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Toxicology recap

- Toxicant — a man-made or natural substance exogenous
(foreign) to the body that can kill or cause damage

- Damage is determined by:
- Dose

- Route of exposure %
- Duration of exposure 3
- Toxicant’s properties a
- Individual factors
1 10 100
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Eaton DL and Gilbert SG. “Principles of Toxicology.” Casarett & Doull’s Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 11-43. Print.
Image adapted from <http://publications.nigms.nih.gov/medbydesign/images/ch1_doseresponse.jpg>. 31 Oct. 2011.



Toxicology recap

- Damage can occur through:
- Alterations in cellular death (apoptosis, necrosis)
- Damage to DNA, RNA, proteins, enzymes
- Depletion of cellular protective mechanism
- Allergic reaction to a chemical

Eaton DL and Gilbert SG. “Principles of Toxicology.” Casarett & Doull’s Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 11-43. Print.
Image adapted from <http://publications.nigms.nih.gov/medbydesign/images/ch1_doseresponse.jpg>. 31 Oct. 2011.



Toxicant case studies

- Pesticides: organophosphate insecticides
- Polycyclic aromatic hydrocarbons: benzo[a]pyrene
- Heavy metals: lead

- Mercury, thimerosal, and autism



Pesticides

- Substance intended to destroy or repel pests

- Pests can include weeds, rodents, insects, fungi

Images (left to right) from < http://www.toxipedia.org/display/toxipedia/Pesticides > and < http://www.homedepot.ca/wcsstore/HohieDepotCanada/images/catalog/14354.84176_4.jpg >, 2 Nov. 2011.



Pesticides

- Used in agriculture, home, garden, schools, offices,
hospitals

- 2001: 4.9 billion Ibs. of pesticides in U.S. (4.5 Ibs./person!)

- ldeal pesticide would be highly specific, quick acting, and
degrade quickly to harmless materials

- 2004: 3 million pesticide poisonings, 250,000 deaths
worldwide

Costa LG. “Toxic Effects of Pesticides.” Casarett & Doull's Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 883-930. Print
Toxipedia. “Pesticides Overview.” Toxipedia. 9 May 2011. Web. 2 Nov. 2011. http://www.toxipedia.org/display/toxipedia/Pesticides
World Health Organization. “Pesticides and Health.” WHO International. 2004. Web. 2 Nov. 2011. < http://www.who.int/mental_health/prevention/suicide/en/PesticidesHealth2.pdf >




Organophosphate insecticides

- > 50% of pesticides used are organophosphates (OPs)
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- Exposure through dermal, oral, inhalation routes usually
among agricultural workers

Costa LG. “Toxic Effects of Pesticides.” Casarett & Doull's Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 883-930. Print
Toxipedia. “Pesticides Overview.” Toxipedia. 9 May 2011. Web. 2 Nov. 2011. http://www.toxipedia.org/display/toxipedia/Pesticides
Weldy C. “The Science of Toxicology.” ENVH 111, Univversity of Washington. 28 Oct. 2010.




Organophosphate insecticides

- Target the nervous system by inhibiting
acetylcholinesterase (AChE)
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Image from < http://depts.washington.edu/opchild/images/ach.jpg >. 2 Nov. 2011.



Organophosphate insecticides

- Acute exposure leads to cholinergic crisis — sweating,
salivation, tremors, paralysis, vomiting, convulsions

- Death due to inhibition of respiratory control in the brain
and paralysis of respiratory muscles

- Only prompt treatment can prevent death:

- Atropine — blocks excess acetylcholine from interacting with
muscarinic receptors

- Oximes — restore function of acetylcholinesterase

Costa LG. “Toxic Effects of Pesticides.” Casarett & Doull's Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 883-930. Print
Toxipedia. “Pesticides Overview.” Toxipedia. 9 May 2011. Web. 2 Nov. 2011. http://www.toxipedia.org/display/toxipedia/Pesticides
Weldy C. “The Science of Toxicology.” ENVH 111, Univversity of Washington. 28 Oct. 2010.




Organophosphate insecticides

- Certain OPs can cause OP-Induced Delayed Neuropathy
(OPIDN) by inhibiting neuropathy target esterase

- Degeneration of long axon terminals leads to paralysis

- 1930: “Ginger Jake” syndrome caused by contamination
of bootleg “medicinal”’ liquor with an OP
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Costa LG. “Toxic Effects of Pesticides.” Casarett & Doull's Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 883-930. Print
Toxipedia. “Pesticides Overview.” Toxipedia. 9 May 2011. Web. 2 Nov. 2011. http://www.toxipedia.org/display/toxipedia/Pesticides
Weldy C. “The Science of Toxicology.” ENVH 111, Univversity of Washington. 28 Oct. 2010.




Organophosphate insecticides

- OPs are neurotoxicants — targeting the nervous system

- Damage occurs through inhibition of cellular enzymes

Costa LG. “Toxic Effects of Pesticides.” Casarett & Doull's Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 883-930. Print
Toxipedia. “Pesticides Overview.” Toxipedia. 9 May 2011. Web. 2 Nov. 2011. http://www.toxipedia.org/display/toxipedia/Pesticides
Weldy C. “The Science of Toxicology.” ENVH 111, Univversity of Washington. 28 Oct. 2010.




Polycyclic aromatic hydrocarbons

- Polycyclic aromatic hydrocarbons (PAHs) form when
organic material not completely combusted

- Common sources include tobacco, wood, gas, oil, coal
smoke

- Exposure usually occurs through inhalation

Weldy C. “The Science of Toxicology.” ENVH 111, Univversity of Washington. 28 Oct. 2010.
Images (top to bottom) from <http://www.toxipedia.org/display/toxipedia/Polycyclic+Aromatic+Hydrocarbons> and <http://en.wikipedia.org/wiki/Cigarette>. 2 Nov. 2011.



I
PAHs — Benzo|a]pyrene

- Epidemiological association between occupational
exposure to PAHs and lung, bladder, skin cancer

- Strong evidence in lab animals for PAHs being
carcinogenic and mutagenic — altering or destroying DNA

- Benzola]pyrene is a classic PAH found in cigarette
smoke, diesel exhaust, and asphalt mixing

Weldy C. “The Science of Toxicology.” ENVH 111, Univversity of Washington. 28 Oct. 2010.
Image from <http://cancerpreventionresearch.aacrjournals.org/content/2/4/298/F1.large.jpg>. 2 Nov. 2011.



PAHs — Benzo|a]pyrene

- Benzola]pyrene (B[a]P) is metabolized by the same
enzymes (cytochrome P450s, epoxide hydrolases) to
different metabolites
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Weldy C. “The Science of Toxicology.” ENVH 111, Univversity of Washington. 28 Oct. 2010.
Image from <http://cancerpreventionresearch.aacrjournals.org/content/2/4/298/F1.large.jpg>. 2 Nov. 2011.



I
PAHs — Benzo|a]pyrene

- B[a]P’s toxic metabolite interacts with DNA to form an
adduct - a bulky structure that blocks or alters DNA's
normal functions

- B[a]P is both a mutagen — because it alters the chemical
structure of DNA — and a carcinogen, because it is
associated with cancer development

. BJ[a]P adduct on DNA

Weldy C. “The Science of Toxicology.” ENVH 111, Univversity of Washington. 28 Oct. 2010.
Image from <http://www.nmr.utmb.edu/images/hotspot_large.gif>. 2 Nov. 2011.



I
PAHs — Benzola]pyrene

- B[a]P is a mutagen and a carcinogen

- Damage occurs through alteration of DNA and ultimately
carcinogenesis

Costa LG. “Toxic Effects of Pesticides.” Casarett & Doull's Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 883-930. Print
Toxipedia. “Pesticides Overview.” Toxipedia. 9 May 2011. Web. 2 Nov. 2011. http://www.toxipedia.org/display/toxipedia/Pesticides
Weldy C. “The Science of Toxicology.” ENVH 111, Univversity of Washington. 28 Oct. 2010.




Heavy metals

- Many metals (Cu, Zn, Fe) essential to life, e.qg. proper
enzyme function, oxygen transport, etc.

- Metal toxicity typically due to:
- Excess of an essential metal — e.g. iron poisoning
- The body mistaking a non-essential metal for an essential element

Liu J et al. “Toxic Effects of Metals.” Casarett & Doull's Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 931-979. Print



Heavy metals

- “Mistakes” due to similar chemical properties between

different elements, e.g. charge, size, etc.

IUPAC Periodic Table of the Elements
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Image from <http://old.iupac.org/reports/periodic_table/IUPAC_Periodic_Table-22Jun07b.pdf>. 2 Nov. 2011.




Heavy metals - lead

- Used in metal alloys, glazes and paints, batteries,
radiation shields, water pipes, gasoline additives, etc.

Liu J et al. “Toxic Effects of Metals.” Casarett & Doull's Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 931-979. Print
Image from <http://www.ens-newswire.com/ens/mar2009/20090310_leadpaint.jpg>. 2 Nov. 2011.



I
Heavy metals - lead

- Lead associated with renal (kidney) toxicity, hypertension,
Immune alterations, brain, stomach, lung, and bladder

cancer

- Lead has different neurotoxic and skeletal effects in adults
and children

Liu J et al. “Toxic Effects of Metals.” Casarett & Doull's Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 931-979. Print.
Image from <http://en.wikipedia.org/wiki/Lead>. 2 Nov. 2011.



Heavy metals - lead

- Adults:

- Occupational exposures

- Degeneration of myelin sheaths on neurons leads to peripheral
neuropathy, e.g. house painter “wristdrop”

- Children:

Ingestion of paint chips
Lead absorbed in place of calcium

Disruption of calcium homeostasis affects neurotransmitters,
neurons, and leads to mental retardation

Lead taken up into bone instead of calcium

Liu J et al. “Toxic Effects of Metals.” Casarett & Doull's Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 931-979. Print



Heavy metals - lead

- Lead Is a developmental toxicant, neurotoxicant, renal
toxicant, immunotoxicant, and carcinogen

- Damage caused through interactions with proteins and
depletion of protective mechanisms



Mercury, thimerosal, and autism

- Autism spectrum disorders (ASDs) are developmental
disabilities associated with the brain

- Associated with social and communication impairments
- Also associated with mental retardation

- Prevalence of 0.6 — 1.0% (36,500 out of 4 million born
every year in U.S.)

- Rates of diagnosis have increased through heightened
awareness and screening

CDC. “Autism Spectrum Disorders Fact Sheet.” CDC. <http://www.cdc.gov/nchddd/actearly/pdf/parents_pdfs/AutismFactSheet.pdf>. 2 Nov. 2011.



Mercury, thimerosal, and autism

Methyl mercury long recognized as developmental
toxicant and neurotoxicant

Infamously associated with 1956 Minimata Bay disaster,
which permanently damaged or killed > 2,000 people Iin

Japan

Images (left to right) from < http://old.japanfocus.org/data/553-1.jpg > and < http://en.wikipedia.org/wiki/Minamata_disease >. 2 Nov. 2011.



Mercury, thimerosal, and autism

- Thimerosal is an antimicrobial preservative used since
1930 to prevent contamination of vaccines

- Contains ethyl mercury, not methyl mercury
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- Never previously associated with human poisonings

- No to minimal renal toxicity observed in lab animals

Offit PA. “Thimerosal and Vaccines — A Cautionary Tale.” N Engl J Med 2007; 357:1278-1279.

Liu J et al. “Toxic Effects of Metals.” Casarett & Doull's Toxicology: The Basic Science of Poisons. Ed. Klassen, CD. New York: McGraw Hill Medical, 2008. 931-979. Print
Clarkson TW et al. “The Toxicology of Mercury — Current Exposures and Clinical Manifestations.” N Engl J Med 2003; 349:1731-1737.



Mercury, thimerosal, and autism

- 1997: U.S. Congressman Frank Pallone added a rider to
the FDA Modernization Act of 1997

- FDA given 2 years to “compile a list of drugs and foods
that contain intentionally introduced mercury compounds
and [to] provide a quantitative and qualitative analysis of
the mercury compounds in the list”

Offit PA. “Thimerosal and Vaccines — A Cautionary Tale.” N Engl J Med 2007; 357:1278-1279.



Mercury, thimerosal, and autism

- 1998: The Lancet publishes case series article by
Wakefield et al. implying a link between the measles,
mumps, and rubella (MMR) vaccine and a new syndrome
of autism and bowel disease
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Godlee F et al. “Wakefield’s article linking MMR vaccine and autism was fraudulent.” BMJ 2011; 342:C7452.



Mercury, thimerosal, and autism

- May 1999: FDA found that by 6 months of age, infants
could receive up to 187.5 ug of ethyl mercury from
vaccines

- While EPA and Agency for Toxic Substances and Disease
Registry had safety guidelines for methyl mercury, did not
have guidelines set for ethyl mercury

- July 1999: CDC and American Academy of Pediatrics
decide to go with precautionary principle and, using the
guidelines for methyl mercury, asked manufacturers to
remove thimerosal from vaccines

Offit PA. “Thimerosal and Vaccines — A Cautionary Tale.” N Engl J Med 2007; 357:1278-1279.



Mercury, thimerosal, and autism

- Precautionary principle assumes no harm in being
cautious

- 2000: anti-vaccine advocacy groups formed around belief
that thimerosal had caused autism in children

tf generationrescue
. hope for recovery

Offit PA. “Thimerosal and Vaccines — A Cautionary Tale.” N Engl J Med 2007; 357:1278-1279.



Mercury, thimerosal, and autism

- Vaccines provide protection for both the vaccinated and
the unvaccinated through herd immunity

- Vaccines are essential in preventing harm and death

- 2002: 2 million child deaths worldwide from vaccine-preventable
diseases (294,000 pertussis, 386,000 Hib, 540,000 measles)

- 2002: 600,000 deaths in adults due to Hep B

- It Is not possible to stop vaccinating without serious harm

CDC. “Vaccine Preventable Deaths and the Global Immunization Vision and Strategy, 2006-2015.” CDC. <http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5518a4.htm>. 2 Nov. 2011.



Mercury, thimerosal, and autism

- 2004 first epidemiological studies from U.K. examining
thimerosal in vaccines found no association with
neurodevelopmental or psychological problems

- 2007: additional epidemiological studies in both U.K. and
U.S. found no association

CDC. “Vaccine Preventable Deaths and the Global Immunization Vision and Strategy, 2006-2015.” CDC. <http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5518a4.htm>. 2 Nov. 2011.



Mercury, thimerosal, and autism

- Parents of 4800 autistic and developmentally delayed
children filed cases for compensation through federal
Vaccine Injury Compensation Program (VICP)

- VICP has broad authority to legally determine injury
causation

Silverman RD. “Litigation, Regulation, and Education — Protecting the Public’s Health through Childhood Immunization.” N Engl J Med 2009; 360:2500-2501.



Mercury, thimerosal, and autism

- Three test cases considered to have the best claims were
heard by the VICP

- Over 28 medical experts, 50 expert reviews, 900 scientific
articles, and 5000 pages of proceedings used to come to
decision

- 2009: “The overall weight of the evidence is
overwhelmingly contrary to the petitioners’ causation
theories...Unfortunately, the Cedillos [a family filing suit]
have been misled by physicians who are guilty...of gross
medical misjudgment”

Silverman RD. “Litigation, Regulation, and Education — Protecting the Public’s Health through Childhood Immunization.” N Engl J Med 2009; 360:2500-2501.



I
Mercury, thimerosal, and autism

- 2010: The Lancet formally retracts Wakefield’'s 1998
paper linking MMR and developmental disorders

- While writing the final draft, Wakefield altered patients’
case histories and falsified lab data

- Wakefield also did not disclose a conflict of interest — he
was financially involved in a lawsuit against MMR vaccine
manufacturers, and had instigated the study at the
request of attorneys

Godlee F et al. “Wakefield’s article linking MMR vaccine and autism was fraudulent.” BMJ 2011: 342:c7452.



Mercury, thimerosal, and autism

- 2007 — 2011: in U.S., >84,000 vaccine-preventable
lllnesses, 738 deaths attributed to unvaccinated

- 2011: U.K. vaccination rates still below herd immunity
levels (95%)

- WHO declared measles endemic in England and Wales

Godlee F et al. “Wakefield’s article linking MMR vaccine and autism was fraudulent.” BMJ 2011: 342:c7452.
“Jenny McCarthy Body Count.” Jenny McCarthy Body Count. 22 Oct. 2011. <http://www.jennymccarthybodycount.com/Jenny_McCarthy Body_Count/Home.html>. 2 Nov. 2011.



Further reading

- “Wakefield’s article linking MMR vaccine and autism was
fraudulent.” Godlee et al., British Medical Journal 2011.:
<http://www.bmj.com/content/342/bmj.c7452.full>

- “Thimerosal and Vaccines — A Cautionary Tale.” Offit, N
Engl J Med 2007:
<http://www.nejm.org/doi/full/10.1056/NEJMp078187>

- “How the case against the MMR vaccine was fixed.”
Deer, British Medical Journal 2011
<http://www.bmj.com/content/342/bmj.c5347 full>



Further reading

- Autism’s False Prophets: Bad Science, Risky Medicine,
and the Search for a Cure by Dr. Paul Offit

- The Poisoner’s Handbook: Murder and the Birth of

Forensic Medicine in Jazz Age New York by Deborah
Blum

- Silent Spring by Rachel Carson

- Intuition by Allegra Goodman



