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Paramagnetic centers in DOPA-melanin and complexes of DOPA-melanin with netilmicin and Cu(II) were 

studied by the use of an X-band (9.3 GHz) electron paramagnetic resonance (EPR) spectroscopy. Measurements of 

continuous microwave saturation of EPR spectra at temperatures: 125 K, 175 K, 225 K, 275 K, were performed. 

Homogeneous broadening of all the examined EPR spectra was observed. EPR spectra of DOPA-melanin-Cu(II) 

complexes saturated at higher microwave powers than the others tested melanin samples. Fast spin-lattice 

relaxation exists in DOPA-melanin-Cu(II) complexes. Slow spin-lattice relaxation processes exist in melanin’s 

paramagnetic centers of DOPA-melanin and its complexes with netilmicin, and its complexes with both netilimicin 

and Cu(II). EPR spectra of all the tested samples saturated at higher microwave powers with increasing of the 

measuring temperature. Faster spin-lattice relaxation processes occurs in DOPA-melanin and its complexes with 

netilmicin and Cu(II) at higher temperature. 
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IntroductionIntroductionIntroductionIntroduction    

Melanins are the paramagnetic biopolymers existing in human organism and in the plants [2, 4, 

7, 9, 11-12, 16-18, 20]. Melanins react with drugs and metal ions [1, 4-6, 8-10, 13-14, 18, 22]. 
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Dia- and paramagnetic metal ions affect differently the amounts of complexes, formed by 

melanin and the individual drugs [4-5, 8]. It was shown by spectroscopic studies that free 

radicals of melanins play an important role in binding of drugs to these polymers [1, 4-6, 8, 13]. 

The interactions of melanins with drugs are the very important problem in pharmacy and 

medicine, because of the prolongation of interactions of the pharmaceuticals on the tissues [4]. 

The melanins – drugs interactions are examined by the modern methods of medical physics [1, 

4-6, 8, 13]. One of them is electron paramagnetic resonance (EPR) spectroscopy, which is the 

experimental method for examination of the samples containing free radicals such as the 

melanins [1-2, 4-18, 20, 22].  

 In this work the complexes of the model eumelanin (DOPA-melanin) with one of the 

aminoglycoside antibiotics - netilmicin were tested by the specific technical conditions of 

measurements of the EPR spectra. The influence of paramagnetic copper (II) ions on the 

interactions of melanin with this antibiotic was studied. The EPR spectra were continuously 

saturated by microwaves, and their saturation for the melanin, and melanin complexes with 

netilmicin and Cu(II), were compared. The microwave saturation of the EPR lines depends on 

the spin-lattice relaxation processes in the sample [19, 21]. The comparative analysis of the 

microwave saturation and spin-lattice relaxation processes of the individual melanin samples at 

different temperatures was done. This work improves the knowledge about physical properties 

of eumelanin and its complexes with drug at the presence of metal ions. 

MaterialMaterialMaterialMaterial    

DOPA-melanin, DOPA-melanin-netilmicin, DOPA-melanin-Cu(II), [DOPA-melanin-netilmicin]-

Cu(II), and [DOPA-melanin-Cu(II)]-netilmicin complexes were examined. DOPA-melanin was 

obtained according to Binn’s method [3]. Concentrations of complexing agents: netilmicin and 

Cu(II), were 1×10-3 M.  

Netilmicin is an aminoglycoside antibiotic which is used in the treatment of serious 

infections, e. g. sepsis [23]. The chemical structures of eumelanin and netilmicin are presented 

in the Figure 1 a and b, respectively.  
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Fig. 1.Fig. 1.Fig. 1.Fig. 1. Chemical structures of eumelanin [20] (a) and netilmicin [23] (b) 

MethodsMethodsMethodsMethods    

Measurements were done by the use of an X-band (9.3 GHz) EPR spectrometer of BRUKER. 

The first derivative EPR spectra were measured with microwave power in the wide range of 

0.3-200 mW. Changes of amplitude (A) and linewidth (∆Bpp) of the EPR spectra with increasing 

of microwave power were determined. The spectra were obtained at the following temperatures: 

125 K, 175 K, 225 K, and 275 K. The microwave saturation of the EPR spectra at the 

measuring temperatures was compared. 

ReReReResultssultssultssults    

EPR spectra of DOPA-melanin, DOPA-melanin-netilmicin complexes and the complexes of 

DOPA-melanin with Cu(II) and both Cu(II) and netilmicin differ in shape. Single asymmetrical 

EPR lines were measured for DOPA-melanin and DOPA-melanin-netilmicin complexes. EPR 

spectra of DOPA-melanin-Cu(II), [DOPA-melanin-netilmicin]-Cu(II), and [DOPA-melanin-Cu(II)]-

netilmicin complexes were superposition of two EPR lines of o-semiquinone free radicals of 

melanin and copper ions. The exemplary spectra of DOPA-melanin and DOPA-melanin-Cu(II) 

complexes are presented in Figures 2 a and 2 b, respectively. EPR spectra of the studied 
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samples changes with increasing of microwave power. Microwave saturation of EPR spectra of 

free radicals was tested.  

297 mT
302 mT

B

a)

b)

 

Fig.Fig.Fig.Fig.    2222. EPR spectra of DOPA-melanin-netilmicin (a) and DOPA-melanin-Cu(II) (b) complexes measured 

with microwave power of 0.3 mW at temperature of 225 K. 

 

Influence of microwave power (M) on amplitudes (A) and linewidths (∆Bpp) of EPR lines of free 

radicals of DOPA-melanin, DOPA-melanin-netilmicin, and DOPA-melanin-Cu(II) complexes at 

the tested temperatures (125 K, 175 K, 225 K, and 275 K) are compared in Figure 3 a-c. 

Amplitudes (A) of EPR lines of DOPA-melanin and DOPA-melanin-netilmicin complexes 

increase with increasing of microwave power, reach the maximum and decreases with the 

continued increase of microwave power (Fig. 3 a-b). The amplitude (A) of the EPR spectra of 

DOPA-melanin-Cu(II) complexes does not decrease at the higher microwave powers (Fig. 3 c). 

The values of microwave power accompanied by the maximal amplitudes (A) increase with the 

increasing of the measuring temperature (Fig. 3 a-c). Broadening of the EPR lines with the 

increasing of microwave power was observed for the mentioned above samples (Fig. 3 a-c).        
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Fig. Fig. Fig. Fig. 3.3.3.3. Influence of microwave power (M) on amplitudes (A) and linewidths (∆Bpp) of EPR spectra of 

DOPA-melanin (a), DOPA-melanin-netilmicin (b), and DOPA-melanin-Cu(II) (c) complexes at 

temperatures 125 K, 175 K, 225 K, and 275 K. 
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Influence of microwave power (M) on amplitudes (A) and linewidths (∆Bpp) of EPR spectra 

of [DOPA-melanin-netilmicin]-Cu(II) and [DOPA-melanin-Cu(II)]-netilmicin complexes are 

shown in Figure 4 a-b, respectively.  
a) 
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Fig. 4.Fig. 4.Fig. 4.Fig. 4. Influence of microwave power (M) on amplitudes (A) and linewidths (∆Bpp) of EPR spectra of 

[DOPA-melanin-netilmicin]-Cu(II) (a) and [DOPA-melanin-Cu(II)]-netilmicin (b) complexes at 

temperatures 125 K, 175 K, 225 K, and 275 K 

 

In Figure 4 data for the measurements at temperatures 125 K, 175 K, 225 K, and 

275 K are compared. The amplitudes (A) of the EPR spectra of DOPA-melanin complexes 

containing both netilmicin and Cu(II) decrease at the higher microwave powers at all the testing 

temperatures (Fig. 4 a-b). At the higher temperatures their EPR lines saturate at the higher 
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microwave powers (Fig. 4 a-b). Linewidths (∆Bpp) of the EPR spectra of [DOPA-melanin-

netilmicin]-Cu(II) and [DOPA-melanin-Cu(II)]-netilmicin complexes increase with the increasing 

of microwave power at all the tested temperatures (Fig. 4 a-b).  

DiscussionDiscussionDiscussionDiscussion    

Free radicals exist in all the tested melanin samples revealing the strong EPR spectra (Fig. 2). 

The free radicals in DOPA-melanin take a part in netilmicin binding to this polymer. The 

amounts of free radicals in DOPA-melanin and in its complexes with netilmicin and Cu(II) are 

different, and as the result the amplitudes (A) of their EPR lines are different (Fig. 3-4). The 

higher amplitudes (A) of EPR lines are observed for DOPA-melanin complexes with netilmicin 

(Fig. 3 b). The lower amplitude (A) of EPR lines characterizes DOPA-melanin complexes with 

Cu(II) (Fig. 3 c). The effect of quenching of free radicals EPR signals by paramagnetic copper 

ions was observed earlier [5, 8, 10-11, 14]. This quenching is also observed for DOPA-melanin 

complexes with netilmicin (Fig. 4 a-b).  

Not only the amount of free radicals, but also the magnetic interactions in DOPA-melanin 

are dependent on netilmicin and copper(II) ions. In this work, the spin-lattice interactions were 

tested. The absence of microwave saturation of EPR lines of DOPA-melanin-Cu(II) complexes at 

the used microwave power (Fig. 3 c) points out that fast spin-lattice relaxation exists in this 

sample. Continuous microwave saturation of EPR lines indicates that slow relaxing free radicals 

exist in organic substance of DOPA-melanin (Fig. 3 a), DOPA-melanin-netilmicin complexes 

(Fig. 3 b), and DOPA-melanin complexes with both netilmicin and Cu(II) (Fig. 4 a-b). Spin-lattice 

relaxation time decreases with increasing of power of microwave saturation of EPR spectra [19]. 

Taking to account this correlation it can be seen that fastening of spin-lattice relaxation 

processes in melanin structure occurs at higher temperatures, because the lines saturate at 

higher microwave powers (Fig. 3 a-b, Fig. 4 a-b). The correlation between amplitudes of EPR 

lines and microwave power were similar for DOPA-melanin and its complexes with netilmicin 

(Fig. 3 a-b, Fig. 4 a-b). Only the weak differences in spin-lattice relaxation processes upon 

netilmicin are observed in DOPA-melanin complexes. Correlation between amplitudes of EPR 

lines and microwave power are similar for DOPA-melanin and its complexes with netilmicin 

(Fig. 3 a-b, Fig. 4 a-b).  

The fastening of spin-lattice relaxation with the increasing of the measuring temperature is 

observed (Fig. 3 a-c, 4 a-b). The fast spin-lattice relaxation processes characterize the fast 
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transitions    of unpaired electrons between the excited energy level and the ground energy level 

[21].  

The observed decrease of amplitudes (A) of EPR lines at higher microwave powers (Fig. 3 

a-b, Fig. 4 a-b) and broadening of EPR lines with increasing of microwave power (Fig. 3 a-c, Fig. 

4 a-b) are characteristic for homogeneously broadened EPR lines [19, 21]. The homogeneous 

broadening of EPR lines reveals the samples with the free radicals interacting in their whole 

structures, and isolated spin-packet do not occur then [21]. This study confirmed (Fig. 3 a-c, 

Fig. 4 a-b) described at literature [5, 8, 10-11, 14] effect of quenching of EPR spectra by Cu(II), 

which was observed and described earlier [5, 8, 10-11, 14]. 

 The performed studies indicate that the electron paramagnetic resonance spectroscopy is 

the useful method in medical physics. This work is the example of application of EPR to 

examination of physical properties of melanin as the important biopolymer in human organism. 

The EPR spectroscopy may be used to interactions of melanin biopolymer with drugs. 

Continuous microwave saturation of EPR spectra is the important tool to examine magnetic 

interactions in biopolymers and their complexes with drugs and metal ions. 

ConclusionConclusionConclusionConclusionssss    

Electron paramagnetic resonance (EPR) studies of DOPA-melanin and its complexes with 

netilmicin and Cu(II) at temperatures in the range 125-275 K pointed out that: 

1. Fast spin lattice-relaxation processes exist in DOPA-melanin-Cu(II) complexes, their EPR 

lines do not saturate at microwave powers of 0.3-200 mW. 

2. Slow spin-lattice relaxation processes exist in DOPA-melanin, DOPA-melanin-netilmicin, 

[DOPA-melanin-netilmicin]-Cu(II), and [DOPA-melanin-Cu(II)]-netilmicin complexes, 

which EPR lines saturate at all the tested temperatures. 

3. Continuous microwave saturation indicates that the EPR lines of DOPA-melanin and 

DOPA-melanin complexes with netilmicin and Cu(II) are homogeneously broadened.  

AcknowlegmentsAcknowlegmentsAcknowlegmentsAcknowlegments    

This study was financially supported by Medical University of Silesia in Katowice, grants no. 

KNW-1-019/P/1/0 and KNW-1-086/P/1/0. 



Magdalena Zdybel et al.  93 

ReferenceReferenceReferenceReferencessss    

[1]. Biggs P. J, Ling C. C. Electron as the cause of the observe dmax shift with field size in 

high energy beams. Med Phys. 1979; 6: 291-295. 

[2]. Beberok A, Buszman E, Zdybel M, Pilawa B, Wrześniok D. EPR examination of free 

radical properties of DOPA-melanin complexes with ciprofloxacin, lomefloxacin, 

norfloxacin and sparfloxacin. Chem Phys Letters. 2010;497:115. 

[3]. Bilińska B, Pilawa B, Zawada Z, Wylπgała E, Wilczok T, Dontsov AE, Sakina MA, 

Ostrovsky MA, Ilyasova VB. Electron spin resonance investigations of human retinal 

pigment epithelium melanosomes from young and old donors. Spectrochim Acta A. 

2002;58:2257. 

[4]. Binns F, Chapman RF, Robson NC, Swan GA, Waggot A. Studies related to the 

chemistry of melanins. Part VIII. The pyrrolecarboxylic acids formed by oxidation or 

hydrolysis of melanin derived from 3,4-dihydroxyphenethylamine or 3,4-

dihydroxyphenylalanine. J Chem Soc C. 1970:1128. 

[5]. Buszman E. Drugs binding to melanin biopolymers at the presence of metal ions. 

Habilitation thesis. Medical University of Silesia in Katowice, Katowice 1994 (in Polish). 

[6]. Buszman E, Pilawa B, Zdybel M, Wrześniok D, Grzegorczyk A, Wilczok T. EPR 

examination of Zn2+ and Cu2+ effect on free radicals in DOPA-melanin-netilmicin 

complexes. Chem Phys Letters. 2005;403:22. 

[7]. Buszman E, Pilawa B, Zdybel M, Wrześniok D, Grzegorczyk A, Wilczok T. 

Paramagnetic centers in DOPA-melanin-dihydrostreptomycin complexes. Acta Phys Pol 

A. 2005;108:353. 

[8]. Herrling T, Jung K, Fuchs J. The role of melanin as protector against free radicals in 

skin and its role as free radical indicator in hair. Spectrochim Acta A. 2008;69:1429. 

[9]. Kozdrowska L. Properties of paramagnetic centers of DOPA-melanin complexes with 

kanamycin and copper(II) ions. Doctoral thesis. University of Zielona Góra, Zielona 

Góra 2005 (in Polish). 

[10]. Matuszczyk M, Buszman E, Pilawa B, Witoszyńska T, Wilczok T. Cd2+ effect on free 

radicals in Cladosporium cladosporioides-melanin tested by EPR spectroscopy. Chem 

Phys Letters. 2004;394:366. 

[11]. Najder-Kozdrowska L, Pilawa B, Wiπckowski AB, Buszman E, Wrześniok D. Influence 

of copper(II) ions on radicals in DOPA-melanin. Appl Magn Reson. 2009;36:81.  



94  Continuous microwave saturation… 

  

[12]. Pasenkiewicz-Gierula M, Sealy RC. Analysis of the ESR spectrum of synthetic dopa 

melanin. Biochim Biophys Acta. 1986;884:510. 

[13]. Pilawa B, Buszman E, Gondzik A, Wilczyński S, Zdybel M, Witoszyńska T, Wilczok T. 

Effect of pH on paramagnetic centers in Cladosporium cladosporioides melanin. Acta 

Phys Pol A. 2005;108:147. 

[14]. Pilawa B, Buszman E, Wrześniok D, Latocha M, Wilczok T. Application of EPR 

spectroscopy to examination of gentamicin and kanamycin binding to DOPA-melanin. 

Appl Magn Reson. 2002;23:181. 

[15]. Pilawa B, Chodurek E, Wilczok T. Types of paramagnetic centers in Cu2+ complexes 

with model neuromelanins. Appl Magn Reson. 2003;24:417. 

[16]. Pilawa B, Latocha M, Krzyminiewski R, Kruczyński Z, Buszman E, Wilczok T. Effect of 

temperature on melanin EPR spectra. Phys Med. 2004;1:96. 

[17]. Plonka PM, Michalczyk D, Popik M, Handjiski B, Slominski A, Paus R. Splenic 

eumelanin differs from hair eumelanin in C57BL/6 mice. Acta Biochim Pol. 2005;52: 

433. 

[18]. Selvakumar P, Rajasekar S, Periasamy K, Raaman N.  Isolation and characterization of 

melanin pigment from Pleurotus cystidiosus (telomorph of Antromycopsis macrocarpa). 

World J Microbiol Biotechnol. 2008;4:2125. 

[19]. Shima T, Sarna T, Swartz HM, Stroppolo A, Gerbasi R, Zecca L. Binding of iron to 

neuromelanin of human substantia nigra and synthetic melanin: an electron 

paramagnetic resonance spectroscopy study. Free Radic Biol Med. 1997;23(1):110. 

[20]. Stankowski J, Hilczer W. Introduction to spectroscopy of magnetic resonances. Warsaw: 

PWN; 2005 (in Polish). 

[21]. Wakamatsu K, Ito S. Advanced chemical methods in melanin determination. Pigment 

Cell Res. 2002;15:174. 

[22]. Wertz JE, Bolton JR. Electron spin resonance. Elementary theory and practical 

applications. New York: Academic Press; 1986. 

[23]. Zdybel M, Chodurek E, Pilawa B. EPR Studies of DOPA-melanin complexes with Fe(III). 

Appl Magn Reson. 2011;40:113. 

[24]. Zejc A, Gorczyca M. Drug chemistry for students of pharmacy and pharmacists. 

Warsaw: PZWL: Warszawa; 2002 (in Polish). 


