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INTRODUCTION 

The field of nanotechnology is one of the most active 

areas of research in modern materials science. 

Nanotechnology is emerging as a cutting edge 

technology interdisciplinary with biology, chemistry and 

material science.
[1]

 New applications of nanoparticles 

and nanomaterials are emerging rapidly in biomedical 

sciences.
[2,3]

 This decade has witnessed the inception of 

new significant technological products particularly based 

on nanotechnology; nanoparticle synthesis is being 

widely explored since they exhibit unique size and shape 

dependent properties for applications in optics, 

electronics, catalytic systems, magnetic and biomedical 

such as HIV inhibition, cancer cell cytotoxicity and 

genotoxicity.
[4-6]

 Apart from this, recently the anti-tumor 

effect of AgNPs has been reported against different 

cancerous cell lines.
[7-9]

 Nanoparticles with the size range 

between 1 and 1000 nm are mainly explored for the 

diagnosis and treatment of human cancers, which led to 

the new discipline of nano-oncology.
[10]

 

 

However, there is still need for economic, commercially 

viable as well as environmentally clean synthesis route to 

synthesize nanoparticles. A number of approaches are 

available for the synthesis of AgNPs. Among the various 

known synthesis methods, plant-mediated nanoparticle 

synthesis is preferred as it is rapid, cost-effective, eco-

friendly, and safe for human therapeutic uses.
[11-15]

 

Cancer is one of most important scourges of mankind 

and responsible for major mortality. The rapidly 

developing field of nanoscience has raised the possibility 

of using therapeutic nanoparticles in the diagnosis and 

treatment of human cancers.
[10,16]

 Prostate cancer is the 

second most common cancer in men. An estimated 

9,00,000 men worldwide were diagnosed with prostate 

cancer in 2008, accounting for almost one in seven 

(14%) cancers diagnosed in men (7% of the total in men 

and women).
[17]

 

 

Innumerous studies from across the world have 

demonstrated that marine algae also possess a number of 

biological activities beneficial for human health, 

including antimicrobial, cytotoxic, antimitotic, 

anticancer, and anti-mutagenic activities.
[18-24]

 Review of 

previous literature revealed that synthesis of nanoparticle 

using algae as source has been unexplored and 

unraveled. Recently there are a few reports regarding the 

use of algae as a biofactory for synthesis of metallic 

nanoparticles. Synthesis of gold nanoparticles using 

Sargassum wightii and Kappaphycus alvarezii.
[25,26]

 

Likewise, synthesized silver nanoparticles using 

Sargassum wightii, Gelidiella acerosa and Sargassum 

tenerrimum, has also been reported.
[27-29]

 Therefore the 

present study was aimed to investigate the green 

synthesis silver nanoparticles of Sargasssum wighti and 

to evaluate its anticancer effect against human prostate 

cancer (PC-3) cell line. 
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ABSTRACT 

The purpose of this study is to evaluate the anticancer potential of different concentrations of silver nanoparticles 

biosynthesized by S. wightii on human prostate cancer cell (PC-3) in vitro. Silver nanoparticles were synthesized 

by the reduction of silver nitrate in the algal aqueous extract. The green synthesis of silver nanoparticles through 

algal extract was monitored by colour change and various spectroscopic studies. Results of MTT assay showed a 

decrease in viability of PC-3 cells by increasing the concentration of silver nanoparticles in the tested algae. The 

maximum inhibitory concentration was found to be 8.84 µg/ml at 48 hrs of incubation when compared to aqueous 

extract (40.59 µg/ml). Silver nanoparticles formed biologically by S. wightii characterized by a uniform shaped and 

very small in size and these properties making these silver nanoparticles to possess marked cytotoxic activity. 
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MATERIALS AND METHODS 

Collection and Processing of Sargassum wightii 

Sargassum wightii was collected from Central Salts and 

Marine Chemicals Research Institute-Marine Algal 

Research Station, (CSMCRI-MARS), Mandapam Coast, 

Tamil Nadu. The sample was identified as Sargassum 

wightii (Phaeophyta) by Dr. K. Krishnamoorthy of 

Krishnamoorthy Institute of Algalogy, Chennai, Tamil 

Nadu, India. 

 

Preparation of Plant Extract 
The fine powder of the plant was obtained from the dried 

material by using kitchen blender. Then, 20 g of dried 

powder was taken and mixed with 200 ml of the 

respective solvents (methanol, chloroform, ethyl acetate, 

hexane and distilled water) and kept in a boiling water 

bath at 60°C for 10 min. The extract was filtered with 

Whatman filter paper No. 1. The filtered extract was 

stored in refrigerator at 4°C until further use. 

 

Green Synthesis of Silver Nanoparticles (AgNPs) 

Biological synthesis of AgNPs was carried out in the five 

different polar solvent extracts followed by the method 

of Song et al. (2009).
[30] 

 

 

Bio-reduction of Silver Ions 

The bio-reduction of silver ions was monitored by UV-

Visible Spectrophotometer at a range between 200 nm to 

800 nm.
[31,32]

 Synthesis of AgNPs was seen only in 

aqueous extract at 420 nm, in all other extracts AgNPs 

synthesis was not that much successful. Based on the 

above findings, aqueous extract and it’s AgNPs were 

taken for further studies.  

 

Phytochemical Analysis  

Qualitative Phytochemical Analysis  

Preliminary phytochemical analysis of aqueous extract 

was carried out by method of Harborne (1973) and 

Parekh and Chanda (2007).
[33,34]

 

 

Characterization of AgNPs  

The synthesized AgNPs were characterized by the 

following methods. 

 

Transmission Electron Microscope (TEM) 

Transmission Electron Microscopic (TEM) analysis of 

the synthesized AgNPs of S. wightii were done according 

to the methods of Sondi and Sondi (2004).
[35]

 

 

Scanning Electron Microscope with Energy 

Dispersive X-Ray Spectroscopy (SEM & EDX) 

SEM (this study was undertaken to know the size and 

shape of the AgNPs) analysis was done using Carl Zeiss 

MA15 / EVO 18.  The presence of elemental silver was 

confirmed through EDX. Energy dispersive X-ray 

spectroscopy (EDX) was carried out by the same 

instrument and employed to confirm the presence of 

silver in the particles as well as to detect the other 

elementary compositions of the particles.
[36,37]

 

 

Fourier Transform Infrared Spectroscopy (FT-IR)  
The purified AgNPs were examined for the presence of 

biomolecules using FT-IR analysis by the method of 

Sivaraman et al. (2009).
[38]

 The spectrum obtained from 

the dried sample was recorded on FTIR spectrum 

(Perkin-Elmer, USA) in the diffuse reflectance mode at a 

resolution of 4 cm−1 in KBr pellets. 

 

X-Ray Diffraction (XRD) 

Crystalline AgNPs were determined by X-ray diffraction 

analysis. Briefly, the biosynthesized AgNPs were laid 

onto glass substrates on a Phillips PW 1830 instrument 

operating at a voltage of 40 kV and a current of 30 mA 

with Cu Kα1 radiation, and the diffracted intensities were 

recorded from 10´ to 70´ of 2 θ angles.
[39]

 

 

Atomic Force Microscope (AFM) 

Size and the surface topography of the drop coated film 

of the AgNPs were investigated with Atomic Force 

Microscope (Park XE-100) by the method of Sadhasivam 

et al. (2010).
[40] 

 

 

Dynamic Light Scattering (DLS) 

Particle size was measured by laser diffractrometry using 

a Nano Size Particle Analyzer (ZEN 3600 MALVERN 

USA) in the range between 0.6 nm to 6.0 µm, under the 

following conditions: particle refractive index 1.590, 

particle absorption coefficient 0.01, water refractive 

index 1.33, viscosity 0.8872, temperature 25°C and 

general calculation model for irregular particles.
[41] 

 

Cytotoxicity assay of aqueous extract and AgNPs 

Cytoxicity assay PC-3 cell line was assessed by MTT 

following the method Mosmann (1983)
[42]

 and 

Manikandan et al. (2012).
[43] 

 

Statistical Analysis 

The data with five replicates were subjected to statistical 

analysis and the mean value along with its respective 

standard error was calculated. The per cent change 

between control and experimental data were calculated. 

The data were analyzed statistically using Two Way 

Analysis of Variance (ANOVA).
[44]

 

 

RESULTS 

Green Synthesis of silver nanoparticles using 

different solvent extracts of S. wightii  

On mixing methanol, chloroform, hexane, ethyl acetate 

and aqueous extracts of S. wightii with 1mM AgNO3 

solution, the colour change of solution was not found to 

be clear in all the above  mentioned  extracts, which 

might be due poor solubility of these solvent extracts in 

1mM AgNO3 solution. On the other hand, aqueous 

extract alone showed clear solubility and colour 

formation with the appearance of dark brown colour 

from pale yellow solution. The colour formation 

occurred within 20 minutes itself. This might be due to 

the reduction of silver ions, indicating the formation of 

silver nanoparticles (Fig. 1). 
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Characterization of Silver Nanoparticles 

UV-Vis Spectra Analysis 

Evaluating the synthesis of silver nanoparticles using 

different solvent extracts of S. wightii showed poor 

solubility with 1mM AgNO3 solution resulted in 

unassigned peaks in UV-Vis spectrophotomer and all the 

extracts also showed no much changes in the peak and 

the colour also remained same during different time 

intervals of UV observation (Fig. 2). In contrary, 

aqueous extract alone showed prominent peak around 

max 420 nm within 20 minutes (Fig. 3) with elevated 

dark brown colour formation. Based on colour change 

and UV-Vis spectral analysis, aqueous extract-based 

synthesized S. wightii AgNPs were taken for further 

analysis. 

 

Qualitative Phytochemical Analysis 

The phytochemical characteristics of S. wightii aqueous 

extract are summarized in the Table 1. The results 

revealed the presence of phenols, flavonoids, alkaloids, 

saponins and tannins in the aqueous extract. 

Carbohydrates, starch, acids, coumarins, quinones, 

terpenoids and steroids were absent in the aqueous 

extract. 

 

Transmission Electron Microscope (TEM) 

The spherical and plate like nanostructures were 

examined and size distribution of silver nanoparticles 

were clearly observed in the TEM analysis. Fig. 4 

demonstrates that the TEM ascertained morphology and 

size of S. wightii silver nanoparticles in the optimized 

circumstance. The shape of the nanoparticles was mostly 

spherical and some are in slightly rounded rectangle like 

structures. The size distribution of silver nanoparticles 

was below 100 nm. 

 

Scanning Electron Microscope with Energy 

dispersive X-ray spectroscopy (SEM & EDX) 
Scanning electron microscopy (SEM) was also used to 

investigate the morphology and size of the synthesized 

silver nanoparticles. SEM images were recorded at 

different magnifications and the SEM images showed 

high density of silver nanoparticles synthesized by S. 

wightii aqueous extract, which was further confirmed by 

EDX. Elemental silver can be seen in the graph 

presented by the EDX analysis in support of SEM 

results, which indicated the reduction of silver ions to 

elemental silver. The presence of Al signal might be due 

to the thin film made on the glass slide taken for the 

EDX (Fig. 5 A and B). 

 

Fourier Transform Infrared Spectroscopy (FT-IR) 

The FT-IR spectrum was used to identify the functional 

groups of the active components based on the peak value 

in the region of infrared radiation. The results of FT-IR 

peak values and functional groups are presented in Table 

2 and  3. The FT-IR spectra of S. wightii aqueous extract 

shows interaction of biomolecules having intensive peak 

at 496 to 3127 Cm
-1

 (Fig.6) and after the reduction of 

silver nanoparticles the biomolecules such as alkenes, 

carboxylic acid, nitro groups, amines, ethers and alkyl 

halides are responsible for the formation of silver 

nanoparticles (Fig. 7). 

 

X-Ray Diffraction (XRD) 

The XRD patterns had three main diffraction features 

corresponding to the planes and were indexed with (111), 

(200) and (220) and all the three peaks were indexed to 

standard cubic phase of silver (JCPDS file no. 04-0783). 

The XRD spectra of our experiment indicated the 

formation of silver nanoparticles as crystalline in nature 

and aggregation might have formed due to the action of 

stabilizing agents present in the algal extract (Fig. 8). 

 

Atomic Force Microscope (AFM) 

The 3D images of the silver nanoparticles shown in Fig. 

9 possess separated spherical particles. The sizes of 

particles are in the range of 19.643 to 24.888 nm which 

are clearly indicated with the scales in the figure 9. 

 

Dynamic Light Scattering (DLS) 

Dynamic light scattering (DLS) analysis showed the size 

distribution of particles with an % intensity 90.4 and 

width of 84.4 (d nm) (Fig. 10). As expected, the particle 

size obtained from TEM and DSL scattering is 

marginally different due to the varying principles used 

for measurement. 

 

Cell viability assay against PC-3 cancer cell line 

The S. wightii aqueous extract and biosynthesized silver 

nanoparticles were evaluated for their effect on cell 

viability at concentrations of 25, 50, 75, 100 and 125 

µg/ml by MTT method against PC-3 cancer cell lines. 

The tested aqueous extract and biosynthesized silver 

nanoparticles showed a dose-dependent decrease in cell 

viability at the end of 24 hrs. Increasing the time of 

incubation to 48 hrs showed a further decrease in cell 

viability (Table 4). Statistical treatment of the data by 

two-way ANOVA showed that all values were 

significant at 5 % level. Inhibition of cell viability to 

50% was observed at 109.88 µg/ml with an exposure 

time of 24 h and 40.59 µg/ml of 48 h in aqueous extract, 

On the other hand, AgNPs showed 50% inhibition of cell 

viability at 49.48 µg/ml in 24 h and 8.84 µg/ml at 48 h 

(Fig. 11), and the exact IC50 values are showed in Table 

5. Further studies were carried out at 40.59 µg/ml of 

aqueous extract and 8.84 µg/ml of AgNPs; being the 48 

h IC50 concentrations. ANOVA analysis revealed that all 

the values were significantly different. 

 

Cytomorphology Observations 

Treatment of PC-3 cells with aqueous extract and AgNPs 

even at low doses induced morphological changes in the 

PC-3 cells, which had similar effect on cells 

morphology. Microscopic observations were made using 

Nikon light inverted microscope, wherein treated cells 

showed distinct cellular morphological changes 

indicating unhealthy cells, whereas the control appeared 

normal in shape (Fig. 12). Control cells were irregular 

confluent aggregates with rounded and polygonal cells. 



www.ejpmr.com 

Sivakumari et al.                                                            European Journal of Pharmaceutical and Medical Research 

 

278 

Aqueous extract and biosynthesized AgNPs treated cells 

appeared to shrink, became spherical in shape and cell 

spreading patterns were restricted when compared to 

control. 

 

Table 1: Qualitative phytochemicals of S. wightii aqueous extract 

S.No. Phytochemicals Aqueous extract 

1. Carbohydrate - 

2. Starch - 

3. Tanins + 

4. Phenols + 

5. Acids - 

6. Alkaloids + 

7. Flavonoids + 

8. Coumarins - 

9. Quinones - 

10. Terpenoids - 

11. Steroids - 

12. Saponins + 

 

Table 2: FT-IR spectral peak values and functional groups obtained for the aqueous extract of S. wightii 

PEAK VALUES FUUNCTIONAL GROUPS 

3127 Cm-1 Alkynes ≡C-H Stretch 

3064 Cm
-1

 Alkenes C=C-H Asymmetric Stretch 

3025 Cm
-1

 Alkenes C=C-H Asymmetric Stretch 

2920 Cm
-1

 Alkanes H-C-H Asymmetric & Symmetric Stretch 

1951 Cm
-1

 Nitriles  

1893 Cm
-1

 Carbonyl group  

1844 Cm
-1

 Ketones C=O Stretch 

1711 Cm
-1

 Carbonyl group  

1699 Cm
-1

 Carbonyl group  

1659 Cm
-1

 Ketones  

1621 Cm
-1

 Ketones  

1530  Cm
-1

 Amines—Secondary   N-H Bend 

1487  Cm
-1

 Aromatic Rings  C-C=C Asymmetric Stretch 

1408  Cm
-1

 Aldehydes C-H 

1337  Cm
-1

 Aldehydes C-H bending 

1286  Cm
-1

 Ethers (C-O Stretch) 

1231  Cm
-
 Ethers (C-O Stretch) 

1198  Cm
-1

 Ethers (C-O Stretch) 

1173 Cm
-1

 Ethers (C-O Stretch) 

1028 Cm
-1

 Ethers (C-O Stretch) 

969 Cm
-
 Alkenes  =C–H bend 

989 Cm
-1

 Alkene  C=C bendin 

884 Cm
-1

 Alkene  C=C bending 

849 Cm
-1

 Halo compound C-Cl 

828 Cm
-1

 Alkene C=C bending 

787 Cm
-1

 C-H bending 

691  Cm
-1

 Phenylgroup  Strong (look for =C-H & C=C first) 

665  Cm
-1

 alkylhalides C–Br stretch 

650  Cm
-1

 alkylhalides C–Br stretch 

607  Cm
-1

 alkylhalides C–Br stretch 

629  Cm
-1

 alkylhalides C–Br stretch 

550  Cm
-1

 alkylhalides C–Br stretch 

515  Cm
-1

 Alkylhalides C–Br stretch 

528  Cm
-1

 alkyl halides C–Br stretch 

496  Cm
-1

 alkyl halides C–Br stretch 
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Table 3: FT-IR spectral peak values and functional groups obtained for the AgNPs of S. wightii 

PEAK VALUES FUUNCTIONAL GROUPS 

3058  Cm
-1

 Alkenes C=C-H Asymmetric Stretch 

2971  Cm
-1

 Alkanes H-C-H Asymmetric & Symmetric  Stretch 

2926  Cm
-1

 Carboxylic Acids   Hydrogen-bonded O-H Stretch 

2841  Cm
-1

 Carboxylic Acids   Hydrogen-bonded O-H Stretch 

1682  Cm
-1

 Alkenes C-C=C Symmetric Stretch 

1605  Cm
-1

 Alkenes C-C=C Symmetric Stretch 

1573  Cm
-1

 Nitro Groups N=O Stretch 

1542  Cm
-1

 Nitro Groups N=O Stretch 

1507  Cm
-1

 Nitro Groups N=O Stretch 

1445  Cm
-1

 Amines—Secondary  N-H Bend 

1334  Cm
-1

 Amides N-H Stretch (similar to amines) 

1302  Cm
-1

 Nitro Groups N=O Bend 

1293  Cm
-1

 Ethers (C-O Stretch) 

1253  Cm
-1

 Ethers (C-O Stretch) 

1205  Cm
-1

 Ethers (C-O Stretch) 

1171  Cm
-1

 Esters  (C-O Stretch) 

1108  Cm
-1

 Esters  (C-O Stretch) 

1083  Cm
-1

 Esters  (C-O Stretch) 

1022  Cm
-1

 Esters  (C-O Stretch) 

836    Cm
-1

 Aromatiques C-H 

813    Cm
-1

 Aromatiques C-H 

782    Cm
-
 Aromatiques C-H 

768    Cm
-
 Aromatiques C-H 

722    Cm
-1

 (CH2-)n C-H 

659    Cm
-1

 Alkylhalides C–Br stretch 

630  Cm
-1

 alkyl halides C–Br stretch 

598  Cm
-1

 alkyl halides C–Br stretch 

548  Cm
-1

 alkyl halides C–Br stretch 

527  Cm
-1

 alkyl halides C–Br stretch 

498  Cm
-1

 alkyl halides C–Br stretch 

 

Table 4: Per cent cell viability of PC-3 cells for 24 and 48 hrs when treated with aqueous extract and AgNPsof S. 

wightii. 

Time 24 hrs incubation 48 hrs incubation 

Concentration Aqueous extract Silver nanoparticles Aqueous extract Silver nanoparticles 

Control 100 ± 0 100 ± 0 100 ± 0 100 ± 0 

10 µg/ml 
95.35± 0.49* 

(-4.65) 

82.29 ± 0.37* 

(-17.71) 

70.99 ±0.35* 

(-29.01) 

43.41 ±0.29* 

(-56.59) 

20 µg/ml 
90.16 ±0.37* 

(-9.844) 

78.91 ±0.401* 

(-21.09) 

62.61 ± 0.61* 

(-37.39) 

40.76 ±0.33* 

(-59.24) 

30 µg/ml 
84.71±0.43* 

(-15.29) 

65.43 ± 0.34* 

(-34.57) 

54.69 ±0.35* 

(-45.31) 

37.48 ± 0.33* 

(-62.52) 

40 µg/ml 
77.32 ±0.44* 

(-22.68) 

57.87±0.42* 

(-42.13) 

50.36 ± 0.76* 

(-49.64) 

33.29 ±0.22* 

(-66.71) 

50 µg/ml 
73.42 ± 0.31* 

(-26.58) 

49.56 ± 0.27* 

(-50.44) 

44.37 ±0.52* 

(-55.63) 

29.58 ±0.30* 

(-70.42) 

Values are mean + S.E. of five individual observations. 

Values in parentheses are per cent change over control. 

- Denotes per cent decrease over control. 

* Denotes that values are significant at P˂0.05. 

 

Table: 5 Exact IC50 values of aqueous extract and AgNPs of S. wightii against PC-3 cell line. 

Time Aqueous extract (con) AgNPs (con) 

24 Hrs 109.88 µg/ml 49.48 µg/ml 

48 Hrs 40.59   µg/ml 8.84   µg/ml 
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Fig. 1:  A. Color intensity of 1 mM AgNO3 solution. 

B. Aqueous extract of Sargassum wighhtii (pale yellow colour). 

C. AgNPs synthesized at different hours with pale yellow colour to dark brown colour. 

 

Chloroform 

Extract

Chloroform-

AgNPs
Ethylacetate

Extract
Ethylacetate-

AgNPs

A B C D

Methanol- AgNPs HMethanol-

Extract
G

Hexane-AgNPs F
Hexane-Extract E

 
Fig. 2: UV-Vis spectral image of different solvent extract synthesized silver nanoparticles (A) Chloroform 

extract, (B) ChlorofomAgNPs, (C) Ethyl acetate extract, (D) Ethyl acetate AgNPs, (E) Hexane extract, (F) 

Hexane AgNPs, (G) Methanol extract and (H) Methanol AgNPs 

 

 
Fig. 3: UV-Vis spectral image of aqueous extract based synthesized silver nanoparticles. 
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Fig: 4. TEM images of silver nanoparticles formed by reduction of silver nitrate using S. wightii (a) 200 nm (b) 

100 nm. 

 

 
Fig. 5A: SEM micrograph of silver nanoparticles 

synthesized from the aqueous extract of S. wightii 

 

 
Fig. 5B: Energy dispersive spectrometer analysis of 

silver nanoparticles synthesized from the aqueous 

extract of S. wightii 

 

 
Fig. 6: FT-IR spectral image of various functional groups (4000 to 400 cm

-1
) obtained for aqueous extract of S. 

wightii 

a b 
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Fig. 7: FT-IR spectral image of various functional groups (4000 to 400 cm

-1
) obtained for AgNPs of S. wightii 

 

 
Fig: 8. XRD pattern for S. wightii mediated silver nanoparticles 
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Fig. 9: AFM image of synthesized silver nanoparticles using aqueous extract of S. wightii 

 

 
Fig: 10. DLS image of synthesized silver nanoparticles using aqueous extract of S. wightii 
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Fig. 11: Cell viability of aqueous extract and AgNPs of S. wightii treated with PC-3 cell line at 24 and 48 h. 

 

 
Fig. 12: Cytomorphology of PC-3 cells 

 

DISCUSSION 

The aqueous silver ions when exposed to Sargassum 

wightii aqueous extract resulted in the reduction of silver 

ions, there by leading to the formation of silver hydrosol. 

The aqueous extract was pale yellow colour before 

addition of silver nitrate solution and this changed to 

dark brown colour suggesting the rapid formation of 

silver nanoparticles. The time duration of change in 

colour was 20 minutes. The change of colour indicates 

biosynthesis of silver nanoparticles and this might be due 

to surface plasmon resonance phenomenon. The 

synthesized silver nanoparticles had been confirmed by 

measuring the UV-Vis spectrum of the reaction media.  

The UV-Vis spectrum of colloidal solutions of silver 

nanoparticles synthesized from the aqueous extract of 

Sargassum wightii showed an absorbance peak at 420 

nm. 

 

Silver nanoparticles synthesized by using aqueous 

extract of Sargassum polycystum showed absorbance at 

430 nm
[45]

, Sargassum longifolium showed absorbance 

peak at 460 nm
[46]

, Urospora sp. showed absorbance at 

430 nm
[47]

, and of Cochlospermum religiospum showed 

absorbance between 200-400 nm.
[48]

 In many other cases, 

like silver nanoparticles synthesized leaf extracts of 

Eucalyptus hybrid
[49]

, Acalypha indica
[50]

, Solanum 

tarvum
[51]

, Helianthus annus
[52]

, and Cassia 

auriculata
[53]

, the absorbance peaks were between 400 

and 450 nm. When compared with these plants and 

seaweeds, silver nanoparticles synthesized from aqueous 

extract of Sargassum wightii were active at relatively 

lower wavelength. 

 

The AFM analysis of aqueous extract of Sargassum 

wightii showed spherical shaped silver nanoparticles 

formed with diameter ranging from 24.888 nm. The 

AFM analysis of leaf extract of Citrulus colocynthus 

showed the size of silver nanoparticles as 31 nm
[54]

, of 

Syzygium cumini as 30 nm
[55]

 and of Citrulus limonas 50 

nm.
[56]

 The particle size of silver nanoparticles 

synthesized from the leaf extract of Glycine max was 

from 25 to 100 nm
[57]

, that of Moringa olifera was from 

5 to 80 nm.
[58]

 Sasikala and Savithramma (2012)
[48]

 have 

stated that the size of the nanoparticles varies with the 

plant by altering the pH, strength of elements, plant 

sources, incubation temperature of the nanoparticle 

synthesis reaction mixture and the synthesis methods, 

ans so it is possible to create a wide range of different 
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nanoparticles. Nanoparticles of various sizes and 

properties can be obtained by further tapping the plant 

bioresources of diverse type in wild environment. 

 

The cytotoxicity of S. wightii aqueous extract-based 

synthesized silver nanoparticles showed profound effect 

on PC-3 cells when compared to aqueous extract and this 

might be due to phytocompounds such as tannins, 

phenols, alkaloids, flavanoids and saponins that 

responsible for the reduction of silver nanoparticles. 

Zhang et al. (2011)
[59]

 stated that brown seaweeds with 

low molecular weight fucoidan, mediated the broad-

spectrum growth inhibition of human carcinoma cells 

like HeLa, HT1080, K562, U937, A549 and HL-60. 

Bousarghin et al. (2003)
[60]

 reported that sulfated 

polysacchardies such as heparin, cellulose sulfate and 

dextran sulfate block the infectivity of papllomavirus. 

Taskin et al. (2010) [61] also stated that polysacchardies 

and terpenoids from brown algae are considered as 

promising bioactive molecules with anticancer activity. 

Marine algae are important sources of non-animal 

sulfated polysaccharides and these biomolecules are 

widely studied on the therapeutic applications such as 

anti-thrombotic, anticoagulant, antioxidant, anti-

inflamatory and anti-proliferative effects as opined by 

Barroso et al. (2008).
[62]

 

 

In recent years, S. wightii has becoming a source of 

medicine due to the medicinal properties, which is 

attributed to its unique chemical library of 

polysacchardies, vitamins, minerals, polyunsaturated 

fatty acids. Moreover they can also serve as good source 

of healthy food. Also seaweeds may solve the problems 

of deficiency of protein, carbohydrates and minerals in 

human nutrition by consuming them in daily life. The 

present study suggests that the seaweed extract and 

extract-based synthesized silver nanoparticles of 

S.wightii possess potent anticancer property. It is 

suggested that S.wightii could be a potent source of 

natural anticancer which are of great importance as 

therapeutic agent in inhibiting the growth of cancerous 

cells. Further seaweeds will lead as novel candidates in 

pharmaceuticals to develop a natural compounds as an 

anticancer agent for production of potential anticancer 

drug and it is necessary to revitalize the use of seaweed 

in the newly health conscious consumer environments of 

several countries. 

 

CONCLUSION 

The present investigation reveal that aqueous extract-

based synthesized silver nanoparticles showed high anti-

proliferative activity against PC-3 cells, due to 

suppression of  the cancer cell growth. Hence, 

Sargassum wightii based synthesized silver nanoparticles 

can be used as a potential therapeutic agent for human 

prostate cancers. 

 

 

 

 

ACKNOWLEDGEMENTS 
The authors are grateful to the Captain Srinivasan Murti 

Research Institute of Ayurveda and Siddha Drug 

Development, Chennai for Phytochemical analysis, 

Centralized Instrumentation Lab, Tamil Nadu Veterinary 

and Animal Science University, Chennai for TEM 

analysis, Sophisticated Analytical Instrument Facility, 

Indian Institute of Technology, Madras, Chennai for FT-

IR study, Crystal Growth Center, Anna University, 

Chennai for SEM with EDAX and AFM studies and 

Department of Nuclear Physics, University of Madras, 

Chennai for XRD analysis. 

 

REFERENCES 

1. Song JY and Kim BS. Rapid biological synthesis of 

silver nanoparticles using plant leaf extracts. 

Bioprocess Biosyst Eng, 2008; 32: 79-84.  

2. Murphy CJ. Sustainability as an emerging design 

criterion in nanoparticle synthesis and applications. 

J Mater Chem., 2008; 18: 2173-2176. 

3. Mubarak Ali D, Thajuddin N, Jeganathan K and 

Gunasekaran M. Plant-mediated synthesis of silver 

and gold nanoparticles and its antibacterial activity 

against clinically isolated pathogen. Colloids Surf B: 

Biointerfaces, 2011; 85(2): 360-365. 

4. Kumar V and Yadav SK. Plant -mediated synthesis 

of silver and gold nanoparticles and their 

applications. J Chem Technol Biotechnol, 2009; 84: 

151-157. 

5. Reddy RP, Rani PU and Sreedhar B. Qualitative 

assessment of silver and gold nanoparticle synthesis 

in various plants: a photobiological approach. J 

Nanopart Res., 2010; 12: 1711-1721. 

6. Sukirtha R, Priyanka KM, Antony JJ, Lakkannan, 

Thangam R, Gunasekaran P, Krishnan ML and 

Achiraman S. Process Biochem, 2012; 47: 273-279. 

7. Carlson C, Hussain S, Schrand AM, Stolle LB, Hess 

KL, Jones RL and Schlager JJ. Unique cellular 

interaction of silver nanoparticles: Size-dependent 

generation of reactive oxygen species. J Phys Chem 

B., 2008; 112: 13608-13619. 

8. Joshi P, Chakraborti S, Ramirez-Vick J E, Ansari Z 

A, Shanker V, Chakrabarti P, and Singh SP. The 

anticancer activity of chloroquine-gold nanoparticles 

against MCF-7 breast cancer cells. Colloids Surf B: 

Biointerfaces, 2012; 95: 195-200. 

9. Khalifa, KS., Hamouda, RA., Hanafy, D and 

Hamza, A. In vitro antitumor activity of silver 

nanoparticles biosynthesized by marine algae. 

Digest Journal of Nanomaterials and Biostructures, 

2016; 2(1): 213–221.  

10. Yezhelyev MV, Gao X, Xing Y, Hajj AA, Nie S and 

Regan RMO. Emerging use of nanoparticles in 

diagnosis and treatment of breast cancer. Lancet 

Oncol, 2006; 7: 657-667. 

11. Huang J, Li Q, Sun D, Lu Y, Su Y, Yang X, Wang 

H, Wang Y, Shao W, He N, Hong J and Chen C 

Biosynthesis of silver and gold nanoparticles by 

novel sun dried Cinnanonum camphora leaf. 

Nanotechnology, 2007; 18: 105104-105114. 



www.ejpmr.com 

Sivakumari et al.                                                            European Journal of Pharmaceutical and Medical Research 

 

286 

12. Parikh RY, Singh S, Prasad BLV, Patole MS, Sastry 

M and Shouche YS. Extracellular synthesis of 

crystalline silver nanoparticles and molecular 

evidence of silver resistence from Morganella sp; 

towards understanding biochemical synthesis 

mechanism. Chem Biochem, 2008; 9: 1415-1422. 

13. Mondal S, Roy N, Laskar RA, Sk I, Basu S and 

Mandal D. Biogenic synthesis of Ag, Au and 

bimetallic Au/Ag alloy nanoparticles using aqueous 

extract of mahogany (Swietenia mahogani JACQ.) 

leaves. Colloids Surf B: Biointerfaces, 2011; 82(2): 

497-504. 

14. SV. Plant extract: A pomising biomatrix for 

ecofriendly, controlled synthesis of silver 

nanoparticles. Nano Med., 2014; 173: 1-29. 

15. Hussien N H, Sheltawy S, El Abd H, El Diwani G 

and Shaarawy H H Novel and cost effective method 

for nanosilver preparation as marine antifouling 

additive via wet chemical reduction method. 

RJPBCS, 2014; 5(4): 166-180. 

16. Prabhu D, Arulvasua C, Babu G, Manikandan R and 

Srinivasan P. Biologically synthesized green silver 

nanoparticles from leaf extract of  Vitex negundo L. 

induce growth-inhibitory effect on human colon 

cancer cell line HCT15. Process Biochemistry, 

2013; 48: 317-324. 

17. Ferlay J, Shin HR, Bray F, Forman D, Mathers C 

and Parkin DM. Estimates of worldwide burden of 

cancer in 2008: GLOBOCAN 2008. Int J Cancer, 

2010; 127: 2893-2917. 

18. Lopez A and Gerwick WH Ptilodene, a novel 

icosanoid inhibitors of 5-lipoxygenase and Na+/K+ 

ATPase from the marine algae Ptilota filicina. 

Tetrahedron Lett., 1988; 29: 1505-1506. 

19. Okai Y, Higashi-Okai K, YanoY and Otani S. 

Identification of antimutagenic substances in an 

extract of edible red alga, Porphyra tenera 

(Asakusa-nori). Cancer Lett., 1996; 100(1-2): 235-

240. 

20. Mares D, Bonora A, Sacchetti G, Rubini M and 

Romagnoli C. Protoanemonin-induced cytotoxic 

effects in Euglena gracilis . Cell Biol Internat, 1997; 

21: 397-404. 

21. Abourrichie A, Charrouf M, Berrada M, Bennamara 

A, Chaib N and Francisco C. Antimicrobial 

activities and cytotoxicity of the brown alga 

Cystoseira tamariscifolia. Fitoterapia, 1999; 70: 

611-614. 

22. Maucourt K, Agarwall M, Rene B and Fermandjian 

S. Use of Chlamydomonas reinhardtii mutants for 

anticancer drug screening. Biochem Pharmacol, 

2002; 64(7): 1125-1131.  

23. Li Y, Qian ZJ, Ryu B, Lee SH, Kim MM and Kim 

SK Chemical components and its antioxidant 

properties in vitro: An edible marine brown 

alga, Ecklonia cava. Bioorg Med Chem., 2009; 17: 

1963-1973. 

24. Devi KN, Ajith Kumar TT, Dhaneesh KV, 

Marudhupandi T and Balasubaramanian T. 

Evaluation of antibacterial and antioxidant 

properties from brown seaweed, Sargassum wightii 

(Greville, 1948) against human bacterial pathogen. 

Int J Pharm Pharm Sci., 2012; 4(3): 143-149. 

25. Singaravelu G, Arockiamary JS, Kumar VG and 

Govindaraju K. A novel extracellular synthesis of 

monodisperse gold nanoparticles using marine alga, 

Sargassum wightii Greville. Colloids Surf B: 

Biointerfaces, 2007; 57: 97-101. 

26. Rajasulochana P, Dhamotharan R, Murugakoothan 

P, Murugesan S and Krishnamoorthy P. 

Biosynthesis and characterization of gold 

nanoparticles using the alga Kappaphycus alvarezii . 

Intl J Nanosci, 2010; 9(5): 511-516. 

27. Govindaraju K, Kiruthiga V, Ganesh Kumar V and 

Singaravelu G. Extracellular synthesis of silver 

nanoparticles by a marine alga, Sargassum wightii 

(Grevilli) and their antibacterial effects. J Nanosci 

Nanotechnol, 2009; 9(9): 5497-5501. 

28. Vivek M, Senthil Kumar P, Steffi S and Sudha S. 

Biogenic silver nanoparticles by Gelidiella acerosa 

extract and their antifungal effects. Avicenna J Med 

Biotechnol, 2011; 3(3): 143-148. 

29. Kumar P , Senthamil Selvi S, Lakshmi Prabha A, 

Prem Kumar K, Ganeshkumar R S and Govindaraju 

M. Synthesis of silver nanoparticles from Sargassum 

tenerrimum and screening phytochemicals for its 

antibacterial activity. Nano Biomed Eng, 2012; 4(1): 

12-16. 

30. Song JY, Jang HK and Kim BS. Biological synthesis 

of gold nanoparticles using Magnolia kobus and 

Diopyros kaki leaf extracts. Process Biochem, 2009; 

44: 1133-1138. 

31. Oka MT, Tomioka T, Tomita K, Nishino A and 

Ueda S. Inactivation of enveloped viruses by a 

silver-thiosulfate complex. Metal based Drugs, 

1994; 1: 511-515. 

32. Sharma VK, Yngard RA and Lin Y. Silver 

nanoparticles: green synthesis and their 

antimicrobial activities. Adv Colloid Interface Sci, 

2009; 145: 83-96. 

33. Harborne JB. In: “Phytochemical Methods”. (Ed), 

1st Edn, Chapman and Hall Ltd., London, 1973; 49-

188. 

34. Parekh J and Chanda S. Antibacterial and 

phytochemical studies on twelve species of Indian 

medicinal plants. Afr J Biomed Res., 2007; 10: 175-

181. 

35. Sondi I and Sondi BS. Silver nanoparticles as 

antimicrobial agent: a case study on E. coli as a 

model for Gram-negative bacteria. J Colloid 

Interface Sci., 2004; 275: 177-182. 

36. Chandran SP, Minakshi C, Renu P, Absar A and 

Murali S. Synthesis  of  gold  nanotriangles  and  

silver  nanoparticles  using  Aloe vera  plant  extract.  

Biotechnology Progress, 2006; 22: 577-583. 

37. Xu H and Kall M. Surface-plasmon-enhanced 

optical forces in silver nanoaggregates. Phys Rev 

Lett., 2002; 89: 246802.  

38. Sivaraman SK, Elango I, Kumar S and Santhanam 

V. A green protocol for room temperature synthesis 



www.ejpmr.com 

Sivakumari et al.                                                            European Journal of Pharmaceutical and Medical Research 

 

287 

of silver nanoparticles in seconds. Curr Sci., 2009; 

97: 1055-1099. 

39. Sambhy V, MacBride M M, Peterson B R, Sen A. 

Green synthesis of nanoparticles. J Bionanotech. 

2006; 65: 234-237. 

40. Sadhasivam S, Shanmugam P, Yun K. Biosynthesis 

of silver nanoparticles by Streptomyces 

hygroscopicus and antimicrobial activity against 

medically important pathogenic microorganisms. 

Colloids Surf B: Biointerfaces, 2010; 81: 358-362. 

41. Saha S, Sarkar J, Chattopadhyay D, Patra S, 

Chakraborty A and Acharya K. Production of silver 

nanoparticles by a phytopathogenic fungus Bipolaris 

nodulosa  and its antimicrobial activity. Dig J 

Nanomaterials and Biostructures,2010;5(4):887-895. 

42. Mosmann T. Rapid colorimetric assay for cellular 

growth and survival: Application to proliferation and 

cytotoxicity assays. J Immunol Methods, 1983; 65: 

55-63. 

43. Manikandan R, Beulaja M, Arulvasu C, Sellamuthu 

S, Dinesh D, Prabhu D, Babu, G, Vaseeharan B and 

Prabhu NM Synergistic anticancer activity of 

Curcumin and Catechin: An in vitro study using 

human cancer cell lines. Microsc Res Tech, 2012; 

75: 112-116. 

44. Rajesh, S., Sivakumari, K., Ashok, K. and Abitha, 

AR. Anticancer activity of Cardiospermum 

helicacacabum leaf extracts against hepatocellular 

carcinoma cell line (HepG-2). World. J. Pharm. Sci., 

2016; 5(3): 1133-1154. 

45. Asha Kanimozhi S, Johnson M, Renisheya Joy Jeba 

Malar T. Phytochemical composition of Sargassum 

polycystum C. agardh and Sargassum duplicatum J. 

agardh .Int J Pharm Pharm Sci., 2012;7(8);393-397. 

46. Rajeshkumar S, Malarkodi C, Vanaja M and 

Paulkumar K. Green-chemical Fabrication of Silver 

Nanoparticles by Marine macro Algae and its 

Fungicidal Activity. International Research Journal 

of Pharmaceutical and Biosciences,2014;1(1):01-07. 

47. Suriya J, Bharathi Raja S, Sekar V and Rajasekaran 

R. Biosynthesis of silver nanoparticles and its 

antibacterial activity using seaweed Urospora sp. 

African Journal of Biotechnology, 2012; 11(58): 

12192-12198. 

48. Sasikala A and Savithramma N. Biological 

Synthesis of Silver Nanoparticles from 

Cochlospermum Religiosum and their Antibacterial 

Efficacy J. Pharm. Sci. & Res., 2012; 4(6): 1836-

1839. 

49. Manish Dubey, Seema Bhaduria, Kushwah BS. 

Green synthesis of nanosilver particles from extract 

of Eucalyptus hybrida (Safeda) leaf. Digest Journal 

of Nanomaterials and Biostructures, 2009; 4(3): 

537-543. 

50. Krishnaraj C, Jagan EG, Rajasekar S, Selvakumar P, 

Kalaichelvan P T and Mohan N. Synthesis of silver 

nanoparticles using Acalypha indica leaf extracts 

and its antibacterial activity against water borne 

pathogens. Colloids and Surfaces B: Biointerfaces, 

2010; 76; 50-56. 

51. Govindaraju K, Tamilselvan S, Kiruthiga V and 

Singaravelu G. Biogenic silver nanoparticles by 

Solanum torvum and their promising antimicrobial 

activity Journal of Biopesticides, 2010; 3(1): 394–

399. 

52. Leela A and  Vivekanandan M. Tapping the 

unexploited plant resources for the synthesis 

of silver nanoparticles. Afr. J. Biotechnol, 2008; 7: 

3162-3165. 

53. Udayasoorian C, Vinoth Kumar K and 

Jayabalakrishnan R M. Extracellular synthesis of 

silver nanoparticles using leaf extract of Cassia 

auriculata. Digest Journal of Nanomaterials and 

Biostructures, 2011; 6(1): 279–283. 

54. Sathyavani K, Ramanathan T and Gurudeeban S. 

Plant mediated synthesis of Biomedical Silver 

nanoparticles by Using Leaf Extract of Citrullus 

colocynthis. Res. J. nanosci and nanotech,2011; 1-7. 

55. Vineethkumar and Suresh Kumar Yadav 

Characterisation of gold nanoparticles synthesised 

by leaf and seed extract of Syzygium cumini 

L.Journal of Experimental Nanoscience, 2012; 7(4): 

17-21. 

56. Prathna T C, Chandrasekaran N, Raichur A M and 

Mukherjee A. Biomimetic synthesis of silver 

nanoparticles by Citrus limon (lemon) aqueous 

extract and theoretical prediction of particle size. 

Colloids Surf. B: Biointerfaces, 2011; 82: 152-159. 

57. Vivekanandhan S, Misra M, Mohanty AK 

Biological synthesis of silver nanoparticles using 

Glycine max (soybean) leaf extract: an investigation 

on different soybean varieties. J 

NanosciNanotechnol, 2009; 9: 6828-6833. 

58. Satyavani K, Gurudeeban S, Ramanathan T and 

Balasubramanian T. Biomedical potential of silver 

nanoparticles synthesized from calli cells of 

Citrullus colocynthis(L.) Schrad. Journal of 

Nanobiotechnology, 2011; 9(43); 1-8. 

59. Zhang Z, Teruya K, Eto H and Shirahata S. 

Fucoidan extract induces apoptosis in MCF-7 cells 

via a mechanism involving the ROS-dependent JNK 

activation and mitochondria-mediated pathways. 

PLoS One., 2011; 6(11); e27441. 

60. Bousarghin L, Touzé A, Sizaret PY and Coursaget 

P. Human papillomavirus types 16, 31, and 58 use 

different endocytosis pathways to enter cells. J 

Virol, 2003; 77: 3846–3850.  

61. Taskin E, Caki Z, Ozturk M and Taskin E. 

Assessment of in vitro antitumoral and antimicrobial 

activities of marine algae harvested from the eastern 

Mediterranean sea. Afr J Biotechnol, 2010; 9: 4272-

4277.  Devery R, Miller A and Stanton C. 

Conjugated linoleic acid and oxidative behavior in 

cancer cells. Biochem Soc Transact. 2001; 29: 341- 

344.  

62. Barroso EM, Costa LS, Medeiros VP, Cordeiro SL, 

Costa MS, Franco CR, Nader HB, Leite EL and 

Rocha HAO. A non-anticoagulant heterofucan has 

antithrombotic activity in vivo. Planta Med., 2008; 

74: 712–718.  

http://scialert.net/fulltext/?doi=jm.2014.142.150
http://www.ncbi.nlm.nih.gov/pubmed/19908686
http://www.ncbi.nlm.nih.gov/pubmed/19908686
http://www.ncbi.nlm.nih.gov/pubmed/19908686
http://www.ncbi.nlm.nih.gov/pubmed/19908686

