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SIMPÓSIO A QUÍMICA INTELIGENTE A SERVIÇO DA MEDICINA 



 

OMNIPRESENT 

 air, dust, water, soil, food 

 

INSIDIOUS 

wall paints, car batteries, leaded gasoline, canned food, plastic 
blinds, electric cables, plastic toys, glazed ceramic dishes, 

crystal baby bottles, lead caps of wine bottles, game meat, folk 
medicines, moonshine, sparkler cake candles, calcium 

supplements, hair dyes, eyelash/eyebrow makeups 

 

HIGHLY TOXIC 

brain, blood, liver, kidneys, testes, sperm, immunological 

system, lungs 

 

MAIN VICTIMS 

children, lead-exposed workers and urban populations 

LEAD POISONING 

Olympio, Gunther, Bechara & co-workers, Pan Am. J. Public Health 2010 



LEAD POISONING IN HISTORY 
leaded wine lead typographs glass vitrals 

paints paints 



Effects of Lead Poisoning on Human Health 

 Adults        Children 
Hypertension    Learning disabilities 

Nervous system disorders  Attention & IQ deficits 

Memory problems   Juvenile delinquency 

Irritability    Headaches & seizures 

Headaches    Hearing & growth 

Hearing acuity    Mental retardation 

Nephropathy      Abdominal & joint pain 

Sterility/Impotence (males)   Hemoglobin synthesis 

Hemoglobin synthesis   Anemia 

Decreased lifespan    Nephropathy 

Anemia     Encephalopathy   

Encephalopathy      

      Death 
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Adapted from Gurer & Ercal, Free Radic. Biol. Med. 2000 

“We do not know how smart our children could be!” (Needleman,  Ann. Rev. Med., 2004) 

 



Annual benefits of a 1 μg/dL reduction in the mean blood lead 

concentration of US infant population (Schwartz, Environ. Res. 1994). 

 
Annual benefits US$, million 

Medical costs 189 

Compensatory 

education 

481 

Infant mortality 1,140 

Neonatal care 67 

Earnings 5,060 

Total 6,937 

ECONOMICAL LOSSES OF LEAD POISONING 

“Childhood lead poisoning prevention—too little, too late”, Lanphear, JAMA 2005 



LEAD THRESHOLDS IN THE USA 

(CDCs, FDA & EPA, 1990s) 

• Lead in the air < 1.5 μg/m3 

• Lead in drinking water < 15 µg/L 

• Blood lead level < 10 µg/dL (< 5 µg/dL?) 

• Occupational blood Pb threshold < 50 µg/dL  

• Lead in paints < 0.06% (Brazil, 2008) 

• Education: Distribution of pamphlets on 
lead and lead exposure prevention in 
homes, churches, industries and schools   

 



Lead Direct Effects 
 

Pb and other heavy metal (Cd, Hg, Ag) ions have 

high affinity for sulfides and thiols 

 

Pb2+  +  S2-      PbS 

 

Pb2+  +  2 RSH      Pb(SR)2  +  2 H+ 

 

   Pb2+ ions replace Ca2+ e Zn2+ ions coordinated to cysteine 

(Cys-SH), serine (Ser-OH), and threonine (Thr-OH) residues 

of proteins and enzymes  inactivation 



Biochemical Outcomes of Lead Exposure 

 → Oxidative Stress 

• Alteration of membrane fatty acid composition and 
potentiation of lipid peroxidation; 

• Depletion of glutathione leading to redox stress; 

• Inhibition of various thiol proteins and enzymes (e.g., 
Na+K+ATPase, PKC) by forming mercaptides; 

• Binding to calcium (e.g. calmodulin) and zinc proteins; 

• Random hydrolysis of nucleic acids;  

• Enhanced oxidation of hemoglobin to methemoglobin; 

• Inhibition of antioxidant enzymes (SOD, GPx, PRx, etc); 

 

• Accumulation of pro-oxidant ALA during heme 
biosynthesis. Plumbism is a case of chemical porphyria! 

 

Lidsky & Schneider, Brain 2005) 



a. Feedback inhibition by heme 

b. Inhibition by lead 

c. Inhibition by succinylacetone 

d. Deficient biosynthesis in AIP 

Baynes & Dominiczak, Medical Biochemistry 2007 

 



Structural Similarity Between 

ALA and  GABA → Neurotoxicity 
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Brennan & Cantrill, J. Neurochem. 1979 



ALA: A Potential Source of Oxyradicals in  

Plumbism and Intermittent Acute Porphyria 

Hermes-Lima, Pereira & Bechara, Xenobiotica 1991 

Bechara et  al.  Comp. Biochem. P hysiol. 2007 
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Monteiro, Abdalla, Alário & Bechara, Biochim. Biophys. Acta 1986 

ALA-OxyHb Coupled Oxidation by O2  

A. ALA 6 mM + 6 µM oxyHb 

B. + 50 U SOD/mL 

C. + 5 µM Catalase 



EPR Spectra of DMPO-OH Adducts with ALA/oxyHb 

ALA 

A+oxyHb 

B+DMSO 

B+CATALASE 

B+SOD 

Monteiro, Abdalla, Augusto & Bechara, Biochim. Biophys. Acta 1989 

N = H = 14.87 G 

DMPO-HO adduct 

N = 16.56 G 

H = 23.68 G 

DMPO-H3C
 adduct 



In Vivo EPR Detection of Hydroxyl Radicals 

in Mice Treated with ALA + DEPMPO 

ALA + DMPO 

ALA + DEPMPO 

ALA + DMSO + DEPMPO  

Timmins, Liu, Bechara & Swartz, Free Radic. Biol. Med. 1999 

N = H = 1.38 mT; P = 4.75 mT 

DEPMPO-HO adduct 

N=1.45 mT; H=2.2 mT; P=4.75 mT 

 
DEPMPO-H3C

 adduct 



Dose-Response Relationship Between 

 Blood Lead and SOD in Lead-exposed Workers  

Monteiro, Abdalla, Arcuri & Bechara, Clin. Chem. 1985 



Correlations between Plasma ALA and Oxidative 

Stress Indicators in Lead-exposed Workers   

Costa, Trivelato, Pinto & Bechara, Clin. Chem. 1997  



Spontaneous Chemiluminescence of Exposed 

Rat Organs/Tissues after ALA Treatment 

(dose = 40 mg/kg body wgt)   

Demasi, Costa, Pascual, Llesuy & Bechara, Free Rad. Res. 1997 



Douki, Onuki, Medeiros, Bechara, Cadet & Di Mascio, Chem. Res. Toxicol. 1998 



Fraga, Onuki, Lucesoli, Bechara & Di Mascio, Carcinogenesis 1994 

Levels of 8-OHdG in Isolated Calf Thymus DNA  

and in Liver DNA of Chronically ALA-treated Rats 

 

(40 mg/kg body wgt; 7x during 2 weeks) 

In vitro In vivo 



Douki, Onuki, Medeiros, Bechara, Cadet & Di Mascio, Chem. Res. Toxicol. 1998 

 



ALA Induces Iron Release from Ferritin 

Accompanied by Loss of Ferritin Ferroxidase and 

Iron Uptake Activities  

Renal and Liver Disfunctions?  
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Oteiza, Keinman, Demasi & Bechara, ABB 1995; Dutra, Araki & Bechara, FRBM 2003 

horse spleen ferritin 



Effects of ALA on Immunorecognition of 

Human Ferritins 

Rocha, Bechara and co-workers, Chem. Res. Toxicol.  2003 



Prooxidant Effects of ALA on Biomolecules, Organelles 

 & Animals 

Bechara & co-workers, Comp. Biochem. Biophys. 2006 



ALA 

HEME Cyt, Hb, Mb 

Catalase 

Peroxidases 
HO 

Fe, Biliverdin 

   Bilirubin  

GABA receptors 
<Kd, oxidative lesion  

Fe metabolism 
    IRE-1, ferritin, 

   ceruloplasmin 

 liver & brain iron 

 

Mitochondria 

 MTP, disruption 

  DNA 
stb, 8-OHdG, 

ethene adducts 

DNA laddering* 

Does ALA Play a Role in Aging? 

Ryter & Tyrrell, FRBM 2000: anti- and pro-oxidant properties of heme metabolites 

Bechara & coworkers, ABB 2003 (and ref. therein): pro-oxidant action of ALA 

*De Siervi et al., BMC Cancer, 2002: apoptosis (?) of heptocellular cell lines    



Plasma and Liver ALA Increases 

with Age 

     RATSa (n=10)                  HUMANS 
  Age     Plasma    Liver                          Plasma 

(Months)        (nM)      (nmol/mg prot.)                            (M) 

 

   2             16          < 4               Children     0.08b 

   9             53           18 

 16           106           57                Adults        <0.1a; 0.26c; 0.3d;  

              3.5e     

   

aBechara & Dutra, unpublished 
bSithisarankul et al., Environm. Res. 1999 
cCosta et al., Clin. Chem., 1997; dMurata et al., Occup. Health 2003 

eMinder, Clin. Chim. Acta 1986  



Structural Similarity Between 

ALA and  GABA → Neurotoxicity 

Brennan & Cantrill, J. Neurochem. 1979 
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3H-Muscimol Binding in GABAa Sites of  

Synaptic Membranes of Total Brain of Rats 

Subjected to Chronic Treatment with ALA  

Demasi, Penatti, DeLucia & Bechara, Free Radic. Biol. Med. 1996 



Immunohistochemistry of Rat Brain 

Slices with GABAa Antibodies 
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SA 
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Immunohistochemistry of brain habenular complex 

slices obtained from rats treated with ALA or SA (7 

doses, 2 wks), with GABAa monoclonal antibodies.    

Avishek, Penatti, Brito, Henning & Bechara, Brain Res. 2006  



Cincinnati´s study    Pittsburgh´s study 

(Dietrich et al., 2001)                            (Needleman et al., 2002) 

 

Blood Pb levels                                        Tibia Pb levels (KXF spectroscopy) 

 

Pre- and postnatal exposure          Determinations during adolescence 

                        

300 teens (15-17 yrs) with                       194 adjudicated  youths (12-18 yrs) 

anti-social and delinquent acts             vs 146 non-delinquent controls 

            

4.5 higher SRDB (Self-Reported             4 times more likely to have 

Delinquent Behaviour) when                      Pb>25 ppm  

Pb>15 g/dL blood, as compared 

with group Pb<5 g/dL blood  

                

Lead Exposure and Juvenile Delinquency 
(Background: Columbine High School, USA, April 20, 1999) 



Projeto Chumbo-Delinquência FEBEM – Bauru e Lins 
Projeto aprovado pela Corregedoria da FEBEM e SJSP (2005) 

 
E. Bechara, IQUSP e P. Oliveira, IQUSP; W. Günther, ESPUSP 

Doutoranda: Kelly Olímpio Kaneshiro  

Amostras populacionais: 200 internos infratores vs 200 estudantes rede ensino (14-18 anos) 

           (200 adolescentes vizinhos da AJAX) 

 

Métodos:  

1. Coleta de biópsias de esmalte de dentes 

2. Dosagem Pb, Ca e P no esmalte (absorção atômica) 

3. Entrevistas com infratores e seus responsáveis 

 Self Reported Delinquency, 36 questões (Loeber et al., 1989) 

 Child Behaviour Checklist (pais e prontuários), 138 questões (Achenbach, 1991) 

  Escores de 0 a 4 (nunca    mais de 10 vezes) 

 

Tratamento de Dados: 

Análises de regressão logística  correlação (?) comportamento anti-social/infracional e Pb 
dentário, levando-se em conta variáveis de confusão (relativas a condições econômicas, 
sociais e culturais da família, estrutura familiar, hábitos, drogas, etc) 

 

Perspectivas: Comprovação dos estudos de Pittsburg e Cincinnatti e contribuir para o 
estabelecimento de políticas públicas de prevenção da intoxicação por chumbo e eventual 
redução de violência rural e urbana.       

   



Odds ratios (OR) and their confidence interval (CI) adjusted for biopsy depth, sex, age, number of 

children at home, parents living together, occupation of the head of family, maternal schooling .  

Subjects: 173 youths aged 14-18 and their 

parents (n=93) living in a poor area of Bauru 

(SP) with high criminality indices. 

 

Self-reported deliquency forms (SRD) and 

CBCL-4-18 inventory 

 

Dental enamel lead levels: graphite furnace 

atomic absorption spectrometry   

 

 

 

Olympio et al., NT 2010 

 

Olympio et al., RVP 2010 

 

Olympio et al., JTEH 2010 



UNIFESP (Diadema)-USP (IQ, FSP) Lead Poisoning Project 

Goals 

 
1. To identify principal sources of lead contamination both indoors 

(paints, rugs, running water, food, electric cables, glazed utensils, 
toys, facial dyes, pacifiers, phytoterapics, etc) and outdoors (air 
particulates and Billings water, sediments, fish, and plants). 

 

2. To employ cell and animal models treated with Pb, ALA, or SAME, 
for studying the biochemistry of lead neurotoxicity. 

 

3. To study correlation between tooth enamel and blood lead levels 
and anti-social/violent behavior in adjudicated teenagers 
(Fundação Casa). 

 

4. To investigate Amazon and Atlantic Forests plant extracts and 
compounds as antioxidants and chelators for lead (thiols and 
polyphenols). 

 

5.     To create a National Reference Center for Lead Poisoning Studies, 
Information, and Prevention. 



SUMMARY 

• Lead poisoning is a millenarian problem that afflicts adults and 
especially children in both industrialised and developing countries. 

• A plethora of evidence points to oxidative stress as one of the main 
process whereby lead exerts its nephro, hepato- and neurotoxicity. 

• 5-Aminolevulinic acid (ALA) accumulated in the tissues of lead-
contaminated subjects (10x in blood), as a result of ALA-dehydratase 
inhibition, seems to contribute to the associated redox imbalance. 

• Accordingly, in vitro and in vivo studies show that proteins, 
membranes, DNA, subcellular fractions (mitochondria, 
synaptosomes), and tissues are attacked and injured by ROS formed 
during ALA iron-catalyzed oxidation. 

• Abundant data point to antioxidant supplementation combined with 
lead chelation as beneficial in the treatment of lead poisoning, but 
further studies are still needed. 

• Today’s research should focus on the effects of low lead exposure. Is 
the threshold of 10 g/dL blood established in 1991 still reliable? 

• The most important lesson is to prevent lead from ever getting into 
children´s bodies rather than trying to remediate its toxic effects. Lead 
cannot be removed from the brain by chelation and its half-life in brain 
is ~2 years ! 
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