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Abstract: 

Biosynthesis of nanoparticles using algae extract is more advantageous over other biological processes such as bacteria and 

fungi, because it eliminates the process of cell culture and maintenance allows large-scale production of nanoparticles. Hence the 

present study is focused to determine the effect of Fucoidan Zinc oxide nanoparticle on cell cycle proliferation, cell cycle 

distribution and TRAIL induced apoptotic cell death in prostate cancer PC-3 cell line. The biosynthesized zinc oxide nanoparticle 

was characterized by UV-visible spectroscopy, Scanning Electron Microscope (SEM) and Fourier Transform Infrared Spectrum 

(FTIR) analysis. The cell cytotoxicity and apoptosis studies were conducted in this study. Formation of fucoidan zinc oxide 

nanoparticles was indicated by the color change from yellow to pale white. UV-Vis spectral analysis showed Surface Plasmon 

Resonance band at 342 nm. The SEM image showed that most of the zinc oxide nanoparticles are spherical in shape. EDX analysis 

confirmed the presence of elemental zinc signals of the nanoparticles. FTIR spectroscopy analysis was used to identify the possible 

biomolecules like alkenes, dicarboxylic amino acids, amides and nitro compounds in the wavelength range between 500 cm-1and 

4000 cm-1. In vitro cytotoxicity of the Fucoidan Zinc oxide nanoparticles was screened against Prostate cancer PC-3 cell line cells at 

different concentrations (25-400µg/ml) and the viability of tumor cells was confirmed by using MTT assay. The IC 50 value of 

biosynthesized fucoidan zinc oxide nanoparticle was observed at 234.21µg/ml. From the results it was observed that biosynthesized 

silver nanoparticle inhibits the cellular growth of human prostate cancer PC-3 cells and induces apoptosis. 

Index Terms:  Fucoidan, Brown seaweeds, Zinc oxide nanoparticles, Apoptosis, Prostate cancer  

I. INTRODUCTION 

Cancer is the unrestrained growth of abnormal cells and it usually occupies and destroys normal cells in the human body 

finally causing death (American Cancer Society, 2011).  Prostate cancer is the most universal types of malignant tumor (C.M. Lee et 

al., 2010). Prostate cancers are sarcomas, small cell carcinomas, neuroendocrine tumors, and transitional cell carcinomas but most 

of the prostate cancers are adenocarcinomas (Brasky et al., 2013). Approximately every year 238,590 prostate cancers were 

diagnosed with men’s and globally 328,000 cases were not treated in its early stages (R.I. Priyadharshini et al., 2014). The prostate 

cancer extremely caused with old age, and a number of genetic and epigenetic factors have been implicated in the cause and 

progression of this disease (Debra L Bemis et al., 2014).The current application of nanoparticles and nonmaterials are emerging 

rapidly in biomedical sciences and nanoparticles was promising therapeutic tools that can destroy tumor (Jayaprakash P. et al., 2017, 

Elsadek and Basim, 2016). The zinc oxide nanoparticles were used in wide range of applications such as solar cells, gas sensors, 

ceramics, catalysts, cosmetics and varistors (Haritha Meruvu et al., 2011). Fucoidan also known as sulfated polysaccharide 

commonly present in brown algae and brown seaweed such as hijiki, Kombu, bladderwrack, wakame, and mozuku (Jiao. G et al., 

2011).  Fucoidan was first isolated from brown algae in 1913 (A.R. Phull and Song Ja Kim, 2017). Polysaccharides are used in 

different products such as food, feed, beverages, stabilizer, and thickeners (McHugh D.J, 1987). Fucoidan consists of fructose and 

sulfate with little amount of xylose, galactose, mannose, and uronic acid (Morya, 2012). Fucoidan were found to contain 

anticoagulant, antibacterial, antiviral, anti-inflammatory, anticancer activities and it was used to malignancies and viral infectious 

diseases treatments (Ryuichiro Kimura et al., 2013). Fucoidan is considered a worthy candidate for nanomedicine (Md Aquib et al., 

2019). Fucoidan treatment induces the degradation of transforming growth factor (TGF)-β receptor and the consequent inhibition of 

the epithelial–mesenchymal transition (EMT) in cancer cells (Szu Yuan Wu et al., 2016). The recent reports are shown algae being 

used as a bio factory for production of metallic nanoparticles (Dhanalakshmi. P. K et al., 2012). In the present work, we have 

explored the biosynthesis of zinc oxide nanoparticles using the compound Fucoidan which is extracted from the brown seaweed 

powder and studied on TRAIL induced apoptosis in the prostate cancer PC3cell line. 

II. MATERIALS AND METHODS  

 Collection and preparation of sample 

The sample brown algae were collected from the seaside region Vattakottai near Kanyakumari, Tamil Nadu and the sample 

was washed using water. Then the sample was dried and powdered, using mixer. 8g of algal powder were mixed with 100 mL of 

85% ethanol and stirred for 12 hrs at room temperature to remove lipids and pigments. The solutions were then centrifuged at 

17,500rpm for 10 min to remove the supernatant. The remaining sediment of algal powder was then washed with acetone and left to 

dry at room temperature overnight. Five grams of the sediment of algal powder was extracted and stirred on a 65 °C hot plate with 
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200 mL of deionized water for 1 h. The solution were centrifuged at 17,500rpm for 10 min, and after that the supernatant was 

harvested and subsequently added 10ml of 85% ethanol and then centrifuged at 17,500rpm for 10 min to remove unwanted 

impurities. Finally, the fucoidan was recovered by air drying. 

Biosynthesis of zinc oxide nanoparticles 

1mM Zinc nitrate solution was prepared by the concentration of 0.018g in 200ml double distilled water and stored.20ml of 

ethanol extract of the sample was taken and mixed with 200ml of 1mM solution and kept in dark room for 48 hours. Afterwards the 

solutions were centrifuged at 5000rpm for 15 minutes. The pellets were taken after centrifugation and then dried. The dried pellets 

were collected in an eppendorf tube for futher analysis. The cell viability, cell cycle analysis and TRAIL induced apoptotic study 

was performed by Annexin V and PI staining. 

Characterization of Zinc oxide nano particles (ZnONPs)   

The biosynthesized zinc oxide nanoparticles were characterized by UV-visible spectroscopy, Scanning Electron 

Microscope (SEM) and Fourier Transform Infrared Spectrum (FTIR) analysis. 

MTT Assay 

The MTT assay is a colorimetric assay used for the determination of cell proliferation and cytotoxicity, based on reduction 

of the yellow colored water soluble tetrazolium dye MTT to formazan crystals. The mitochondrial lactate dehydrogenase was 

produced by live cells reduces MTT to insoluble formazan crystals. Which upon dissolution into an appropriate solvent exhibit 

purple color, the intensity of which is proportional to the number of viable cells and measured spectrophotometrically at 570nm. 

 

Procedure for determining cell cytotoxicity Cell seeding 

The seed 200μl cell suspension in a 96-well plate at required cell density (20,000 cells per well), without the test agent. 

Allow the cells to grow for about 24 hours after added appropriate concentrations of the test agent at that moment. Incubate the plate 

for 24 hrs at 37°C in a 5% CO2 atmosphere. After the incubation period, takeout the plates from incubator, and remove spent media 

and add MTT reagent to a final concentration of 0.5mg/mL of total volume, afterwards Wrap the plate with aluminium foil to stay 

away from exposure to light. The plates are kept into incubator and incubate for 3 hours. After remove the MTT reagent and 

followed by add 100μl of solubilisation solution (DMSO). Then gentle stirring in a gyratory shaker will enhance dissolution. 

Occasionally, pipetting up and down may be required to entirely dissolve the MTT formazan crystals mainly in dense cultures. Read 

the absorbance on a spectrophotometer or an ELISA reader at 570nm wavelength. The IC50 value were calculated by using linear 

regression equation i.e. Y =Mx+C.  

Here, Y = 50, M and C values was derived from the viability graph. 

 

Apoptosis study by flow cytometry 

The culture cells in a 6-well plate at a density of 3 x 105 cells/2 ml and incubate in a CO2 incubator overnight at 37°C for 

24 hours. Then aspirate the spent medium and treat the cells with required concentration of experimental compounds and controls, 

in 2 ml of culture medium and incubate the cells for 24 hours, at the end of the treatment, remove the medium from all the wells and 

give a PBS wash. Take away the PBS, after that added 200μl of trypsin-EDTA solution and incubate at 37°C for 3-4 minutes. 

Added 2 ml culture medium and harvest the cells directly into polystyrene tubes. Then centrifuge the tubes for five minutes at 300 x 

g at 25°C. Carefully decant the supernatant then wash the cells twice with PBS. Decant the PBS completely then added 5μl of FITC 

Annexin V after Gently vortex the cells and incubate for 15 min at RT (25°C) in the dark after added 400μl of 1X Binding Buffer 

and 5μl of PI to each tubes and vortex gently. Analyze by using flow cytometry instantly after addition of PI. 

 

III.  RESULTS AND DISCUSSION 

 Biosynthesis of Zinc oxide nanoparticles (ZnONPs)   

The periodical color change in reaction mixture containing zinc nitrate and Brown algae extract was monitored for 24 

hours. Reduction of zinc nitrate ion into zinc particles during exposure to the algae extracts was observed as a result of the color 

change. Zinc nanoparticles exhibit white color in aqueous solution due to the surface Plasmon resonance phenomenon. From the 

results, the synthesis of zinc nanoparticles by the algae extract was confirmed by the change of color from dark brown to white color 

during various time intervals as shown in Table 1. 

Table 1: Color change of the solution during the incubation period 

 

 

  

 

 

 

Hours Color change 

Zero  hour No color change 

6 hours Dark brown 

12 hours Pale Yellow 

24 hours Pale White 
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Characterization of zinc oxide nanoparticles  

UV-Visible Spectrophotometer analysis  

In the present investigation, synthesis of zinc oxide nanoparticles using ethanol extract of Brown algae was performed. The 

reduction of metal ions was progressively observed as well as measured with UV-visible spectrometer in the wavelength range 300-

800nm. The formation of the zinc oxide nanoparticles was monitored by UV-visible spectrophotometric analysis. The UV-Visible 

spectra showed the maximum absorbance at 342 nm corresponding to the surface plasma resonance of zinc oxide nanoparticles. 

Fig.1. UV-visbile spectroscopy analysis of FZnONPs 

 

Scanning Electron Microscope (SEM) analysis of Zinc oxide nanoparticles 

 

The surface morphology and topography of the zinc oxide nanoparticles were examined by scanning electron microscopy. 

The SEM image showing high density biosynthesized Fucoidan Zinc oxide nanoparticles (FZnONPs) from aqueous extract of 

Brown algae that confirmed the development of zinc nanostructure. The SEM image showed that most of the nanoparticles are 

spherical shape. 

Fig. 2. SEM micrographs of synthesized Fucoidan mediated ZnONPs 

 

Fourier Transform Infrared Spectrum (FTIR) 

FTIR spectrum measurements were demonstrated to identify the major functional groups present in brown algae extract to 

examine its possible involvement in the synthesis of zinc nanoparticles. Different peaks were positioned at 1477.47, 694.37, 

543.93cm-1 in FTIR spectrum of ethanol extract of brown algae. 1477.47 cm-1band arose due to C-N stretch of amide in protein. The 

543.93 is characteristic of ZnO bond band. 
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Fig.3. FTIR analysis of biosynthesized ZnONPs 

 

Energy Dispersive X-ray spectroscopy  

              Analysis through energy dispersive X-ray (EDX) spectrometers confirmed the presence of elemental Zinc signal of the 

Zinc oxide nanoparticles. The vertical axis displays the number of X-ray counts whilst the horizontal axis displays energy in 

keV.Energy dispersive spectrum revealed the presence of elemental zinc in the sample as shown in the figure 4. The sharp peak at 9 

keV denoted the existence of metallic zinc. 

Fig.4. Elemental analysis of zinc oxide nanoparticles using the brown algae extract 

 

Cell viability by MTT Assay 

The synthesized Fucoidan zinc oxide nanoparticles was studied for its cytotoxic activity against prostate cancer cells (PC3) 

in vitro by MTT assay at different concentrations (25, 50, 100, 200, 400 µg/ml). The anti-proliferation activity increases with 

increase in concentrations. The reduction in the number of PC3 cancer cells is evidently observed at 25 µg/ml and 50 µg/ml 

compared to that of standard and control. The IC 50 value of biosynthesized zinc oxide nanoparticles was observed at 234.21µg/ml. 
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Fig. 5. The graph shows the viability of cancer cells 

 

Apoptosis study on PC-3 cell line by flow cytometry 

TRAIL is a key effectors molecule expressed on immune cells responsible for the surveillance against tumor development. 

The present study was designed to show the impact of Fucoidan Zinc oxide nanocomposite on the anti-cancer immune defense 

through the interaction and modulation of the TRAIL mediated apoptotic pathway in prostate cancer PC-3 cell line. As observed by 

annexin V and PI staining, treatment of PC-3 cells with TRAIL alone had    apoptosis induced cell death at (3.43%). However, 

pretreatment of PC-3 cells with Fucoidan Zinc oxide nanoparticles followed by TRAIL caused increased proportion of cells 

(62.56%) at apoptosis induced cell death, which was statistically significant at (p<0.01). Therefore, it was observed from the result 

that nanoparticles induce cell death in PC-3 prostate cancer cells via induction of TRAIL mediated apoptosis. The findings suggest 

that Fucoidan zinc oxide nanoparticles may exert a chemopreventive effect in cooperation with TRAIL mediated apoptotic pathway 

in prostate cancer PC-3 cells. 

 

Fig. 6 (a). TRAIL induced apoptosis expression in cell control 
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Fig. 6 (b). TRAIL induced apoptosis expression in FZnONPs treated 

 

 

Apoptosis study by Acridine orange and Ethidium bromide  

The AO/EB staining was carried out to understand the morphological change of PC-3 cells after Fucoidan zinc oxide 

nanoparticles treatment. The figure (7a) showed that the Fucoidan zinc oxide nanoparticles induced apoptosis after 24 hours of 

incubation. Cell stained green represent viable cells, were as figure (7b) brightest green yellow to red represents dead cells. PC-3 

cells after treatment showed changes in cellular morphology, including chromatin condensation and fragmented nuclei. Hence it  was 

clear from the study that higher number of cells with increased chromatin condensation with increased fragmented nuclei represents 

increase in the number of apoptotic cells after 24 hours of treatment. 

 

Fig. 7 (a). Green color shown the          Fig. 7 (b). Red color shown the 

 Viable cells                                  number of Dead cells 
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IV. CONCLUSION  

The IC 50 value of biosynthesized fucoidan zinc oxide nanoparticle was observed at 234.21 µg/ml. Apoptosis of the 

fucoidan zincoxide nanoparticle treated PC-3 cells was accompanied by a reduction in the percentage of cells in G0/G1 phase and 

an increase in the percentage of G2/M phase cells, indicating cell cycle arrest at G2/M phase. In annexin V and PI staining, the pre-

treatment of PC-3 cells with Fucoidan Zinc oxide nanoparticles followed by TRAIL caused increase in proportion of cells at 

apoptosis cell death. The biosynthesized fucoidan zinc oxide nanoparticles proved to be potential candidate for medical applications 

where cytotoxic activities are highly essential. Hence the fucoidan mediated zinc oxide nanoparticles would be more efficient in 

drug delivery process. 
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