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ABSTRACT

Biosynthesis of nanoparticles is a current field of nanotechnology which has eco-friendly and economic benefits
compared to chemical synthesis. In this study, the ascidian Phallusia arabica ethanol extract was acted as a
reducing agent for the preparation of silver nanoparticles (Ag-NPs). Ag-NPs was confirmed by the colour
change using UV-Visible Spectroscopy and the size and shape of the NPs were determined by the SEM and the
functional groups was identified by using Fourier transform infrared spectroscopy. Synthesized Ag-NPs were
characterized by X-ray diffraction studies and EDAX. Atomic force microscope measurements confirmed the
size and morphology of the synthesized Ag-NPs. The antibacterial activity of synthesized silver nanoparticles
was tested against five pathogenic strains Bacillus cereus, Bacillus subtilis, Staphylococcus aureus,
Enterococcus faecalis, and Shigella dysentriae
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INTRODUCTION

In current years, research in nanotechnology has attractive interest because of its overwhelming
impacts on many areas, including technology and medicine®. Nanobiotechnology, is a promising
and upcoming field of nanotechnology, which is associated with different research fields of
expertise, such as physics, chemistry, biology, medicine, engineering and material science?.
Recently, many chemical, physical, and biological methods are adopted to prepare nanoparticles.
The synthesized nanoparticles exhibit defined properties®. Bio synthesis of nanoparticles makes
use of non-toxic, pollution free and safe reagents*”.

Ascidians are marine sedentary organisms. Among the marine animals, ascidians are ranked third
in overall activity next to sponges and bryozoans. Ascidians exhibit noticeable pharmacological
activity and more than 130 natural products have been synthesized by them®. They found as the
main components of fouling community settling on all kinds of surfaces, roots of trees, stone,
hard rocks, branches, algae, floating objects, hull of ships, sand and muddy surface®. Some
ascidians are used as a nutritious food item in Japan like other marine food products, particularly
in Hokkaido and Tohoku districts because of the high amount of carbohydrates, proteins and
other essential micronutrients'®**. Ascidians contain a wealth of interesting pharmacological
substances'®**. Seasonal variation in the occurrence, distribution, Chemical screening,
antimitotic, antimicrobial and antibacterial activity have been reported from the simple ascidian
Phallusia arabica®®®. The present study deals with biosynthesis, characterisation and
applications of stable silver NPs from Phallusia arabica.
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Il. MATERIALS AND METHODS

2.1. Identification and Collection of Animals

Phallusia arabica was collected by SCUBA diving from Green Gate area (8°48’N and 78°11°E)
of Tuticorin Port, Tamil Nadu. Small plastic containers or buckets with sufficient sea water to
cover the collected specimens were used. Specimens were carefully dislodged from the
substratum. Larger coral, rock fragments stick to the specimen was removed. First the animal’s
colour, appearance and habitat were noted then it is removed from the substratum. Date of
collection, location, depth and nature of the species was pasted in a label. Specimen voucher (AS
2276) was preserved in the Museum of the Department of Zoology, A.P.C. Mahalaxmi College
for Women, Thoothukudi 628002, Tamilnadu, India.

Figure - 1.Phallusia arabica Savigny, 1816 - External appearance

2.2. Extraction

The species was cleaned many times with sea water and dried under shade. The dry weight was
taken after 48 hours and drying was continued till a constant weight was achieved. This ensures
the complete removal of water from the samples. The dried animals were grinded to get powder
and kept in an air-tight container for using further investigations.

2.3. Synthesis of Silver Nanoparticles

5 mL of ethanolic extract of Phallusia arabica was added to 45 mL of 1 mM silver nitrate. This
solution was carried to continous stirring for 3 h using a magnetic stirrer®®. The reaction mixtures
were monitored for its colour change (brown). This shows the presence of silver nanoparticles.
The filtered solid product was powdered at room temperature.

2.3 Characterisation of Nanoparticles

The above synthesised NPs were characterised by FT-IR, UV, XRD, SEM, AFM and Redox
potential.

(i) FT-IR spectral studies

Silver NPs was determined using a Fourier Transform Infrared Spectrometer (Thermo scientific
Nicolet is 5) iD5 ATR/ Attenuated Total Reflectance) — Znse (zinc selenide) Accessory system.
Finely powdered 1 mg nanoparticle was added with about 100 mg of dried potassium bromide
(IR grade) powder. The mixture was then pressed to make a transparent disc. It was examined
under IR spectrometer and the resulting IR spectrum was recorded.
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(if) UV-Visible spectroscopic studies

JASCO V-650 (UV-VIS spectrophotometer) was used to identify the absorption spectrum of the
prepared nanoparticles. The synthesized nanoparticles were analysed with a Philips CM 200
model using 200kV electron acceleration voltage and with a resolution of 2.4A°. UV-VIS spectral
behaviour was studied by using Computer controlled JASCO V-650%.

(iii) X-Ray Diffraction studies

X-ray diffraction spectroscopy was used to determine the phase variety and grain size of
synthesized silver NPs. Various phases present in the prepared samples were analysed by X' pert
high score software with match and search facility. Scherrer’s equation was used to calculate the
particle size of the synthesized samples.

(iv) SEM and EDAX studies

Morphological features of the synthesized silver NPs were analysed by Scanning Electron
Microscope (JSM-6480 LV). A thin layer of platinum was coated to make the samples
conductive. Then the samples were studied in the SEM at an accelerating voltage of 20 KV.
Inorganic metals present in the samples were identified by EDAX characterisation.

(v) Atomic Force Microscopy studies

A thin film was prepared on a silica glass plate by dropping a few drops of silver NPs. It was
permitted to dry at room temperature in the dark (to avoid NPs diameter growth due to
temperature and/or light). Atomic Force Microscopy was used to scan the deposited film on silica
glass plate.

(vi) Redox potential

Cyclic voltammogram was used to detect the transfer of electrons during an oxidation-reduction
(redox) reaction. The electrode potential in solution is linearly cycled from a starting potential to
final potential and back to the starting potential. Here, the current is measured as a function of
potential. This process, in turn, cycles the redox reaction. Multiple cycles can takes place. The
system starts off with an initial potential at which no redox can takes place.

Applications

(vii) Total Antioxidant activity

The total antioxidant activity of the ethanolic extract of Phallusia arabica and synthesised silver
NPs were studied according to the method described by Prieto et al®’. 3mL of
Phosphomolybdenum solution was added with 0.3 mL of sample solution of different
concentrations (50, 100, 150, 200 and 250 pg/mL). Mixture of 0.3 mL of water and 3mL
Phosphomolybdenum solution was acted as control and Ascorbic acid was acted as reference
standard. For the completion of the reaction the test tubes were supported at 95 °C for 10 min.
Sample absorbance was recorded at 695 nm using a spectrophotometer against a control solution
after cooling at room temperature. By using the standard ascorbic acid, the antioxidant capacity
was denoted as Ascorbic acid equivalent (AAE). The % of total antioxidant activity was
determined using the following formula,

Total antioxidant activity % = Ac-As/Acx100

Where Ac is the absorbance of the control

As is the absorbance of the sample

(viii)Antibacterial assay

The antibacterial activity was measured by agar cup plate method®. The pathogens like Bacillus
cereus, Bacillus subtilis, Staphylococcus aureus, Enterococcus faecalis, Escherichia coli,
Klebsiella pneumonia, Shigella dysentriae and Serratia marcescens were collected from clinical
laboratory and stored in 4°C. The overnight culture inoculum (100ul) of each bacteria was
individually swabbed on Mueller Hinton agar plates. In each plate sterile discs of 5 millimeter
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diameter were impregnated with the known concentration of the nano silver (15 pl) and standard
antibiotic were placed and the plates were incubated at 37°C for 24 hrs. The antibacterial activity
of the nanoparticles were recorded as the mean diameter of the resulting inhibition zone of
growth measured in millimetres.

The Active Index (Al) and Proportion Index (PI) were calculated using the following formulae,

. Inhibition zone of the test sample
Active Index (Al) =

Inhibition zone of the standard
Number of positive results obtained for individual extract

Proportion Index (PI) =
Total number of tests carried out for each extract

I11. RESULTS AND DISCUSSION

3.1. UltraViolet-Visible Spectrum of silver nanoparticles

Fig.2. Shows the presence of UV-Vis spectrum of silver nanoparticles formed with Phallusia
arabica. The UV- Visible spectrum exhibited significant absorption peak at 301 nm for silver
nanoparticles, 223 nm for silver nitrate**. The colour change (brown) was monitored by UV-Vis
spectroscopy. It shows the reduction of silver ions to silver nanoparticles by exposing the silver
nitrate to Phallusia arabica extract.
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Figure - 2. UltraViolet-Visible Spectrum of silver nanoparticles synthesized using ethanol
extract of Phallusia arabica

3.2. FT-IR spectrum of silver nanoparticles

Fig.3. indicates the possible interaction of molecules for capping and stabilization of Ag
nanoparticles observed at 3444, 2426, 1651, 1633, 1384, 827, 598 cm™. The peak at 1384 cm™
shows the C—H bending vibration of alkane compounds. The peak at 3,444 cm™ shows the
presence of phenols and alcohols with free O—H group®. The additional peaks at 2426, 1651,
1384, 827, and 598 cm™ are associated to Ag-NPs. Similar results has been reported by aqueous
extract of brown marine macroalga, Sargassum Muticum?®.
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Figure - 3. FTIR Spectrum of silver nanoparticles synthesized using ethanol extract of
Phallusia arabica

3.3. X-Ray Diffraction analysis of silver NPs
The X-Ray Diffraction pattern of Phallusia arabica used silver NPs showed a number of Bragg

reflections at 20 = 29.4069, 32.2707, 46.2802, 76.8546, (Fig.4.). It shows three main diffraction
features corresponding to (1 1 1), (20 1) and (2 2 0) planes and all the three peaks can be indexed
to standard cubic phase of silver (JCPDS File No 04-0783). The received reflections are sharp
and high in intensity which proves that the synthesized nanoparticles are well crystalline. The X-
Ray Diffraction pattern observed in this study was consistent with previous reports?’.
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Figure - 4. X-Ray Diffraction patterns of silver nanoparticles synthesized using ethanol
extract of Phallusia arabica

3.4. EDAX analysis of silver nanoparticles
Elemental silver signal of the silver nanoparticles was proved by Energy dispersive X-ray

(EDAX) spectrometers.
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Figure- 5. EDAX Spectrum of silver nanoparticles synthesized usingPhallusia arabica
extract

3.5. SEM studies of silver NPs
Fig.6 (a-c) indicates the results of the silver nanoparticles formed from the Phallusia arabica
extract captured by means of Scanned electron microscopy. Silver nanoparticles synthesized
using Phallusia arabica were monodispersed with cubic structures with mean sizes of 200 nm.
Similar results have been reported from extract of Padina tetrastromatica leaf
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Figure — 6 a-c. SEM images exhibiting the morphological characteristics of silver
nanoparticles synthesized using the ascidian Phallusia arabica

3.6. AFM studies of silver NPs

AFM was used to investigate the surface morphology and size of the Ag nanoparticles.Fig.7.
shows three dimensional images of the nanoparticles. A well separated spherical particles are
noted from the 2D view. The three Dimensional view indicated that the growth direction of all
the particles was almost same. The particle size measured from AFM images matches well agree
with the values obtained from the corresponding XRD pattern. Similar results have been reported
from the marine seaweed Sargassum wightii®’.
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Figure - 7. AFM of silver NPs synthesized using ethanol extract ofPhallusia arabica

3.7. Cyclic voltammogram of silver NPs

Cyclic voltammograms were recorded in the scan rate 0.1 V/s for 1.0 mL of silver nanoparticles
synthesised using Phallusia nigra extract. It showed one oxidation peak (0.094). The background
current was recorded from -0.4 to 0.4V was shown in Fig. 8. It confirms the presence of

nanosilver.
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Figure — 8. Cyclic Voltammogram of silver NPs

Applications of Nanoparticles

3.8. Total Antioxidant activity

The antioxidant potential of the ethanolic extract and silver NPs of Phallusia arabica was
determined from their capacity to reduce the reduction of Mo (V1) to Mo (V) by the antioxidant-
enriched fractions and subsequent formation of a green phosphate/Mo (V) complex at acidic pH.
Antioxidant activity is mainly due to the presence of its bio-active compounds mainly
polyphenols, carotenoids, and vitamin E and C%. This reveals that the concentration of the
bioactive compounds present in the extract is responsible for its antioxidant activity (Table 1).
Thus, higher concentration of silver nanoparticles indicates significant antioxidant activity. Silver
nanoparticles exhibited a significant total antioxidant activity that increased with increasing
concentration.

Table 1. Total antioxidant activityof Phallusia arabica at varying concentrations
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Concentration Ethanol Silver Standard
(ng/ml) extract NPs Ascorbic acid
50 18.50 21.16 20.31
100 20.10 24.58 23.54
150 24.15 28.96 27.56
200 26.50 33.67 31.40
250 33.40 36.79 35.57

3.9. Antibacterial activity

When compared to standard drug (Table 2) silver nanoparticles showed significant inhibition
zone against Bacillus cereus, Bacillus subtilis, Staphylococcus aureus, Enterococcus faecalis,
and Shigella dysentriae. Minimum zone of inhibition was noted against Bacillus cereus (17 mm)
and maximum zone of inhibition was found against Shigella dysentriae (29 mm) and it was
higher than that of the positive control gentamycin (26 mm). The possible reason for the
antibacterial activity of silver is that Ag NPs may attach to the surface of the cell membrane
disturbing permeability and respiration functions of the cell*®. Smaller Ag NPs having the large
surface area available for interaction would give more antibacterial effect than the larger Ag NPs.
It is also possible that Ag NPs not only interact with the surface of membrane, but can also
penetrate inside the bacteria®’.

Table 2. Antibacterial activityof Phallusia arabica

Pathogens Names Silver NPs Standard
DIZ* Al* | (Gentamycin)
Bacillus cereus 17 1.0 17
Bacillus subtilis 22 1.37 16
Staphylococcus aureus 19 1.05 18
Enterococcus faecalis 20 1.11 18
Escherichia coli 19 0.79 24
Klebsiella pneumoniae 18 0.64 28
Shigella dysentriae 29 1.11 26
Serratia marcescens 21 0.84 25

*DI|Z- Diameter of Zone Inhibition; #Al- Active Index
REFERENCES

[1] Zhang, X. Yan, S. Tyagu, R.D. and Surampalli, R.Y. 2011. Synthesis of nanoparticles by
microorganisms and their application in enhancing microbiological reaction rates.
Chemosphere, 2011, 82: 489-494.

[2] Durén, N. and Seabra, A.B. 2102. Metallic oxide nanoparticles: state of the art in biogenic
syntheses and their mechanisms. Appl. Microbiol. Biotechnol, 95: 275-288.

[3] Liu, J. Qiao, S.Z. Hu, Q.H. and Lu, G.Q. 2001. Magnetic nanocomposites with mesoporous
structures: synthesis and applications. Small, 7: 425-443.

[4] Salam, H.A. Rajiv, P. Kamaraj, M. Jagadeeswaran, P. Gunalan, S. and Sivaraj, R. 2012,
Plants: Green route for nanoparticle synthesis. Int. J. Biol. Sci, 1: 85-90.

http://annalsofrsch.ro 13004



Annals of R.S.C.B., ISSN:1583-6258, VVol. 25, Issue 4, 2021, Pages. 12997 - 13006
Received 05 March 2021; Accepted 01 April 2021.

[5] Kumaran, N. Sri, Vijayaraj, R. Kumaresan, M. and Jayaprakashvel, M. 2017, Eco-friendly
synthesis of silver nanoparticles from marine ascidian, Didemnum psammathodes and its in
vitro anti-inflammatory properties. Journal of Bionanoscience, 11(6): 560-566.

[6] Sankaravadivu, S. Jothibai Margret, J. and Meenakshi, V.K. 2018. Syhthesis of iron oxide
Nanoparticles from colonial tunicate, Journal of Emerging Technologies and Innovative
Research, 5(7): 393-397.

[7] Kohila Subathra Christy, H. Jothibai Margret, J. and Meenakshi, V.K. 2018. Biosynthesis of
iron oxide Nanoparticles from simple ascidian Phallusia arabica and their total antioxidant
and antibacterial activity, Journal of Emerging Technologies and Innovative Research,
5(10): 123-135.

[8] Davis, A.R. and Bremner, J.B. 1999. Potential antifouling natural products from ascidian a
review, In: Recent Advances in marine biotechnology, Vol.3, Oxford — IHB Publ. Co. Pvt.
Ltd., New Delhi, 259-308.

[9] Meenakshi, V.K. 2010. Indian ascidians-potential candidates for research.A review.
International Journal of Biological Technology, Special issue 29-33.

[10] Margalino, G.A and Destefano. M. 1960. Contributo alla conoscenza della digeribilita delle
Ascidie Eduli. Thalassia jonica, 3:69-82.

[11] Tamilselvi, M. Sivakumar, V. Abdul Jaffar Ali, H. and Thilaga, R.D. 2010. Preparation of
pickle from Herdmania pallida, simple ascidian, World Journal of Dairy and Food
Sciences, 5(1): 88-92.

[12] Davies-Coleman, M.T. Cantrell, C.L. Gustafson, K.R. Beutler, J.A. Pannell, L.K. and Boyd,
M.R. 2000.Stolonic acids A and B, New cytotoxic cyclic peroxides from an Indian Ocean
ascidian Stolonica species. Journal of Natural Products,63: 1411-1413.

[13] Kohila Subathra Christy, H. Jothibai Margret, J. and Meenakshi, VV.K. 2014. Antipyretic and
Analgesic activity of Phallusia arabica Savigny, 1816, International Journal of Medicinal
Chemistry and Analysis, 4(3): 162-165.

[14] Kohila Subathra Christy, H. Jothibai Margret, J. and Meenakshi, V.K. 2015. Evaluation of
Wound healing activity of Phallusia arabica, World Journal of Pharmaceutical Research,
4(7): 1202-1213.

[15] Meenakshi, V.K. and Senthamarai, S.2004. First report of a simple ascidian- Phallusia
arabica Savigny, 1816 from Tuticorin coast of India, Journal of the Marine biological
association of India, 46, 104-107.

[16] Kohila Subathra Christy, H. Jothibai Margret, R. and Meenakshi, V.K.2014.Chemical
Screening and anaesthetic activity of Phallusia arabica savigny, 1816, International
Research Journal of Pharmaceutical and Applied Sciences, 4(1), 24-28.

[17] Ganeshan, K. Bragadeeswaran, S. and Balasubramanian, T.2011. Comparative study on
antibacterial activity of ascidians, Polyandrocarpa indica Michaelsen and Phallusia
arabica Savigny from Tuticorin coast of India, NISCAIR online periodicals Repository, 40,
438-442.

[18] Bala Amutha, K. Meenakshi, V.K. and Senthamarai, S.2010. Evaluation of antibacterial
activity and antimitotic activities of Biofouling marine ascidian extracts of Tuticorin coast,
International Journal of Pharmaceutical Sciences, 2, 750-758.

[19] Meenakshi, V.K. 2006. Screening of a few chosen ascidians of Tuticorin coast for
antimicrobial activity. Final technical report submitted to University grants Commission,
Hyderabad, 1-39.

http://annalsofrscb.ro 13005



Annals of R.S.C.B., ISSN:1583-6258, VVol. 25, Issue 4, 2021, Pages. 12997 - 13006
Received 05 March 2021; Accepted 01 April 2021.

[20] Mohandass, C. Vijayaraj, A. S. Rajasabapathy, R. Satheeshbabu, S. Rao, S.V. Shiva, C. and
De-Mello, 1. 2013. Biosynthesis of silver nanoparticles from marine seaweed Sargassum
cinereum and their antibacterial activity, Indian J Pharm Sci, 75(5), pp. 606-610.

[21] Misra, Prabhakar, Dubinskii and Mark, 2002. Ultraviolet Spectroscopy and UV Lasers,
Marcel Dekker, New York.

[22] Prieto, P. Pineda, M. and Aguilar M. 1999. Spectrophotometric quantitation of antioxidant
capacity through the formation of a phosphomolybdenum complex: specific application to
the determination of vitamin E. Anal Biochem, 269: 337-41.

[23] Khalid, F. Siddigi, R. and Mojgani, N. 1999. Detection and Characterization of a Heat Stable
Bacteriocin (Lactocin LC-09) Produced by a Clinical Isolate of Lactobacilli.Medical
Journal of Islamic Academy of Science, 12(3): 67-71.

[24] Baia, L. and Simon, S. 2007. UV-VIS and TEM assessment of morphological features of
silver nanoparticles from phosphate glass matrices, Modern Research and Educational
Topics in Microscopy, pp. 576-583.

[25] Silverstein, R.M. Clayton Bassler, G. and Morrill, T.C. 1991. Spectrometric identification of
organic compounds. John Wiley & Sons, Inc, Fifth Edition, 101-131.

[26] Azizi, S. Namvar, F. Mahdavi, M. Ahmad, M.B. and Mohamad, R. 2013. Biosynthesis of
silver nanoparticles using brown marine macroalga, Sargassum muticum aqueous extract,
Materials, 6, pp. 5942-5950.

[27] Shanmugam, N. Rajkamal, P. Cholan, S. Kannadasan, N. Sathishkumar, K. Viruthagiri, G.
and Sundaramanickam, A. 2014, Biosynthesis of silver nanoparticles from the marine
seaweed Sargassum wightii and their antibacterial activity against some human pathogens,
Applied Nanoscience, 4(7), pp. 881-888.

[28] Jegadeeswaran, P. Shivaraj, R. and Venckatesh, R. 2012. Green synthesis of silver
nanoparticles from extract of Padina tetrastromatica leaf, Digest Journal of Nanomaterials
and Biostructures, 7(3), pp. 991-998.

[29] Oktay, M. Gilcin, I. and Kufrevioglu, O.l. 2003. Determination of in vitro antioxidant
activity of fennel (Foeniculum vulgare) seed extracts, LWT-Food Science and Technology,
36, pp. 263-271.

[30] Kvi'tek, L. Prucek, R. Pana’c’ek, A. Novotny, R. Hrba'c, J. and Zbor"il, R. 2005. The
influence of complexing agent concentration on particle size in the process of SERS active
silver colloid synthesis, Journals of Materials Chemistry, 15, pp.1099-1105.

[31] Morones, J.R. Elechiguerra, J.L. Camacho, A. Holt, K. Kouri, J.B. Rami'rez, J.T. and
Yacaman, M.J. 2005. The bactericidal effect of silver nanoparticles, Nanotechnology, 16,
pp. 2346-2353.

http://annalsofrscb.ro 13006


http://www.ncbi.nlm.nih.gov/pubmed/?term=Mohandass%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vijayaraj%20AS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rajasabapathy%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Satheeshbabu%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20SV%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shiva%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=De-Mello%20I%5Bauth%5D
https://en.wikipedia.org/wiki/Prabhakar_Misra
https://en.wikipedia.org/wiki/Marcel_Dekker

