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Introduction  

 

Neuromelanin (NM) is an intraneuronal pigmentation found in mammals’ Central Nervous System 

(CNS). Since many years it’s been isolated and partially characterized in several human brain areas, 

particularly in Substantia Nigra (SN) and Locus Coeruleus (LC), where a higher concentration of 

the pigment was found. Although its definitive structure and physiological role are not totally 

discovered yet, NM shows a remarkable ability to interact with several chemical species, especially 

binding transition metal ions such as Cd, Cu, Fe, Hg, Mn, Zn. Iron in particular is highly 

concentrated in SN and Putamen (PU) and can generate free toxic radicals according to Fenton’s 

reaction. It’s been proved that NM can reduce the production of these radicals by sequestering 

redox active iron ions. NM, iron and maybe other trace metals are supposed to be involved in the 

pathogenesis of Parkinson Disease (PD). During this pathology melanized neurons of SN 

progressively degenerate and some authors found an increase of the concentration of iron in the 

tissue and in its NM.  This would suggest that NM plays an important role in the homeostasis of Fe 

in SN neurons and in the vulnerability of the same cells in PD pathogenesis. 

 

 

Experimental 

 

Samples 

Investigated samples of human brain were obtained by autopsies of men and women dead of non 

neurological and non degenerative diseases. Autopsies occurred no later than 48 hours after death. 

In order to avoid any trace metals contaminations, tissue samples were isolated by the use of  



titanium-nitride coated surgical tools. Samples were the stored at –80°C until NM isolation or  

analysis of tissues. 

 

Standards, reagents and blanks 

All solutions were prepared using Milli-Q-Plus water (Millipore, Milan, Italy). All reagents were of 

high purity grade and provided by: Carlo Erba S.p.a., Milan, Italy; Sigma Aldrich, Milan Italy; 

Sigma Chemical Co. St Louis, USA. Samples were irradiated for INAA in high purity quartz vials 

and of polyethylene (Kartell, Milan, Italy) previously washed with ultrapure HNO3 (Aristar from 

BDH, UK) and Milli-Q water. The primary standards consisted of standard solutions obtained from 

high purity metals or salts dissolved in high purity acids or in standard solutions for ICPMS 

obtained from BDH. Analytical quality control was performed by analysing the Standard Reference 

Materials SRM 1515 Apple Leaves and SRM 1547 Peach Leaves (NIST – USA). A strict blank 

control was performed on the overall analytical procedure, with particular attention to reagents and 

chemicals.    

 

 

Analysis 

 

Instrumental Neutron Activation Analysis (INAA) was used for all the measurements. Irradiations 

were performed at the Triga Mark II (General Atomic – USA) research reactor of the University of 

Pavia. Depending on the elements to be determined, two different irradiation procedures were 

followed: 

Short irradiations were performed in the pneumatic irradiation facility at a neutron flux of 5x1012 n 

x cm-2  x s–1 . Samples and standards sealed in plastic vials were irradiated for 5 minutes. 

Long irradiations were carried out in the central thimble facility at a nominal neutron flux of  1013 n 

x cm-2  x s–1. Samples and standards were sealed in quartz vials and then neutron irradiated for 40 h. 

 

Gamma spectrometry 

For the gamma spectra evaluation HPGe (gamma –x) detectors (ORTEC – USA) coupled to 

computerized multichannel analysers (ORTEC ADCAM – USA) were used. The relative 

efficiencies of the detectors were ranging between 40 and 50% with resolutions of 1.9 –2.0 on the 

1332.4 KeV gamma line of the 60Co. After short irradiations the samples were allowed to decay 

(from 1 to 60m) and then gamma counted for 250 – 500 seconds. Medium live radionuclides 

decayed for about 30 hours before being counted for 5000s, while the long live radionuclides were 



counted 10 days after the irradiation for counting times of 20000 s. For medium and long countings, 

automatic samples changers were coupled to the system. 

 

 

Result and discussion 

 

Table 1 reports the concentrations of trace elements in Cortex, Cerebellum, Putamen and in their 

Neuromelanins. The values are given on wet weight for tissues (water content 75 – 80%) and on dry 

weight for NMs. For each brain area, one sample of tissue and two of NM were analyzed. All the 

determinations were carried out by INAA. Fe is the most abundant element in tissues, followed by 

Zinc. The ability of NMs to sequestrate metals is well shown, being their concentrations in NMs 

much higher than in their respective tissues, where some of them (Hg, Mo) were not even 

detectable. Strong differences are shown between the different pigments in interaction with metals. 

NM from SN shows a higher affinity for iron than all the other pigments isolated from other brain 

areas; nevertheless, the tissue that contains the highest concentration of this metal is PU and not SN. 

These results would confirm that NM from SN plays a protective role in neurons by quenching 

Fenton's reaction, so far considered the cause of the pathogenesis of PD. A protective role could be 

played by the other pigments as well, as the concentrations of analysed elements show that they 

bind large amounts of potentially toxic metals different from iron. This might be explained as the 

need of the neurons to defend themselves from the toxicity of this metal by the development of a 

specific pigment. 

 

 

 

 

 

 



 

 

Table1: Elements concentrations (ppm) in brain tissues and in their respective pigments. 
 
Element Putamen NM from 

Putamen 
Cortex NM from 

Cortex 
Cerebellum NM from 

Cerebellum 
Substantia 

Nigra 
NM from 
Subst. N. 

Ag 0.05 7.2±3.6 0.11 20± 8 0.02 6.7± 1.9 - 5.6 

As - 2.4±1.0 - 2.3± 1.4 - 1.07± 0.2 - 0.88 

Au - 1.22±0.63 - 0.09± 0.01 - 0.25± 0.03 - 0.63 

Ba 6.30 98±69 0.71 - - 129± 65 3.61 145 

Co 0.03 0.82±0.04 0.02 0.82± 0.15 0.02 0.4± 0.2 0.013 1.26 

Cr 0.39 19±3 0.11 47± 27 0.19 8.9± 0.5 0.01 19.1 

Fe 833 4936±203 274 1747± 65 337 1031± 499 174 10891 

Hg - 1.63±0.24 - 20± 13 - 98± 66 - 9.02 

I 
 

0.75 9.4±3.5 0.48 12.5± 1.5 - 19± 9 0.415 19.3 

Mn 
 

0.90 12.3±1.5 0.54 19± 7 2.1 26± 14 0.49 11.7 

Mo 
 

- 8.8±2.8 - 5.8± 1.1 - 2.6± 1.4 - 21.1 

Ni 
 

- 138±37 - 96± 1.1 0.52 30± 20 0.15 36.2 

Sb 
 

0.01 0.68±0.21 - 0.53± 0.07 - 0.54± 0.22 0.0135 2.45 

Sc 
 

- 0.023±0.002 0.01 0.03± 0.01 - 0.018± 
0.010 

0.004 0.024 

Se 
 

0.90 10.0±1.7 0.98 11.5± 5.5 0.80 61± 40 0.28 33.6 

V 
 

0.57 2.73±1.53 0.17 1.49± 0.27 0.57 1.55± 0.53 0.045 2.7 

W 
 

- 4.14±0.32 - 6.64± 0.22 - 1.79± 0.97 - 11 

Zn 
 

80 472±83 71 407± 116 74 277± 49 17.1 792 
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