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Heavy Metal Intoxication

• Normal Serum Lead Level

Lead associated worker < 60 ug/dl 

Adult < 40 ug/dl 

Children < 10 ug/dl 

• What is NORMAL?

from https://med.mahidol.ac.th/poisoncenter/th/pois-cov/Lead





Functional Medicine Concepts

1. Musculoskeletal Structural Imbalance
2. Environmental Inputs: diet, nutrition, exercise, trauma
3. Oxidative stress and Energy Production
4. Intoxication and Detoxification
5. Gastrointestinal Status Imbalance
6. Immune & Inflammatory Imbalance
7. Hormonal and Neurotransmitter Imbalance
8. Mind, Spirit, Emotion and Community
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 Endocrine Toxicity
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Neurologic & Neurodevelopmental Toxicity

• Environmental Toxins known to cause to children’s developing 
Brains and nervous system
 Heavy Metals

 Leads
Mercury
 Cadmium
 Arsenic

 Chemicals
 PCBs
 Chlorinated dibenzofurans
 Organophosphate pesticides
 Brominated flame retardants



Developmental Toxicity and Lead

 The Nervous System is the most sensitive target of lead 
exposure
 It must be emphasized that there may be no threshold 

for developing effects on children
 However, lack of overt symptoms does not mean “no 

lead poisoning”
 Lower levels of exposure have been shown to have many

subtle health effects.
www.atsdr.cdc.gov/HEC/CSEM/lead/physiologic effects.html



Low Levels of Lead Exposure

 Attention Deficits
 Lower IQ Scores
 Difficulty regulating Emotions
 Delinquency



How do the metals effect neurotoxicity?

 Promote oxidative damage
 Inhibit antioxidative enzymes/processes
 Affinity for sulfhydryl groups (tubulin)
 Disruption homeostasis (Ca, Na, K)
 Disrupt neurotransmitter metabolism
 Promote mitochondrial dysfunction



Mercury & Neurotoxicity

 Disrupt microtubule metabolism
Disassembly of microtubules
Inhibit polymerization of tubulin

Inhibits Na/K ATPase, Creatine Kinase
Astrocytic swelling, destruction

 Inhibits uptake of glutamate (Astrocytes)



Neurotoxic Effects of Mercury

 Inhalation of Mercury vapor in rats caused significant increase (400 
µg/g net weight) in brain mercury levels.
Mercury is neurotoxic and exerts its action by reducing the viability of 

tubulin.
 Decrease in viability of tubulin is carried out by mercury inhibition of 

GTP binding to tubulin
 In fact, the level of brain mercury in rats correlated with a decrease in 

GTP-tubulin interaction by 75%
 This ability of mercury to specifically inhibit GTP binding to tubulin is 

very similar to the mechanism in an Alzheimer’s diseased brain.









Lead & Neurotoxicity

 “The most sensitive target organ of lead appears to be 
the CNS, (particularly in children)..”
 “The adverse health effects noted in humans are 

generally supported by observations in animals.”
 “No MRLs have been developed for lead because a 

threshold has not yet been defined for the most sensitive 
effects of lead, (i.e. neurotoxicity).”



Lead Retention: Neurological Effects

 Behavioral / learning disorders (ADD, ADHD)
 Sensory deficits (visual / auditory)
Motor deficits / cognitive dysfunction
Memory loss, depression, confusion
 “Aged” population at increased risk due to lead mobilization from bone

Ostoporosis Int.9 (1999)



Mn Toxicity

 Failure of protective enzymes to:
Detoxify critical amounts of Mn
Alter its oxidation potential

Bivalent form Mn2+ oxidizes to trivalent from Mn3+, a powerful 
oxidizing species
High affinity to euro-melamin rich areas, i.e., nigrostriatal tract
Favors auto-oxidation of dopamine, generating semiquinones and 

orthoquinones, and production of toxic free radicals resulting in 
substantial lesions of the dopaminergic system.



Mn Toxicity

Lower exposures  GABAergic effect
Higher exposures  affect GABA and DA levels
High doses Manganism
Chronic exposure to low doses
Mn acts as an environmental “trigger” able to accelerate the 

physiological aging of neurological function

Onset of Parkinsonian disturbances is further facilitated 
by genetically induced predisposition



Parkinson’s Disease: Multi-factorial Cause

• A mixture of Genetic predisposition
• Oxidative Stress (free radical damage)
• Glycosylation (Protein denaturing by glucose dysfunction)
• Viral Onset
• Manganese exposure
• Triggers by influences of stress, dietary habits environmental 

status and various other vectors
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Heavy Metals can affect all components of 
immune function
Macrophage/Monocyte Function
Rate of Phagocytosis
T-Cell Function
B-Cell Function
NK Cell Activity
Cytokine Production
Antibody Production



Vaccines and Immunity

• The effect of neonatal hepatitis B vaccination on ASD risk among boys age 3-17 years

 Results: Boys who received the hepatitis B vaccine during the first 
month of life had 2.9+4 greater odds for Autistic Spectrum Disorder-ASD 
(n = 31 of 7,486; OR = 2.94; p = 0.03; 95% CI = 1.10. 7.90) compared to 
latter- or unvaccinated boys
 Conclusion: Finding suggest that U.S. male neonates vaccinated with 

hepatitis B vaccine had a 3-fold greater risk of ASD; risk was greatest for 
non-white boys  

• C.M. Gallagher and M.S. Goodman 
• Annual of epidemiology 19(9) September 2009: 659







Pattern of Heavy Metal Toxicity
 Neurologic and Neurodevelopmental Toxicity
 Immune Toxicity
 Metabolic and Mitochondrial Toxicity
 Endocrine Toxicity
 Genotoxicity / Carcinogenesis



Mitochondrial Toxicity





Environmental Toxins damage and destroy 
Mitochondria

Exogenous toxins, such as mercury and 
other environmental contaminants, 
exacerbate mitochondrial electron 
leakage, hastening their demise and that 
of their host cells.



Mercury

 Uncoupling of oxidative phosphorylation

 Impaired mitochondrial energy generation

 Increased oxyradical formation



Toxins and Phosphorylation

Wikipedia 2016



Mitochondrial Dysfunction

 Associated with:
 Compromised cellular energy production

 Generation of oxidative stress

 Increased induction of apoptosis, especially in 

face of cellular stress



Mitochondrial Dysfunction and Chronic 
Neurodegenerative Diseases.

 Parkinson’s Disease (PD)
 Alzheimer’s Disease (AD)
 Huntington’s Disease (HD)
 Amyotrophic Lateral Sclerosis (ALS)
 Autism (Lombard, James, Rossignol)

Van Laar and Berman. Exp Neurol
218(2009) 247-256



Genetic Polymorphisms associated with 
Autism

•Genes involved in glutathione metabolism
GSTP1
GSTM1
GPX1





Redox/Methylation Hypothesis of Autism

Oxidative Stress inhibits
Methionine Synthase 
and CDO





Potent Inhibitors of Methionine Synthase 
Activity
 Lead
 Mercury
 Thimerosal
 Alcohol
 (Antimony)
 (Cadmium)
 Oxidative Stress

Deth et al, Neurotoxicology 2007
Personal Communication 2009



Toxicants and Oxidative Stress

• Pro-oxidants/increased levels of oxidative stress
 Organic toxins

Pesticides
PCBs

Heavy Metals
Lead
Mercury

Inflammatory Cytokines
Sadgel-Sulkowski, et al.

Am.J Biochemand Biotech 4(2):73-84, 2008



Role of oxidative Stress in Neurodegenerative 
Disorders

 ALS
 Parkinson’s disease
 Alzheimer’s Disease
MS
 Autism
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Mol Cell Endocrinol. 2005 Oct 20;242(1-2):10-5.
Environmental chemicals as thyroid hormone analogues: new 
studies indicate that thyroid hormone receptors are targets of 
industrial chemicals?   Zoeller RT1.

• Several recent studies now show that TRs may be unintended targets of 
chemicals manufactured for industrial purposes, and to which humans 
and wildlife are routinely exposed. Polychlorinated biphenyls (PCBs), 
polybrominated diphenyl ethers (PBDEs), and bisphenol-A (BPA), and 
specific halogenated derivatives and metabolites of these compounds, 
have been shown to bind to TRs and perhaps have selective effects on 
TR functions. A number of common chemicals including 
polybrominated biphenyls (PBBs) and phthalates may also exert such 
effects. Considering the importance of TH in brain development, it will 
be important to pursue the possibilities that these chemicals - or 
interactions among chemical classes - are affecting children's health by 
influencing TH signaling in the developing brain.



Multiplicity of Physiological and Biochemical 
actions of Thyroid Hormone

Ahmed OM, et al. Int J Devl
Neuroscience, 26 (2008)147-209



The Basic Deiodinase Reactions





Halogens

•The halogens are five non-metallic elements 
found in group17 of the periodic table. All 
halogens have 7 electrons in their outer shells, 
giving them an oxidation number of -1.



Mol Cell Endocrinol. 2005 Oct 20;242(1-2):10-5.
Environmental chemicals as thyroid hormone analogues: new 
studies indicate that thyroid hormone receptors are targets of 
industrial chemicals?   Zoeller RT1.

• Several recent studies now show that TRs may be unintended targets of 
chemicals manufactured for industrial purposes, and to which humans 
and wildlife are routinely exposed. Polychlorinated biphenyls (PCBs), 
polybrominated diphenyl ethers (PBDEs), and bisphenol-A (BPA), and 
specific halogenated derivatives and metabolites of these compounds, 
have been shown to bind to TRs and perhaps have selective effects on 
TR functions. A number of common chemicals including 
polybrominated biphenyls (PBBs) and phthalates may also exert such 
effects. Considering the importance of TH in brain development, it will 
be important to pursue the possibilities that these chemicals - or 
interactions among chemical classes - are affecting children's health by 
influencing TH signaling in the developing brain.



Chalubinski et al. Allergy 
2006, 61:1326-1335



Endocrine disrupters – potential modulators of the immune 
system and allergic response
M. Chalubinski and
M. L. Kowalski
Article first published online: 2 AUG 2006

• Endocrine disrupters (EDs) are environmental pollutants of industrial or 
agricultural origin (e.g. herbicides, fungicides, insecticides, industrial 
chemicals) that may influence health of wildlife and human. Endocrine-
disrupting effect is obtained by mimicking the action of the steroid 
hormones and has been associated with several reproductive disorders 
as well as cancerogenesis both in animals and humans. EDs can also 
influence synthesis of cytokines, immunoglobulins, and cell mediators 
as well as immune cell activation and survival. Modulation by EDs of 
interleukin-4 production, Th1/Th2 balance and IgE production suggest 
their potential effect on allergic immune responses. The aim of this 
review was to summarize data indicating a potential effect of EDs 
exposure on the immune system and allergic responses.



Chalubinski et al. Allergy 
2006, 61:1326-1335
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Cadmium (Cd)

 Unequivocally accepted that Cd is a carcinogen
 Cd Exposure

Results in cell transformation
Induces cancers of various organs in experimental animals
Causes lung cancer in humans
May cause kidney and prostate cancer in humans
May facilitate other carcinogenic components to cause cancer at 

significantly lower concentrations than what would be normally required
Pius. Toxicology and Applied
Pharmacology 2009; 238: 272-

279



Cd2+, similarly to other toxic metals, disrupts physiological signal 
transduction. In principle, second messengers are generated at the time of 
receptor activation, are short-lived, and act specifically in space and time 
through non-covalent binding on effectors to transiently alter their activity. 
Signaling dysregulation induced by Cd2+ is reflected by a permanent disruption 
of transducing modules, resulting in low and/or elevated and constant levels of 
second messengers, which overwhelm the control mechanisms of signaling. 
This disturbs physiological cellular functions, gene transcription and regulation 
and may result in cell death and/or stress-induced adaptation and survival as 
well as carcinogenesis.
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Common Conditions that can be associated 
with Toxicity
 Fatigue – Mental and Physical
 Sarcopenia
 Obesity
 Diabetes
 Thyroid Disorders
 Cancer (Reproductive in particular)



Common Conditions that can be associated 
with Toxicity

 Autism spectrum Disorders
 Attention deficit/Hyperactivity disorders
 Pain disorders such as Migraines and Fibromyalgia
 Mood disorders such as depression and Anxiety
 Peripheral Neuropathy



Common Conditions that can be associated 
with Toxicity
 Asthma
 Atopy
 CFIDS
 Multiple Chemical Sensitivity
 Allergy
 Auto-immunity

Chronic inflammatory disease
 GI endotoxicity
 Dysbiosis and pathogenic overgrowth



CONCLUSIONS

* Definitions of safe levels for exposure to toxic elements 

continue to be lowered.

* Even though low level of heavy metals in the body 

doesn’t have seriously problems but it doesn’t mean that 

they do nothing.

* Heavy metal can cause dysfunction in many systems.

* Should we keep all that normal level of heavy metal?


