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Main Points

1.   Toxic metals act as endocrine disruptor chemicals 
(EDCs) thereby contributing to acute and chronic 
illness and advanced aging

2.   Laboratory tests that assess for acute metal 
toxicity and for body burden of metals will be 
discussed

3.   Assessment protocols and pharmaceutical agents 
will be presented
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Many Metals Are Essential To Human Health 

Calcium Chloride

Cobalt Copper

Iodine Iron

Magnesium Manganese

Molybdenum Nickel

Phosphorus Potassium

Selenium Sodium

Sulfur Zinc

- Reviewed in Textbook of Natural Medicine 4th Ed; Ch 27; Masur 
LC, Mineral Status Evaluation.  2011; Elsevier (in press)

Patient concerned about “premature” aging



Some Potentially Toxic Metals

Generally, we all 
have small 
amounts of metals 
in our tissues and 
body fluids

- various food, 
water  and 
environmental 
sources 

Random Unprovoked Urine
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1.  Arsenic
2.  Lead
3.  Mercury
4. Vinyl Chloride
5.  Polychlorinated Biphenyls (PCBs)
6.  Benzene
7.  Cadmium
- CDC 2007 Priority List of Hazardous Substances, www.atsdr.cdc.gov/cercla/07list.html 
[accessed 11 Mar 2011]
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Some Metals Can Be Extremely Toxic

ATSDR 2007 Priority List of Hazardous Substances



Toxic Metals:

• Cross placenta

• Teratogenic

• Fetotoxic

• Present in breast milk

International Programme on Chemical Safety (IPCS); http://www.inchem.org/ 
[Accessed 17 Mar 2011]

- Arsenic (PIM G042) Jul 1996
- Cadmium (PIM 089) Jan 1992
- Lead – inorganic (PIM 301) May 1994; and Lead – organic (PIM 302) May 1994
- Mercury – UK National Poisons Information Service Mar 1996
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ATSDR CERCLA 2007 Priority List of Hazardous 
Substances

- http://www.atsdr.cdc.gov/cercla/supportdocs/text.pdf [Accessed 17 Mar 2011]

275 substances

• About half of these have been implicated as 
endocrine disruptor chemicals (EDCs)

• 60 of the 275 substances are metals
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Endocrine System - pituitary, thyroid, adrenals, pancreas, ovaries, 
testes (and others – hypothalamus, parathyroid, etc.)

More than 50 endogenous hormones (local or distal action)

Endocrine Disruptor Chemicals (EDCs)

1. Exogenous agents

2. Can interfere with hormones at multiple levels

3. Can disrupt maintenance of homeostasis

4.   Can disrupt developmental processes
- Kavlock RJ et al (1996). Environ Health Perspect, 104(Suppl 4):715-40

• Production • Transport • Binding • +/- Elimination

• Release • Action • Metabolism
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Major examples of toxic metals acting as EDCs:

As, Cd, Hg, Pb

Arsenic

Increasingly serious levels of As contamination of 
water, air and soil

Environmental contamination by As – “the largest 
current calamity of chemical poisoning in the world”

- Ng JC. Environmental Chemistry 2005; 2(3):148-160
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Arsenic

Very low dose As disrupts hormone signaling in  
regulation of a wide range of biological processes

• Stress response
• Blood vessel function
• Cancer suppression
• Embryo development

• Lung and skin
development

• Blood glucose level
• Associated with    DM*

- Kaplan M (2009). [www.anapsid.org/cnd/hormones/estrogen2.html]
* Navas-Acien A, et al (2008). JAMA 300(7):814-822
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Most toxic metals work as EDCs by imitating normal 
endogenous hormones and either activate or block a 
specific receptor

But Arsenic – Doesn’t work that way!

• Not just via one receptor – exerts effects on wide 
variety of receptors

• Not the typical dose-response relationship
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Arsenic – can exert effects at low levels

Low dose exposure to As (e.g. at the levels found in 
drinking water) can alter glucocorticoid-receptor-
mediated gene activation

- Bodwell JE, et al. Chem Res toxicol 2004; 17(8):1064-1076

• As doesn’t disrupt glucocorticoid receptor function 
in the usual fashion
• Instead – receptor still may be activated but is 
prevented by As from stimulating the correct cascade 
of signals that usually turn on hormone-responsive 
genes in the cell

- Kaltreider RC, et al. Environ Health Perspect 2001; 109(3):245-251
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Arsenic – developmental effects; cancer risk

Heightened sensitivity of prostate to EDCs such as As

As may disrupt estrogen signaling in utero, neonatally 
and during puberty

Fetuses, infants and children exposed to EDCs may be 
at increased risk for future development of prostate 
cancer

- Prins GS. Endocrine-Related Cancer 2008; 15(3):649-656



“Hedgehog” signaling pathway – plays a key role in 
controlling cell differentiation, growth and 
proliferation (in embryogenesis; also in regulation of 
adult stem cells)

- Ingham PW, McMahon AP. Gens Dev 2001; 15:3059-3087

Low dose environmental As may be a factor, via the 
activation of “Hedgehog” signaling, in the etiology of 
As-induced tumors 

- Fei DL, Li H, Kozul CD, Black KE, Singh S, et al. Cancer Res 2010; 70(5):1981-1988
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Zinc deficiency may exacerbate As toxicity

- Engel RR, Receveur O. Am J Epidemiol 1993; 138:896-897

Children from low-income families may have low 
concentrations of plasma zinc during infancy and 
adolescence

- Butrimovitz GP, Purdy WC. Am J Clin Nutr 1978; 31:1409-1412
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Cadmium

• An extremely toxic metal – any / all organ systems

• Acute symptoms (e.g. metal fume fever) as well as 
long-term toxic effects

• Cd absorption linked to Iron and Zinc levels – low 
Fe, Zn both favor increased Cd absorption

• High Cd causes Zn depletion

• Zn deficiency (Cd excess?) hypothesis of aging

- Garfinkel D.  Medical Hypotheses 1986; 19(2):117-137
- Bin QH, Garfinkel D.  Med Hypotheses 1994; 42(6):380-384
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Cadmium (effects on reproductive tissue)

Direct toxic effects on cells of the reproductive system

Also an endocrine disruptor – e.g. low dose Cd affects
steroid synthesis in male and female reproductive 
organs

- Takiguchi M, et al. Environ Sci 2006; 13(2):107-116
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Cadmium (as an estrogen mimic)

• Binds to the estrogen receptor (ER) and functions as 
an estrogen mimic

• Exerts proliferative action on prostate cells through 
an ER-dependent mechanism

• Linked with development of prostate cancer

- Prins GS. Endocrine-Related Cancer, 5008; 15(3):649-656
- Benbrahim-Tallaa L, et al. Prostate 2007; 67:135–145
- Waalkes MP. Journal of Inorganic Biochemistry 2000; 79:241–244
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Cadmium (direct and signaling effects)

• Evidence of direct effects of Cd on specific 
components of steroidogenesis

• Cd (like As to some extent) also may affect hormone 
binding and intracellular second messenger pathways

- Chedrese PJ, et al. Immunology, Endocrine & Metabolic Agents - Medicinal Chemistry 
(Formerly) 2006; 6(1):27-35
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Mercury

• Widely toxic – fetus and infants particularly 
vulnerable to toxic doses

• Birth defects; impaired nervous system 
development

• Impaired brain and nervous system function

• Mental retardation
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Mercury - multiple endocrine disruptor effects

• Animal studies – thyroid, adrenal, ovary, testis

• Blocks thyroid hormone binding sites

• Thyroid hypofunction has “downstream” effects 
(e.g. Atherosclerosis, MI)

- Zhu X, et al. Environ Health Prev Med 2000; 4(4):174-183
- Ellingsen DG, et al. J Appl Toxicol 2000; 20(6):483-489
- Hak AE, et al. Ann Int Med 2000; 132:270-278
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Whole Blood Analysis

• Cornerstone to 
“Standard of Care” for  
investigation, diagnosis 
and management of 
acute metal toxicity

• Quantifies metals in 
whole blood

• Diagnostic for acute 
“poisoning”

Patient concerned about “premature” aging
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Expanding on the “Standard of Care”

• Provoked urine analysis for metals, in addition to 
whole blood testing, assesses for chronic retention 
(body burden)

• Consider RBC analysis for assessment of elements 
more commonly represented intracellularly (e.g. Fe, K, 
Me-Hg)

• Look for methodology with highest precision & 
accuracy (e.g. ICP-MS)

• Reference ranges should incorporate CDC and 
literature-supported data
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Recall that any toxic metals that are absorbed are 
either excreted or retained

Those that are retained are exchanged primarily among 
three compartments:

• Blood

• Mineralizing tissue (e.g. bone, teeth)

• Soft tissue

The sum of the retained metal load in all three 
compartments = Body Burden
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Lead for example

Absorb about 20% of that which is ingested, and 
almost all of that which is inhaled

• Lead excretion – Most absorbed lead is excreted 
(urine or bile)

• That not excreted is retained = Body Burden (BB)

But . . . Blood Pb is only 2% of total BB of Pb

- ATSDR, CSEM (2007). [www.atsdr.cdc.gov/csem/lead/pbbiologic_fate2.html]
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So . . . where is the rest of the lead?

Mostly in bones and teeth >= 95% of BB

• Trabecular bone – labile; readily exchanges with 
blood compartment – T½ of Pb in trabecular bone about 
90 days

• Cortical bone – so-called “inert” but is a potential 
endogenous Pb source (e.g. osteoporosis; stress)

Lead in Soft Tissue – 2 to 3% of BB
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Generally then . . . total burden of toxic metals likewise 
is distributed throughout the body

• Both the burden and biologic activity of any metal will 
vary, depending on the metal, among the different 
compartments of distribution

Can the body burden of toxic metals be assessed 
accurately?

E.g. Pb – most of the lead burden can be demonstrated 
quantitatively by x-ray fluorescence
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How else could this burden be assessed?

According to the CDC – [Whole] “blood lead is the most 
widely used measure of lead exposure”

. . . but, admittedly . . . 

“These tests, however, do not measure total body 
burden – they are more reflective of recent or ongoing 
exposures”

. . . also . . . 

“Erythrocyte protoporphyrin (EP) . . . zinc protoporphyrin (ZPP) 
was previously considered the best test for screening for 
asymptomatic children” . . . “not sufficiently sensitive at lower 
BLLs”

- ATSDR, CSEM (2007). www.atsdr.cdc.gov/csem/lead/pbbiologic_fate2.html [Accessed 
17 Mar 2011]
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“Lead mobilization tests might reflect the 
toxicologically active fraction of the total lead body 
burden”

The utility of mobilization with DMPS, DMSA, EDTA, 
D-Pen, etc. in testing for BB of toxic metals has been 
examined extensively in both the allopathic and the 
CAM literature

- Numerous citations in Hoet P et al. Clinical Chemistry 2005; 52:88-96
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Objective and cost-
effective laboratory 
tests are available

• Support safe and 
effective
investigation and 
management

• Of both acute 
toxicity and body 
burden of toxic 
metals

oo



A4M                     Toxic Metals as Endocrine Disruptors                         Chuck Masur MD     31

Best approach is a combination of unprovoked and
provoked urine toxic metal testing

Unprovoked (Pre-) Provoked (Post-DMPS)
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Commonly used and validated provoking 
(“complexing”; “chelating”) agents:

DMSA – Meso-2,3-dimercaptosuccinic acid
– oral – 20 to 30 mg/kg body wt

EDTA – Ca-Na2-ethylenediaminetetraacetic acid
– intravenous – 50 mg/kg body wt

DMPS – Na-2,3-dimercapto-1-propane-sulfonic acid 
– intravenous – 2 to 5 mg/kg body wt
– or oral – 5 to 10 mg/kg body wt

Detailed protocols are available on request
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Summary

Toxic metals disrupt endocrine function directly or 
indirectly

Elevated body burden of metals can contribute to the 
development of acute and chronic disease as well as 
to advanced aging

Appropriate laboratory testing can guide any 
assessment for acute metal toxicity (poisoning) and / 
or chronic metal retention (body burden)   
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