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“THREE TREE” 
POISON

“URARI”

“HE TO WHOM IT COMES, 
FALLS”

CURARE

CLAUDE BERNARD

1844

DR. HAROLD GRIFFITH IN MONTREAL 
BECAME THE FIRST PHYSICAN TO USE 
CURARE TO RELAX THE MUSCLES OF A 

PATIENT UNDERGOING AN APPENDECTOMY 
(1942) 
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SOME PATIENTS WHO HAD TAKEN A 
NEW MEDICATION FOR BACTERIAL 

INFECTION EXPERIENCED 
EXCRUCIATING ABDOMINAL PAIN, 

THRASHED ABOUT, VOMITED, WENT 
BLIND AND THEN DIED.

AUTOPSIES REVEALED 
CATASTROPHIC KIDNEY AND LIVER 

FAILURE.

NH2

S OO

NH2

DIETHYLENE GLYCOL

HOCH2CH2OCH2CH2OH

“THE RATS THAT TOOK IT GOT 
SICK AND SHRIVELLED AND 
THE URINE GOT RED AND 
THEY WOULD SHORTLY AFTER 
DIE.”

FRANCES KELSEY
UNIVERSITY OF CHICAGO

FDA INSPECTORS RECOVERED 234 OF 
THE 240 GALLONS THAT HAD BEEN 

MANUFACTURED, BUT 107 PEOPLE DIED 
AND 260 WERE LEFT WITH PERMANENT 

DISABILITIES.

ON JUNE 15, 1938 PRESIDENT 
ROOSEVELT SIGNED INTO LAW THE 

FEDERAL FOOD, DRUG AND COSMETIC 
ACT.  COMPANIES NOW HAD TO PROVE 

THEIR PRODUCT WAS SAFE.
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TOXICOLOGY
THE STUDY OF THE 

EFFECTS OF CHEMICALS 
ON LIVING ORGANISMS

“Sola dosis facit venenum”

Paracelsus

“Only the dose makes the 
poison”

Paracelsus

“HORMESIS”
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RISK = TOXICITY x EXPOSURE CYANIDE

CASSAVA

CYANIDE
Clostridium botulinum

LETHAL DOSE 

BOTULIN 0.03 mcg

TETRODOTOXIN    10.0   mcg

CYANIDE 10,000 mcg
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DIFFICULTIES

Type of exposure

Biochemical Individuality

Acute and Chronic Effects

Teratogenic Effects

Toxin recognition

Animal models

PSYCHOLOGICAL FACTORS
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DR. HARVEY W. WILEY
CHIEF OF THE BUREAU OF CHEMISTRY

BORAX

SALICYLIC ACID

SULFURIC ACID

SODIUM BENZOATE

FORMALDEHYDE

COPPER SULFATE

DOSAGE RANGED 
FROM 0.5 TO 4 
GRAMS DAILY

ALL MEALS EATEN AT 
“HYGIENIC TABLE”

CHEMICALS CONSUMED IN 
GELATIN CAPSULES

URINE AND FECES COLLECTED

NAUSEA, VOMITING, STOMACH 
ACHES

NO LONG TERM CONSEQUENCES

NAUSEA, VOMITING, STOMACH 
ACHES

NO LONG TERM CONSEQUENCES

PURE FOOD AND DRUG ACT OF 
1906
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BORAX

SALICYLIC ACID

SULFURIC ACID

SODIUM BENZOATE

FORMALDEHYDE

COPPER SULFATE

DETOXICATION

PHASE I ENZYMES

PHASE 2 ENZYMES

THE CYTOCHROME P450 
FAMILY OF ENZYMES ARE 

THE MOST IMPORTANT 
PHASE 1 ENZYMES

O

CARCINOGEN

O

CARCINOGEN

DNA
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DETOXICATION ENZYMES 
CAN BE INDUCED

SULFORAPHANE

Cytochrome P-450
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Tetracycline

Tamoxifen

MAO Inhibitors

Protease inhibitors

Corticosteroids

Antidepressants

Anesthetics

Contraceptives COMMON ANTI-ANXIETY AGENT

ACETAMINOPHEN
OH

NHC

O

H3C

Acetaminophen
Glucuronyl transferase

Reactive Intermediate

Cytochrome P-450

(Phase I)

Glutathione-S-transferase

Methionine

Acetaminophen
Glucuronyl transferase

Reactive Intermediate

Cytochrome P-450

(Phase I)

Glutathione-S-transferase

Alcohol
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Acetaminophen
Glucuronyl transferase

Reactive Intermediate

Cytochrome P-450

(Phase I)

Glutathione-S-transferase

Alcohol

Liver 
damage

HEMOGLOBIN

HEME

JAUNDICE

INSUFFICIENT GLUCURONYL 
TRANSFERASE
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INCUBATOR WITH 
“BILI” LIGHTS

ACTIVE METABOLITE

cytochrome
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cytochrome cytochrome
ketoconazole

cytochrome
ketoconazole

HEART ATTACK
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FELODIPINE

Cytochrome
P-450

INHIBITS

CYTOCHROME
P-450
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KETOCONAZOLE

CLARITHROMYCIN

CALCIUM CHANNEL BLOCKERS

PROTEASE INHIBITORS

DEPRESSION

MONOAMINEOXIDASE 
INHIBITOR

MAOI

NOREPINEPHRINE, 
SEROTONIN,
DOPAMINE

MAO

MAOI

NOREPINEPHRINE, 
SEROTONIN,
DOPAMINE

MAO

MAOI
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TYRAMINE TYRAMINE

MAO

TYRAMINE

MAO

TYRAMINE

MAO

HYPERTENSION

“THE MOST TOXIC 
MAN-MADE 
CHEMICAL”
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o

o

ClCl

Cl Cl

TETRACHLORODIBENZODIOXIN

TCDD

PCBs ARE ALSO 
REGARDED AS 

“DIOXINS”

PLANT HORMONES

AUXIN-1928

2,4-DICHLOROPHENOXYACETIC ACID
2,4-D

2,4,5-TRICHLOROPHENOXYACETIC ACID
2,4,5-T
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AGENT
ORANGE

CHLORACNE
1953

CHLORACNE
1953

TETRACHLORODIBENZODIOXIN

TCDD

1969
2,4,5-T

BIRTH DEFECTS IN 
MICE

TCDD

LD50 DIOXIN (mg/kg body weight)

GUINEA PIG 0.001

MONKEY 0.007

RAT 0.2

DOG 3.0

HAMSTER 5.0

HUMAN ???
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THE MOST POTENT 
CARCINOGEN EVER 
TESTED IN ANIMALS

INCINERATORS CAN 
PRODUCE DIOXINS

DIOXIN

DO NOT CONTAIN 
CHLORINE!

POLYETHYLENE OR 
POLYPROPYLENE

SEVESO, ITALY
1976
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EXPOSED MEN 
FATHERED A 

DISPROPORTIONATE 
NUMBER OF GIRLS

“Post hoc, ergo proper hoc”

“After it, therefore because of it”

Cl

Cl

Cl

OH

Cl

Cl

Cl

OCH2COOH

2,4,5-TRICHLOROPHENOL 2,4,5-TRICHLOROPHENOXYACETIC 
ACID

2,4,5-T
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Cl

Cl

Cl

O

O

O

Cl

Cl

Cl

Cl

H

TETRACHLORODIBENZODIOXIN

DIOXIN

Cl

Cl

OH

Cl

Cl

OCH2COOH

2,4-DICHLOROPHENOL 2,4-DICHLOROPHENOXYACETIC 
ACID

2,4-D

Cl

Cl

O
O

O

Cl

Cl

H

DICHLORODIBENZODIOXIN

Cl

Cl

Cl

O

O

O

Cl

Cl

Cl

Cl

Cl

Cl

O
O

O

Cl

Cl

H

H

TETRACHLORODIBENZODIOXIN

DICHLORODIBENZODIOXIN
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CORRELATION DOES NOT 
IMPLY CAUSE AND EFFECT

THE BIRTH RATE IN EUROPE 
DECLINED AS STORK 

POPULATIONS DECLINED

LOVE 
CANAL

“You don’t have to be a 
scientist, you don’t have to do 
a survey to find out - common 
sense will tell you that there is 
something wrong at Love 
Canal”


