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ABSTRACT: 

INTRODUCTION: Anti-Breast cancer medication is used to treat or prevent cancer. Breast Cancer-

prevention drugs are known as anti-breast cancer drugs because they have an anti-cancer activity against 

cancer-causing stimulation and cancer cells. To test the anticancer activity of Melanin pigment producing 

marine actinobacterium of the Nocardiopsis species which was isolated from marine sediment samples 

using an assay known as MTT 

MATERIALS AND METHODS: The sample was collected from the area Pichavaram mangrove 

forest area, Tamilnadu.  Isolation of actinobacteria was carried out using Kuster agar medium. The colour 

of the mature sporulating aerial mycelium was recorded in naked eye. The melanoid pigments test was 

carried out on the media ISP-1 and ISP-7 as recommended by the International Nocardiopsis project. 

Reverse side pigment production of the isolate was  determined on ISP-7 medium. Soluble pigment 

production of isolate was observed on ISP-7 medium. Spore morphological characters of the strain were 

studied by inoculating a loop of old cultures into solidified agar containing sterile glass slides. The 

chemotaxonomic characteristics were also analyzed by the method recommended by the ISP. The 

production of melanin from potential marine actinobacteria was estimated by the method of sivaperumal et 

al, 2018. The proliferation of MCF-7 cells was assessed by MTT assay safadi et al, 2003. 
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RESULT: The melanin producing marine Nocardiopsis was isolated and identified. The production of 

melanin and other parameters were estimated. Further, the melanin showed more than 50% of inhibition 

after 72 hours by using the MTT assay in the MCF-7 cancer cell line. 

CONCLUSION: From the current study .We conclude that the melanin from marine Nocardiopsis 

species showed potential anticancer properties and it might be useful for further research on marine drugs 

. As we have found that the Nocardiopsis species have over 65% of inhibition after 72 hours at 3µg/ml of 

extract by using the MCF-7. 

 

INTRODUCTION: 

Anti cancer is employed against or tending to arrest or prevent cancer. The drugs used for 

preventing cancer are called anti cancer drugs which have an anti cancer activity towards the cancer causing 

stimulation and cancer cells[1]. To check the ability of the anti-cancer activity of the extracted extracellular 

polymeric substances from a marine actinobacteria of Nocardiopsis species through an assay called 

MTT[1,2],[1–3]. The MTT/MTS in Vitro cell proliferation assay is one among the foremost widely used assays 

for evaluating preliminary anti cancer activity of both synthetic derivatives and natural products and natural 

product extracts[4],[5] 

Melanin are termed as natural substances of high molecular weight released by microorganisms into their 

surroundings. Melanin establishes the functional and structural integrity of biofilms and is considered a 

fundamental component that determines the physicochemical properties of microbes [6]. Melanin are mostly 

composed of polysaccharides and proteins, but include other macromolecules such as DNA, lipids and 

humic substances [6,7] Exopolysaccharides are the sugar based parts of the EPS. Microorganisms synthesise 

a good spectrum of multifunctional polysaccharides including intracellular polysaccharides, structural 

polysaccharides and extracellular polysaccharides[8]  Previous research studies have shown that in addition 

to EPS sugars from Cyanobacteria to wastewaters remove heavy metals like copper, cadmium and lead. 

EPS sugars can physically stimulate these heavy metals and take them in through biosorption [9]. 

Melanins are termed as  macromolecules made by oxidative polymerization  consisting of phenolic 

or indolic compounds. Regularly the next shades are earthy colored or dark in shading however numerous 

different tones have additionally been noticed. Melanins are additionally hydrophobic and contrarily 

charged[10]. The biosynthesis of melanin is started from L-tyrosine by means of a progression of enzymatic 

and nonenzymatic responses by the protein tyrosinase. to start with, tyrosinase (monophenol 

monooxygenase EC 1.14.18.1) catalyzes oxidation of L-tyrosine to L-3, 4-dihydroxyphenylalanine (L-

DOPA), which is additionally changed over into dopachrome. Dopachrome is modified over to melanin by 

a progression of non enzymatic oxidoreduction reactions. Tyrosinases from various natural sources are used 
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for the amalgamation of L-DOPA and therefore the expulsion of phenolic compounds from waste waters 

[10,11]. There are three sorts of melanins for instance eumelanins, pheomelanin and allomelanins. Eumelanins 

are dark to brown shading colors created by oxidative polymerization of tyrosine (and additionally 

phenylalanine) to L-DOPA, which is additionally changed over into dopachrome and afterward to melanin. 

Eumelanin is the transcendent color incorporated in people and microorganisms[12]. Pheomelanin are red or 

yellow shading colors which are initially combined much like eumelanins, yet DOPA goes through 

cysteinylation and contains sulfur. The allomelanins framing the mediocre class are heterogeneous colors 

incorporating nitrogen free heterogeneous gathering of polymers shaped from an assortment of sources like 

dihydrofolate, homogentisic corrosive, catechols, then forth [12,13] 

The majority of actinobacteria may be found in each aquatic and terrestrial habitat. The recent 

researchers screened intensively the marine plants, medicative plants, sediments and soil environments of 

actinobacteria, so as to elucidate their bioactive molecules. Although soils are screened by the 

pharmaceutical trade for fifty years, solely a minute fraction of the surface of the world has been sampled, 

and solely alittle fraction of actinobacteria taxa has been discovered [10] Actinobacteria are the foremost 

economically and biotechnologically valuable prokaryotes. regarding half the discovered bioactive 

secondary metabolites are created by them. Microorganisms are rumored to supply around twenty three,000 

bioactive secondary metabolites and over 10,000 of those compounds are created by actinobacteria, 

representing forty fifth of all bioactive microbial metabolites discovered[14] Around 7600 compounds are 

created by actinobacteria species. or so 289 secondary metabolites from the marine-derived genus of 

actinobacteria are rumored within the Marin lit info, covering a good form of chemical structures, as well 

as peptides, macrolides, lactones, indoles, terpenes and quinones. These compounds show an in depth 

variety of industrially helpful activities, like cytotoxic, medicament, antifungal, antiprotozoal, anticancer, 

medicinal drug, anti-inflammatory drug, anthelmintic, herbicide [14] 

The bioactive secondary metabolites from marine-derived actinomycete have attracted increasing 

interest throughout the last decades. Thanks to the wonderful record of accomplishment of actinomycetes 

during this regard, a big effort has been targeted on the successful isolation of novel actinomycetes from 

terrestrial sources for drug screening programs within the past fifty years[14,15] Recently, there has been a 

decrease within the rate of discovery of latest compounds from terrestrial actinomycetes. On the opposite 

hand, there has been a rise within the rate of re-isolation of familiar compounds. so it's crucial for brand 

spanking new teams of actinomycetes from unknown or underexploited habitats to be pursued as sources 

of novel bioactive secondary metabolites [16]. Although there's a rare diversity of life within the terrestrial 

atmosphere, the best diversity is localized within the oceans. Marine actinobacteria are chemicals made 

from structurally various secondary metabolites [17]. Our team has extensive knowledge and research 

experience that has translate into high quality publications [18–22],[23],[24],[25],[26],[27],[28],([20,29,30],[31–35], [36],[37].[38]   
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[39]   [40] [41]   [41,42] [43] [44]  [45]  [46]  [47] [48] [49] [50] [51] [52] [53] [54] Aim of the study is to anticancer potential of 

EPS obtained from marine actinobacterium of Nocardiopsis species. 

 

MATERIALS AND METHODS 

Sample collection and preparation 

The sediment sample was collected from the Pichavaram mangrove forest area, Tamilnadu.  The 

collected sample was sun dried for 48 hrs and turned into fine powder by mortar and pestle. 

Isolation of actinobacteria: Isolation and enumeration of actinobacteria were carried out in Kuster’s agar 

medium (KUA) supplemented with 0.5% (W/v) NaCl. To minimize the fungal and bacterial contamination, 

KUA medium was supplemented with cycloheximide (10 µg/ml) and nalidixic acid (10 µg/ml) respectively 

(Kathiresan et al., 2005). Collected sediment samples were serially diluted and inoculated on KUA medium 

and incubated at 36°C for 7 days. The colonies were counted and the population density has been expressed 

as colony forming units per gram (CFU/g) of sediments. Morphologically distinct colonies were selected 

and pure cultures were obtained. 

Identification of marine actinobacteria 

Aerial mass colour: The colour of the mature sporulating aerial mycelium was recorded in naked eye. 

When the aerial mass colour fell between two colours series, both the colours were recorded. If the aerial 

mass colour of a strain to be studied showed intermediate tints, then also, both the colour series were noted. 

The media used were Yeast Extract-Malt Extract Agar and Inorganic-Salt Starch Agar. 

Melanoid pigments: The grouping was made on the production of melanoid pigments (i.e. greenish brown, 

brownish black or distinct brown, pigment modified by other colours) on the medium. The strains were 

grouped as melanoid pigment produced (+) and not produced (-). In a few cases, the production of melanoid 

pigments was delayed or weak, and therefore, it was not distinguishable. This is indicated as variable (V). 

This test was carried out on the media ISP-1 and ISP-7 (Appendix I), as recommended by the International 

Nocardiopsis Project (Shirling and Gottlieb, 1966). 

Reverse side pigments: Reverse side pigment production of the isolate was determined on ISP7 medium. 

The pigment production was noted as distinctive (+) and not distinctive or none (-). In case, a colour with 

low chroma such as pale yellow, olive or yellowish brown occured, it was included in the latter group (-). 

Soluble pigments: Soluble pigment production of isolate was observed on ISP7 medium. The diffusible 

pigment production other than melanin was consider as positive (+) and not produced (-). The colour was 

recorded (red, orange, green, yellow, blue and violet). 

Spore chain morphology: Spore morphological characters of the strains were studied by inoculating a 

loopful of one week old cultures into solidified agar medium contained sterile glass slide. The cultures were 
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incubated at 28+20 C and examined periodically for the formation of aerial mycelium, sporophore structure 

and spore morphology.   

Chemotaxonomical characteristics 

Hydrolysis :Hydrolysis was done for releasing amino acids. Harvested cells of each strain weighing 20 mg 

(fresh) were placed in an ampo bottle and 1 ml of 6 N HCl was added and sealed with an alcohol blast 

burner. The samples were kept at 1210 C for 20 h in a sand bath. The bottles were cooled by keeping them 

at a room temperature of 28+20C. Hydrolysis was also done for releasing sugars. Harvested cells of each 

strain weighing 50 mg (fresh) were placed in an ampo bottle and 1 ml of 0.5N HCl was added and sealed 

with an alcohol blast burner. The samples were kept at 1100 C for 2 h. The bottles were then cooled by 

keeping them at a room temperature of 28+20 C. 

Thin Layer Chromatography (TLC): Spotting of the whole cell hydrolysates was made carefully on TLC 

plate using a microliter pipette. Spots were 5-10 mm in diameter. This was done by multiple applications 

on the same spot of very small portions of the sample, which were dried by a hand dryer. 

Amino acids: Each sample (3 µl) was applied on the baselines of the TLC plate (20 cm x 20 cm). Adjacent 

to this, 1µl of DL-diaminopimelic acid (an authentic material mixture of DAP isomers) and 1µl of amino 

acetic acid (glycine) were spotted as standards. The TLC plate was developed with the solvent system 

containing methanol: pyridine: glacial acetic acid: H2O (5: 0.5: 0.125: 2.5 v/v). It took approximately more 

than 4 h for development. The spots were visualized by spraying with 0.4% ninhydrin solution in water-

saturated n-butanol, followed by heating at 1000 C for 5 min. Spots of amino acids ran faster than DAP. 

The sample spots were immediately compared with the spots of the standards since spots gradually 

disappeared in a few hours. 

Whole-Cell sugars: On a cellulose TLC plate (20 cm x 20 cm), 5µl of samples was spotted along with 3 

µl of sugar solutions as standards on the same plates. Galactose, arabinose, xylose and madurose were the 

sugars, which were used as standards. The TLC plate was developed with the solvent mixture containing 

ethyl acetate: pyridine: acetic acid: distilled water (8: 5: 1: 1.5 v/v). The development time was more than 

4 h. Spots were visualized by spraying with aniline phthalate reagent (3.25 g of phthalic acid dissolved in 

2 ml of aniline and made upto 100 ml with water saturated n-butanol). The sprayed plate was heated at 1000 

C for 4 min. Hexoses appeared as yellowish brown spots and pentoses, as maroon coloured spots. 

Assimilation of carbon source: The ability of the actinobacterial strain in utilizing various carbon 

compounds as a source of energy was studied, following the method recommended by the ISP (Shirling 

and Gottlieb, 1966). Chemically pure carbon source certified to be free of admixture with other 

carbohydrates and contaminating materials were used for this purpose. Carbon sources for this test were 

Arabinose, Xylose, Inositol, Mannitol, Fructose, Rhamnose, Sucrose and Raffinose. These carbon sources 

were sterilized by ether sterilization without heating. The media and plates were prepared and inoculated 
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according to the convention of ISP project (Shirling and Gottlieb, 1966). For each of the carbon sources, 

utilization is expressed as positive (+), negative (-), or doubtful (±). In the 'doubtful ' strains, only a trace of 

growth slightly greater than that of the control was noticed. 

Production and purification of melanin :The ISP-2 medium was prepared in seawater and was used for 

the development of inoculum. The 2ml of spore suspension from inoculums medium was inoculated in the 

fermentation medium containing 0.65 ml of glycerol, 0.63gm of Yeast extract, 0.55gm of glucose, .08gm 

of MgSO4. 

The 2ml of spore suspension was inoculated into fermentation medium (ISP7) for 12days under the 

agitation for 200rpm at ambient temperature. Then cell free supernatant was collected by centrifugation at 

10,000 rpm for 15min. The harvested cell free supernatant containing melanin was adjusted to pH 2 with 

con. HCl and kept at room temperature for 3hrs.  After incubation the suspension was centrifuged at 

10000rpm at 28°C for 20 mins to palletize the melanin pigment. The pellet was washed 3 times with distilled 

water and dissolved in a phosphate buffer (pH8). 

Chemical analysis of the melanin: The chemical test was carried out with a little modification (Fava et 

al., 1993).  The solubility test for the black pigment was tested by adding 100 µl of melanin pigment in 1ml 

of distilled deionized water, 1N HCl, 1M NaOH, absolute ethanol, acetone (warm), chloroform (warm), 

Phenol and Benzene. The reaction with the following oxidizing agents was also determined by adding 100µl 

of melanin to the 1ml of 30% Hydrogen peroxide (H2O2) solution. The precipitation test was carried out 

by adding 100 µl of purified melanin to 1ml of 1% Fecl3 solution and 1ml of Con. HCl. 

MTT Assay: The proliferation of MCF-7 cells was assessed by MTT assay Safadi et al., (2003).  MCF-7 

cells were plated in 48 well plates at a concentration of 2x104 cells/well 24 hours after plating, cells were 

washed twice with 500μl of serum-free medium and starved by incubating the cells in serum-free medium 

for 3 hours at 37ºC. After starvation, cells were treated with melanin in different concentrations for 24 

hours. At the end of treatment, the medium from control and melanin treated cells were discarded and 200μl 

of MTT containing DMEM (0.5 mg/ml) was added to each well. The cells were then incubated for 4h at 

37ºC in the CO2 incubator. 

The MTT containing medium was then discarded and the cells were washed with 1x PBS. The crystals 

were then dissolved by adding 200μl of solubilization solution and this was mixed properly by pipetting up 

and down. Then the formazan crystals formed were dissolved in dimethylsulfoxide (200μl) and incubated 

in dark for an hour. Then the intensity of the color developed was assayed using a Micro ELISA plate reader 

at 570 nm. The number of viable cells was expressed as the percentage of control cells cultured in serum-

free medium. Cell viability in the control medium without any treatment was represented as 100%. The cell 

viability is calculated using the formula: % cell viability = [A570 nmof treated cells/A570 nm of control 

cells]×100. 
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MORPHOLOGY STUDY: Based on MTT assay we selected the optimal doses (30 µg/ml) for further 

studies. Analysis of cell morphology changes by a phase contrast microscope. 3×104cells were seeded in 6 

well plates and treated with melanin (30 µg/ml for MCF-7 cells) for 24h. At the end of the incubation 

period, the medium was removed and cells were washed once with phosphate buffer saline (PBS pH 7.4). 

The plates were observed under a phase contrast microscope. 

STATISTICAL ANALYSIS: All data obtained were analyzed by Student's-t-test using MS-Excel, 

represented as mean ± SD for triplicates. The results were computed statistically (SPSS/10 Software 

Package; SPSS Inc., Chicago, IL, USA) using one-way ANOVA. The level of statistical significance was 

set at p<0.05. 

 

RESULTS AND DISCUSSION 

Isolation of marine actinobacterium of Nocardiopsis species 

The present study, isolation and identification of melanin producing marine Nocardiopsis species 

was done from sediment samples. The conventional identification features of spore chain morphology, 

sugar patterns and chemotaxonomic characteristics were done for the identification of the Nocardiopsis 

species (Table-1&2). 

Table 1 Represents conventional finding of marine actinobacteria Nocardiopsis species 

 

Color of aerial 

mycelium  

Grey 

Melanoid pigment + 

Reverse side pigment - 

Soluble pigment + 

Spore chain Long chain 

Assimilation of carbon source 

Arabinose + 

Xylose + 
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Inositol - 

Mannitol + 

Fructose + 

Rhamnose - 

Sucrose - 

Raffinose + 

 

Table 2 Represents chemotaxonomic findings of marine actinobacteria Nocardiopsis species 

Cell Wall Amino Acids:                 Cell Wall Sugar:                Cell Wall type Index:                       

LL-DAP MesoDAP Glycine Arabinose Galactose III 

- + - - - Nocardiopsis sp. 

 

(A)          (B) 

 

Fig.1A-B: Marine actinobacteria Nocardiopsis species strain and their spore chain morphology 
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Anticancer potential: 

Breast cancer is the second most frequent cause of death in women, according to a new study. 

Surgery, radiotherapy, immunotherapy, and chemotherapy are some of the clinical approaches for cancer 

patients. Although each of these treatments is helpful in its own right, when used together, they provide a 

more effective and comprehensive treatment for tumor conditions. Many antitumour compounds are 

derived from the EPS of marine actinobacteria, and these metabolites play a significant role in the 

identification of pharmaceutical compounds.[55] 

The Actinobacteria are a phylum of Gram-positive bacteria. They can be terrestrial or aquatic. 

Marine actinobacteria are unique enhancing quite different biological properties including antimicrobial, 

anticancer, antiviral, insecticidal and enzyme inhibitory activities. Adaptation of marine actinobacteria to 

extreme climatic conditions such as high salinity, high pressure, and high temperature have modified their 

physiological conditions to survive and elaborate novel bioactive metabolites. They have attracted global 

in the last ten years for their ability to produce pharmaceutically active compounds[56] 

Marine microorganisms, especially the actinobacteria, have produced the most genomic and metabolic 

diversity, and efforts should be made to explore them as a possible source for discovering novel bioactive 

products and developing newer drugs.[57,58] 

Many persistent attempts to find an appropriate anticancer potential from natural resources have 

resulted in the creation of a new medicinal treatment in several instances. In this present original study, we 

have demonstrated and conducted a experiment based on MTT assay for anticancer potential for both the 

protein and organic extracts of marine actinobacteria nocardiopsis species were regulated and screened for 

anticancer potential against human breast cancer cell line and human invasive ductal carcinoma. It Is clearly 

shown that the effect of nocardiopsis species on the culture plate of Cancer cells have displayed a reasonable 

degree of anticancer potential, causing approximately over 65% inhibition after 72 hours. On using the 

MCF-7 cell line, the capacity of the tested compound has shown that almost over 60% of inhibition in 72 

hours by using the MTT assay 
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                         Control     Treated with melanin 

Fig 2 The anticancer potential of melanin obtained from Nocardiopsis species. against MCF-7 cell line 

In a corresponding clinical study it has been reported that Nocardiopsis species, which are isolated 

and contaminated from terrestrial soils in the eastern ghats, have exhibited the anticancer potentials against 

the selected cancer cells. Secondary metabolites from actinobacteria, particularly the nocardiopsis is the 

most important marine source for acting as an anticancer reagent and has high anticancer potential 

(Nocardiopsis species: a potential source of bioactive compounds) [56,59][60][61]. 

 

CONCLUSION: 

We conclude that the melanin from marine Nocardiopsis species showed potential anticancer properties 

and it might be useful for further research on marine drugs . As we have found that the Nocardiopsis species 

have over 65% of inhibition after 72 hours at 3µg/ml of extract by using the MCF-7. 

 

ACKNOWLEDGEMENT: 

The author would like to thank the department of pharmacology and Blue lab, saveetha dental college and 

hospital, chennai for helping out with research. 

 

AUTHOR CONTRIBUTION: 

Roshan A carried out the literature search, data collection, data analysis and manuscript writing. Dr 

Sivaperumal P and Dr Ezhilarasan have conceived the study, participated in its design and coordinated and 

provided guidance to draft the manuscript. All authors have equally contributed in developing the 

manuscript. 

  

Volume 94, No. 2, 2025

Page 10

Periodico di Mineralogia

https://doi.org/10.5281/zenodo.14959670

ISSN: 0369-8963

https://paperpile.com/c/MdEWZY/LudE+vpyC
https://paperpile.com/c/MdEWZY/LudE+vpyC
https://paperpile.com/c/MdEWZY/9F30


 

CONFLICT OF INTEREST: 

The authors declare that there was no conflict of interest. 

SOURCE OF FUNDING: 

Saveetha Dental College and Hospital, Chennai and JV Indane Gas and Service, Avinashi, India. 

 

REFERENCES: 

1.  Priya MRK, Kamala Priya MR, Iyer PR. Anticancer studies of the synthesized gold nanoparticles against MCF 

7 breast cancer cell lines [Internet]. Applied Nanoscience2015;5(4):443–8. Available from: 

http://dx.doi.org/10.1007/s13204-014-0336-z 

2.  Prakash O, Khan F. Development of Method for Three-Point Data Estimation and SVR-QSAR Model to 

Screen Anti Cancer Leads [Internet]. Combinatorial Chemistry & High Throughput Screening2013;16(6):425–

34. Available from: http://dx.doi.org/10.2174/1386207311316060002 

3.  Xie R, Ruan S, Liu J, Qin L, Yang C, Tong F, et al. Furin-instructed aggregated gold nanoparticles for re-

educating tumor associated macrophages and overcoming breast cancer chemoresistance. Biomaterials 

2021;275:120891. 

4.  Smeets SJ, van der Plas M, Schaaij-Visser TBM, van Veen EAM, van Meerloo J, Braakhuis BJM, et al. 

Immortalization of oral keratinocytes by functional inactivation of the p53 and pRb pathways [Internet]. 

International Journal of Cancer2011;128(7):1596–605. Available from: http://dx.doi.org/10.1002/ijc.25474 

5.  Hoefnagel CA. Anti-cancer radiopharmaceuticals [Internet]. Anti-Cancer Drugs1991;2(2):107–32. Available 

from: http://dx.doi.org/10.1097/00001813-199104000-00001 

6.  Seetharaman P, Gnanasekar S, Chandrasekaran R, Chandrakasan G, Kadarkarai M, Sivaperumal S. Isolation 

and characterization of anticancer flavone chrysin (5,7-dihydroxy flavone)-producing endophytic fungi from 

Passiflora incarnata L. leaves [Internet]. Annals of Microbiology2017;67(4):321–31. Available from: 

http://dx.doi.org/10.1007/s13213-017-1263-5 

7.  Ronayne CT, Jonnalagadda SK, Jonnalagadda S, Nelson GL, Solano LN, Palle H, et al. Synthesis and 

biological evaluation of a novel anticancer agent CBISC that induces DNA damage response and diminishes 

levels of mutant-p53. Biochem Biophys Res Commun 2021;562:127–32. 

8.  Chandrasekaran R, Yadav SA, Sivaperumal S. Phytosynthesis and Characterization of Copper Oxide 

Nanoparticles using the Aqueous Extract of Beta vulgaris L and Evaluation of their Antibacterial and 

Anticancer Activities [Internet]. Journal of Cluster Science2020;31(1):221–30. Available from: 

http://dx.doi.org/10.1007/s10876-019-01640-6 

9.  Carmichael SJ. Optimisation of Study Design in the Pharmacokinetics of Anticancer Drugs. 2001. 

10.  Rajeshkumar S, Lakshmi T, Tharani M, Sivaperumal P. Green Synthesis of Gold Nanoparticles Using 

Pomegranate Peel Extract and Its Antioxidant and Anticancer Activity against Liver Cancer Cell Line 

[Internet]. Alinteri Journal of Agricultural Sciences2020;35(2):164–9. Available from: 

http://dx.doi.org/10.47059/alinteri/v35i2/ajas20089 

11.  Allwright D, Hanks J. Learner Variables and the Learner [Internet]. The Developing Language 

Learner2009;80–91. Available from: http://dx.doi.org/10.1057/9780230233690_6 

Volume 94, No. 2, 2025

Page 11

Periodico di Mineralogia

https://doi.org/10.5281/zenodo.14959670

ISSN: 0369-8963

http://paperpile.com/b/MdEWZY/tIiw
http://paperpile.com/b/MdEWZY/tIiw
http://dx.doi.org/10.1007/s13204-014-0336-z
http://paperpile.com/b/MdEWZY/LiB0
http://paperpile.com/b/MdEWZY/LiB0
http://paperpile.com/b/MdEWZY/LiB0
http://paperpile.com/b/MdEWZY/LiB0
http://paperpile.com/b/MdEWZY/LZJE
http://paperpile.com/b/MdEWZY/LZJE
http://paperpile.com/b/MdEWZY/LZJE
http://paperpile.com/b/MdEWZY/wD47
http://paperpile.com/b/MdEWZY/wD47
http://paperpile.com/b/MdEWZY/wD47
http://paperpile.com/b/MdEWZY/wD47
http://paperpile.com/b/MdEWZY/MwUI
http://paperpile.com/b/MdEWZY/MwUI
http://dx.doi.org/10.1097/00001813-199104000-00001
http://paperpile.com/b/MdEWZY/eh64
http://paperpile.com/b/MdEWZY/eh64
http://paperpile.com/b/MdEWZY/eh64
http://paperpile.com/b/MdEWZY/eh64
http://dx.doi.org/10.1007/s13213-017-1263-5
http://paperpile.com/b/MdEWZY/PK5t
http://paperpile.com/b/MdEWZY/PK5t
http://paperpile.com/b/MdEWZY/PK5t
http://paperpile.com/b/MdEWZY/cOuT
http://paperpile.com/b/MdEWZY/cOuT
http://paperpile.com/b/MdEWZY/cOuT
http://paperpile.com/b/MdEWZY/cOuT
http://dx.doi.org/10.1007/s10876-019-01640-6
http://paperpile.com/b/MdEWZY/u4Ry
http://paperpile.com/b/MdEWZY/LaUf
http://paperpile.com/b/MdEWZY/LaUf
http://paperpile.com/b/MdEWZY/LaUf
http://paperpile.com/b/MdEWZY/LaUf
http://dx.doi.org/10.47059/alinteri/v35i2/ajas20089
http://paperpile.com/b/MdEWZY/9NDo
http://paperpile.com/b/MdEWZY/9NDo
http://dx.doi.org/10.1057/9780230233690_6


12.  Chandrasekaran R, Gnanasekar S, Seetharaman P, Keppanan R, Arockiaswamy W, Sivaperumal S. 

Formulation of Carica papaya latex-functionalized silver nanoparticles for its improved antibacterial and 

anticancer applications [Internet]. Journal of Molecular Liquids2016;219:232–8. Available from: 

http://dx.doi.org/10.1016/j.molliq.2016.03.038 

13.  Meredith M. 891. From Mrs. Marie Meredith To George Meredith [Internet]. The Letters of George Meredith, 

Vol. 2Available from: http://dx.doi.org/10.1093/oseo/instance.00201557 

14.  Eid AM, Hawash M, Amer J, Jarrar A, Qadri S, Alnimer I, et al. Synthesis and Biological Evaluation of Novel 

Isoxazole-Amide Analogues as Anticancer and Antioxidant Agents. Biomed Res Int 2021;2021:6633297. 

15.  Aghamirian B, Dorri B, Aghamirian B. Customer Knowledge Management Application in Gaining 

Organization’s Competitive Advantage in Electronic Commerce [Internet]. Journal of theoretical and applied 

electronic commerce research2015;10(1):63–78. Available from: http://dx.doi.org/10.4067/s0718-

18762015000100006 

16.  Lutfia A, Munir E, Yurnaliza Y, Basyuni M. Chemical analysis and anticancer activity of sesterterpenoid from 

an endophytic fungus Zg15SU and its host Baker. Heliyon 2021;7(2):e06292. 

17.  Awad MF, El-Shenawy FS, El-Gendy MMAA, El-Bondkly EAM. Purification, characterization, and 

anticancer and antioxidant activities of L-glutaminase from Aspergillus versicolor Faesay4. Int Microbiol 

2021;24(2):169–81. 

18.  Rajeshkumar S, Kumar SV, Ramaiah A, Agarwal H, Lakshmi T, Roopan SM. Biosynthesis of zinc oxide 

nanoparticles usingMangifera indica leaves and evaluation of their antioxidant and cytotoxic properties in lung 

cancer (A549) cells. Enzyme Microb Technol 2018;117:91–5. 

19.  Nandhini NT, Rajeshkumar S, Mythili S. The possible mechanism of eco-friendly synthesized nanoparticles on 

hazardous dyes degradation. Biocatal Agric Biotechnol 2019;19:101138. 

20.  Vairavel M, Devaraj E, Shanmugam R. An eco-friendly synthesis of Enterococcus sp.–mediated gold 

nanoparticle induces cytotoxicity in human colorectal cancer cells. Environ Sci Pollut Res 2020;27(8):8166–

75. 

21.  Gomathi M, Prakasam A, Rajkumar PV, Rajeshkumar S, Chandrasekaran R, Anbarasan PM. Green synthesis 

of silver nanoparticles using Gymnema sylvestre leaf extract and evaluation of its antibacterial activity 

[Internet]. South African Journal of Chemical Engineering2020;32:1–4. Available from: 

http://dx.doi.org/10.1016/j.sajce.2019.11.005 

22.  Rajasekaran S, Damodharan D, Gopal K, Rajesh Kumar B, De Poures MV. Collective influence of 1-decanol 

addition, injection pressure and EGR on diesel engine characteristics fueled with diesel/LDPE oil blends. Fuel 

2020;277:118166. 

23.  Santhoshkumar J, Sowmya B, Venkat Kumar S, Rajeshkumar S. Toxicology evaluation and antidermatophytic 

activity of silver nanoparticles synthesized using leaf extract of Passiflora caerulea. S Afr J Chem Eng 

2019;29:17–23. 

24.  Raj R K, D E, S R. β-Sitosterol-assisted silver nanoparticles activates Nrf2 and triggers mitochondrial 

apoptosis via oxidative stress in human hepatocellular cancer cell line. J Biomed Mater Res A 

2020;108(9):1899–908. 

25.  Saravanan M, Arokiyaraj S, Lakshmi T, Pugazhendhi A. Synthesis of silver nanoparticles from Phenerochaete 

chrysosporium (MTCC-787) and their antibacterial activity against human pathogenic bacteria. Microb Pathog 

2018;117:68–72. 

26.  Gheena S, Ezhilarasan D. Syringic acid triggers reactive oxygen species–mediated cytotoxicity in HepG2 cells. 

Volume 94, No. 2, 2025

Page 12

Periodico di Mineralogia

https://doi.org/10.5281/zenodo.14959670

ISSN: 0369-8963

http://paperpile.com/b/MdEWZY/9oum
http://paperpile.com/b/MdEWZY/9oum
http://paperpile.com/b/MdEWZY/9oum
http://paperpile.com/b/MdEWZY/9oum
http://dx.doi.org/10.1016/j.molliq.2016.03.038
http://paperpile.com/b/MdEWZY/nLG7
http://paperpile.com/b/MdEWZY/nLG7
http://dx.doi.org/10.1093/oseo/instance.00201557
http://paperpile.com/b/MdEWZY/TkJj
http://paperpile.com/b/MdEWZY/TkJj
http://paperpile.com/b/MdEWZY/Fbrr
http://paperpile.com/b/MdEWZY/Fbrr
http://paperpile.com/b/MdEWZY/Fbrr
http://paperpile.com/b/MdEWZY/Fbrr
http://dx.doi.org/10.4067/s0718-18762015000100006
http://paperpile.com/b/MdEWZY/gkN2
http://paperpile.com/b/MdEWZY/gkN2
http://paperpile.com/b/MdEWZY/pPvj
http://paperpile.com/b/MdEWZY/pPvj
http://paperpile.com/b/MdEWZY/pPvj
http://paperpile.com/b/MdEWZY/rf0Eh
http://paperpile.com/b/MdEWZY/rf0Eh
http://paperpile.com/b/MdEWZY/rf0Eh
http://paperpile.com/b/MdEWZY/3ZgqZ
http://paperpile.com/b/MdEWZY/3ZgqZ
http://paperpile.com/b/MdEWZY/AbLhR
http://paperpile.com/b/MdEWZY/AbLhR
http://paperpile.com/b/MdEWZY/AbLhR
http://paperpile.com/b/MdEWZY/iv0K7
http://paperpile.com/b/MdEWZY/iv0K7
http://paperpile.com/b/MdEWZY/iv0K7
http://paperpile.com/b/MdEWZY/iv0K7
http://dx.doi.org/10.1016/j.sajce.2019.11.005
http://paperpile.com/b/MdEWZY/u3Tao
http://paperpile.com/b/MdEWZY/u3Tao
http://paperpile.com/b/MdEWZY/u3Tao
http://paperpile.com/b/MdEWZY/RBvWo
http://paperpile.com/b/MdEWZY/RBvWo
http://paperpile.com/b/MdEWZY/RBvWo
http://paperpile.com/b/MdEWZY/IFWn9
http://paperpile.com/b/MdEWZY/IFWn9
http://paperpile.com/b/MdEWZY/IFWn9
http://paperpile.com/b/MdEWZY/wtxeO
http://paperpile.com/b/MdEWZY/wtxeO
http://paperpile.com/b/MdEWZY/wtxeO
http://paperpile.com/b/MdEWZY/9ECyB


Hum Exp Toxicol 2019;38(6):694–702. 

27.  Ezhilarasan D, Sokal E, Najimi M. Hepatic fibrosis: It is time to go with hepatic stellate cell-specific 

therapeutic targets. Hepatobiliary Pancreat Dis Int 2018;17(3):192–7. 

28.  Ezhilarasan D. Oxidative stress is bane in chronic liver diseases: Clinical and experimental perspective. Arab J 

Gastroenterol 2018;19(2):56–64. 

29.  Gomathi AC, Xavier Rajarathinam SR, Mohammed Sadiq A, Rajeshkumar S. Anticancer activity of silver 

nanoparticles synthesized using aqueous fruit shell extract of Tamarindus indica on MCF-7 human breast 

cancer cell line. J Drug Deliv Sci Technol 2020;55:101376. 

30.  Dua K, Wadhwa R, Singhvi G, Rapalli V, Shukla SD, Shastri MD, et al. The potential of siRNA based drug 

delivery in respiratory disorders: Recent advances and progress. Drug Dev Res 2019;80(6):714–30. 

31.  Ramesh A, Varghese S, Jayakumar ND, Malaiappan S. Comparative estimation of sulfiredoxin levels between 

chronic periodontitis and healthy patients - A case-control study. J Periodontol 2018;89(10):1241–8. 

32.  Arumugam P, George R, Jayaseelan VP. Aberrations of m6A regulators are associated with tumorigenesis and 

metastasis in head and neck squamous cell carcinoma. Arch Oral Biol 2021;122:105030. 

33.  Joseph B, Prasanth CS. Is photodynamic therapy a viable antiviral weapon against COVID-19 in dentistry? 

Oral Surg Oral Med Oral Pathol Oral Radiol 2021;132(1):118–9. 

34.  Ezhilarasan D, Apoorva VS, Ashok Vardhan N. Syzygium cumini extract induced reactive oxygen species-

mediated apoptosis in human oral squamous carcinoma cells. J Oral Pathol Med 2019;48(2):115–21. 

35.  Duraisamy R, Krishnan CS, Ramasubramanian H, Sampathkumar J, Mariappan S, Navarasampatti 

Sivaprakasam A. Compatibility of Nonoriginal Abutments With Implants: Evaluation of Microgap at the 

Implant-Abutment Interface, With Original and Nonoriginal Abutments. Implant Dent 2019;28(3):289–95. 

36.  Gnanavel V, Roopan SM, Rajeshkumar S. Aquaculture: An overview of chemical ecology of seaweeds (food 

species) in natural products. Aquaculture 2019;507:1–6. 

37.  Markov A, Thangavelu L, Aravindhan S, Zekiy AO, Jarahian M, Chartrand MS, et al. Mesenchymal 

stem/stromal cells as a valuable source for the treatment of immune-mediated disorders. Stem Cell Res Ther 

2021;12(1):192. 

38.  Rajeshkumar S, Ezhilarasan D, Puyathron N, Lakshmi T. Role of supermagnetic nanoparticles in Alzheimer 

disease. In: Nanobiotechnology in Neurodegenerative Diseases. Cham: Springer International Publishing; 

2019. page 225–40. 

39.  Rajeshkumar S, Lakshmi T, Tharani M, Sivaperumal P. Green synthesis of gold nanoparticles using 

pomegranate peel extract and its antioxidant and anticancer activity against liver cancer cell line. Alınteri zirai 

bilim derg 2020;35(2):164–9. 

40.  Rajeshkumar S, Tharani M, Sivaperumal P, Lakshmi T. Synthesis of Antimicrobial Silver Nanoparticles by 

Using Flower of Calotropis Gigantea. Journal of Complementary Medicine Research 2020;11(5):8–16. 

41.  Lakshmi T, Ezhilarasan D, Nagaich U, Vijayaragavan R. Acacia catechu Ethanolic Seed Extract Triggers 

Apoptosis of SCC-25 Cells. Pharmacogn Mag [Internet] 2017 [cited 2021 Aug 31];13(Suppl 3). Available 

from: https://pubmed.ncbi.nlm.nih.gov/29142391/ 

42.  Phyto-assisted synthesis of zinc oxide nanoparticles using Cassia alata and its antibacterial activity against 

Escherichia coli. Biochemistry and Biophysics Reports 2019;17:208–11. 

43.  Rajeshkumar S, Sivaperumal P, Tharani M, Lakshmi T. Green Synthesis of Zinc Oxide Nanoparticles by 

Volume 94, No. 2, 2025

Page 13

Periodico di Mineralogia

https://doi.org/10.5281/zenodo.14959670

ISSN: 0369-8963

http://paperpile.com/b/MdEWZY/9ECyB
http://paperpile.com/b/MdEWZY/VVfRH
http://paperpile.com/b/MdEWZY/VVfRH
http://paperpile.com/b/MdEWZY/vZahE
http://paperpile.com/b/MdEWZY/vZahE
http://paperpile.com/b/MdEWZY/8WAlS
http://paperpile.com/b/MdEWZY/8WAlS
http://paperpile.com/b/MdEWZY/8WAlS
http://paperpile.com/b/MdEWZY/yn5mP
http://paperpile.com/b/MdEWZY/yn5mP
http://paperpile.com/b/MdEWZY/71g72
http://paperpile.com/b/MdEWZY/71g72
http://paperpile.com/b/MdEWZY/t19OB
http://paperpile.com/b/MdEWZY/t19OB
http://paperpile.com/b/MdEWZY/ybfkG
http://paperpile.com/b/MdEWZY/ybfkG
http://paperpile.com/b/MdEWZY/XyS4z
http://paperpile.com/b/MdEWZY/XyS4z
http://paperpile.com/b/MdEWZY/VyYg8
http://paperpile.com/b/MdEWZY/VyYg8
http://paperpile.com/b/MdEWZY/VyYg8
http://paperpile.com/b/MdEWZY/4qvcs
http://paperpile.com/b/MdEWZY/4qvcs
http://paperpile.com/b/MdEWZY/iRQGe
http://paperpile.com/b/MdEWZY/iRQGe
http://paperpile.com/b/MdEWZY/iRQGe
http://paperpile.com/b/MdEWZY/Nn4Ev
http://paperpile.com/b/MdEWZY/Nn4Ev
http://paperpile.com/b/MdEWZY/Nn4Ev
http://paperpile.com/b/MdEWZY/25cam
http://paperpile.com/b/MdEWZY/25cam
http://paperpile.com/b/MdEWZY/25cam
http://paperpile.com/b/MdEWZY/hDvyP
http://paperpile.com/b/MdEWZY/hDvyP
http://paperpile.com/b/MdEWZY/qw5V7
http://paperpile.com/b/MdEWZY/qw5V7
http://paperpile.com/b/MdEWZY/qw5V7
http://paperpile.com/b/MdEWZY/qw5V7
http://paperpile.com/b/MdEWZY/aLcMW
http://paperpile.com/b/MdEWZY/aLcMW
http://paperpile.com/b/MdEWZY/1dP4h


Cardiospermum -. Journal of Complementary Medicine Research 2020;11(5):128–36. 

44.  Rajeshkumar S, Tharani M, Sivaperumal P, Lakshmi T. Green Synthesis of Selenium Nanoparticles Using 

Black Tea (Camellia Sinensis) And Its Antioxidant and Antimicrobial Activity. Journal of Complementary 

Medicine Research 2020;11(5):75–82. 

45.  R. Jagadheeswari RJ, T. Lakshmi TL, Balusamy SR, David S, Kumar SR. Biosynthesis of silver nanoparticles 

using Withania somnifera (L.) Dunal extract and its antibacterial activity against food pathogens. Ann 

Phytomed [Internet] 2020;9(1). Available from: 

http://www.ukaazpublications.com/publications/?smd_process_download=1&download_id=9526 

46.  Molecular docking analysis of compounds from Lycopersicon esculentum with the insulin receptor to combat 

type 2 diabetes [Internet]. [cited 2021 Aug 31];Available from: 

http://www.bioinformation.net/016/97320630016748.htm 

47.  Anticancer effects and lysosomal acidification in A549 cells by Astaxanthin from Haematococcus lacustris 

[Internet]. [cited 2021 Aug 31];Available from: http://www.bioinformation.net/016/97320630016965.htm 

48.  Akshayaa L, Lakshmi, Thangavelu, Devaraj, Ezhilarasan, Roy, Anitha, Raghunandhakumar, S, Sivaperumal P, 

David, Sheba, Dua, Kamal, Chellappan, Dinesh Kumar. Data on known anti-virals in combating CoVid-19. 

Bioinformation 2020;878–878. 

49.  Rajeshkumar S, Agarwal H, Sivaperumal P, Shanmugam VK, Lakshmi T. Antimicrobial, anti-inflammatory 

and anticancer potential of Microbes mediated zinc oxide nanoparticles. Journal of Complementary Medicine 

Research 2020;11(5):41–8. 

50.  Thangavelu L, Balusamy SR, Shanmugam R, Sivanesan S, Devaraj E, Rajagopalan V, et al. Evaluation of the 

sub-acute toxicity of Acacia catechu Willd seed extract in a Wistar albino rat model. Regul Toxicol Pharmacol 

[Internet] 2020 [cited 2021 Aug 31];113. Available from: https://pubmed.ncbi.nlm.nih.gov/32169672/ 

51.  Cytotoxic potentials of silibinin assisted silver nanoparticles on human colorectal HT-29 cancer cells 

[Internet]. [cited 2021 Aug 31];Available from: http://www.bioinformation.net/016/97320630016817.htm 

52.  Shaker Ardakani L, Surendar A, Thangavelu L, Mandal T. Silver nanoparticles (Ag NPs) as catalyst in 

chemical reactions. Synth Commun 2021;1–21. 

53.  Hashim IM, Ghazi IF, Kuzichkin OR, Shakirova IA, Surendar A, Thangavelu L, et al. Effects of Primary 

Stored Energy on Relaxation Behavior of High Entropy Bulk Metallic Glasses Under Compressive Elastostatic 

Loading. Trans Indian Inst Met 2021;74(6):1295–301. 

54.  Krishnan V, Lakshmi T. Bioglass: A novel biocompatible innovation. J Adv Pharm Technol Res [Internet] 

2013 [cited 2021 Aug 31];4(2). Available from: https://pubmed.ncbi.nlm.nih.gov/23833747/ 

55.  Rajivgandhi G, Muneeswaran T, Maruthupandy M, Ramakritinan CM, Saravanan K, Ravikumar V, et al. 

Antibacterial and anticancer potential of marine endophytic actinomycetes Streptomyces coeruleorubidus GRG 

4 (KY457708) compound against colistin resistant uropathogens and A549 lung cancer cells. Microb Pathog 

2018;125:325–35. 

56.  Manivasagan P, Kim S-K. The Current Status of Novel Anticancer Drugs from Marine Actinobacteria 

[Internet]. Handbook of Anticancer Drugs from Marine Origin2015;239–51. Available from: 

http://dx.doi.org/10.1007/978-3-319-07145-9_12 

57.  Chandrakasan G, Seetharaman P, Gnanasekar S, Kadarkarai M, Sivaperumal S. Xenorhabdus stockiae 

KT835471-mediated feasible biosynthesis of metal nanoparticles for their antibacterial and cytotoxic activities. 

Artif Cells Nanomed Biotechnol 2017;45(8):1675–84. 

58.  Kamala K, Sivaperumal P. Biological Activities of Marine Biopolymers [Internet]. Industrial Applications of 

Volume 94, No. 2, 2025

Page 14

Periodico di Mineralogia

https://doi.org/10.5281/zenodo.14959670

ISSN: 0369-8963

http://paperpile.com/b/MdEWZY/1dP4h
http://paperpile.com/b/MdEWZY/7maQl
http://paperpile.com/b/MdEWZY/7maQl
http://paperpile.com/b/MdEWZY/7maQl
http://paperpile.com/b/MdEWZY/26G3Z
http://paperpile.com/b/MdEWZY/26G3Z
http://paperpile.com/b/MdEWZY/26G3Z
http://paperpile.com/b/MdEWZY/26G3Z
http://www.ukaazpublications.com/publications/?smd_process_download=1&download_id=9526
http://paperpile.com/b/MdEWZY/R7Y2Z
http://paperpile.com/b/MdEWZY/R7Y2Z
http://www.bioinformation.net/016/97320630016748.htm
http://paperpile.com/b/MdEWZY/FlN95
http://paperpile.com/b/MdEWZY/FlN95
http://www.bioinformation.net/016/97320630016965.htm
http://paperpile.com/b/MdEWZY/Xjp59
http://paperpile.com/b/MdEWZY/Xjp59
http://paperpile.com/b/MdEWZY/Xjp59
http://paperpile.com/b/MdEWZY/uT5BS
http://paperpile.com/b/MdEWZY/uT5BS
http://paperpile.com/b/MdEWZY/uT5BS
http://paperpile.com/b/MdEWZY/aUm1g
http://paperpile.com/b/MdEWZY/aUm1g
http://paperpile.com/b/MdEWZY/aUm1g
http://paperpile.com/b/MdEWZY/aUm1g
http://paperpile.com/b/MdEWZY/oL8G8
http://paperpile.com/b/MdEWZY/oL8G8
http://www.bioinformation.net/016/97320630016817.htm
http://paperpile.com/b/MdEWZY/RhAnL
http://paperpile.com/b/MdEWZY/RhAnL
http://paperpile.com/b/MdEWZY/wkKzU
http://paperpile.com/b/MdEWZY/wkKzU
http://paperpile.com/b/MdEWZY/wkKzU
http://paperpile.com/b/MdEWZY/4pEsn
http://paperpile.com/b/MdEWZY/4pEsn
https://pubmed.ncbi.nlm.nih.gov/23833747/
http://paperpile.com/b/MdEWZY/8PBg
http://paperpile.com/b/MdEWZY/8PBg
http://paperpile.com/b/MdEWZY/8PBg
http://paperpile.com/b/MdEWZY/8PBg
http://paperpile.com/b/MdEWZY/LudE
http://paperpile.com/b/MdEWZY/LudE
http://dx.doi.org/10.1007/978-3-319-07145-9_12
http://paperpile.com/b/MdEWZY/Ggo0
http://paperpile.com/b/MdEWZY/Ggo0
http://paperpile.com/b/MdEWZY/Ggo0
http://paperpile.com/b/MdEWZY/Ia0X


Marine Biopolymers2017;179–91. Available from: http://dx.doi.org/10.1201/9781315313535-9 

59.  Bennur T, Ravi Kumar A, Zinjarde SS, Javdekar V. Nocardiopsis species: a potential source of bioactive 

compounds. J Appl Microbiol 2016;120(1):1–16. 

60.  Murugavel S, Ravikumar C, Jaabil G, Alagusundaram P. Synthesis, computational quantum chemical study, in 

silico ADMET and molecular docking analysis, in vitro biological evaluation of a novel sulfur heterocyclic 

thiophene derivative containing 1,2,3-triazole and pyridine moieties as a potential human topoisomerase IIα 

inhibiting anticancer agent. Comput Biol Chem 2019;79:73–82. 

61.  Gangwar RK, Tomar GB, Dhumale VA, Zinjarde S, Sharma RB, Datar S. Curcumin conjugated silica 

nanoparticles for improving bioavailability and its anticancer applications. J Agric Food Chem 

2013;61(40):9632–7. 

 

Volume 94, No. 2, 2025

Page 15

Periodico di Mineralogia

https://doi.org/10.5281/zenodo.14959670

ISSN: 0369-8963

http://paperpile.com/b/MdEWZY/Ia0X
http://paperpile.com/b/MdEWZY/Ia0X
http://paperpile.com/b/MdEWZY/vpyC
http://paperpile.com/b/MdEWZY/vpyC
http://paperpile.com/b/MdEWZY/cpRN
http://paperpile.com/b/MdEWZY/cpRN
http://paperpile.com/b/MdEWZY/cpRN
http://paperpile.com/b/MdEWZY/cpRN
http://paperpile.com/b/MdEWZY/9F30
http://paperpile.com/b/MdEWZY/9F30
http://paperpile.com/b/MdEWZY/9F30

