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Biosynthesis of Silver Nanoparticles from Marine Seaweed
Sargassum cinereum and their Antibacterial Activity

C. MOHANDASS?*, A. S. VIJAYARAJ, R. RAJASABAPATHY, S. SATHEESHBABU, S. V. RAO, C. SHIVA AND L. DE-MELLO
Microbial Technology Lab, Biological Oceanography Division, CSIR-National Institute of Oceanography, Dona Paula,
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Mohandass, er al.; Silver Nanoparticles and Antibacterial Activity

Seaweed extracts of Surgussum cinereum was used as a reducing agent in the eco-friendly extracellular synthesis
of silver nanoparticles from an aqueous solution of silver nitrate (AgNO,). High conversion of silver ions to
silver nanoparticles was achieved with a reaction temperature of 100° and a seaweed extract concentration of
10% with a residential time of 3 h. Formation of silver nanoparticles was characterised by spectrophotometry
and the scanning electron microscope. The average particles size was ranging from 45 to 76 nm. Antimicrobial
activities indicate the minimum inhibitory concentration of biologically synthesised nanoparticles tested against
the pathogen Szaphylococcus aureus with 2.5 pl (25 pg/disc). High inhibitions over the growth of Znterobacter
aerogenes, Salmonella typhi and Proteus vulgaris were witnessed against the concentrations of 100 pg/disc.
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Promising potential and the future prospects of . cizereum nanoparticles in pharmaceutical research are the

highlights in this paper.
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Seaweeds or marine algae constitute one of the
commercially important renewable marine living
resources. Work done for the last three decades were
mainly on screening biologically active compounds in
different seaweeds against various human pathogenic
viruses, bacteria and fungil'”). Many scientists have
been attracted recently towards the biosynthesis of
gold and silver nanoparticles using various plant
sources and obtained a good nanoparticles with an
average size of 20-30 nm!'*"*l. Green synthesis of
nanoparticles provides advancement over chemical and
physical methods as it is cost effective, environment
friendly, easily scaled up for large scale synthesis
and further there is no need to use high pressure,
energy, temperature and toxic chemicals. Biosynthetic
methods employing either biological microorganism
or plant extracts have emerged as simple and viable
alternative to chemical methods but most of the
methods are still in developmental stages!'*.

Antimicrobial activity of silver has been recognised
by clinicians for over 100 years!'”. In addition, reports
suggest that hygienic benefits have been associated
with the use of silver for considerably longer. Records
show that Hippocrates recognised the role of silver
in the prevention of disease and accounts exist that,
the Romans stored wine in silver vessels to prevent
spoilage'®. Silver nanoparticles have also been
demonstrated to exhibit antimicrobial properties both
against bacteria'” and viruses!'® with close attachment
of the nanoparticles themselves with the microbial
cells. Recent studies!” showed the antimicrobial
activity of Ag nanoparticles against yeast, Escherichia
coli and Staphylococcus aureus. The importance of
bactericidal nanomaterials study is increasing due to
the increase of new resistant strains of bacteria against
most potent antibiotics. This has promoted research in
the well known activity of silver ions and silver-based
compounds, including silver nanoparticles®?”. Current
study discusses the silver nanoparticles synthesised by
the aqueous extract of sea weed S. cinereum and its
merits towards bactericidal activity.

Seaweed samples were freshly collected from the
coastal areas of Goa, mainly Anjuna, Vagator and
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Dona Paula during May-June 2011 washed thoroughly
with distilled water and identified as S. cinereum
using the methods suggested by Jha et alP!. The
leaves were dried in an incubator for 2 days at 37°.
Dried seaweed (25 g) was taken in a 500 ml conical
flask added with 200 ml distilled water, boiled for 30
min and then filtered through Whatman no. 1 filter
paper. This extract was dried with a rotary evaporator;
10 mg of the above was dissolved in 1 ml of sterile
distilled water and stored in a refrigerator. This
extract was later used to test antibacterial activities.

Aqueous solution (1 mM) of silver nitrate (Sigma,
MO, USA, 58157) was prepared in milli-Q water and
used for synthesising silver nanoparticles. Seaweed
extract (5 ml, 10%) was added to 45 ml of 1 mM
silver nitrate for reduction in to Ag* ions. The mixed
solution was subjected to vigorous stirring for 3 h
using a magnetic stirrer. The reaction mixtures were
continuously monitored for its colour change from
yellowish green to orange. This indicates the formation
of silver particles and the products were tested.

UV/Vis spectral analysis was done using Schimadzu
UV-2450 spectrophotometer with a resolution of 1
nm between 200 and 600 nm possessing the scanning
speed of 500 nm/min. The reduction of Ag" ion was
monitored by measuring the UV/Vis spectrum of the
reaction medium. Nanoparticle solution showed the
peak areas between 380 and 450 nm indicated the
presence of silver nanoparticles.

To optimise the time required for the completion of
nanoparticle formation, the reactions were monitored
from 0 to 150 min. At every 30 min interval the
solutions were removed from the reaction flasks
and scanned between 200 and 600 nm with a
spectrophotometer.

Solutions containing the silver nanoparticles were
centrifuged and filtered using a 0.2 pm Whatman
filter paper. The supernatant was taken on a glass
plate and heat fixed using an incubator. The dried
powder fixed to the glass plate was then mounted
on the specimen holder and used for characterisation
studies. The sample was gold coated to make the
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sample conducting, using a sputtered and analysed
by a scanning electron microscope (SEM, Joel JSM-
6360A, Japan). SEM data were worked out with
Imagel software available in the internet to analyse
the sizes of the nanoparticles.

Clinical isolates of both Gram-positive
(Staphylococcus aureus) and Gram-negative
(Enterobacter aerogenes, Salmonella typhi and
Proteus vulgaris) bacterial strains were obtained
from the Department of Microbiology, Goa Medical
College and Hospital, Goa. The pathogens were
maintained on nutrient agar (NA) (Hi-Media
Laboratories Pvt. Ltd., Mumbai) and used for the
antibacterial assay by standard disc diffusion method.
Care was taken while handling these microbes in
connection to biosafety and our institute instructions
were followed strictly. Overnight grown inoculum
100 pl were spread plated on NA. Sterile paper discs
of 5 mm diameter containing the silver nanoparticles
(i.e., 2.5, 5, 7.5 and 10 pl) equivalent to the
concentrations of 25, 50, 75 and 100 pg/disc were
placed in each plate. The plates were incubated at
room temperature for 24 h and the zone of clearance
around the disc was measured. Standard antibiotics
like ampicillin (25 pg/disc); streptomycin (300 pg/
disc) and tetracycline (10 pg/disc) (Hi-Media, India)
were also tested against the silver nanoparticles to
compare with.

Reduction of silver ions to silver nanoparticles by
exposing the silver nitrate to seaweed extract was
tracked by monitoring the changes in the colour
with UV/Vis spectroscopy. Silver nanoparticles are
known to exhibit a UV/Vis absorption maximum in
the range of 380-450 nm due to their size-dependent
optical propertiest??l. S. cinereum extract showed
colour change from brown to reddish-yellow and
had a peak at 342-408 nm, this may be due to
the excitation of surface plasmon vibrations and it
provides a convenient spectroscopic signature to
indicate the formation of silver nanoparticles. Metals
like silver, gold, palladium exhibit unique optical
properties due to the property of surface plasmon
resonance (SPR) which is the collective oscillation
of the conduction electrons in resonance with the
wavelength of irradiated light. The size and shape of
metal nanoparticles determine the spectral position of
plasmon band absorption as well as its width. Gold
and silver nanoparticles also exhibit size-dependent
optical properties!?. The nanoparticles synthesised
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using seaweed S. cinereum gave a particle size
varying from 46 to 76 nm.

UV/Vis spectrum of silver nanoparticles formed
with S. cinereum extract is given in fig. 1. The UV
spectrum showed characteristic absorption at 408
nm for silver nanoparticles, 220 nm for silver nitrate
and 301 nm for sea weed extracts. The series of
peaks show the formation of silver nanoparticles of
different sizes and shapes. The time for completion
of the reaction was 3 h. As the duration of reaction
increases, more silver nanoparticles are formed. Due
to the instability of the silver nanoparticles formed
an agglomeration may happened that leads to larger
particle sizes. So the maximum time required for the
completion of this process was stopped with 3 h. The
formation of silver nanoparticles has been observed
only after 60 min (fig. 2). Before that there is no
indication of nanoparticle formation. When the time
increased from 60 to 180 min with an interval of 30
min the peak area was increasing this indicate high
amount of nanoparticle formations.

Fig. 1: UV spectra.

Overlaid UV spectrum of silver nitrate (a), seaweed extract (b) and
silver nonoparticle solution (c¢) during preliminary screening of
Silver nanoparticles.

Fig. 2: Various reaction times tested for silver nanoparticle formation.
Different reaction times were evaluated for optimization of silver
nanoparticles synthesis like, a:0; b:30; c:60; d:90; :120; £:150; g:180 min.
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Antimicrobial activity tested with silver
nanoparticles synthesised from S. cinereum showed
good activity against the pathogenic bacteria
Enterobactor aerogens, Proteus vulgaris and
Salmonella typhi. Staphylococcus aureus was shown
slightly lower resistance while comparing with other
pathogens. In general S. cinereum extract exhibited
the zone of inhibitions from 10 to 29 mm. Even
the minimum concentration of 2.5 pl sample tested
could give the best activity against these pathogens
(Table 1). The antibacterial effect of nanoparticles
can be attributed to the stability in the medium as
colloid, which modulates the phosphotyrosine profile
of the bacterial proteins and arrest bacterial growth.
Silver nanoparticles synthesised by us were showing
much better antibacterial activity against the
multidrug-resistant organism Enterobactor aerogens.
Equivalent resistance with standard ampicillin
(25 pg/disc) were shown by nanoparticles; the
strain Proteus vulgaris observed to have more
resistance to our nanoparticles than the ampicillin
and slightly better than streptomycin (300 pg/disc)
and tetracycline (10 pg/disc) Staphylococcus aureus
indicated low resistance while comparing with
the standard antibiotics tested. Salmonella typhi
showed its resistance with our silver nanoparticles
in equivalent to standard antibiotics, in some cases
it behaved much better resistance than the standards
(Table 2).

Fig. 3a and 3b shows the results of the silver
nanoparticles formed from the seaweed extract captured
by means of SEM. Fig. 3a represents the view of the
sample with the magnification of 20,000 could notice
from the particles size of 45-300 nm; however, we could
not manage to examine the structure of the observed
nanoparticles less than 45 nm because of difficulties
connected with getting higher magnification. But huge
amount of nanoparticles ranging the sizes between
45 and 75 nm can be visible in fig. 3a. The factor
responsible for difficulties connected with getting higher
magnification was high susceptibility of nanoparticles
to aggregate into larger conglomerates. Fig. 3b shows
the formation of triangular silver nanoparticles. The size
of these triangular nanoparticles ranged from 200 nm
and we could be able to see a large number of particles
belonging to the sizes ranging from 45 to 60 nm.

Developing a reliable eco-friendly process for
synthesising silver nanoparticles for pharmaceutical
applications are off critical need in the field of
nanotechnology in recent times. The marine seaweed
S. cinereum can produce silver nanostructures through
efficient green nanochemistry avoiding the presence
of hazardous and toxic solvents and waste. The
biosynthesised silver nanoparticles using S. cinereum
extract proved excellent antimicrobial activity and the

TABLE 2: ANTIBIOTIC SENSITIVITY TEST OF THE
STANDARDS

Pathogen Antibiotic sensitivity (mm)
TABLE 1: ANTIBIOTIC SENSITIVITY TEST FOR THE Ampicillin Streptomycin  Tetracycline
SILVER NANOPARTICLES 25 pg/disc 300 pg/disc 10 pg/disc
Pathogen Volume Antibiotic sensitivity (mm) I I I I I I
of extract § cinereum Silver S. cinereum Enterobacter 25 27 36 35 30 32
(1) Seaweed nitrate Seaweed aerogenes
extract (0.1 mM) extract+ Proteus 17 16 24 25 22 22
Silver nitrate vulgaris
(0.1 mM) Staphylococcus 21 20 24 25 25 24
Enterobacter 2.5 - - 16 aureus
aerogenes 5 - - 21 Salmonella 20 25 23 24 26 27
7.5 - - 24 typhi
10 - - 26
Proteus 2.5 - - 23
vulgaris 5 - - 23
7.5 - - 26
10 - - 28
Staphylococcus 2.5 - - 10
aureus 5 . - 14
7.5 - - 16
10 - - 17 3 ; -
Salmonella 2.5 . : 20 ourm oum
typhi 5 - - 23 Fig. 3: SEM of silver nanoparticles. Scanning electron micrographs
75 ) ) 26 of silver nanoparticles synthesized with 5 ml of S. cinereum seaweed
extract, 1.0 mM silver nitrate: (a) magnifi ed x20,000 inset bar
10 . - 29 represents 10 pm (b) magnified x10,000 insert bar represents 6 pm.
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activity is well demonstrated by considerable zone of 9 Rob;es-c?nltenq PO, Baﬁlantine DL, ngfW_ibCk WH. .Dyncilmics of

PRI IEE) . . . . antibacterial activity in three species of Caribean marine algae as a

inhibition against the multidrug resistant organisms function of habitat and life history. Hydrobiologia 1996;326:457-62.

Enterobactor aerogens, Staphylococcus aureus,  10. Gardea-Torresdey JL, Gomez E, Peralta-Videa JR, Parsons JG, Troiani

Salmonella typhi and Proteus vulgaris. Applications of H, Jose-Yacaman M. Alfalfa sprouts: A natural source for the synthesis

these eco-friendly nanoparticles with bactericidal and of silver nanoparticles. Langnmuir 2003;19:1357-61.

. R . A L 11.  Shankar SS, Ahmad A, Sastry M. Geranium leaf assisted biosynthesis
other medical applications will have high potentiality of silver nanoparticles. Biotechnol Prog 2003;19:1627-31.

for large Scale synthesis in future' 12. Rai A, Chaudhary M, Ahmed A, Bhargava S, Sastry M. SyntheSIS

of triangular Au core-Ag shell nanoparticles. Mater Res Bull
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