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ABSTRACT

The present study was aimed to optimize the protocol for the synthesis of silver
nanoparticles using aqueous extracts of Sargassum swartzii (Turner) C.Agardh and
evaluate cytotoxic potetnials using brine shrimp bio-assay activity and Trypan blue dye
exclusion method. The reduction of pure Ag* ions was monitored by measuring the UV-Vis
spectrum of the solution at 200-900 nm using Shimadzu spectrophotometer and the
characteristic peaks were detected. FTIR analysis was performed using Perkin Elmer
Spectrophotometer system, which was used to detect the characteristic peaks and their
functional groups of Sargassum swartzii SNPs. To know the cytotoxic potentials, the brine
shrimp bio-assay was performed. To reveal the anticancer potetnials of Sargassum
swartzii SNPs Trypan blue dye exclusion method employed against DLA cell lines. On
mixing the S. swartzii aqueous extract with 1mM AgNOs solution, the colour of the
solution changes from pale yellowish brown to dark brown colour indicates the presence
of silver nanoparticles. The AgNP’s synthesized from aqueous extracts of S. swartzii
showed the optical peak at 430 nm with the absorption of 1.080. The synthesized silver
nanoparticles were capped by proteins and metabolites such as phenolic acid, carboxylic
acid and flavonoids. The capping was confirmed by the existence of band at 1640.16 and
3370 cm-l. The silver nanoparticles synthesized from S. swartzii showed highest
percentage mortality with lowest LCso value with 495.92 ug/ml. In S. swartzii AgNPs,
maximum frequency of cell inhibition observed at CTCso value 213.88 pl/ml. It is
confirmed that silver nanoparticles are capable of rendering high cytotoxic activity and
hence has a great potential in the preparation of anti-cancer drugs. The green chemistry
approach towards the synthesis of ecofriendly Ag-NPs may bring fruitful applications in
pharmaceutica and electronics industries.
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INTRODUCTION media ™, opto electronics ??, biosensor
Now a days silver nanoparticles are design, catalysis,”  sensing  devices,
applied in various fields viz., recording information storage,”® pollution control,®
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detection of genetic disorders!”? and
determination  of  ct-DNALL  Silver
nanoparticles can be synthesized by various
methods namely, thermal decomposition of
silver compounds,”® radiation assisted,*%
microwave assisted™! and sonochemical
methods™. Globally number of researcher
paid their attention on the synthesis of
AgNP’s from seaweeds especially on
Sargassum due to their biomedical
application.  Dhanalakshmi et al.*®
synthesized AgNP’s from S. plagiophyllum,
Mfrom Sargassum ilicifolium and “*from S.
cinerecum. Susan et al.l® synthesized
AgNP’s from S. muticum, ®"*8from S.
longifolium and Sargassum wightii. 2%
synthesized AgNP’s from S. wightii and 1*%
synthesized AgNP’s from Sargassum
duplicatum. Manimegalai and Manjula '**
studied the phytochemical composition of
Sargassum swartzii. Dinesh et al.
identified the Anti-HIV-1 properties of
Sargassum swartzii. Vijayabaskar et al. 1*°!
identified the antibacterial and antioxidant
properties of a sulfated polysaccharide from
the brown marine algae Sargassum swartzii.
Tariq et al.®® also evaluated the
biochemical composition and antioxidant
activity of Sargassum swartzii
polysaccharide fractions. Khanavi et al. 1"
observed that cytotoxic properties of
Sargassum swartzii thexane fraction of
methanolic extract against Caco-2 and T47D
cells. Hong et al.”® Studied the analgesic

and anti-inflammatory activities

of Sargassum swartzii. Stalin dhas et al.””!
synthesised the gold  nanoparticles
using Sargassum swartzii and evaluated the
cytotoxicity effect against HelLa cells.
Nanoparticles encapuslated with  other
agents may act as cell growth inhibitor and
have potential to control the cancer cell
growth.B3 Among the explored metallic
nanoparticles, silver nanoparticle has proved
to be most effective as it has good
antimicrobial efficacy against bacteria, virus
and eukaryotic microorganism due to their
large surface area.*® But there is no report
on the synthesis of silver nanoparticles using
the aqueous extracts of Sargassum
swartzii (Turner) C.Agardh. With  this
knowledge the present study was aimed to
optimize the protocol for the synthesis of
silver nanoparticles using aqueous extracts
of Sargassum swartzii (Turner) C.Agardh
and evaluate cytotoxic potetnials using brine
shrimp bio-assay activity and Trypan blue

dye exclusion method.

MATERIAL AND METHODS
Collection of Plant Materials

The mature and healthy thallus of
Sargassum swartzii (Turner) C.Agardh were
collected from Rasthacaud [E 77°0' N 8°0' to
9°0], Kanyakumari District Tamil Nadu. The
collected seaweed materials were washed with
tap water followed by distilled water to remove

the unwanted debris.

Synthesis and characterization of silver nano

particles
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The aqueous extracts were prepared
directly by boiling the 10 g of Sargassum
swartzii thallus with distilled water for 3 h and
filtered using Whatman No.1 filter paper. The
aqueous extract of S. swartzii was used for the
synthesis of silver nanoparticles. AgNO3; was
dissolved in 100 ml distilled water (10°M). The
extracts were added to AgNO3 solution in 1: 10
ratio for reduction of Ag* ions. After reduction
incubated solution was centrifuged at 10,000

rpm for 15 min.

UV-Vis analysis

The aqueous extracts of S. swartzii was
centrifuged at 3000 rpm for 10 min and then
filtered through Whatman No. 1 filter paper
using high pressure vacuum pump. The sample
is diluted to 1:10 with the same solvent. The
crude extract containing the bioactive
compound was analyzed spectroscopically for
further confirmation. The extracts were scanned
in the wavelength ranged from 200-1100 nm
using Shimadzu Spectrophotometer and the
characteristic peaks were detected. Each and
twice and

every analysis was repeated

confirmed the spectrum. The supernatant

containing  silver  nanoparticles of S.
swartzii was analyzed spectroscopically for
further confirmation. The reduction of pure Ag”
ions was monitored by measuring the UV-Vis
spectrum of the solution at 200-900 nm using
Shimadzu  spectrophotometer and  the

characteristic peaks were detected.

FTIR analysis

FTIR analysis was performed using
Perkin Elmer Spectrophotometer system, which
was used to detect the characteristic peaks and
their functional groups. The AgNP’s of S.
swartzii was passed into the FTIR and the peak

values were recorded. Each and every analysis

was repeated twice and confirmed the
spectrum.
Cytotoxic activity

25 mg of dried aqueous extract was
taken in 10 ml beaker and 500 ul DMSO was
added it.
adjusted by distilled water. The concentration

Finally the volume (5 ml) was

of this solution was 5 pg / pl. Artificial sea
water (38g NaCl / 1000 ml tap water) was taken
in small tank and shrimp eggs were added to
one side of the divided tank and the side was
covered. The shrimps were allowed for 48 hrs
to hatch and mature as nauplii. During this
period constant oxygen supply, temperature
(around 37°C) and light supply was maintained.

The hatched shrimps were taken for bioassay.

30 clean test tubes were taken and
separated by 10 ml in each test tube.25 were
used for the samples in five different
concentrations (five test tubes for each
concentration) and 5 tubes for control. With the
help of a Pasteur pipette 10 living shrimps were
dropped into each test tube.** The aqueous and
silver nanoparticles of S. swartzii was taken in
different concentrations for SNP (50, 100, 150,
200, 250 pl /50 ml and for aqueous 50,100,

150, 200, 250 pg / 50 ml to the sample tubes.
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Control group was added in cytotoxic
activity to validate the test method and result
obtained due to the cytotoxic activity of the test
agents. 50ul of DMSO was added to the control
tubes containing 5 ml of mother solution and 10
shrimp nauplii to use as control groups. No
extract were added to prepare control solution.
After 24 hours, the tubes were inspected using a
magnifying glass and the number of survived
nauplii in each tube was counted and the LCs,
95% confidence limit, LCL and UCL were

calculated.

Anticancer activity of aqueous and SNPs of
S. swartzii to against Dalton’s lymphoma
ascites cells

Dalton’s lymphoma ascites (DLA) cells
were used for short term in vitro cytotoxicity
experiments. For the cytotoxicity analysis,
aqueous and SNPs of selected seaweeds were
taken in different concentrations viz., 10, 20,
50, 100, 200 pl / ml to the sample tubes. Cells
were aspirated from the peritoneal cavity of
tumor bearing mice and it was washed three
times using PBS. The viability of cells were
checked using trypan blue (cell viability should
be above 98%). The cell suspension was added
to tubes containing various concentrations of
the test compounds and the volume was made
up to 1 ml using phosphate buffered saline
(PBS). Control tubes containing only cell
suspension.  These
incubated for 3 h at 37°C and then 1 ml of

trypan blue was added after incubation and the

assay m ixtures was

number of dead cell was counted using a

haemocytometer. ! The percentage
cytotoxicity was calculated using the formula

as follows.

% of cytotoxicity = Number of dead cells /
Total number of cells (Dead and live cells) *
100

RESULTS

Synthesis of silver nanoparticles

On mixing the S. swartzii aqueous
extract with 1mM AgNOj; solution, the colour
of the solution changes from pale yellowish
brown to dark brown colour indicates the

presence of silver nanoparticles.

UV-Vis analysis

The reduction of silver nanoparticles in
aqueous extracts of S. swartzii was confirmed
by measuring the UV-Vis spectrum of the
reaction media. The AgNP’s synthesized from
aqueous extracts of S. swartzii showed the
optical peak at 430 nm with the absorption of
1.080 (Fig. 1). The broadening of peaks
indicated that the particles are polydispersed.
The frequency and width of the surface
plasmon absorption depends on the size and
shape of the metal nanoparticles as well as on
the dielectric constant of the metal itself and the

surrounding medium.

FTIR analysis

The FTIR spectrum was used to identify
the functional group of the active components
based on the peak value in the region of

infrared radiation. The aqueous and AgNO; of
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S. swartzii were passed into the FTIR and the
functional groups of the components were
separated based on its peak ratio. The results of
FTIR analysis of S. swartzii confirmed the
presence of alkyl halides, aliphatic amines,
alkanes, alkynes, alcohols, carboxylic acids,
esters, ethers, nitro compounds, 1°, 2° amines,
a, B-unsaturated aldehydes, ketones, phenols
and aromatics with the peak values from
566.959 to 3401.82 (Table 1; Fig. 2-3). The
existence of band 880.345 cm™ confirmed the
aromatics presence in the AgNP’s of S.
swartzii. The existence of primary amines was
confimred by the occurrence of band at 1640.16
cm* corresponds to N—H band. The peak at
3370 cm* corresponds to C-N stretching of
group.
synthesized silver nanoparticles were capped by

aliphatic  amine Therefore, the
proteins and metabolites such as phenolic acid,
carboxylic acid and flavonoids. The capping
was confirmed by the existence of band at

1640.16 and 3370 cm* (Table 1).

Spectrun

0,004 [
360.,8nm

Brine shrimp Lethality bioassay

The aqueous and silver nanoparticles of
S. swartzii showed different mortality rate of
brine shrimp. The rate of mortality was directly
proportional with the concentration of the
extract. The inhibitory effect of the extract
might be due to the toxic compounds present in
the aqueous extracts and silver nanoparticles of
S. swartzii. The silver nanoparticles synthesized
from S. swartzii showed lowest LCsy value with
495.92 pg/ml, followed by aqueous extract
667.17 pg/ml.

Anticancer activity

Cytotoxic activity of S. swartzii SNP’s
against DLA cells was evaluated by Trypan
blue dye exclusion method. In the present
study, the silver nano particles of S. swartzii
showed growth inhibition in a dose dependent
manner against DLA cells. As the concentration
increases there is an increase in the cell growth
inhibition. In S. swartzii AgNPs, maximum
frequency of cell inhibition observed at CTCsg
value 213.88 pl/ml.

A- aqueous extract; B- AgNP’s of S. swartzii; C- UV-Vis spectrum of S. swartzii aqueous extract; D- UV-Vis
spectrum of AgNP’s S. swartzii
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Table 1: FT-IR Peak values of S. swartzii— Aqueous and AgNP’s extract

Peak Bond Functional Groups S. swartzii
Aqueous | AgNP

559.255 | C-Br stretch alkyl halides - +
755.959 | C—Cl stretch alkyl halides + -
880.345 | C-H “oop” Aromatics + -
1043.3 | C—N stretch aliphatic amines + -
1088.62 | C—O stretch alcohols, carboxylic

acids, esters, ethers + -
1324.66 | N-O symmetric | nitro compounds

stretch + -

1491.67 | N-H bend 1° amines + -
1640.16 | N-H bend 1° amines - +
1694.16 | C=0 stretch a,p—unsaturated

aldehydes, ketones + -
2109.74 | -C=C- stretch Alkynes - +
2148.31 | —C°C- stretch Alkynes + -
2900.41 | C—H stretch Alkanes + -
2927.41 | C-H stretch Alkanes - +
2978.52 | O—H stretch carboxylic acids + -
3370 N—H stretch 1°, 2° amines,

amides - +
3391.21 | O—H stretch, H— | alcohols, phenols

bonded + -
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Fig. 3: FTIR spectrum of S. swartzii AgNP’s

DISCUSSION

The aqueous of S. swartzii acts as the
reducing agent to reduce metallic silver into
nano silver. The reduction of silver ions was
confimred by the formation yellowish brown
colour. The aqueous of S. swartzii when treated

with the aqueous solution of the silver nitrate,

lead to silver ion complex formation which is
responsible for changing the colour from pale
yellow to yellowish brown. When the aqueous
extracts of S. swartzii mixed with silver ions
immediately reduction was occured the solution
becomes yellowish brown due to the formation

of Ag-NPs. Similarly a number of reports were
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witnessed the silver ions reduction and they
also observed the yellowish brown colour
formation when the ions reduced.®'4%! A
handful of

nanoparticle formation using the UV-Vis

reports confirmed the silver
spectroscopic analysis.?**! Linga Rao et al.*®
confirmed SNP’s synthesized from Boswellia
ovaliofoliolata, Shorea tumbuggaia and
Svensonia hyderobadensis with absorbance
peaks at 350 nm, 430 and 300 to 400 nm
respectively. In the present study also we
confirmed the nanoparticle synthesis by
observing the spectroscopic peak at 430 nm
with the absorption of 1.080. The observed
spectroscopic peak at 380- 430 nm has been
associated with Ag-NPs confirming the
synthesis of spherical Ag-NPs. The peak is
attributed to the Surface Plasmon Resonance
exhibited by

oscillation of silver nanoparticles when exposed

silver  nanoparticles. The
to electromagnetic radiation is responsible to
the characteristic peak value.%*°! FTIR Spectra
(Fig.3) of the silver nanoparticles was carried
out to identify the possible bio molecules for
capping and to identify the possible interaction
between the compounds and  silver
nanoparticles. Results of FTIR study showed
sharp absorption peaks at 1640.16, 2109.74,
2927.41 and 3370 which corresponds to N-H
bend (1° amines), C=C- stretch (alkynes), C-H
stretch (alkanes) and N-H stretch (1°, 2°

amines, amides) respectively.

The cytotoxicity effect of silver

nanoparticle of S. swartzii was determined

using Artemia salina and DLA cell lines. In
DLA cell
percentage of viable cell counted by performing

lines cytotoxicity analysis, the

trypan blue dye exclusion technique. Trypan
blue is employed in number of experiments to
count the number of viable cells present in a
population.™) In the present study also we
observed the viable cells using the trypan blue
staining. In this present study, we found that S.
swartzii extract can be a good mediator for the
synthesis of Ag-NPs. In the present study,
Sargassum swartzii SNP’s inhibits growth
against DLA in a dose dependent manner. The
results of the trypan blue dye exclusion assay
indicated that SNP’s
extracts could inhibit the growth of DLA cells
significantly (P< 0.01)

Sargassum swartzii

in culture. It is
confirmed that silver nanoparticles are capable
of rendering high cytotoxic activity and hence
has a great potential in the preparation of anti-
cancer drugs. The green chemistry approach
towards the synthesis of eofirendly Ag-NPs

may  bring  fruitful  applications  in

pharmaceutica and electronics industries.

REFERENCES

1. Sun S, Murray CB, Weller D, Folks L,
Moser A. Monodisperse FePt nanoparticles
and ferromagnetic FePt nanocrystal
superlattices Science, 2000; 287: 1989

2. Landsdown AB, Williams A, Bacterial
resistance to silver in wound care and
medical devices. J Wound Care, 2007; 16:
15.

3. Mukherjee, Ahmad A, Mandal D, Senapati
S, Sainkar SR, Khan MI, Arishcha R,

GREEN SYNTHESIS OF SILVER

NANOPARTICLES

USING MARINE BROWN ALGAE SARGASSUM

SWARTZII (TURNER) C.AGARDH AND ITS CYTOTOXIC ACTIVITY - Chandra Kala P, Johnson M and Shibila T

2015 Vol. 3 (Issue 4) Page 82



Ajaykumar PV, Alam M, Kumar R, Sastry
M. Fungus-mediated synthesis of silver
nanoparticles and their immobilization in
the mycelial matrix: A novel biological
approach to nanoparticle synthesis. Nano
Lett, 2001: 1: 515 - 519.

12.

silver nanostructures. Accounts Chem Res,
2011; 44: 469-478.

Korotchenkov OA, Cantarero A, Shpak
AP, Kunitskii YA, Senkevich Al, Borovoy
MO, Nadtochii AB. Doped ZnS:Mn

4. Shiraishi Y, Toshima N. Oxidation of nanoparticles obtained by sonochemical
ethylene catalyzed by colloidal dispersions synthesis. Nanotechnology, 2005; 16:
of poly (sodium acrylate)- protected silver 2033-203.

I : lloi f A: . .
nano_ custer§ Colloids ?nd _Sur aces 13. Dhanalakshmi  PK, Riyazulla Azeez,
Physicochemical and Engineering Aspects, . .
Rekha R, Poonkodi S, Thangaraju N.
2000; 169:59-66. Synthesis of silver nanoparticles usin
5. Zhang HW, Liu SH. Sun synthesis and y P g
. . green and brown seaweeds. Phykos, 2012;
assembly of magnetic nanoparticles for 42 (2): 39-45
n or_ma‘Flon and energy storage 14. Kumar P, Senthamil Selvi S, Lakshmi
applications. Front Phys, 2010; 5: 347. . . .
. . Prabha A, Selvaraj M, Macklin Rani L,
6. Ganaie SU, Tasneem Abbasi, Anuradha J, i .. . . .
. S . . Suganthi P, Sarojini Devi B, Govindaraju
Abbasi SA. Bio mimetic synthesis of silver . . .. ..
. . . M. Antibacterial activity and in-vitro
nanoparticles using the amphibious weed .. . . .
. . o . cytotoxicity assay against brine shrimp
ipomoea and their application in pollution . . .
. . using silver nanoparticles synthesized from
control. Journal of King Saud University- e et .
. Sargassum ilicifolium. Digest Journal of
Science, 2014. Nanomaterials and Biostructures, 2012;
7. Taton TA, Mirkin CA, Letsinger RL. ’ ’
. ) . 7(4): 1447-1455.
Scanometric DNA array detection with .. . .
. . ) ) 15. Mohandass C, Vijayaraj S, Rajasabapathy
nanoparticles probes. Science, 2000; 289: .
R, Satheeshbabu, Rao SV, Shiva C, De-
1757-1760. : . .
. - Mello I.  Biosynthesis of  silver

8. Chunhua Liu, Xiupei Yang , Hongyan . .

. . g nanoparticles from marine
Yuan, Zaide Zhou, Dan Xiao. Preparation . .
. . . L. seaweed Sargassum cinereum and  their
of Silver nanoparticle and its application to . . .. L

. antibacterial activity. Indian journal of
the determination of ct-DNA. Sensors, Pharmaceutical sciences, 2013; 75(5): 606-

2007; 7: 708-718 ’ ’ '

610.

9. Plante IJL, Zeid TW, Yangab P, Mokari .~ 16.Susan A, Farideh Namvar, ~Mahnaz
Synthesis of metal sulfide nanomaterials Mahdavi, Man§or Ahmed, Rosfar.lzan
via thermal decomposition of single-source Mohamad.  Biosynthesis  of  Silver
precursors. J. Mater. Chem, 2010; 20: Nanoparticles  Using Brown Marine
6612-6617. Macroalga, Sargassum muticum Aqueous

Extract. Materials, 2013; 6: 5942-5950.

10.Cheng Y, Yin L, Lin S, Wiesner M, 17. Saranyadevi J, Valentin Bhima B, Magesh

Bernhardt E, Liu J. Toxicity reduction of Peter D. Production of biogenic silver

polymer-stabilized silver nanoparticles by nanoparticles using Sargassum longifolium

sunlight. J. Phys. Chem C, 2011; 115: and its applications. Ind J of Geo-Marine
4425-4432. Sciences, 2013; 42(1): 125-130.

18. Shanmugam N, Rajkamal P, Cholan S,

Microwave-assisted green synthesis of Viruthagiri G, Sundaramanickam, A.

GREEN SYNTHESIS OF SILVER NANOPARTICLES USING MARINE BROWN ALGAE SARGASSUM

SWARTZII (TURNER) C.AGARDH AND ITS CYTOTOXIC ACTIVITY - Chandra Kala P, Johnson M and Shibila T
2015 Vol. 3 (Issue 4) Page 83


http://www.researchgate.net/publication/261013202_Biosynthesis_of_Silver_Nanoparticles_Using_Brown_Marine_Macroalga_Sargassum_Muticum_Aqueous_Extract
http://www.researchgate.net/publication/261013202_Biosynthesis_of_Silver_Nanoparticles_Using_Brown_Marine_Macroalga_Sargassum_Muticum_Aqueous_Extract
http://www.researchgate.net/publication/261013202_Biosynthesis_of_Silver_Nanoparticles_Using_Brown_Marine_Macroalga_Sargassum_Muticum_Aqueous_Extract
http://www.researchgate.net/publication/261013202_Biosynthesis_of_Silver_Nanoparticles_Using_Brown_Marine_Macroalga_Sargassum_Muticum_Aqueous_Extract

19.

20.

21.

22.

23.

24,

Biosynthesis of silver nanoparticles from
the marine seaweed Sargassum wightii and
their antibacterial activity against some
human pathogens. Applied Nanoscience,
2014; 4(7): 881-888.

Govindaraju, Kiruthiga K, Kumar V,
Ganesh V, Singaravelu G. Extracellular
synthesis of silver nanoparticles by a
marine alga, Sargassum wightii Grevilli
and their antibacterial effects. Journal of
Nanoscience and Nanotechnology, 2009;
9(9): 5497-5501.

Vinoth  Kumar T, Mahitha PV,
Geetharamani D, Lakshmanasenthil S,
Rincy Y, Suja G. Potential antibacterial
activity of crude extracts and silver
nanoparticles synthesized from Sargassum
wightii. International Current
Pharmaceutical Journal, 2014; 3(10): 322-
325.

Sunitha S, Nageswara Rao A, Stanley
Abraham L, Dhayalan E,
Thirugnanasambandam R, Ganesh Kumar
V. Enhanced bactericidal effect of silver
nanoparticles synthesized using marine
brown macro algae. Journal of Chemical
and Pharmaceutical Research, 2015;
7(3):191-195.

Chandra Kala P, Johnson M. Green
synthesis and cytotoxic potentials of silver
nanoparticles using Sargassum duplicatum
A. AG. molecules. In: proceeding of the
Conversation and Suitable Utilization of
Marine Resources, January 2015; pp. 100-
103.

Manimegalai S, Manjula P. Phytochemical

Screening  of  Sargassum  swartzii
(Seaweeds-Brown algae). Journal of
Chemical, Biological and Physical

Sciences Section B: Biological Sciences,
2014; 4 (3): 3274-3278.

Dinesh S, Thangam M, Hanna LE,
Soumya S. Anti-HIV-1 activity of
Sargassum swartzii a marine brown alga

25.

26.

27.

28.

29.

30.

31.

BMC Infectious Diseases, 2014, 14(3):
E43Dinesh et al., (2014).

Vijayabaskar P, Vaseela N, Thirumaran G.
Potential antibacterial and antioxidant
properties of a sulphated polysaccharide
from the brown marine algae Sargassum
swartzii. Chinese Journal of Natural
Medicines, 2012; 10(6): 421- 428.

Tariq A, Athar M, Ara J, Sultana V,
Ehteshamul-Haque S, Ahmad M.
Biochemical evaluation of antioxidant
activity in extracts and polysaccharide
fractions of seaweeds Global J Environ Sci
Manage, 2015; 1 (1): 47-62.

Khanavi M, Nabavi M, Sadati N, Shams
AM, Sohrabipour J, Nabavi SM. Cytotoxic
activity of some marine brown algae
against cancer cell lines. Biol Res, 2010;
43: 31-37.

Hong DD, Hien HM, Anh HT. Studies on
the analgesic and anti-inflammatory
activities of Sargassum

swartzii (Turner) C.Agardh (Phaeophyta)
and Ulva reticulate Forsskal (Chlorophyta)
in experiment animal models. African J
Biotechnol, 2011; 10:2308-14.

Stalin dhas T, Ganesh Kumar V, Karthick
V, Govindaraju K, Shankara Narayana.
Biosynthesis of gold nanoparticles using
Sargassum swartzii and its cytotoxicity
effect on Hela cells. Spectrochimica Acta
Part A: Molecular and Biomolecular
Spectroscopy, 2014; 133(10): 102- 106.

Muthuirulappan S, Francis SP. Anti-cancer
mechanism and possibility of nano-
suspension formulations for a marine algae
product fucoxanthin. Asian Pacific Journal
of Cancer Prev, 2013; 14: 2213-6.

Najar AG, Pashaei-Asl R, Omidi Y,
Farajnia S, Nourazarian AR. EGFR
antisense oligonucleotides encapsulated

GREEN SYNTHESIS OF SILVER  NANOPARTICLES USING MARINE BROWN ALGAE
SWARTZII (TURNER) C.AGARDH AND ITS CYTOTOXIC ACTIVITY - Chandra Kala P, Johnson M and Shibila T
2015 Vol. 3 (Issue 4) Page 84

SARGASSUM


http://www.ingentaconnect.com/content/asp/jnn;jsessionid=9qj1aekfs71l4.alice
http://www.ingentaconnect.com/content/asp/jnn;jsessionid=9qj1aekfs71l4.alice
http://www.ingentaconnect.com/content/asp/jnn;jsessionid=9qj1aekfs71l4.alice

32.

33.

34.

35.

36.

with  nanoparticles decrease EGFR,
MAPK1 and STATS5 expression in a
human colon cancer cell line. Asian Pac J
Cancer Prev, 2013; 14: 495-8.

Yin HT, Zhang DG, Wu XL, Huang XE,
Chen G. In vivo evaluation of curcumin-
loaded nanoparticles in a A549 xenograft
mice model. Asian Pac J Cancer Prev,
2013; 14: 409-12.

Sivakumar J, Premkumar C, Santhanam P,
Saraswathi N. Biosynthesis of silver
nanoparticles using Calotropis gigantean
leaf. African Journal of Basic & Applied
Sciences, 2011; 3(6): 265- 270.

Mclughilin JL, Rogers LL. The use of
biological assays to evaluate botanicals.
Drug Information J, 1991; 32: 513-524.
Shrivastava S, Ganesh N. Tumor inhibition
and cytotoxicity assay by agqueous extract
of onion (Allium cepa) & Garlic (Allium
sativum): an in-vitro analysis. Int J Phyto
med, 2010; 2: 80-84.

Sukdeb Pal, Yu Kyung Tak, Joon Myong
Song. Does the Antibacterial Activity of
Silver Nanoparticles Depend on the Shape
of the Nanoparticle? A Study of the Gram-
Negative Bacterium Escherichia coli. Appl
Environ Microbiol, 2007; 73(6): 1712-
1720.

37.

38.

39.

40.

41.

Shanmugam Rajeshkumar, Chellapandian
Kannan, Gurusamy Annadurai. Green
synthesis of silver nanoparticles using
marine brown algae Turbinaria conoides
and its antibacterial activity. International
Journal of Pharma and Biosciences, 2012;
3(4): 502-510.

Linga Rao, M, Savithramma N. Biological
Synthesis of Silver Nanoparticles using
Svensonia hyderabadensis Leaf Extract
and Evaluation of their Antimicrobial
Efficacy. J Pharm Sci & Res, 2011; 3(3):
1117-1121.

Smitha SL, Nissamudeen KM, Philip D,
Gopchandran KG, Studies on surface
Plasmon resonance and photoluminescence
silver nanoparticles, Spectrochim. Acta A,
2008; 71 (1): 186-190.

Manisha DR, Merugu R, Pratap Rudra MP.
Biofabrication of antibacterial silver
nanoparticles from black mustard seed
powder and their  characterization
International Journal of Nanomaterials and
Biostructures, 2014; 4(3): 58-62.

Patel S, Gheewala N, Suthar A, Shah A.
In-vitro Cytotoxicity Activity of Solanum
nigrum Extract against Hela Cell Line and
Vero Cell Line. Int J Pharm Pharm Sci,
2009; 1: 38- 46.

e
GREEN SYNTHESIS OF SILVER  NANOPARTICLES USING MARINE BROWN ALGAE SARGASSUM
SWARTZII (TURNER) C.AGARDH AND ITS CYTOTOXIC ACTIVITY - Chandra Kala P, Johnson M and Shibila T

2015 Vol. 3 (Issue 4) Page 85



