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Abstract

Introduction: A novel process for the rapid synthesis of AQNPs using the aqueous extract of marine macro-
algae, Ulva lactuca.

Methods: The nanoparticles were synthesized by subjecting the reaction media at 121°C for 10 min. and were
assessed for in vitro cytotoxic activity on Hep-2, MF7, HT29 and Vero cell lines.

Results: The synthesized AgNPs were characterized by observing a peak at 434nm using UV-visible
spectroscopy. Fourier Transform Infra Red spectroscopic analysis was carried out to identify the functional groups
responsible for the synthesis of AQNPs. The synthesized AQNPs were further demonstrated and confirmed by the
characteristic peaks observed in the XRD image. SEM and TEM images revealed that AQNPs were spherical in
shape and measured 20-56nm in size. Qualitative as well as quantitative status of elements that might be involved
in the formation of AgNPs is stressed by EDAX analysis.

Conclusion: The synthesized nanoparticles were potently cytotoxic against Hep 2 cell lines and mildly cytotoxic
against MCF 7 and HT 29 cell lines. The synthesized AgNPs were found to be a cytotoxic against human (Hep2,

MCF7 and HT29) cancer cell lines.

Keywords: Silver nanoparticles; Marine macroalgae-Ulva lactuca;
In vitro cytotoxicity; Hep2 cell lines; MCF7 cell lines; HT29 cell lines;
Vero cell lines

Introduction

With the terrestrial resources being greatly explored and exploited,
researchers turn to the oceans for numerous reasons. The oceans cover
more than 70% of the world surface housing 34 living phyla out of
the 36 and more than 300,000 known species of fauna and flora. The
marine environment is known to contain over 80% of world’s plant
and animal species. In recent years, many bioactive compounds have
been extracted from various marine plants, marine animals and marine
organisms [1].

Seaweeds are marine plants because they use the sun's energy
to produce carbohydrates from carbon dioxide and water. In India
seaweeds are mainly exploited by industries for phycocolloids but very
poorly explored for their beneficial application in pharmacology [2].
Seaweeds are important sources of protein, iodine, vitamins, minerals
[3] and polyphenols [4] with their metabolites showing wide range of
promising biological activities. Over the past several decades, seaweeds
and their extracts have generated an enormous amount of interest in
the pharmaceutical industry as a fresh source of bioactive compounds
with immense medicinal potential [5]. The macro algae reported to
contain various significant compounds with antibacterial [6], antiviral
[7] and antitumor activity [8]. AgNPs have been synthesized using
marine microalgae and screened for its antibacterial activity [9].

Discovery of anticancer drugs that must kill or disable only
tumor cells without undue toxicity is an extraordinary challenge [10].
Toxicity of plant or microbial material is considered as the presence of
antitumor compounds [11]. In recent years, an increasing number of
marine natural products have been reported to display antimicrobial
activities [12] and anti-tumor compounds have been isolated from
sponges, tunicates, algae and other organisms [13]. In most cases, the
evaluation of the anti-cancer potential of crude extracts from different

sea organisms has been carried out by in vitro cytotoxicity tests in
malignant cell cultures [14]. Hundreds of potential anti-tumor agents
have been isolated from marine origin especially from marine algae
[15,16]. Isolation of cytotoxic anti-tumor substances from marine
organisms has been reported in several references during the last 40
years [17].

In this study, AgNPs were synthesized using Ulva lactuca and its
cytotoxicity was assessed against Hep-2, HT-29, MCF-7 and Vero cell
lines.

Methods
Seaweed

Fresh seaweed sample were collected in polythene bags from the
intertidal regions of the Mandapam coastal regions (Lat.09° 17.417
N; Long.079° 08.558 E) of Gulf of Mannar. Samples were cleaned
thoroughly by washing with running tap water to remove stones,
epiphytes, extraneous matter and necrotic parts. Then cut into small
pieces and rinsed with sterile distilled water. The cleaned macro-algae
were shade dried at room temperature for a week. The shade-dried
thalli were powdered and aqueous extract was prepared.

Rapid synthesis of AgNPs

1gm of seaweed powder was extracted with water and filtered. ImM
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KEYWORDS Abstract The spreading of infectious diseases and the increase in incidence of drug resistance
Algae; among pathogens have made the search for new antimicrobials inevitable, similarly is the cancer
Antibacterial; disease. Nowadays, there is a growing need for biosynthesized nanoparticles (NPs) as they are
Antifungal; one of the most promising and novel therapeutic agents of biological origin. The unique physico-
Antiviral; chemical properties of the nano silver (Ag-NPs) as well as nano gold (Au-NPs) when combined with
Gold-nanoparticles; the growth inhibitory capacity against microbes lead to an upsurge in the research on NPs and their
Silver-nanoparticles potential application as antimicrobials. The phytochemicals of marine algae that include hydroxyl,

carboxyl, and amino functional groups can serve as effective metal reducing agents and as capping
agents to provide a robust coating on the metal NPs. The biosynthesis of Ag-NPs and Au-NPs
using green resources is a simple, environmentally friendly, pollutant-free and low-cost approach.

The biosynthesized NPs using algae exerted an outstanding antimicrobial and cytotoxic effect.
© 2016 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research &
Technology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org,
licenses/by-nc-nd/4.0/).
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Abstract  Silver ions (Ag™) and its compounds are highly
toxic to microorganisms, exhibiting strong biocidal effects
on many species of bacteria but have a low toxicity toward
animal cells. In the present study, silver nanoparticles
(SNPs) were biosynthesized using aqueous extract of
Chlorella vulgaris as reducing agent and size of SNPs
synthesized ranged between 15 and 47 nm. SNPs were
characterized by UV-visible spectroscopy, scanning elec-
tron microscopy, transmission electron microscopy, X-ray
diffraction and Fourier infrared spectroscopy, and analyzed
for its antibacterial property against human pathogens. This
approach of SNPs synthesis involving green chemistry
process can be considered for the large-scale production of
SNPs and in the development of biomedicines.

Keywords Silver ions - Green chemistry - Human
pathogens - Biomedicines

Introduction

Nanotechnology is an exploitation of strange properties of
materials smaller than 100 nm (nm) to create new useful
objects. Nanomaterials display unique, superior and indis-
pensable properties and have attracted much attention for
their distinct characteristics that are unavailable in con-
ventional macroscopic material. Their uniqueness arises
specifically from higher surface-to-volume ratio and
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Sciences, University of Madras, Guindy Campus, Chennai
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increased percentage of atoms at the grain boundaries.
They represent an important class of materials in the de-
velopment of novel devices that can be used in various
physical, biological, biomedical and pharmaceutical
applications.

Silver nanoparticles are nontoxic, safe inorganic an-
tibacterial agent used for centuries and are capable of
killing about 650 types of diseases causing microorgan-
isms. Silver has been described as oligodynamic because of
its ability to exert a bactericidal effect at minute concen-
trations. The first scientific papers describing the medical
use of silver report the prevention of eye infection in
neonates in 1881 and internal antisepsis in 1901 (Russell
and Hugo 1994). After this, silver nitrate and silver sulfa-
diazine have been widely used for the treatment of super-
ficial and deep dermal burns of wounds and for the removal
of warts (Rai et al. 2009).

SNP mode of action is presumed to be dependent on
Ag™ ions that strongly inhibit bacterial growth through
suppression of respiratory enzymes and electron transport
components and through interference with DNA functions
(Li et al. 2006). Silver in a nanometric scale (less than 100
nm) has strong toxicity to a wide range of microorganisms
(Elechiguerra et al. 2005). Morones et al. (2005) defined
the antibacterial activity of SNPs in four types of Gram-
negative bacteria Escherichia coli, Vibrio cholerae, Pseu-
domonas aeruginosa and Salmonella typhi, and suggested
that SNPs attach to the surface of the cell membrane and
disturb its function by penetrating into bacterial cell and
release of silver ions. Silver nanoparticles have also been
found to exert antibacterial activity against some drug-re-
sistant bacteria (Birla et al. 2009; Inoue et al. 2010).

Chlorella vulgaris is a medicinal unicellular green mi-
croalgae, which contains more than 20 different vitamins
and minerals, 19 of 22 amino acids and high content of

Disase cllod dyao .
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Abstract
Silver nanoparticle (AgNP) has a wide range antibacterial effect and is extensively used in
different aspects of medicine, food storage, household products, disinfectants, biomonitoring and
environmental remediation etc. In the present study, we examined the growth inhibition effect of
engineered silver nanoparticles against bloom forming cyanobacterial M. aeruginosa strain.
AgNPs were synthesized by a chemical reduction method at room temperature and UV-Vis
spectroscopy, scanning electron microscopy (SEM), transmission electron microscope (TEM)
showed that they presented a maximum absorption at 410 nm and size range between 10 and
18 nm. M. aeruginosa cells exposed during 10 d to AgNPs to a range of concentrations from 0 to
1 mg1~". The changes in cell density and morphology were used to measure the responses of the
M. aeruginosa to AgNPs. The control and treatment units had a significant difference in terms of
cell density and growth inhibition (p < 0.05). Increasing the concentration of AgNPs, a
reduction of the cell growths in all treatment was observed. The inhibition efficiency was
reached 98.7% at higher concentration of AgNPs nanoparticles. The term half maximal effective
concentration (EC50) based on the cell growth measured by absorbance at 680 nm (A680) was
0.0075 mg 1", The inhibition efficiency was 98.7% at high concentration of AgNPs (1 mg1™").
Image of SEM and TEM reflected a shrunk and damaged cell wall indicating toxicity of silver
nanoparticles toward M. aeruginosa.

Keywords: silver nanoparticle, electrochemical synthesis, chemical synthesis, cyanobacteria
bloom, Microcystis aeruginosa
Classification numbers: 2.04, 4.00, 4.02, 5.08

1. Introduction

Original content from this work may be used under the terms ~ Nowadays, the occurrence of toxic cyanobacterial (CB)
BY

T of the Creative Commons Attribution 3.0 licence. Any  ploomg in eutrophic freshwater, brackish and marine eco-
further distribution of this work must maintain attribution to the author(s) and . . . . . .
the title of the work, journal citation and DOL systems is receiving increasing attention worldwide as a

2043-6262/16/035018-+07$33.00 1 © 2016 Vietnam Academy of Science & Technology
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Abstract

Aerial algae are an important biological factor causing the biodegradation of building materi-
als and facades. Conservation procedures aimed at the protection of historic and utility
materials must be properly designed to avoid an increase of the degradation rate. The aim
of the present study was to investigate the effect of silver nanoparticles (AgNP) synthetized
with features contributing to the accessibility and toxicity (spherical shape, small size) on the
most frequently occurring species of green algae in aerial biofilms and thus, the most com-
mon biodegradation factor—Apatococcus lobatus. Changes in the chloroplasts structure
and the photosynthetic activity of the cells under AQNP exposure were made using confocal
laser microscopy and digital image analysis and the estimation of growth inhibition rate was
made using a biomass assay. In the majority of cases, treatment with AgNP caused a time
and dose dependant degradation of chloroplasts and decrease in the photosynthetic activity
of cells leading to the inhibition of aerial algae growth. However, some cases revealed an
adaptive response of the cells. The response was induced by either a too low, or—after a
short time—too high concentration of AGNP. Taken together, the data suggest that AGNP
may be used as a biocide against aerial algal coatings; however, with a proper caution
related to the concentration of the nanopatrticles.

Introduction

Progress in research on the effects of silver nanoparticles (AgNP) on biological systems has led
to the application of these molecules to the public and commercial use [1, 2]. Experiments on
different bacterial and fungal strains [3-8] have proven that AgNP, used either solely or as a
compound combined i.e. with titanium dioxide, have a biocidal effect on heterotrophic micro-
organisms [9-17]. AgNP penetrate bacterial, fungal and animal cells [18, 19] and interfere
with membrane proteins, activating a biochemical cascade that leads to an inhibition of cell
division [20]. When passing through the cell wall and plasma membrane by diffusion or endo-
cytosis, nanoparticles cause a mitochondrial dysfunction resulting in an increase of the reactive

PLOS ONE | https://doi.org/10.1371/journal.pone.0183276  August 14, 2017 1/14
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Abstract: The present study reports the green synthesis of silver nanoparticles (AgNPs) from
silver precursor using a plant biomaterial, Cassia roxburghii DC., aqueous extract. The AgNPs
were synthesized from the shade-dried leaf extract and assessed for their stability; they elucidated
characteristics under UV—visible spectroscopy, X-ray diffraction, Fourier transform infrared spec-
troscopy, high-resolution transmission electron microscopy, and energy dispersive X-ray spectros-
copy. The synthesized AgNPs exhibited a maximum absorption at 430 nm, and the X-ray diffraction
patterns showed that they were crystal in nature. Fourier transform infrared spectroscopy analysis
confirmed the conversion of Ag*ions to AgNPs due to the reduction by capping material of plant
extract. The HR-TEM analysis revealed that they are spherical ranging from 10 nm to 30 nm. The
spot EDAX analysis showed the presence of silver atoms. In addition, AgNPs were evaluated for
their antibacterial activity against six different pathogenic bacteria: three Gram-positive bacteria,
Bacillus subtilis, Staphylococcus aureus, and Micrococcus luteus, and three Gram-negative bac-
teria, Pseudomonas aeruginosa, Escherichia coli, and Enterobacter aerogenes. They were highly
sensitive to AgNPs, whereas less sensitive to AgNO,. Furthermore, the green synthesized AgNPs
were immobilized on cotton fabrics and screened for antibacterial activity. The immobilized AgNPs
on cotton cloth showed high antibacterial activity. Therefore, they could be a feasible alternative
source in treating wounds or may help in replacing pharmaceutical band-aids.

Keywords: bioreduction, stability, immobilization, cotton cloth, minimum inhibitory
concentration

Introduction

Nanomaterials are at the leading edge of the rapidly developing field in nanotechnology.
Their unique size makes them superior and indispensible in many areas of human activ-
ity. Nanotechnology encompasses the production and application of physical, chemical,
and biological systems at scales ranging from individual atoms or molecules to submi-
cron dimensions, as well as the integration of the resulting nanostructures into larger
systems. Science and technology research in nanotechnology promises breakthroughs
in areas such as materials and manufacturing, nanoelectronics, medicine and health
care, energy, biotechnology, and information technology. Nanoparticles are usually
referred to as the particles with a maximum size of 100 nm. Nanoparticles exhibit new
properties when compared to larger particles of the bulk material. The novel properties
are derived due to the variations in specific characteristics, such as size, distribution,
and morphology of particles. The nanoparticles have a wide range of applications,
such as in combating microbes, drug delivery, catalysis,' water purification,” treatment
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Bionanoparticle for phytopathogen management
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Biosynthesis of silver nanoparticles using Ulva fasciata (Delile) ethyl
acetate extract and its activity against Xanthomonas campestris pv.
malvacearum

S. Rajesht, D. Patric Raja?, J.M. Rathi® and K. Sahayar aj**

ABSTRACT

Metallic nanoparticles have been traditionally synthesized using wet chemical techniques, wherethe chemicals
used are quite often toxic and flammable. In thisresearch, we present a simple and ecofriendly biosynthesis of
Ag nanoparticles using Ulva fasciata crude ethyl acetate extract as reducing and capping agent. The
bionanoparticle characterized with UV-vis Spectroscopy, FTIR, XRD, SEM and EDX. Characterization reveals
that the nanoparticles are crystalline in nature, spherical in shape and poly-dispersed with size ranging from 28
to 41 nm. The alkyne group (3424.30 crm?) of U. fasciata crude ethyl acetate extract shifted and reduced the
AgNO,. GC-MS analysis revealed the presence of 1-(Hydroxymethyl)-2, 5, 5, 8A-tetramethyl decahydro-2-
napthal enol as reducing agent and hexadecanoic acid was found to be a stabilizing agent. Ulva fasciata based
bionanoparticles inhibited the growth of Xanthomonas campestris pv. malvacearum (14.00+0.58 mm Zone of
inhibition), with a Minimum Inhibitory Concentration of 40.00+5.77ug/mL. The study shows that U. fasciata
crude ethyl acetate extract could be used as a reducing agent for simple ecofriendly synthesis of silver
nanoparticles. However, more studies are essential before recommending them for disease management.

Key words: Antibacterial, EDX, FTIR, MIC, silver nanoparticles, SEM, Ulva fasciata, Xanthomonas campestrispv malvacearum,

XRD

INTRODUCTION

Silver has been used for many years for its antimicrobial
properties. Alexander the Great used silver vessels to store
drinking water (Silver etal., 2006). However, the formulation
of silver has changed during antiquity, from bulk silver to
ionicsilver or adsorbed on carrier materials (Zeolite) (Kwakye-
Awwah et al., 2008) and now to silver nanoparticles. In order
to advance nanotechnology for antimicrobial applications,
development of methods to understand and control the
behavior of nanomaterialsisneeded. A nanomaterial may be
defined as any material (insulator, conductor or
semiconductor), which has been controllably synthesized
on the size range of roughly 1 to 100 nm. At this size and
dimensional range, essentially any material will exhibit
different properties from those it would as an atomic cluster
or asthe larger bulk materials.

Production of metallic nanoparticles can be achieved through
chemical, physical or biological methods. Chemical
approaches are the popular mode of synthesis of
nanoparticles However; these methods cannot avoid the use
of toxic chemicals. Now-a-days biological synthesis of
metallic nanoparticles is gaining importance as it is reliable
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and ecofriendly. Previous literature revealed that the
nanoparticle synthesis using algae as source has been
unexplored and underexploited. Recently there are a few,
reports that algae is being used as a biofactory for synthesis
of metallic nanoparticles. Singaravelu et al. (2007),
Rajasulochana et al. (2010) and Vivek et al. (2011) reported the
synthesis of silver bionanoparticles usingSargassumwightii,
Kappaphycus alvarezii and Gelidiella acerosa crude extracts,
respectively. Govindargju et al. (2008) reported the synthesis
of silver nanoparticles using microalgae, Spirulina platensis.
However, no report was available about the synthesis of
nanomaterials using the ethyl acetate from marine algae. On
the other hand there are numerous works related to green
synthesis of metallic nanoparticles using higher plants.
Gardea-Toroesday et al. (2003) first reported the formation of
gold and silver nanoparticles by living plants. Shankar et al.
(2004) reported pure metallic silver and gold nanoparticles
synthesis by the reduction of Ag* and Au* ions using neem
(Azadirachta indica) leaf broth. There have been recent
reports on phytosynthesis of silver and gold nanoparticles
by employing lemon grass extract (Shankar et al., 2004, 2005),
Seshaniadrammandii (Sharmaet al., 2007), greentea(Camellia
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GREEN SYNTHESIS OF SILVER NANOPARTICLES USING MARINE BROWN
ALGAE TURBINARIA CONOIDES AND ITS ANTIBACTERIAL ACTIVITY
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ABSTRACT

Improvement of eco-friendly procedures for the nanoparticles synthesis is the
growing in to the field of nanotechnology. In this report we used the extract of
marine brown seaweed Turbinaria conoides for the silver nanoparticles synthesis is
the new one, cost effective and environmentally favorable. The surface plasmon
resonance band positioned at 420 nm for silver nanoparticles was characterized by
UV-Visible Spectrophotometer. X-Ray diffraction (XRD) data illustrated the
crystalline nature of silver nanoparticles. Scanning electron microscope (SEM)
shows the spherical shaped with the average size of 96 nm. The possible
biomolecules are amines and poly phenols may responsible for reduction of silver
ions was identified through Fourier transmittance infrared spectroscopy (FT-IR).
Further these biosynthesized silver nanoparticles were found to be highly toxic
against gram positive bacteria Bacillus subtilis (MTCC3053) and gram negative
bacteria Klebsiella planticola (MTCC2277) was analyzed by zone of inhibition.

KEYWORDS: Turbinaria conoides, Silver nanoparticles, Scanning electron microscope,
Antimicrobial activity
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Abstract: Recent advances in nanoscience and nanotechnology have also led to the development of
novel nanomaterials, which ultimately increase potential health and environmental hazards. Interest
in developing environmentally benign procedures for the synthesis of metallic nanoparticles has
been increased. The purpose is to minimize the negative impacts of synthetic procedures, their
accompanying chemicals and derivative compounds. The exploitation of different biomaterials for
the synthesis of nanoparticles is considered a valuable approach in green nanotechnology. Biological
resources such as bacteria, algae fungi and plants have been used for the production of low-cost,
energy-efficient, and nontoxic environmental friendly metallic nanoparticles. This review provides
an overview of various reports of green synthesised zero valent metallic iron (ZVMI) and iron oxide
(Fe;O3/Fe304) nanoparticles (NPs) and highlights their substantial applications in environmental
pollution control. This review also summarizes the ecotoxicological impacts of green synthesised
iron nanoparticles opposed to non-green synthesised iron nanoparticles.

Keywords: iron nanomaterials; sustainable green nanotechnology; environmental pollution;
environmental toxicology

1. Introduction

Nanotechnology is the ability to measure, see, manipulate and manufacture things on an atomic
or molecular scale, usually between one and 100 nanometres. These tiny products also have a large
surface area to volume ratio, which is their most important feature responsible for the widespread
use of nanomaterials in mechanics, optics, electronics, biotechnology, microbiology, environmental
remediation, medicine, numerous engineering fields and material science [1]. Different protocols have
been designed for the production of metallic nanoparticles. Currently, two main approaches are used
to synthesize nanoparticles, referred to as the top-down and bottom-up approaches. Briefly, in the
top-down approach, nanoparticles are produced by size reduction of bulk material by lithographic
techniques and by mechanical techniques such as machining and grinding, etc., while, in bottom-up
approach, small building blocks are assembled into a larger structure, e.g., chemical synthesis [2].
However, the most acceptable and effective approach for nanoparticle preparation is the bottom-up
approach, where a nanoparticle is “grown” from simpler molecules known as reaction precursors.
In this way, it is likely possible to control the size and shape of the nanoparticle depending on
the subsequent application through variation in precursor concentrations and reaction conditions
(temperature, pH, etc.) [3].

Physical and chemical methods are being used extensively for production of metal and metal oxide
nanoparticles. However, this production requires the use of very reactive and toxic reducing agents

Nanomaterials 2016, 6, 209; d0i:10.3390 /nano6110209 www.mdpi.com/journal/nanomaterials
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