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ABSTRACT 

Melanin is a ubiquitous natural pigment that is present in many organs 

in different species. It is well recognized as a UV absorber and as a 

protective molecule. It harbors stable intrinsic free radicals and binds 

metals, and molecules. It shows a broad band optical spectrum and a 

single- x-ray line in addition to a paramagnetic behavior. It is water 

and organic-solvent insoluble and is highly resistant to chemical 

attack; thus it has survived through millennia as an intact chemical 

entity. Electrically and optically responsive electron spins and protonic 

conductors exit in melanin and it is normally conductive as well as 

photo responsive. Currently melanin is described as an oligmeric 

polymer made of various combinations of indolic monomers. Active 

and protective physiological roles have been identified, and assigned to biologically 

constituted melanin as well as to internally or externally administered melanin. It has often 

been suggested as possible pharmacological agent in certain physiological and disease 

situations. Many diseases are accompanied by an increase or decrease of melanin production 

by the living organism. It has increasingly been suggested as a component in bio-inspired 

electronics and as a biological interface. This review brings together data on the biosynthesis, 

physicochemical characteristics, structure and morphological properties of melanin. Contrary 

to most of the well-known biological molecules melanin is not clearly definable as a single 

chemical structure with a recognizable molecular weight. General characteristics of the 

molecule that makes melanin identifiable as a specific chemical entity are discussed here.  
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1. INTRODUCTION 

Melanin is a ubiquitous pigment in nature and is a well-known biomolecule that can also be 

synthetically prepared. It is also recognized as a robust biomolecule that has shown full 

conservation and chemical stability over millennia; as has been reflected by its discovery in 

intact form in ancient samples from the Jurassic period.
[1,2]

 It has been hypothesized that 

melanin has formerly, during some ancient course of the evolutionary process played an 

important role as an ‗organizing molecule‘ assuming functions similar to those of enzymes in 

contemporary evolutionary-developed systems.
[3]

 In recent times melanin has gained more 

scientific prominence as a natural pigment of considerable significance in both of the 

biological systems and physicochemical materials applications. Despite of this, the basic 

functions and molecular structure of melanin remains poorly understood. Under biological 

conditions melanin is formed via an oxidative polymerization process of phenolic 

compounds, which gives rise to diverse oligomeric groups of molecules with high molecular 

weights.
[4]

 When melanins are isolated from living tissue, they produce an insoluble and 

amorphous substance that defies analysis by simple chemical and physical classical 

techniques. The early criteria for provisional identification of a brown or black pigment as 

melanin were based on a set of chemical tests. These tests included resistance to organic 

solvents and concentrated acids, solublization and degradation by an alkali, oxidation by 

ammonia-silver salts, and bleaching by oxidizing agents.
[5,6]

 Various physicochemical 

techniques can be added to this list, including electron spin resonance (ESR), UV-visible 

spectrophotometry, Fourier transform infrared (FTIR), fluorescence spectra, X-ray diffraction 

(XRD), nuclear magnetic resonance (NMR), mass spectrometry, and other more recent 

microscopy techniques and photonic methods. A general approach to the photo-physics and 

photochemistry of melanin was presented by Zeise and Chedekel.
[7]

 Additionally, a 

‗standardized test‘, based on ESR criteria, for the identification and characterization of 

melanin, was proposed by Enochs et al.
[8]

 Many health effects have been attributed to 

melanin including radioprotective, therapeutic, immunological, neurological and other 

effects. Some of these, like the UV-radioprotective role is well known and widely studied. In 

some of these biological activities, melanin acts as a powerful energy transformer, redox 

agent, cation chelator, and/or a free-radical sink.
[9,10]

 The reactive quinone intermediates that 

arise in the biosynthetic pathway of melanin are also thought to exhibit antibiotic 
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properties.
[11]

 Published information that advocates melanin as a beneficial component of 

herbals is US patent No. 6,256,200.
[12]

 

 

The role of melanin as a scavenging or quenching molecule for superoxide anions and singlet 

oxygen species has been discussed by Tada et al. (2010)
[13]

 who used ESR and 

spectrophotometric methods to show that melanin interacts potently with reactive oxygen 

species generated under certain physiological reactions. 

 

Although originally believed to be an amorphous organic semiconductor
[14,15]

 it has been 

shown by Meredith et al. that melanin is an oligomeric molecule built up of a combination of 

dihydroxyindoles (DHI) and dihydroxyindole carboxlic acid (DHICA).
[16]

 They could then 

attribute the conductive nature of melanin to a dual electronic and protonic contributions 

from the extensive oligomeric molecular structure of melanin
[17]

 It has therefore been 

predicted that unusual nature of this structure can open exciting possibilities for 

bioelectronics applications, such as acting as an ion-to electron transduction agent
[18]

 in 

addition to its biological roles. 

 

Melanin is usually classified into three groups: eumelanin, phaeomelanin, and 

allomelanin.
[19]

 Phaeomelanin are present in red hair and feathers. Allomelanin (allo- 

meaning ―other‖) are generally associated with plants and are formed from nitrogen-free 

precursors such as catechols and 1,8-dihydroxynaphthalene (DHN). Phenolic quinones have 

been identified as important intermediates in the biosynthesis of allomelanin.
[20]

 

 

2. Biosynthesis of melanin 

In mammals two well-known melanin pigments exit, eumelanin and pheomelanins. The 

predominant pigment is eumelanin and it shares many common characteristics with 

pheomelanin. Eumelanins are dark black or brownish black while pheomelanins are 

yellowish or reddish in color. A distinctive chemical distinction is that pheomelanins 

constitute Sulphur as an additional element in their structures, (Fig. 1). 

 

The amino-acid Tyrosine is the transformed into melanin through a number of consecutive 

processes that occur within the melanosome organelle residing in the melanocyte cells. This 

transformation is catalyzed via an enzymatic process by tyrosinase. In many living systems 

the tyrosinase enzyme plays a similar role. The biosynthesis pathway for eumelanin and 

pheomelanin in mammals are assumed to be as shown in Fig 2. 
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Melanin is known to exit in many plants, fungi and bacteria. Tyrosinase has been successfully 

extracted from grapes and mushrooms
[21]

 and its synthesis has been identified as a distinct 

stage leading towards the darkening of many organisms. This copper containing enzyme 

catalyzes two different reactions by using molecular oxygen: the hydroxylation of 

monophenols to orthodiphenols (monophenolase activity) and the oxidation of the ortho-

diphenols to ortho-quinones (diphenolase activity)
[4]

 This latter reaction is autocatalytic such 

that the enzyme is activated by the ortho-diphenol products.
[22]

 For example, tyrosine, DOPA, 

dopaquinone, and leukodopachrome can condense with betalamic acid to form yellow 

pigments called betalains.
[23,24]

 A wide range of benzoquinones is produced by plants under 

the activity of monophenol oxidases, including tyrosinase with creolase activity (EC 

1.14.18.1), ortho-diphenolases with catecholase activity (EC 1.10.3.1), and laccase with both 

ortho- and para-diphenol oxidase activities (EC 1.10.3.2).
[25]

 Although the structures of 

natural melanin pigments in various animal tissues have not been elucidated owing to the 

difficulty of separating and purifying them, some melanins have been prepared by incubation 

of substrates with relevant enzymes.
[26,27]

 Other phenolic compounds in plants might serve as 

precursors for melanin through oxidative polymerization. For example, yellow to red-brown 

synthetic melanins were obtained from 4-hydroxycinnamic acid derivatives (e.g., ferulic and 

caffeic acids), by using hydrogen peroxide and peroxidase enzymes.
[28]

 

 

3. Chemical and physical properties of melanin 

Melanin is generally described as a brown-black, high molecular weight, three-dimensional 

polymer with a number of possible structures.
[29]

 For example, a melanin complex from the 

medicinal mushroom Inonotus obliquus is characterized by its extinction coefficient , and by 

the various chemical groups that it contains [e.g. COOH, CO, OCH3, aliphatic groups and 

OH groups.
[30]

 In general, characterization of melanin is performed by both destructive and 

non-destructive techniques.
[8,31-38]

 Use of a destructive technique, namely pyrolysis gas 

chromatograph mass spectroscopy, revealed that 1,4-dihydroxybenzene and catechuic acid 

are the units that form black sesame melanin,
[39]

 whereas animal melanins are commonly 

covalently linked to matrix proteins, and plant melanin might be cross-linked to 

carbohydrates.
[6,38] 

 

4. Chemical stability of melanin 

The remarkable stability of free radicals in melanin was first outlined in a report by Mason
[40]

 

who identified that free-radical stability was dependent upon semi-quinones that were 
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stabilized by resonance in the highly conjugated polymer and by steric restrictions on internal 

radical annihilation. The general consensus amongst chemists is that natural melanin is a 

mixture of quinones and hydroquinones and those can readily be oxidized or reduced. Thus, 

melanin is considered a redox active heteropolymer that mediates electron transfer under 

various physiochemical conditions.
[10]

 

 

5. Morphological properties of melanin 

Numerous reports have attempted to describe the size and shape of melanin particles, and 

many studies have been undertaken to determine the natural format of melanin aggregation in 

living systems. Procedures employing a wet milling method to avoid extremes in pH and 

temperature to extract melanin yielded naturally shaped granules.
[8,41,42]

 Fig 3 shows a 

nanoscale image of an aggregated granule structure of melanin. It is now well agreed that 

melanin exists in a granular form with variable levels of extracellular distribution amongst 

the keratinocytes in the skin. 

 

An early scanning tunneling microscopy investigation of melanin synthesized from tyrosine 

led to the identification of a protomolecule of approximately 20 Å laterally and 10 Å in 

height.
[43]

 This size was found to be consistent with contemporary models constructed to fit 

data from wide-angle X-ray diffraction experiments on melanin.
[44,45]

 More recently, Watt et 

al. provided direct evidence of supramolecular organization in both natural and synthetic 

eumelanin. Melanin sheets of the protomolecules stack to form onion-like nanostructure. The 

inter-sheet spacing within these structures is between 3.7 and 4.0 Å, consistent with non-

covalent π–π stacking in hetero-aromatic systems.
[46]

 Optical microscopy studies of plant 

melanin have also revealed that melanin, in the form of granules, is preferentially distributed 

around the cell walls of plant seed coats in which they play a role in structurally hardening 

and strengthening the cell wall.
[47]

 Studies by synchrotron small-angle X-ray scattering 

reveled that melanin particles exhibit scattering characteristic of sheet-like structures with a 

thickness of approximately 11 Angstroms. This led to the hypothesis that melanin forms 

planar aggregates of 6- to 10-nm-sized melanin protomolecules. A sketch of this model as 

given by Littrell et al.
[48]

 is as given in Fig. 4. 

 

6. Optical absorption of melanin 

Melanin is characterized by their dark brown to black colors and strong broad-band 

absorption of both UV and visible light. This unique property, first reported in 1981,
[49]

 has 

been recorded for all other brown-to-black melanins. The progressively increasing absorption 
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from the low frequency red light to the UV frequencies, without showing any specific peaks 

at any part of this broad band has been an intriguing phenomenon for researchers for many 

decades. Various models have been suggested to account for this behavior.
[50,51]

 This 

spectrum as given by Tran et al. (2006)
[52]

 for eumelanin and pheomelanin is as shown in Fig. 

5. 

 

This apparently simple semi-exponential absorption curve relative to the wavelength range 

(200–800 nm) cannot be linked to specific chromophores, which suggests that melanins are 

highly disordered oligomeric organic structures. It has also been found that melanin has an 

interesting dissipative mechanism of the energy it absorbs within the UV visible part of the 

spectrum. The dissipative mechanism involves a quick energy transfer via an ESIPT 

mechanism from the carboxylic acid group towards the indole nitrogen moieties of the 

melanin molecule as reported by Huijser et al.
[53]

 Because of this unique mode of broad-band 

absorption and a very low emission melanin is regarded as a photo-protective pigment 

capable of non-radiative conversion of UV and visible light to thermal energy at all UV-

visible wavelengths. 

 

7. Other spectroscopic techniques used to study melanin 

7.1 Infra-red spectra of melanin 

A number of authors have reported the infra-red spectra of melanin and have shown that a 

very specific spectrum of the molecule is easily obtained via FT-IR. The information on this 

spectrum shows that broad peaks related to OH stretching in the molecule dominate the 

spectrum at low IR frequencies for hydrated melanin.
[54]

 The effect of extent and type of 

metallic binding has also been discovered to modify the IR spectra of melanin.
[55] 

 

7.2 X-ray 

The spectrum of melanins is dominated by a broad non-Bragg diffraction pattern such that the 

x-ray spectrum of melanin shows only single broad peak that corresponds to an average 

interlayer separation distances falling in the range of 3.5 A to 4.0 A. Although melanin is 

generally classified as an amorphous polymer it seems to have a unique graphite-like sheet 

structure ordering that is manifested within a short range within each of the oligmeric 

groupings of the molecule.
[56]
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7.3 Fluorescence of melanin 

Despite of the fact that melanin is very efficient in capturing various types of electromagnetic 

radiations and is also known to convert almost all of the captured photons into thermal 

phonons it does show a weak fluorescence of a low quantum yield near the green visible 

region, when excited by UV radiations. Melanin at different concentrations in solution shows 

wideband fluorescence spectra upon excitation by radiations in the region 219–420 nm. The 

fluorescence bands are usually in the visible range of approximately 430–500 nm and can be 

observed across the full pH range at which melanin remains soluble. Gallas (1981)
[57]

 used 

aqueous suspensions of synthetic DOPA melanin to detect and investigate the fluorescence of 

the molecule. Hoffmann et al. (2001)
[58]

 detected selective femtosecond pulse-excitation of 

melanin fluorescence in tissue by using near IR pulses. Meredith et al. (2004)
[59]

 studied the 

radiative relaxation quantum yield for synthetic melanin and found that it can dissipate 

greater than 47.9% of absorbed UV radiation as heat. More recently, Perna et al. (2009)
[60] 

published a detailed study on the fluorescence of synthetic melanin in solution. Their 

measurements support the hypothesis that fluorescence in eumelanin is related to chemically 

distinct, selectively excitable oligomeric units and that fluorescence resulting from large 

oligomer systems is spectrally differentiated from fluorescence caused by monomers and 

small oligomer systems. 

 

8. Electric conductivity of melanin 

Melanin has been reported as the first organic conductor to behave both as an electrical 

conductor that shows a switching behavior as well as being a photoconductive material.
[61,62] 

 

Thin films as well as pellets of melanin do show a weak conductivity and a slowly increasing 

photo-current as a response to irradiation by UV or visible frequencies. On cessation of 

irradiation the photo-current increment of the current relaxes slowly to the value before 

irradiation.
[63,64]

 It has been shown that the conductivity increase with increase of 

temperature. This behavior prompted early researchers to mistakenly classify melanin as an 

organic semiconductor. More recently researchers at Queens college in Australia have shown 

that there is an ionic contribution to the conductivity resulting from protons contributed by 

water vapor absorbed by the molecule [The structural impact of water sorption on device-

quality melanin thin films]. Some of the intriguing and increasingly studied is the role of 

melanin as a biological interface where melanin is used as a scaffolding for connecting 

devices to the physiological system.
[17]

 More recently fast short-pulse studies in the femto-
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second region using an excitation-probe technique has shown that protons within the melanin 

structure play an important role in the processes of absorption of radiation and its efficient 

dissipation by melanin as heat.
[53] 

 

9. Electron spin resonance of melanin 

ESR studies have confirmed the presence of intrinsic stable free radicals in melanin.
[65]

 The 

same study showed that the numbers of the free radicals show a sensitivity to the chemical 

and physical environment of the molecules. Rapid generation of additional free radicals in 

melanin upon exposure to UV light, visible light or increased temperature, and their decay in 

the dark, was reported by Arnaud et al. using ESR.
[66] 

 

Subsequent paramagnetic measurements showed that the paramagnetic metals that are 

sequestered by the structure of natural and synthetic melanin are also readily detectable.
[8] 

 

These metals are assumed to be bound to the structure of the melanin molecule.
[67]

 They have 

been shown to drastically affect the number of observable free radicals in melanin; either by 

increasing or decreasing them depending on the type of the metal atom.
[68] 

 

A study by Cano et al. in 2008
[69]

 of the magnetic properties of synthetic eu-melanin shows 

that the free radicals of melanin possess enough density to show a superparamagnetic 

behavior at low temperatures. The presence of a stable and persistent free radical system 

within a living body is unusual since most of the known stable free radicals in chemistry are 

implicated in various diseases or are known to be carcinogenic
[70]

 presence of free radicals in 

melanin is attributed by Mason et al.
[71]

 to the existence of a stabilized semiquinonoid form of 

the polymeric pigment. These free radicals are assumed to be deeply sequestered within the 

melanin molecule and can neither react appreciably with the surrounding short-lived free 

radicals that arise during most of the physiological reactions nor can they chemically attack 

the surrounding molecules. 
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FIGURES 

 

Fig. 1: Example structures of eumelanin and pheomelanin. 

 

 
Fig 2: The biosynthetic pathways of eu-melanin and pheomelanin. 
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Fig. 3: A nano-scale image of an aggregated granular structure.

[16]
 

 

 
Fig. 4: Planar aggregates of 6–10 nm melanin protomolecules form sheet-like structures 

approximately 11 Å thick.
[48]

 

 

 
Fig. 5:  The broad-band optical absorption spectrum of eumelanin and pheomelanin in 

the UV-visible region.
[52]
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DISCUSSION 

Although significant efforts are being made to improve the understanding of the structure-

function relationship for melanins, the precise determination of their molecular structure and 

the chemistry and its pathways followed during its myriad set of biological, chemical and 

physical interactions remain elusive. Indeed, the only accepted approach to describe melanin 

is through its oligomeric nature and its known variety of functions. For the time being one is 

only able to identify melanin through various, simultaneously carried out, characterization 

techniques. The most prominent of these are: ESR, FT-IR, UV-visible, X-rays, electrical 

conductivity, photoconductivity and FL spectroscopy. Extensive studies on the 

physicochemical properties of melanin have been undertaken by various authors in order to 

establish a unique method for identification of the melanin molecule. However, to this date 

no single, simple and exclusive unique method for identification of melanin is known. An 

extensive review
[72]

 and an article
[73]

 by Meredith et al. in 2006 did point out that a proper 

understanding of the physical and chemical properties of melanin requires further structure-

function-relationship models to be put forward and studied, in order to enable further 

progress in this field. A large number of reports on the biological, physicochemical and 

technical applications of melanin have since been published. Many insights have been gained 

during the past decade on the structure-function relationship for melanin. However, the 

chemistry of melanin has not yet been fully elucidated to yield a simple definition that may 

be used for a precise simple identification of it. 

 

ABBREVIATIONS 

ESR: Electron Spin Resonance 

FTIR: Fourier-transform Infrared 

XRD: X-ray Diffraction 

NMR: Nuclear Magnetic Resonance 

IR: Infra-Red 

UV: Ultra Violet 

HEV: High Energy Visible 

DOPA: Catecholamine 3,4-dihy Hroxyphenylalanine 

DHN1: 8-dihydroxynaphthalene 

DHI: 5,6-dihydroxy Indole 

DHICA: 5,6-Dihydroxyindole-2-carboxylic Acid 

T3HN: 1,3,8-trihydroxynaphthalene 
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DNA: Deoxyribonucleic Acid. 

 

ACKNOWLEDGEMENTS 

The authors would like to extend their sincere appreciation to Biobank, King Abdullah 

International Medical Research Centre at the National Guard Health Affairs, Riyadh, Saudi 

Arabia. 

 

AUTHORS’ CONTRIBUTIONS 

ASE, AK, MAKA, AH have collected the literature review, conceived the study, and 

contributed in writing the final draft of this manuscript. Finally, all authors of this manuscript 

have read and approved the final manuscript. 

 

COMPETING INTERESTS 

The authors of this manuscript declare that they have no competing interests. 

 

REFERENCES 

1. Simpson MJ, Glass KE, Wilson JW, Wilby PR, Simon JD, Warren WS. Pump-Probe 

Microscopic Imaging of Jurassic-Aged Eumelanin. J Phys Chem Lett, 2013; 4(11):    

1924-7. 

2. Lindgren J, Uvdal P, Sjövall P, Nilsson DE, Engdahl A, Schultz BP, Thiel V. Molecular 

preservation of the pigment melanin in fossil melanosomes. Nat Commun, 2012; 3: 824. 

3. Barr FE. Melanin: the organizing molecule. Med Hypotheses., 1983; 11(1): 1-139. 

4. Bell AA, Wheeler MH. Biosynthesis and functions of fungal melanins. Annual Review of 

Phytopathology., 1986; 24: 411–51. 

5. Nicolaus RA. Melanins. Hermann Press, Paris, France., 1968. 

6. Prota G. Melanins and melanogenesis. Academic Press, Inc. San Diego, California., USA, 

1992. 

7. Zeise L. Analytical methods for characterization and identification of eumelanins. In: 

Zeise, L., Chedekel, M.R., Fitzpatrick, T.B. (eds.), Melanin: Its Role in Human 

Photoprotection. Valdenmar Publishing Co, Overland Park, Kansas., 1995; 65–79. 

8. Enochs WS, Nilges MJ, Swartz HM. A standardized test for the identification and 

characterization of melanins using electron paramagnetic (EPR) spectroscopy. Pigment 

Cell Res., 1993; 6(2): 91–9. 

9. Morison WL. What is the function of Melanin? Arch Dermatol, 1985; 121: 1160-3. 



www.wjpr.net                                 Vol 7, Issue 2, 2018.                                                         29 

Adila et al.                                                             World Journal of Pharmaceutical Research 

10. Hill HZ. The function of melanin or 6 blind people examine an elephant. BioEssays. 

1992; 14(1): 49–56. 

11. Riley PA. Melanin. The International Journal of Biochemistry & Cell Biology., 1997; 

29(11): 1235-9. 

12. Kerestes J, Kerestes J, Ljubov AV. Biologically active fraction of vegetable melanin, 

process for its production and its use, US Patent., 2003; 6576,268, 

13. Tada M, Kohno M, Niwan Y. Scavenging or Quenching Effect of Melanin on Superoxide 

Anion and Singlet Oxygen. Journal of Clinical Biochemistry and Nutrition., 2010; 46(3): 

224-8. 

14. McGinness J, Proctor P. The importance of the fact that melanin is black. J. Theor. Biol., 

1973; 39(3): 677–8. 

15. Proctor PH, McGinness JE. The function of melanin. Arch Dermatol., 1986; 122: 507–8. 

16. Watt AAR, Bothma JP, Meredith P. The supramolecular structure of melanin Soft 

Matter., 2009; 5: 3754-60. 

17. Mostert MP, Gentle B, Hanson IR, et al. Is melanin a semiconductor: The mysteries of 

electrical conduction and melanin bioelectronics? International Pigment Cell Conference. 

Skin and Other Pigment Cells: Bridging Clinical Medicine and Science Bordeaux, France 

September., 2011; 20-24. 

18. Mostert AB, Powell BJ, Pratt FL, Hanson GR, Sarna T, Gentle IR, Meredith P. Role of 

semiconductivity and ion transport in the electrical conduction of melanin. Proc Natl 

Acad Sci U S A., 2012; 109(23): 8943-7. 

19. Prota G. Progress in the chemistry of melanins and related metabolites. Medical Research 

reviews., 1988; 8(4): 525–56. 

20. Britton G. The biochemistry of natural pigments: Cambridge University Press, 

Cambridge, £30 ISBN., 1983; 0-521-24892-2; 366. 

21. Kameda E, Langone MA, Coelho MA. Tyrosinase extract from Agaricus bisporus 

mushroom and its in natura tissue for specific phenol removal. Environ Technol., 2006; 

27(11): 1209-1215. 

22. Falguera V, Pagán J, Ibarz A. A kinetic model describing melanin formation by means of 

mushroom tyrosinase, Food Research International., 2010; 43(1): 66-9. 

23. Ito S. Reexamination of the Structure of Eumelanin. Biochimica et Biophvsica Acta., 

1986; 883(1): 155-61. 

24. Huang AS, von Elbe JH. Effect of pH on the Degradation and Regeneration of Betanine. 

J. Food Sci., 1987; 52: 1689-93. 



www.wjpr.net                                 Vol 7, Issue 2, 2018.                                                         30 

Adila et al.                                                             World Journal of Pharmaceutical Research 

25. Yang CP, Fujita S, Ashrafuzzaman M, Nakamura N, Hayashi N, et al. Purification and 

characterization of polyphenol oxidase from banana (Musa sapientum L.) pulp. J. Agric. 

Food Chem., 2000; 48(7): 2732–5. 

26. Tanaka T, Matsuo Y, Kouno I. A novel black tea pigment and two new oxidation 

products of epigallocatechin-3-O-gallate. J Agric Food Chem., 2005; 53(19): 7571- 8. 

27. Li Y, Tanaka T, Kouno I. Oxidative coupling of the pyrogallol B-ring with a galloyl 

group during enzymatic oxidation of epigallocatechin 3-O-gallate. Phytochemistry., 2007; 

8(7): 1081- 8. 

28. Banister N E, Cheetham P SJ. Allomelanin Production. United States Patent US., 2001; 6: 

303,106B1. 

29. Blois MS. The melanins, their synthesis and structure. Photochem. Photobiol. Rev., 1978; 

3: 115-9. 

30. Babitskaya VG, Bisko NA, Mitropolskaya N Y, Ikonnikova NV. Melanin Complex from 

Medicinal Mushroom Inonotus obliquus (Aphyllophoromycetideae), International Journal 

of Medicinal Mushrooms., 2002; 4: 139-45. 

31. Blois MS, Zahlen AB, Maling JE. Electron spin resonance studies on melanin. Biophys. 

J., 1964; 4: 471–90. 

32. Dworzanski JP, Debowski M. Pyrolysis-gas chromatography of pheomelanins. J. Anal. 

Appl. Pyrolysis., 1985; 8: 463–72. 

33. Duff GA, Roberts JE, Foster N. Analysis of the structure of synthetic and natural 

melanins by solid-phase NMR. Biochemistry., 1988; 27: 7112–6. 

34. Clark MBJ, Gardella JAJ, Schultz TM, Patil DG, Salvat LJ. Solid-state analysis of 

eumelanin biopolymers by electron spectroscopy for chemical analysis. Anal. Chem., 

1990; 62(9): 949–56. 

35. Pierce JA, Rast DM. A comparison of native and synthetic mushroom melanins by 

Fourier-transform infrared spectroscopy. Phytochemistry., 1995; 39: 49-55. 

36. Allegri G, Arban R, Costa C, Biasiolo M, Curcuruto O, Pozzan A, Traldi P. Fast atom 

bombardment mass spectrometry in the study of dopamine melanogenesis intermediates, 

Pigment Cell Res., 1990; 3(4): 181-6. 

37. Vas G, Vékey K, Czira G, Tamás J, Favretto D, Traldi P, Bertazzo A, Costa C, Allegri G. 

Characterization of melanins by pyrolysis/gas chromatography/mass spectrometry. Rapid 

Communications in Mass Spectrometry., 1993; 7(10): 870–3. 



www.wjpr.net                                 Vol 7, Issue 2, 2018.                                                         31 

Adila et al.                                                             World Journal of Pharmaceutical Research 

38. Zhong J, Frases S, Wang H, Casadevall A, Stark RE. Following fungal melanin 

biosynthesis with solid-state NMR: biopolymer molecular structures and possible 

connections to cell-wall polysaccharides. Biochemistry., 2008; 47(16): 4701-10. 

39. Yin PY, Lu MS, Kong QS, Rong R, Liu G. Structure characterization of melanin in black 

sesame by GC/MS. Se Pu., 2001; 19(3): 268-9. 

40. Mason HS, Ingram HE, Allen B. Free radical property of melanins. Arch Biochem. 

Biophys., 1960; 86: 225-30. 

41. Alaluf S, Heath A, Carter N, Atkins D, Mahalingam H, Barrett K, Kolb R, Smit N. 

Variation in Melanin Content and Composition in Type V and VI Photoexposed and 

Photoprotected Human Skin: The Dominant Role of DHI. Pigment Cell Research., 2001; 

14(5): 337-47. 

42. Zeise L, Chedekel MR. Melanin standard method: titrimetric analysis. Pigment Cell Res., 

1992; 5(5 Pt 1): 230-9. 

43. Zajac GW, Gallas JM, Cheng J, Eisner M, Moss SC, Alvarado SAE. The fundamental 

unit of synthetic melanin: a verification by tunneling microscopy of X-ray scattering 

results. Biochimica et Biophysica Acta., 1994; 1199(3): 271-8. 

44. Cheng J, Moss SC, Eisner M, Zschack P. X-ray characterization of melanins—I; Pigm. 

Cell Res., 1994a; 7: 255–62. 

45. Cheng J, Moss SC, Eisner M. X-ray characterization of melanins II. Pigm. Cell Res., 

1994b; 7: 263–73. 

46. Bothma J. Exploring the structure-property relationships in eumelanin MPhil Thesis, 

School of Physical Sciences The University of Queensland., 2008. 

47. Takhtajan, A. (ed) Anatomia seminum comparative, Liliopsida seu monocotyledons. 

NAUKA, Leningrad. (in Russian)., 1985; 1. 

48. Littrell KC, Gallas JM, Zajac GW, Thiyagarajan P. Structural studies of bleached melanin 

by synchrotron small-angle X-ray scattering. Photochem Photobiol., 2003; 77(2): 115-20. 

49. Wolbarsht ML, Walsh AW, George G. Melanin: A unique biological absorber. Appl. 

50. d‗Ischia M, Napolitano A, Pezzella A, Meredith P, Sarna T. Chemical and Structural 

Diversity in Eumelanins – Unexplored Bio-Optoelectronic Materials. Angew Chem Int 

51. Reisz J. The spectroscopic properties of Melanin, Doctoral Thesis, Brisbane: University 

of Queensland, 2006. 

52. Tran ML, Powell BJ, Meredith P. Chemical and Structural Disorder in Eumelanins: A 

Possible Explanation for Broadband Absorbance. Biophys., 2006; 90(3): 743-52. 



www.wjpr.net                                 Vol 7, Issue 2, 2018.                                                         32 

Adila et al.                                                             World Journal of Pharmaceutical Research 

53. Huijser A, Pezzella A, Sundström V. Functionality of epidermal melanin pigments: 

current knowledge on UV-dissipative mechanisms and research perspectives. Physical 

Chemistry Chemical Physics., 2011; 13: 9119- 27. 

54. Mbonyiryivuze A, Mwakikunga B, Mokhotjwa Dhlamini S, Maaza M. Fourier Transform 

Infrared Spectroscopy for Sepia Melanin Physics and Materials Chemistry., 2015; 3(2): 

25-29. 

55. Bilińska B. On the structure of human hair melanins from an infrared spectroscopy 

analysis of their interactions with Cu2+ ions. Spectrochim Acta A Mol Biomol 

Spectrosc., 2001: 57(12): 2525-33. 

56. Cheng J, Moss SC, Eisner M, Zschack P. X-Ray Characterization of Melanins—I Pigm. 

Cell Res., 1994; 7: 255– 62. 

57. Gallas JM. Fluorescence of Melanin. Thesis (Ph.D.) University of Houston, 1981. 

58. Hoffmann K, Stücker M, Altmeyer P, Teuchner K, Leupold D. Selective Femtosecond 

Pulse-Excitation of Melanin Fluorescence in Tissue. Journal of Investigative 

Dermatology., 2001; 116: 629–30. 

59. Meredith P., Riesz, J. Radiative Relaxation Quantum Yields for Synthetic Eumelanin. 

Photochemistry and photobiology., 2004; 79(2): 211–6. 

60. Perna G, Frassanito MC, Palazzo G, Gallone A, Mallardi A, Biagi PF, Capozzi V. 

Fluorescence spectroscopy of synthetic melanin in solution, Journal of Luminescence., 

2009; 129: 44-9. 

61. McGinness J, Corry P, Proctor P. Amorphous Semiconductor Switching in Melanins. 

Science., 1974; 183(4127): 853-5. 

62. Culp CH, Eckels DE, Sidles PH. Threshold switching in melanin. Applied Physics., 1975; 

46: 3658-60. 

63. AMostert AB, Powell BJ, Pratt FL, Hanson GR, Sarna T, Gentle IR, Meredith P. Role of 

semiconductivity and ion transport in the electrical conduction of melanin, PNAS., 2012; 

109(23): 8943–7. 

64. Jastrzebska M, Kocot A, Tajber L. Photoconductivity of synthetic dopa-melanin polymer. 

J Photochem Photobiol B., 2002; 66: 201-6. 

65. Pasenkiewicz-Gierula M, Sealy RC. Analysis of the ESR spectrum of synthetic dopa 

melanin; Biochimica et Biophysica Acta (BBA)., 1986; 884(3): 510-516. 

66. Arnaud R, Perbet G, Deflandre A, Lang G. Electron spin resonance of melain from hair: 

effects of temperature, pH and light irradiation. Photochemistry and Photobiology., 1983; 

38(2): 161–8. 



www.wjpr.net                                 Vol 7, Issue 2, 2018.                                                         33 

Adila et al.                                                             World Journal of Pharmaceutical Research 

67. Larsson B, Tjälve H. Studies on the melanin-affinity of metal ions. Acta physiol. scand., 

1978; 104(4): 479–84. 

68. Cano ME, Castañeda-Priego R, Gil-Villegas A, Sosa MA, Schio P, De Oliveira A JA, 

Chen F, Baffa O, Graeff CFO. Magnetic Properties of Synthetic Eumelanin—Preliminary 

Results. Photochemistry and Photobiology., 2008; 84: 627–31. 

69. Pilawa B, Zdybel M, Chodurek E. Application of Electron Paramagnetic Resonance 

Spectroscopy to Examine Free Radicals in Melanin Polymers and the Human Melanoma 

Malignant Cells. Biochemistry, Genetics and Molecular Biology: Melanin"(eds) Miroslav 

Blumenberg, ISBN., 2017; 1: 978-953-51-2980-6. 

70. Phaniendra A, Jestadi DB, Periyasamy L. Free Radicals: Properties, Sources, Targets, and 

Their Implication in Various Diseases. Indian Journal of Clinical Biochemistry., 2015; 

30(1): 11-26. 

71. Mason HS, Ingram DGE, Allen B. The free radical property of melanins. Archives of 

Biochemistry and Biophysics., 1960; 86: 225-230. 

72. Paul M, Tadeusz S. The physical and chemical properties of eumelanin". Pigment Cell 

Research., 2006; 1(6): 572–94. 

73. Meredith P, Powell BJ, Riesz J, Nighswander-Rempel SP, Pederson MR, et al. Towards 

structure–property–function relationships for eumelanin. Soft Matter., 2006; 2: 37–44. 


