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Introduc)on	
  
The	
  interac6on	
  between	
  mercury	
  (Hg)	
  and	
  selenium	
  (Se)	
  is	
  one	
  of	
  the	
  best-­‐known	
  examples	
  of	
  biological	
  antagonism,	
  yet	
  the	
  underlying	
  mechanism	
  
remains	
  unclear	
  [1].	
  Several	
  studies	
  indicate	
  that	
  the	
  toxic	
  effects	
  of	
  Hg	
  exposure	
  increase	
  when	
  Se	
  status	
  is	
  low.	
  It	
  is	
  widely	
  accepted	
  that	
  the	
  toxicity	
  
is	
  inversely	
  propor6onal	
  to	
  Se:Hg	
  molar	
  ra6os	
  in	
  specific	
  6ssues	
  (e.g.,	
  brain)	
  and	
  increases	
  drama6cally	
  for	
  Se:Hg	
  molar	
  ra6os	
  <	
  1	
  [2].	
  

Considering	
  that	
  the	
  brain	
   is	
  a	
  highly	
  heterogeneous	
  organ,	
  with	
  anatomically	
  and	
  physiologically	
  very	
  different	
  areas,	
  a	
  detailed	
  mapping	
  of	
  trace	
  
elements	
  (TE)	
  distribu6on	
  across	
  the	
  brain	
  6ssue,	
  with	
  an	
  in-­‐depth	
  analysis	
  of	
  TE	
  levels	
  in	
  the	
  different	
  brain	
  regions,	
  of	
  normal	
  individuals	
  is	
  a	
  prior	
  
work,	
  absolutely	
  necessary	
  for	
  understand	
  the	
  role	
  of	
  essen6al	
  TE	
  in	
  the	
  brain	
  physiology	
  and	
  to	
  interpret	
  the	
  data	
  obtained	
  from	
  pa6ents	
  suffering	
  
from	
  neurodegenera6ve	
  and	
  other	
  brain	
  diseases.	
  	
  

Objec)ve	
  
To	
  determine	
  the	
  Hg	
  and	
  Se	
  levels	
  in	
  the	
  human	
  brain	
  in	
  14	
  different	
  the	
  anatomical	
  regions.	
  

Conclusion	
  
Although	
  Se	
   levels	
   remain	
  quite	
  unchanged	
  with	
  age,	
   the	
  “normal”	
   (physiologic)	
   levels	
  of	
  Se	
  significantly	
  varies	
  among	
  different	
  brain	
   regions.	
  The	
  
distribu6on	
  of	
  Hg	
  within	
  brain	
  6ssue	
  showed	
  to	
  be	
  homogeneous	
  but	
  not	
   the	
  Se:Hg	
  molar	
   ra6o,	
  sugges6ng	
  that	
  some	
  brain	
  regions	
  may	
  be	
  more	
  
suscep6ble	
  to	
  Hg	
  toxicity.	
  Se:Hg	
  molar	
  ra6o	
  was	
  not	
  correlated	
  with	
  age,	
  which	
  suggest	
  that	
  individuals	
  experience	
  the	
  same	
  protec6ve	
  advantages	
  of	
  
Se	
  against	
  Hg	
  toxicity	
  irrespec6ve	
  of	
  their	
  age.	
  	
  

Results	
  
Considering	
  the	
  whole	
  data	
  set	
  (n=588;	
  42	
  individuals	
  x	
  14	
  brain	
  areas),	
  
Se	
   and	
   Hg	
   levels	
   were	
   0.63±0.08	
   μg/g	
   (range:	
   0.46–0.98	
   μg/g)	
   and	
  
0.15±0.09	
  μg/g	
  (range:	
  0.05–0.41	
  μg/g),	
  respec6vely.	
  The	
  distribu6on	
  of	
  
Hg	
   within	
   brain	
   6ssue	
   showed	
   to	
   be	
   homogeneous,	
   but	
   not	
   the	
   Se	
  
distribu6on:	
  highest	
  levels	
  were	
  found	
  in	
  the	
  putamen	
  (a	
  region	
  mainly	
  
related	
  to	
  motor	
  func6ons),	
  and	
  the	
  lowest	
  in	
  the	
  cerebellum	
  (Figure	
  2).	
  
No	
   significant	
   age-­‐	
   or	
   gender-­‐related	
   differences	
   were	
   found	
   for	
   both	
  
elements.	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  

Figure	
  2	
  –	
  Results	
  (μg/g	
  dry	
  weight	
  basis),	
  expressed	
  as	
  mean±SD	
  (range),	
  for	
  Se	
  in	
  the	
  14	
  brain	
  areas	
  
studied.	
  

Selenium	
  levels	
  tended	
  to	
  a	
  slight	
  increase	
  with	
  Hg	
  levels	
  (Figure	
  3).	
  	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  

Figure	
  3	
  –	
  Rela6onship	
  between	
  Se	
  and	
  Hg	
  levels.	
  
	
  
	
  

Se:Hg	
  molar	
  ra6os	
  <	
  1	
  were	
  not	
  found	
  in	
  any	
  brain	
  region;	
  values	
  ranged	
  
from	
   11.6±9.1	
   in	
   the	
   midbrain	
   to	
   30.0±23.0	
   in	
   the	
   caudate	
   nucleus.	
  
Se:Hg	
  molar	
  ra6o	
  was	
  not	
  correlated	
  with	
  age	
  (Figure	
  4).	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  

Figure	
  4	
  –	
  Rela6onship	
  between	
  Se/Hg	
  molar	
  ra6o	
  and	
  age	
  (years).	
  Mean	
  Se/Hg	
  molar	
  ra6o	
  (a)	
  for	
  each	
  
individual	
  (all	
  the	
  14	
  brain	
  regions)	
  and	
  Se/Hg	
  molar	
  ra6o	
  in	
  the	
  frontal	
  cortex	
  (b),	
  cingulated	
  gyrus	
  (c),	
  and	
  

midbrain	
  (d).	
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Experimental	
  	
  
Brain	
  samples	
  were	
  collected	
  from	
  individuals	
  submiged	
  to	
  autopsy	
  exam	
  at	
  
Na6onal	
   Ins6tute	
   of	
   Legal	
   Medicine	
   and	
   Forensic	
   Sciences,	
   North	
   Branch,	
  
Portugal,	
   aier	
  verifying	
  all	
   current	
   legal	
   regula6ons	
   regarding	
  human	
  6ssue	
  
collec6on	
  for	
  scien6fic	
  research	
  purposes.	
  It	
  were	
  studied	
  individuals	
  with	
  no	
  
neurodegenera6ve,	
   neurological	
   or	
   psychiatric	
   disorder	
   history	
   in	
   each	
   age	
  
group:	
   50-­‐59	
   (n=10);	
   60-­‐79	
   (n=10);	
   70-­‐79	
   (n=10)	
   and	
   80-­‐89	
   (n=9)	
   and	
   ≥90	
  
years	
  (n=3)	
  old.	
  	
  
As	
  suggested	
  by	
  Paine	
  and	
  Lowe	
  [3],	
  fragments	
  (c.a.	
  1	
  cm3)	
  from	
  the	
  following	
  
areas	
   were	
   sampled:	
   (1)	
   frontal	
   cortex;	
   (2)	
   superior	
   and	
   middle	
   temporal	
  
gyrus;	
  (3)	
  basal	
  ganglia,	
   including	
  the	
  caudate,	
  putamen	
  and	
  globus	
  pallidus;	
  
(4)	
   cingulated	
   gyrus;	
   (5)	
   hippocampus;	
   (6)	
   inferior	
   parietal	
   lobule;	
   (7)	
   visual	
  
cortex	
   of	
   the	
   occipital	
   lobe;	
   (8)	
   midbrain;	
   (9)	
   pons;	
   (10)	
   medulla;	
   and	
   (11)	
  
cerebellum	
  (Figure	
  1a).	
  	
  
Dried	
  brain	
  samples	
  (100-­‐500	
  mg)	
  were	
  digested	
  with	
  HNO3	
  ≥	
  65%	
  and	
  H2O2	
  ≥	
  
30%	
   through	
   a	
   closed	
   vessel	
   microwave-­‐assisted	
   diges6on	
   procedure	
  
(Milestone,	
   Italy,	
   MLS-­‐1200	
   microwave	
   oven)	
   and	
   the	
   solu6ons	
   were	
   then	
  
analyzed	
   by	
   induc6vely	
   coupled	
   plasma-­‐mass	
   spectrometry	
   (ICP-­‐MS)	
   for	
  Hg	
  
and	
  Se	
  quan6fica6on	
  using	
  a	
   iCAP-­‐Q	
  (Thermo,	
  UK)	
   instrument.	
  Results	
  were	
  
expressed	
  as	
  μg/g	
  in	
  a	
  dry	
  weight	
  basis.	
  

Figure	
  1	
  –	
  Brain	
  regions	
  sampled	
  (a),	
  Milestone	
  MLS	
  1200	
  microwave	
  oven	
  diges6on	
  unit	
  (b)	
  	
  

and	
  ICP-­‐MS	
  instrument	
  (c).	
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  human	
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0.68± 0.18 (0.10 – 1.18) 

0.76 ± 0.22 (0.37 – 1.34) 

0.64 ± 0.29 (0.12 – 1.65) 

1.13 ± 0.30 (0.50 – 2.18) 

1) frontal cortex 

2A) superior temporal gyrus 

2B) middle temporal gyrus 

6) parietal cortex 

7) occipital cortex 

11) cerebellum 
9) pons 

10) medulla 

4) cingulated gyrus  
0.90 ± 0.20 (0.34 – 1.29) 

3A 

3B 3C 
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3A) caudate nucleus: 0.90 ± 0.42 (0.07 – 2.03) 
3B) putamen: 1.3 ± 0.33 (0.60 – 2.35) 
3C) globus pallidus: 0.91 ± 0.28 (0.42 – 1.75) 
5) hippocampus: 1.03 ± 0.270 (0.53 – 1.72) 
8) midbrain: 0.95 ± 0.26 (0.37 – 1.87) 

0.60 – 0.79 μg/g 
 

0.80 – 0.99 μg/g 
 

1.00 – 1.29 μg/g 
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