green growth contains
adequate measures of polysaccharides, to be specific, cell
wall primary polysaccharides, mucopolysaccharides and
capacity polysaccharides.” These are polymers of basic
sugars monosaccharides linked by glycosidic bonds
and have a wide range of applications in areas such as
thickeners, gelling specialists, stabilizers, emulsifiers,
foodstuffs, feed additives, drinks etc.P!

Extraction of fucoidan from microalgae is completed
in major difficulties, followed by precipitation with
natural solvents or salt. In any case, alterations of
these strategies are involved in light of their additional
utilize and the prerequisite of additional significant and
cleaner polysaccharides. Infavorof this intention, its
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taking out technique has been carefully contemplated
to grow financially
frameworks. The process consists of three main
phases: processing aid, extraction and purification,
which result in a number of extensive extracts using
aqueous or acidic solutions, including the addition
of calcium to facilitate alginate precipitation; drying
and storage management. Fucoidan, ranging from
0.26 to 20% of the algal biomass dry weight, can be
produced through these extraction methods.! The
physiochemical characteristics of isolated fucoidan
are dependent on the degree to which extraction
is performed, such as reaction times, chemical
concentrations, temperature and algae’s intrinsic
properties. Fucoidan’s subload changes from 13 to
950 k Da, depending on a number of factors such as
source, extraction technique, atomic season and time
during which it is harvested.

and economically practical

Chitin and chitosan are drawing in extraordinary
interest as a result of their useful organic properties,
like biodegradability, biocompatibility, non-antigenicity
and non-poisonousness.’ Given their flexibility as
biopolymers, extensive exploration into their potential
applications across various modern fields has been
conducted. For instance, chitin and chitosan have been
recorded to be helpful as antimicrobial, emulsifying,
thickening and balancing out specialists in the food
business.”l They have likewise shown striking bioactivity
in biomedical fields, including wound recuperating
advancement, safe framework upgrade and hemostatic,
hypolipidemic and antimicrobial movement.!”! N-acetyl-
D-glucosamine units ate transcended in the polymeric
chain and form a copolymer in chitin when they are
joined by a a-(1-4) glycosidic link. Chemically described
as a copolymer of 4-(1,4) glucosamine (C6H1104N)n,
with various quantities of N-acetyl groups, chitosan is
the deacetylated derivative of chitin. It looks like fine,
solid, pale to light reddish granules that are soluble
in organic acids but insoluble in water. Chemical
processing can be used to extract chitin from the
exoskeletons of shellfish.!

Nanoscience, from an overall perspective, in very
normal in natural sciences thinking about that the
sciences thinking about that the size of numerous bio
particles manages (Like catalysts, infections and so on,)
Fall inside the nanometer range.l”’ Silver nanoparticles
stand out as one of the most notable varieties in
the field of nanotechnology. These nanoparticles,
which usually have sizes between 1 and 100 nm,
have attracted a lot of scientific interest. It is widely
acknowledged that silver nanoparticles can adhere to
cell walls, potentially disrupting their permeability and

cellular respiration. Furthermore, these nanoparticles
have the ability to enter cells and cause harm through
interactions with substances that contain phosphorus
and sulfur, such as proteins and genetic material. By
and large silver not unfavorably influence practical
cells and doesn’t handily incite microbial opposition.
Thus silver containing materials were likewise utilized
in material textures, as food added substances and in
bundle and plastics to kill microorganisms. Due to
the wide range of applications, many methods for
producing silver nanoparticles and other silver-based
compounds that contain metallic silver (Back) have
been developed.!"!

MATERIALS AND METHODS

Plant extract preparation

The plants were dried in air, crushed and an aqueous
extract was obtained by placing the crushed leaves in a
Soxhlet apparatus. After a 12 hr extraction operation,
the resultant solution was dried with a rotary evaporator
set at 40°C, yielding a residue labeled AEPA, which was
then stored in clean vials until needed.!"!

Preparation of Chitosan solution and fucoidan
extract

The chitosan solution is prepared by, 0.005 g of
chitosan is added with 50ml of prepared 1% acetic
acid and 1 mL of TPP is added for dissolving"? The
brown seaweed was collected from the shore regions,
Tamilnadu, India. The brown seaweed is rinsed with
distilled water to eliminate any sand particles. Once
cleaned, the seaweeds are dried in the shade and then
ground into powder.

Preparation of Chitosan- Fucoidan complex with
leaf extract

The fucoidan is added to the plant extract in the
concentration of 1 mg/ml. They are subjected to the
stirring process for 24 hr in the shaker. Then they made
into complex using the chitosan. Now the Chitosan-
fucoidan complex is made with the leaf extract.

Preparation of Plant extract and Complex coated
with AgNPs

The Chitosan- fucoidan complex with the avocado
leaf extract is coated with the silver nitrate at the
concentration of 0.0169 g of silver nitrate in 100
mL of milliq water. Then the silver nanoparticles
synthesized are observed with the colour change in
the solution after kept in shaker for 48 hr. The colour
change is due to the metal reacted with the complex
(Figure 3).1"
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Biomimetic Synthesis and Characterization of the
Chitosan Fucoidan Complex coated AgNPs using
Persian Americana

UV - visible spectral analysis

Ultraviolet-visible = Spectrophotometry is employed
to monitor the characteristics of silver nanoparticles.
Ultraviolet (UV) spectroscopy encompasses absorption
and reflectance spectroscopy within the light and
ultraviolet regions of the electromagnetic spectrum.
One useful method for examining colloidal particles
is UV-visible spectroscopy. Noble metal particles, like
silver nanoparticles, have a strong surface plasmon
resonance absorption in the visible spectrum and are
highly sensitive to surface alterations, making them
ideal for UV-Vis spectroscopic research. UV-Vis
spectroscopy was used to evaluate AgNO.’s optical
absorption characteristics. A Shimadzu UV 3600
UV-Vis-NIR  spectrometer (Shimadzu Corporation,
Kyoto, Japan) was used to record the samples’ UV-Vis
absorption spectra in the 200-800 nm wavelength range
in diffuse reflectance mode, with BaSO4 serving as a
reference. The Kubelka-Munk function was used to
process the data after the spectra were collected at room
temperature.

SEM analysis

A concentrated electron beam is used to scan a sample
in a Scanning Electron Microscope (SEM), a specialized
kind of electron microscope that creates images of the
material. These electrons’ interactions with the sample’s
atoms produce a variety of signals that reveal details
about the sample’s makeup and exterior characteristics.
To form an image, the electron beam is usually scanned
in a raster pattern and its position is correlated with
the signals that are detected. SEM has the capability
to achieve resolutions finer than 1 nanometer. The
operation of a scanning electron microscope involves
directing electrons onto the surface of the sample and
forming an image from the reflected electrons. SEM
allows for the collection of a significant amount of
analytical data in addition to the visual image. In the
analysis of silver nanoparticles, the nanoparticles are
first obtained in powdered form and SEM is used for
examination. The SEM analysis is conducted at vatious
magnifications, typically ranging from 15,000 X to
35,000 X, providing an estimate of the size of the silver
nanoparticles.

FTIR Analysis:

Fourier Transform Infrared (FTIR) spectroscopy
stands as the favored method in infrared spectroscopy.
During infrared spectroscopy, IR radiation traverses

through a sample, wherein the sample absorbs some
of the infrared energy while the rest is transmitted.
The resulting spectrum provides the sample with a
molecular fingerprint by illustrating the absorption
and transmission of molecules. Much like fingerprints,
no two unique molecule configurations yield the
infrared spectrum. Consequently, infrared
spectroscopy serves various analytical purposes. An
FTIR spectrophotometer is used to examine the

same

chemical makeup of silver nanoparticles that have been
produced. Using the KBr pellet technique, the dried
powders were characterized in the 4000-400 cm range.
During a model, the FTIR instrument emits infrared
radiation in the range of about 10,000 to 100 cm™, with
some of the emission being absorbed and the remainder
being transmitted. The model molecules then convert
the fascinated emission into turning and/or vibrational
power. The subsequent signal that the detector picks
up manifests as a spectrum, usually ranging from
4000 cm™ to 400 cm™, which is the sample’s molecular
fingerprint. Since every particle or substance structure
produces a unique spectral fingerprint, FTIR analysis is
an invaluable method for identifying elements.

EDX Analysis

EDX is utilized alongside SEM. An electron beam, with
energy ranging from 10 to 20 keV, impacts the surface
of the conducting sample, resulting in the emission of
X-rays from the substance. The power of these emitted
X-rays depends on the substance being examined. EDX
does not belong to surface science techniques since the
X-rays that are produced within a range is approximately
2 microns deep. An image of every element contained
in the sample can be obtained by moving the electron
beam across the material. However, acquiring these
images typically requires extended durations due to the
low intensity of the X-rays. Energy dispersive X-ray
analysis (EDX, EDS, or EDXA), also known as energy
dispersive X-ray spectroscopy, is an X-ray technique
employed to ascertain the fundamental masterpiece or
chemical categorization of materials. EDX ray analysis
was performed using a high-resolution transmission
electron microscope to confirm the presence of
silver in the particles and to identify other elemental
compositions of the particles.

Antibacterial properties of silver nanoparticles
The test organisms used in the study were obtained
from the Department of Microbiology:

o Salmonella typhi

»  Escherichia coli

*  Pseudomonas aeroginosa
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*  Klebsiella pnenmonia

*  Proteus vulgaris

By evaluating the zone of inhibition, the synthetic Sliver
particles’” antibacterial activity was determined.”! 100
mL of sterile distilled water was used to measure and
dissolve 3.6 g of nutritional agar. After adjusting the pH
to 7.2, the mixture was autoclaved for 15 min at 121°C.
The disinfected petri dish was then filled with 30 mL of
molten agar and let to harden.

DISC DIFFUSION ASSAY

Using Filter paper Whatman No. 1, 4mm discs were
prepared, punched out and placed in vials, then
sterilized in a range at 150°C for 15 min. These
discs were then coated 10 pl. of concentrated crude
extract, while the next set of discs were coated with
10 pL of synthesized Ag nanoparticles with a coated
complex. After impregnation, the discs were left
to evaporate at 37°C for 24 hr. Following this, the
prepared discs that consist of various fractions were
carefully positioned on inoculated plates using sterile
forceps. Gentamycin served as a control antibiotic.
The plates were then inverted and incubated at 37°C
for 24 hr in an incubator. The zones of growth and
inhibition of the microorganisms surrounding the
test fractions were observed in order to acquire the
results. The diameter of the Inhibition Zone (IZ)
surrounding each disc was measured in order to
assess the antibacterial activity.

11.7as

RESULTS

Biosynthesis of fucoidan-chitosan complex with
leaf extract coated silver nanoparticles

The reaction mixture, consisting of silver nitrate and a
fucoidan-chitosan complex coated with plant extract,
underwent periodic color changes overa48hrperiod. The
observed color change was indicative of the reduction
of silver ions into silver particles upon exposure to the
extracts. This change in color is attributed to the surface
plasmon resonance phenomenon, resulting in the silver
nanoparticles displaying a dark brown hue in aqueous
solution. Based on the findings, the synthesis of silver
nanoparticles by the extract was verified through the
observed transition in color from dark green to brown
during the vatious time."" reported that the distinctive
brown color exhibited by silver solutions serves as a
convenient spectroscopic indicator of their formation.

Characterization of silver nanoparticles
UltraViolet-Visible spectrophotometric examination

UV-Visible spectroscopy is among the most widely
utilized techniques for structurally characterizing silver
nanoparticles. Following the development of the dark
brown color, the absorbance of the nanoparticles was
assessed across wavelengths ranging from 200 to 800
nm, with intervals of 1 nm, utilizing a UV-Visible
spectrophotometer.The common peak values lie
between the range of 250-400 nm.The highest peak
value lies between the range of 330 nm.

10.000

S.000

0.010 | |

Zoo.00

700.00

Figure 1: UV-vis spectroscopy analysis.
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FTIR analysis

FTIR analysis is employed for the identification of
molecular compounds. This technique operates by

quantifying the absorbance of infrared radiation by a
sample. The resulting spectrum can then be utilized to
identify the functional groups present in the compound.
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Figure 2: FTIR analysis of the sample.

FTIR spectrum which are displayed in the following
figure Fucoidan-Chitosan complex coated with silver
nitrate along with avocada leaves. In the extract, the
peak at 3302 cm™ revealed aliphatic primary amine (N-H
Stretch); the peak at 1643 cm™ revealed alkene (C=C
Stretch); peak at 1041 cm™ revealed fluro compound
(C-F Stretch), peak at 678cm™ revealed alkene (C=C
Bend).The FTIR analysis spectroscopic studies revealed
the presence of aliphatic primary amine, alkene, fluro
compound. In the similar studies, the FTIR spectrum
exhibits the emergence of absorption characteristics
peaks at 111lem™ corresponds to C-O Stretching
bonds."! The peak at 1303 cm™ corresponds to C=C
Stretching bonds.!"? The peak 2353 cm™ corresponds to
C-H stretching bonds."!

SEM analysis

The biosynthesized silver nanostructure by employing
Persia  americana extract with complex coated with
AgNps was further demonstrated and confirmed by the
characteristic peaks and the structural view under the
scanning electron microscope. The surface morphology
of the was confirmed by using FESEM (ZEISS). In the
scale of Tum under 915X. The SEM analysis includes
the formation of non uniform sized particles.!"”!

EDX Analysis

The energy dispersive spectrum of synthesised
nanoparticles is shown in graph. The metallic silver

154

nanoparticles considerably shown siganl peak at
1.14kev which is due to surface plasmon resonances.”
The figure also dispays the qunantitative information of
biosynthesised AGNPs such as C, Ag, Cu, Ca, K, Cl, Si,
Al, Mg, Na and O. In the present study the synthesised
nanoparticles show strong absorbance with range of
3.9 kv.

ANTI-MICROBIAL ACTIVITY

Antimicrobial activity of Synthesis and
Characterization of the Chitosan Fucoidan
Complex coated AgNPs using Persian Americana

The antimicrobial effectiveness of  biologically
synthesized plant extract using Ag nanoparticles coated
with a complex was assessed against both diderm bacteria
(Pseudomonas aernginosa, Klebsiella pnenmoniae, Escherichia coli
and Proteus vulgaris) and monoderm bacteria (Staphylococcus
anreus) bacteria. Additionally, the region of inhibition
produced by Ag nanoparticles against diderm bacteria
and monoderm bacteria was measured. The findings
demonstrated that Ag nanoparticles synthesized from
the extract exhibited significant antibacterial activity
against both diderm bacteria and monoderm bacteria.
Inhibition of bacterial growth by Ag nanoparticles could
be credited to harm of the bacterial cell membrane and
extrusion of the cytoplasmic contents thereby resulting
in the death of the bacterium.?"
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Figure 3: SEM analysis of silver nanoparticles.
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Figure 4: EDX analysis of silver nanoparticles
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Figure 5: EDX analysis of silver nanoparticles plotted graph.
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Figure 6: (Continued)
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Figure 6: Antibacterial study of Plant extract and Complex
coated with AgNPs against selective bacterial pathogens.

Proteus vulgaris

Table 1: Antibacterial activity of Sliver nanoparticles of

Persea Americana Coated with complex.

Sl. Organism Plant Control- Sample-
No. extract Gentamycin Nanoparticles
(Persea of Persea
Americana) Americana
(mm) (mm)coated
with complex
1 Staphylococcus 10 mm 12 mm 15 mm
aureus
2 Pseudomonas 14 mm 12 mm 15 mm
aeroginosa
3 Kilebsiella 9 mm 11 mm 14 mm
pneumoniae
Escherichia coli 7 mm 8 mm 10 mm
5 Proteus vulgaris 11 mm 9 mm 12 mm

DISCUSSION

Even though the use of silver and silver salts as
uncontaminated agents is a prehistoric method, Silver
Nanoparticles (AgNPs) fabrication has only recently
been developed. Silver nanoparticles are well known
for their antimicrobial activity and there are also reports
of their acute and chronic toxicity.**! Considering
this approach, nanoparticles were produced through
environmentally-friendly
various compounds, peptides, or chemical groups onto
their surfaces. This method effectively mitigates toxicity,
enabling the utilization of nanoparticles for combating
human infectious diseases. Fucoidan-chitosan coated

synthesis,  incorporating

silver nanoparticles stand out among potential
coatings, garnering considerable interest in biomedical
applications due to their distinct characteristics of being
biodegradable, biocompatible, non-toxic and possessing
antimicrobial properties.” Many scientists
reported that fucoidan- chitosan has a strong affinity

for metal ions as a result of a large number of amino

have

and hydroxyl groups. According to the study conducted
by Nate ¢z a/, the role of the fucoidan-chitosan ester
and amino group was defined as being crucial for metal
ion release and the formation of FU-CH-AgNPs.*)
Plants are considered as the primary source for NP
synthesis. Several studies have demonstrated that the
polyphenols present in plant extracts play a major role
in the reduction of Ag" ions.* In the present study,
the antibacterial effect of FU-CH-AgNPs prepared
using Persea Americana leaf extract was assessed. The
multitude of bioactive compounds present in Persea
Americana makes it an excellent candidate for the
synthesis of nanoparticles.””’ Moreover, the synthesis
of metal nanoparticles using Persea Americana has not
been explored to any great extent.

The results of UV-visible spectroscopy obtained in our
study revealed a difference in size FU- CH-AgNPs.
The FU-CH-AgNPs were larger than uncoated AgNPs
since layers of fucoidan- chitosan were observed to be
wrapped around AgNPs, as in the work described by
Lim et al. (2013).”" The zeta potential on the sutface
of nanoparticles indicates the particles are stable.
Nanoparticles possessing higher negative or positive
zeta potentials will tend to repel each other and do not
form aggregates. Our synthesized nanoparticles
were found to be more stable than those previously
reported in studies.”'! The current study reports that the
FT-IR analysis depicted that numerous amino groups
act as capping agents. The results clearly indicate that
these identified amino groups ate responsible for the
interaction with the metal surface, acting as capping
sites for AgNP stabilization.”” From the results, it
can be concluded that capping agents permit proteins
to attach to AgNPs by the electrostatic attraction of
negatively charged carboxylate groups contained in
the protein secreted by plants.” Many of the peaks
observed in the IR spectra of FU- CH-AgNPs are
closely associated with flavonoids and terpenoids,
suggesting the adsorption of these molecules on
the nanoparticle surface. The existence of multiple
functional groups may impact the conversion of metal
ions into their respective metal nanoparticles. Using
SEM analysis, we observed the presence of polydisperse
nanoparticles.” The SEM images clearly indicated a
difference in average size, which were 32 and 50 nm for
AgNPs and CH-AgNPs, respectively. The cytotoxicity
of synthesized FU-CH-AgNPs was screened in order
to define the optimal concentrations for antimicrobial
assays. The antibacterial potential of FU-CH-AgNPs
was evaluated against standard and clinically isolated
Gram-positive and Gram-negative isolates. The FU-CH-
AgNPs efficiently inhibited bacterial growth compared
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to AgNPs. Our findings show that the values of FU-CH-
AgNPs were lower than those of plant extract. Within
the similar species, the coated nanoparticles showed a
distinguished effect between the various strains. The
present antimicrobial evaluation studies agreed with
the reports of Dell ef a/. 2020.5% Therefore, it could be
assumed that the use of FU-CH-AgNPs at their value
can effectively inhibit the growth of bacteria while not
being toxic to normal cells. The mechanism of action
for the antibacterial activity of fucoidan-chitosan might
come from the contact-inhibitory mechanism between
negatively charged teichoic acid in the peptidoglycan
layer on the bacterial surface and the positively charged
protonated amine moieties on the chitosan backbone.P
Similar studies reported that the enhanced antibacterial
activity of FU-CH-AgNPs is due to the synergistic
antibacterial potential of AgNPs with chitosan.’” It is
notable that metal NPs have more relevant bactericidal
effects due to their high affinity with the active surface

38

groups of microbial strains.’® Similarly, it has been

suggested that fucoidan and chitosan reacts with both

the bacterial cell wall and the cell membrane.P>*)

CONCLUSION

The present study presents the characterization and
antimicrobial activity determination of fucoidan-
chitosan covered Silver Nanoparticles (AgNPs) with
Persea Americana leaf extracts which provide a
promising strategy for developing effective antibacterial
agents. These results indicated that the Ag Nanoparticles
have improved stability and better dispersion in water
as a result of coating them with mucopolysaccharide-
conjugate; this is contributed by the fucoidan-chitosan
film, it also imparts anti-bacteriality. The avocado plant
extract-coated AGNPs demonstrated potent inhibition
on different pathogens tested 7z vitro. Moreover, the
synthesized nanoparticles showed good antimicrobial
potentials against several pathogenic microorganisms
thereby indicating their potential application in fighting
microbial infections. The positive outcome of combing
Ag NPs with fucoidan-chitosan and Persea Americana
leaf extract shows that it is important to use natural
substances in preparing nanotechnology-based drugs
for curbing infections. Consequently, this research
adds to existing literature on green synthesis methods
for nanoparticle production and underlines how these
new materials can be utilized in medical science as well
as ecological concerns though further studies must be
conducted to investigate additional therapeutic and
industrial applications.
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SUMMARY

The present study was carried out by synthesizing
Silver Nanoparticles (AgNPs) from Avocado leaves,
coated with Chitosan-Fucoidan polysaccharides. The
characterization was conducted via SEM, EDX, FT-IR
and UV-Visible Spectroscopy, along with the evaluation
of the antibacterial activity of Ag Nanoparticles. The
results indicate the formation of stable nanoparticles
with distinct physicochemical properties suitable for
antimicrobial applications. The size and shape of theleaf
extract with fucoidan chitosan complex coated AgNps
was confirmed using SEM. The presence of various
elements like C,Ag,K,CLFe,Si,S,P was confimed using
EDX analysis. The FTIR analysis spectroscopic studies
revealed the presence of aliphatic primary amine, alkene,
Fluro compounds. Along with silver nanoparticles, the
avacoda leaves has numerous effect on the biological
terms. The antimicrobial activity was assessed against
both diderm and monoderm bacteria and results
demonstrated that the synthesized AgNPs from the
avocado extract showed a exemplilary antibacterial
activity against both monoderm and diderm bacteria.
They can be used to cure various number of disorders
such as anticancer, diabetes, cardiovascular system,
prostate cancer and PCOs. So the final product such
as caspsules can be formed using the complex mixture
which are rich in promoting beneficial cancers studies.

REFERENCES

1. Sunil Ranade S, Thiagarajan P. A Review on Persea Americana Mill.
(Avocado) - Its Fruit and Oil. International J of PharmTech Research,
2015;8(6):72-5.

2. Kumar, C.S., Ganesan, P. and Bhaskar, N. In vitro antioxidant activities of
three selected brown seaweeds of India. Food Chem, 2008;107:707-13.

3. McHugh, D.J. Production and utilization of products from commercial
seaweeds. FAO Fish. Tech. Pap, 2016;288:1-189.

4. Chandia, N.P.; Matsuhiro, B. Characterization of a fucoidan from Lessonia
vadosa (Phaeophyta) and its anticoagulant and elicitor properties. Int. J. Biol.
Macromol, 2008;42:235-40.

5. Wang BJ, Liu CT, Tseng CY, Wu CP, Yu ZR. Hepatoprotective and antioxidant
effects of Bupleurum kaoi Liu (Chao et Chuang) extract and its fractions

Asian Journal of Biological and Life Sciences, Vol 13, Issue 1, Jan-Apr, 2024



20.

21.

22.

23.

24,

Divyapriya and Rajathi: The Study Evaluates the Antioxidant and Cytotoxic Effects of E. hirta Ethanolic Extract in vitro

fractionated using supercritical CO2 on CCl,-induced liver damage. Food
Chem. Toxicol., 205;42:609-17.

M.T. Ale, H. Maruyama, H. Tamauchi, J. D. Mikkelsen and A. S.Meyer. Int.
J. Biol. Macromol, 2011;49:331-6.

No H.K., Meyers S.P. Preparation and characterization of chitin and
chitosan-A review. J. Aquat. Food Prod. Technol., 1995;2:27-52.

Aditi Mahatre, Advait Bhawgwat, Prachi Bangde, Ratnesh jain, Prajakta
Danedekar, Chitoson/gelatine/PVA membranes for mammalian cell culture,
2021;4(2):100163.

Murata, M. and Nakazoe, J. Production and use of marine algae in Japan.
Jpn. Agric. Res. Q., 2001;35:281-90.

L. Liu, M. Heinric, S. Myers and S.A. Dworjanyn. “Towards a better
understanding of medicinal uses of the brown seaweed Sargassum in
Traditional Chinese Medicine: a phytochemical and pharmacological review,”
Journal of Ethnopharmacology, 2012;142(3):591-619.

N. K. Senni, F. Gueniche, A. Foucault-Bertaud, S. Igondjo-Tchen, F.Fioretti,
S. Colliec-Jouault, P. Durand, J. Guezennec, G. Godeau and D. Letourneur,
Arch. Biochem. Biophys, 2006;(445):56-64.

Rajasree PH, Vishwanad V, Cherian M, Eldhose J, Singh R. Formulation
and evaluation of antiseptic polyherbal ointment. International Journal of
Pharmacy and Life Sciences, 2012;3(10):234-7.

Godbole MD, Mahapatra DK, Khode PD. Fabrication and characterization
of edible jelly formulation of stevioside: a nutraceutical or OTC aid for the
diabetic patients. Inventi Nutraceut, 2017;(2):1-9.

Raj kumar G.R, Abdul Rahuman.A,Priyamvada, Goplish Khanna. Eclipta
prostrata leaf aqueous extract mediated for synthesis of titanium di oxide
nanoparticles and it larvicidal activity against malaria. 2011;2(7):18-21.
Nithya, V.D., Kalai Selvan, R., Sanjeeviraja, C., et al. Synthesis and
Characterization of FeVO4 Nanoparticles. Materials Research Bulletin,
2011;46:1654-8.

Phanjom P, Giasuddin Ahmed. Biosynthesis of Sliver nanoparticles by
Aspergillus orgzae (MTCC No:1846) and its characterizations, 2015;5(1):14-
21.

Alsalhi, M.S, Devanesan .S, Alfurayadi .A.A, Vishnubalaji .R. Green Synthesis
of silver nanoparticles using pimpinella anisum seeds: antimicrobial activity
and Cytotoxicity on human neonatal skin stromal cells and colon cancer cells.
International journal of nanomedicine. 2016;11:4439-49.

Rajesh .M, Jeyaraj .M, Arun .R, Mubarak Ali .D. An investigation on
the cytotoxicity and caspase-mediated apoptotic effect of biologically
synthesized silver nanoparticles using Podophyllum hexandrum on human
cervical carcinoma cells.102:708-17.

Sevgi Polat, Pervia sayan Preparation, characterization and kinetic evaluation
of struvite in various carboxylic acids, 2020;531:125339.

S.Kaviya, J. Santhanalakshmi, B. Viswanathan, J. Muthumary and K.
Srinivasan,(2011), “Biosynthesis of silver nanoparticles using Citrus sinensis
peel extract and its antibacterial activity,” Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy. 2011;79(3):594-8.

Brayner .R, Roselyne Ferrari-lliou, Nicolas Brivois, Shakib Djediat, MarcF.
Benedetti. Toxicological impact studies based on Escherichia coli bacteria in
ultrafine Zno Nanoparticles colloidal medium, 2006;6(4):866-70.

Dakal, T.; Kumar, A.; Majumdar, R.; Yadav, V. Mechanistic basis of
antimicrobial actions of silver nanoparticles. Front. Microbiol., 2016;7:1831.
Lekamge, S.; Miranda, A.F.; Abraham, A; Li, V.; Shukla, R.; Bansal, V., The
toxicity of Silver Nanoparticles (AgNPs) to three freshwater invertebrates
with different life strategies: Hydra vulgaris, Daphnia carinata and Paratya
australiensis. Front. Environ. Sci., 2018;6:152.

De Sousa Victor, D., da Cunha Santos, A.M., de Sousa, B.V., de Araujo
Neves, G., Navarro de Lima Santana, L., Rodrigues Menezes, R. A Review

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

on Chitosan’s Uses as Biomaterial: Tissue Engineering, Drug Delivery
Systems and Cancer Treatment. Materials, 2020;13:4995.

Nate, Z.; Moloto, M.J.; Mubiayi, P.K.; Sibiya, P.N. Green synthesis of chitosan
capped silver nanoparticles and their antimicrobial activity. MRS Adv.,
2018;3:2505-17.

Tungmunnithum, D.; Thongboonyou, A.; Pholboon, A.; Yangsabai, A.(2018)
Flavonoids and Other Phenolic Compounds from Medicinal Plants for
Pharmaceutical and Medical Aspects: An Overview. Medicines, 2018;5:93.
Capanoglu, E.; Boyacioglu, D.; de Vos, R.C.H.; Hall, R.D.; Beekwilder, J.
Procyanidins. In fruit from Sour cherry (Prunus cerasus) differ strongly in
chainlength from those in Laurel cherry (Prunus lauracerasus) and Cornelian
cherry (Cornus mas). J. Berry Res., 2011;1:137-46.

Lim, J.; Yeap, S.; Che, H.; Low, S. Characterization of magnetic nanoparticle
by dynamic light scattering. Nanoscale Res. Lett., 2013;8381.

Bélteky, P.; Rénavari, A.; Igaz, N.; Szerencses, B.; Toth, L.Y.; Pfeiffer, |., et al
Silver nanoparticles: Aggregation behavior in biorelevant conditions and its
impact on biological activity. Int. J. Nanomed., 2019;14:667.

Bilal, M.; Zhao, Y.; Rasheed, T.; Ahmed, |.; Hassan, S.T.S.; Nawaz, M.Z, et
al., Biogenic nanoparticle-chitosan conjugates with antimicrobial, antibiofilm
and anticancer potentialities: Development and characterization. Int. J.
Environ. Res. Public Health, 2019;15:98.

Cinteza, L.O.; Scomoroscenco, C.; Voicu, S.N.; Nistor, C.L.; Nitu, S.G.; Trica,
B., et al., Chitosan-stabilized Ag nanoparticles with superior biocompatibility
and their synergistic antibacterial effect in mixtures with essential oils.
Nanomaterials, 2018;8:826.

Kalaivani, R.; Maruthupandy, M.; Muneeswaran, T. Synthesis of chitosan
Nanoparticles (Ag NPs) for
applications. Front. Lab. Med., 2018;2:30-5.
Rathod, D.; Golinska, P.; Wypij, M.; Dahm, H.; Rai, M. A new report of
Nocardiopsis valliformis strain OT1 from alkaline Lonar crater of India

mediated Silver potential antimicrobial

and its use in synthesis of silver nanoparticles with special reference to
evaluation of antibacterial activity and cytotoxicity. Med. Microbiol. Immunol.,
2016;205:435-47.

Sktadanowski, M.; Golinska, P.; Rudnicka, K.; Dahm, H.; Rai, M. Evaluation
of cytotoxicity, immune compatibility and antibacterial activity of biogenic
silver nanoparticles. Med. Microbiol. Immunol. 2016;205:603-13.
Dell'Annunziata, F.; llisso, C.P.; Dell'Aversana, C.; Greco, G.; Coppola,
A.; Martora, F., et al. Outer Membrane Vesicles derived from Klebsiella
pneumoniae influence the miRNA expression profile in human bronchial
epithelial BEAS-2B cells. Microorganisms, 2020;8:1985.

Vallapa, N.; Wiarachai, O.; Thongchul, N.; Pan, J.; Tangpasuthadol, V.;
Kiatkamjornwong, S., et al., Enhancing antibacterial activity of chitosan
surface by heterogeneous quaternization. Carbohydr. Polym., 2011;83:868-
75.

Wei, D.; Sun, W.; Qian, W.; Ye, Y,; Ma, X. The synthesis of chitosan-
based silver nanoparticles and their antibacterial activity. Carbohydr. Res.,
2009;344:2375-82.

Reidy, B.; Haase, A.; Luch, A.; Dawson, K.A.; Lynch, |I. Mechanisms of
silver nanoparticle release, transformation and toxicity: A critical review of
current knowledge and recommendations for future studies and applications.
Materials, 2013;6:2295-350.

Raafat, D.; Sahl, H. Chitosan and its antimicrobial potential-A critical literature
survey. Microb Biotechnol., 2009;2:186-201.

Y. Cheng Huang and Roa-Ying li, Preparation and Charaterization of
Antioxidant Nanoparticles composed of chitosan and fucoidan for Antibotics
Delivery. 2014;12:4379-98.

Cite this article: Divyapriya S, Rajathi K. Green Synthesis of Fucoidan-Chitosan Coated Silver Nanoparticles Biocojugates and
their Antimicrobial Activity. Asian J Biol Life Sci. 2024;13(1):150-9.

Asian Journal of Biological and Life Sciences, Vol 13, Issue 1, Jan-Apr, 2024

159



