CHAPTER TWO
SPECIFIC TOXICITY
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Objectives
At the end of this chapter students will be able to:
 Discuss the hematotoxicity: Chemically induced toxicity in the blood

 Discuss the Hepatotoxicity: Toxic Effects on the Liver
 Discuss the Nephrotoxicity: Toxic Responses of the Kidney
 Discuss the Neurotoxicity: Toxic Responses of the Nervous System
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Objectives cont’d
 Discuss the Dermal and Ocular Toxicology: Toxic Effects on the Skin
and Eyes

 Discuss the Pulmonotoxicity: Toxic Effects on the Lung
 Discuss the Immunotoxicity: Toxic Effects in the Immune System
 Understand the Reproductive Toxicology

 Describe the Mutagenesis and Genetic Toxicology
 Describe the Chemical Carcinogenesis
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1. Hematotoxicology
• is the study of the adverse effects of exogenous
chemicals on blood and blood-forming tissues
 Blood cells are each produced at a rate of
approximately 1 million to 3 million per second in a
healthy adult
 makes hematopoietic tissue a particularly sensitive
target for cyto-reductive or antimitotic agents
susceptible to secondary effects of toxic agents
 that affect the supply of nutrients such as iron, the
clearance of toxins and metabolites such as urea, and
the production of vital growth factors such as
erythropoietin
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Primary - one or more blood components are affected
directly
• Primary toxicity is regarded as among the serious
effects of xenobiotics, esp. drugs
• Secondary - the toxic effect is a consequence of
other tissue injury or systemic disturbances
• Secondary toxicity is exceedingly common
• because of the propensity of blood cells to
reflect various local and systemic effects of
toxicants on other tissues
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Hematotoxicity cont’d
 The major hematotoxicities encountered in the workplace involve:
• Benzene (bone marrow suppression and acute myelogenous

leukemia)
• Carbon monoxide (impairment of oxygen transport)

• Aniline/nitrobenzene analogs(hemolytic anemia, which reduces the
oxygen transport capacity of blood)
• Hydrogen sulfide causes asphyxia (inhibits the cytochrome oxidase
system essential for respiration)
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Toxicology of the Erythron
• Xenobiotics may affect the production, function, and/or
survival of erythrocytes
• Frequently manifest as a change in the circulating red cell
mass, usually resulting in a decrease (anemia)
• decreased production and increased destruction of
erythrocytes
• Alterations in Red Cell Production
• dependent on frequent cell division and a high rate of
hemoglobin synthesis
• Defects in the synthesis of the porphyrin ring of heme
can lead to sideroblastic anemia, with its characteristic
accumulation of iron in bone marrow erythroblasts
• accumulated iron precipitates within mitochondria,
causing the intracellular injury
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All hematopoietic elements of the marrow continuously
proliferate to replace circulating cells
Requires active DNA synthesis and frequent mitoses

 Folate and vitamin B12 are necessary to maintain the
synthesis of thymidine for incorporation into DNA
 Deficiency of folate and/or vitamin B12 causes
megaloblastic anemia, which is a result of improper
cell division
 Xenobiotics that may contribute to a deficiency of
vitamin B12 and/or folate
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Many anti proliferative agents used in the treatment of
malignancy predictably inhibit hematopoiesis, including
erythropoiesis
 The resulting bone marrow toxicity may be doselimiting
 Drug-induced aplastic anemia may represent either a
predictable or an idiosyncratic reaction to a xenobiotic
This life-threatening disorder is characterized by
peripheral blood pancytopenia, reticulocytopenia, and
bone marrow hypoplasia; the mechanism is unknown
 Pure red cell aplasia is a syndrome in which the
decrease in marrow production is limited to the
erythroid lineage
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Alterations in the Respiratory Function of Hemoglobin
o Hemoglobin transports oxygen and carbon dioxide
between the lungs and tissues
o The normal erythrocyte has metabolic mechanisms
for reducing heme iron back to the ferrous state
• Failure of these control mechanisms leads to
increased levels of methemoglobin, or
methemoglobinemia
• Most patients tolerate low levels (< 10% of
methemoglobin without clinical symptoms
• Higher levels lead to tissue hypoxemia that
eventually is fatal
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Toxicology of the Leukon
The leukon consists of leukocytes, or white blood cells,
including
 granulocytes, which may be subdivided into
neutrophils, eosinophils, and basophils; monocytes;
and lymphocytes
 Toxic Effects on Granulocytes
Effects on Proliferation
 Methotrexate, cytosine arabinoside, daunorubicin,
cyclophosphamide, cisplatin, and the nitrosureas
are toxic to resting and actively dividing cells
 Effects on Function
 Ethanol and glucocorticoids impair phagocytosis
and microbe ingestion.
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Toxicology of Platelets and Hemostasis


Toxic Effects on Platelets
o Thrombocytopenia
• due to decreased production or increased
destruction
• common side effect of intensive chemotherapy
predictable effect of antiproliferative agents
on hematopoietic precursors
• is a clinically significant component of
idiosyncratic xenobiotic-induced aplastic
anemia
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Hematotoxicity cont’d
Chemicals that impair oxygen transport are:

• Carbon Monoxide
• Inorganic Nitrates/Nitrites and Chlorate salts:

• Inorganic nitrites such as:
• sodium nitrite (NaNO2) and chlorates (ClO−3) oxidize ferrous

hemoglobin(Fe2+) to ferric-hemoglobin (Fe3+ or
methemoglobin)
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Hematotoxicity cont’d
 Nitrite and chlorate directly oxidize hemoglobin
 Nitrate, however, must first be reduced to nitrite by nitrifying bacteria

in the gut
 Exposures to nitrates, nitrites, and chlorates occur mostly in industrial
settings or from contaminated drinking water
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2. Hepatotoxicity

A no. of factors are known that determine why the liver, as
opposed to other organs, is the dominant target site of
specific toxins

 Hepatocytes have a rich supply of phase I enzymes


that often convert xenobiotics to reactive electrophilic metabolites
and phase II enzymes that add a polar group to a molecule and
thus enhance its removal from the body

 The balance between phase I and phase II reactions determines
whether a reactive metabolite will initiate liver cell injury or be
detoxified safely

Uptake and Concentration
 Bioactivation and Detoxification
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Hepatotoxicity cont’d
Types of Liver Injury:
 Hepatocellular Degeneration and Death
 Fatty Liver - Steatosis
 Cholestasis
 Vascular Injury
 Cirrhosis
 Tumors
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Hepatotoxicity cont’d
 Many chemicals produce an accumulation of lipids in the liver, called fatty
liver or steatosis
 The type of steatosis (macro or microvesicular) is characteristic of specific
hepatotoxicants and, in some cases, of certain diseases or conditions

 Microvesicular steatosis has been associated with tetracycline, valproic acid,

salicylates, aflatoxin, dimethylformamide, and some of the antiviral
nucleoside analogs used to treat HIV
• It is also associated with Reye’s syndrome and fatty liver of pregnancy
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Hepatotoxicity cont’d
 Macrovesicular steatosis has been associated with:
• Antimony, barium salts, carbondisulfide, dichloroethylene, ethanol,
hydrazine, methyl and ethyl bromide, thallium, and uranium
compounds
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Canalicular cholestasis
• cholestasis is characterized biochemically by
elevated serum levels of compounds that normally
are concentrated in bile, particularly bile salts and
bilirubin
• decrease volume of bile formed
• impaired secretion of specific solutes into bile
• E.g. Chlorpromazine, CyclosporinA, estrogens, Mn,
Phalloidin
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Vascular injury (sinusoidal damage)
 Functional

integrity of the sinusoid
• channels between hepatocytes that carry blood
throughout the liver
• can be compromised by dilation or blockade of
its lumen or progressive destruction of its
endothelial cell wall

 Peliosis hepatis :anabolic steroid, danazol
 Veno-occlusive disease : chemotherapy
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Mechanisms of Drug- Induced Liver Disease
Stimulation of Autoimmunity
 Idiosyncratic Reactions
 Disruption of Calcium Homeostasis and Cell Membrane
Injury
 Metabolic Activation of the Cytochrome P450 Enzymes
 Stimulation of Apoptosis
 Mitochondrial Injury
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3. Nephrotoxicity
 Adverse effects of chemicals on the kidney

 Exposure to large amounts of a chemical can cause kidney effects that
are not observed at lesser exposures

 Effects of kidney damage are frequently assessed in nonspecific terms
such as:

• Changes in kidney weight (both increases and decreases) or
• Increases in protein content of the urine (proteinuria) or
• Changes in volume of urine (polyuria, oliguria, or anuria)
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Nephrotoxicity cont’d
 Acute renal failure (ARF) is one of the more common responses of the
kidney to toxicants
 ARF is characterized by a rapid decline in glomerular filtration rate
and an increase in the concentration of nitrogenous compounds in the
blood
 Compounds that cause renal vasoconstriction reduce the amount of
blood that reaches the glomerulus and cause hypoperfusion, a
reduction in the amount of blood filtered
 When toxicants cause glomerular injury, they can reduce the amount
of filtrate that enters the tubules, called hypofiltration
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Nephrotoxicity cont’d
 Two classes of environmentally or occupationally relevant chemicals
that damage the kidney are:

• The heavy metals and
• Halogenated hydrocarbons
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Nephrotoxicity cont’d
Industrial Operation

Exposure to Nephrotoxicants

 Amalgam manufacturers

Mercury

 Chemists

Chloroform

 Chloralkali

Mercury

 Dry cleaning

Perchloroethylene

 Manufacturing batteries

Mercury, Lead, Cadmium

 Manufacturing cellulose

Acetate, Dioxane

 Metal degreasing
 Paint manufacturers
 Plumbers

Perchloroethylen
Lead, Cadmium
Lead
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Metal Nephrotoxic Agents
Metals of Principal Concern:
 Cadmium

 Lead
 Mercury

Other Metals Having Nephrotoxicity:
 Arsenic

 Bismuth
 Chromium
 Platinum
 Thallium
 Uranium
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4. Neurotoxicity
o Sensitivity to oxygen and mitochondria function:

o Maintenance of ion gradients by ATP and ATPdependent membrane pumps
o Distance: Nervous system extends over space with
complex geometry (axonal transport over long
distances).
o Lipid condition and composition: Environment rich in
lipids; maintenance of myelin is dependent upon
many membrane proteins and lipid metabolism; affect
receptors, channel and transport function.
o Synaptic transmission: Target of many drugs
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Mechanisms of Neurotoxicity
Individual neurotoxic compounds typically have one of
four targets:
 The Neuron
The Axon
 The Myelinating Cell, Or
 The Neurotransmitter System
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Types Of Neurotoxicity
oNeuronopathy
• Cell Death. Irreversible – cells not replaced
• MPTP, Trimethyltin
o Axonopathy
• Degeneration of axon. May be reversible.
• Hexane, Acrylamide
o Myelinopathy
• Damage to myelin (e.g. Schwann cells)
• Lead, Hexachlorophene
o Transmission Toxicity
• Disruption of neurotransmission
• Organophosphate pesticides, DDT, Cocaine
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5. Dermal and Ocular Toxicology
 The skin is the body’s first line of defense against external toxicant

exposure
 Normal skin is an excellent barrier to many substances, but because
of its enormous surface area (1.5–2.0 m2):
• It can act as a portal of entry for many diverse chemicals that come
into contact with it
• Causing local and/or systemic effects
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Dermal and Ocular Toxicology cont’d
 Understanding the composition of the skin and factors that influence

the migration of chemicals across it, we can easily understand the
various manifestations of toxicant injury of the skin
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Dermal and Ocular Toxicology cont’d
Contact dermatitis:
 Allergic Contact Dermatitis
 Ulcers
 Urticaria

 Toxic Epidermal Necrolysis
 Skin Cancer
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Dermal and Ocular Toxicology cont’d
Potential Inducers of Irritant Contact Dermatitis:

Agent

Examples

 Water

—

 Cleansers

Soaps and detergents

 Bases

Epoxy resin hardeners, lime, cement

 Acids

Hydrochloric acid and citric acid

 Organic solvents

Many petroleum-based products

 Oxidants

Peroxides, benzoyl peroxide

 Reducing agents

Thioglycolates

 Plants

Orange peel, asparagus, and cucumbers
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Eye Toxicity
 The eye is a very complex organ composed of many different types of
cells
 Disease, drugs, and chemicals can injure various parts of the eye with
many different manifestations of injury
 The most common cause of injury in an occupational setting is
exposure of the cornea and conjunctiva to agents that are splashed
onto the eye
 Many other effects can occur to other parts of the eye such as the
retina and optic nerve but they are usually limited to effects caused by
drugs and various diseases
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Eye Toxicity cont’d
 Acids and alkalis are the more commonly encountered agents that
cause eye damage
 Acids cause protein damage, which leads to eye injury that can range
in severity from burns that heal completely to those that perforate the
globe
 Alkalis such as ammonia can also cause serious eye burns
 Alkali burns differ from acid burns in that they may lead to additional
damage as time elapses, even if the burn was relatively mild at the
time of injury
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Eye Toxicity cont’d
 Two other agents that are frequent causes of eye damage are organic
solvents and detergents
 Organic solvents cause damage by dissolving fats in the eye

 The damage is seldom extensive or long-lasting; however, if the
solvent is hot, thermal burn may complicate the picture
 Detergents act by disrupting proteins in the eye and lowering the
surface tension of aqueous solutions
 Detergents contain a nonpolar section and a polar section on the same
molecule, allowing them to emulsify compounds with widely different
hydrophobicities
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Eye Toxicity cont’d
 Methanol is first metabolized by alcohol dehydrogenase, ethanol can
be used to prevent the formation of formate
 The ethanol successfully competes for the alcohol dehydrogenase
enzyme, preventing the metabolism of methanol

 Ethanol must be administered for a sufficient length of time so that all
the methanol is eliminated from the body
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6. Pulmonotoxicity
Air-Pollutant Gases

 Many of the air pollutants are inhaled as gases, such as carbon
monoxide, sulfur dioxide and the various oxides of nitrogen

Tobacco Smoke
 Toxicity resulting from the intentional and unintentional inhalation of

tobacco smoke is an important consideration given its enormous
magnitude of incidence, its interaction with the toxicity of other
inhaled industrial pollutants, and its representation of the toxicity of
both particulates and gases
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Industrially Related Pulmonary Diseases
 Fibrosis and Pneumoconiosis

 Silicosis
 Asbestosis
 Emphysema
 Pulmonary Edema
 Occupation-Related Inhaled Allergic Disorders
 Industrially Related or Occupational Asthma
 Lung Cancer
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7. Immunotoxicity
The immune system effects are extraordinarily diverse and come from:
 Chemicals found in occupational and environmental settings
 Infectious materials
 Certain foods and dietary supplements
 Therapeutic agents
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Immunotoxicity cont’d
Immunotoxicity typically occurs as:
• Hypersensitivity reaction,
• Immunosuppression, or
• Autoimmunity
 Several agents commonly encountered in occupational settings are
capable of producing contact cell mediated hypersensitivity with
common symptoms of rash, itching, scaling, and the appearance of
redness and vesicles on the skin
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Immunotoxicity cont’d
Pesticides
 Dermal and pulmonary symptoms among workers handling pesticides
appear due to irritant rather than hypersensitivity reactions
Solvents
 Benzene is capable of producing bone marrow hypoplasia and
pancytopenia
 Humans exposed chronically to benzene have been observed to have
diminished serum immunoglobulins and immune complement
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Immunotoxicity cont’d
Scenario
 In 1981, thousands of individuals in Spain were poisoned with cooking
oil with rapeseed oil containing aniline. They developed symptoms
called

toxic

oil

syndrome,

and

included

pneumonitis,

rash,

gastrointestinal distress, and marked eosinophilia and developed
autoantibodies & a connective tissue disorder characterized by

myalgia,

neuropathy,

myopathy,

and

cutaneous

manifestations

impairment of respiratory musculature.
 How autoantibody developed ?
 How rapeseed aniline related with respiratory musculature ?

 How eosinophilia happen ?
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Immunotoxicity cont’d
 Acid anhydrides are used to produce a number of commercial

products, including paints and epoxy coatings
 On inhalation exposure, acid anhydrides can become haptens, binding
to carrier proteins in the respiratory tract to elicit an immune response
 After sensitization, subsequent exposure leads to asthma-like
symptoms or to a reaction resembling hypersensitivity pneumonitis
 Chronic exposure may lead to severe restrictive lung disease
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Agents that Produce Dermal Contact Sensitivity cont’d
 Other industrial chemicals
• Ethylenediamine
• Paraphenylenediamine and other dyes
• Antioxidants

• Chlorinated hydrocarbons
• Dinitrochlorobenzene
• Mercaptans
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Agents that Produce Respiratory Allergy
 Molds
• Aspergillus
• Cladosporum
• Hormodendrum
• Penicillium
• Rhizopus

 Pollens (various)
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Agents that Product Respiratory Allergy cont’d
 Dusts and Particulates

• Flour and wood dust
• Enzymes
• Dusts from agricultural wastes
• Fungi and bacteria in moldy hay, feeds, and wood products; and
• Dander, feces, pupae, and other residue from insect and rodent
pests
• These high-molecular-weight substances are capable of producing an IgE-

mediated, type I allergic reaction
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8. Reproductive Toxicology
Suspected Human Developmental Toxicants and Teratogens:
 Industrial/Environmental

• Anesthetic gases (e.g.,
Halothane)

 Industrial/Environmental

• Diethylhexyl phthalate
• Dioxins

• Benzene

• Ethylene oxide

• Cadmium

• Lead

• Carbon disulfide

• Methylmercury

• Chloroprene

• Toluene

• Chlorobiphenyl
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9. Mutagenesis and Genetic Toxicology
 Genetic toxicology combines the study of physically or chemically

induced changes in the hereditary material (DNA) with the prediction
and the prevention of potential adverse effects
 Modification of the human genetic material by chemical agents or
physical agents (e.g. radiation) represents one of the most serious
potential consequences of exposure to toxicants in the environment or

the workplace
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Mutagenesis and Genetic Toxicology cont’d
 Modification of genetic material by mutagenic agents poses a serious
environmental and occupational threat
 Chemical or physical mutagens may induce cancer or lead to germ cell
alteration
 The mutagens that lead to cancer alter the DNA of somatic cells so as
to cause modifications in gene expression, which results in tumor
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Mutagenesis and Genetic Toxicology cont’d
 Germ cell (sperm, ovum) mutagens may exert their effects through :

• Decreased fertility
• Birth defects
• Spontaneous abortion

• Changes that may not become evident for several subsequent
generations (such hidden mutagenic effects remain essentially
undetectable except when expressed as a gross malformation)
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Mutagenesis and Genetic Toxicology cont’d

Fig. Possible consequences of mutagenic event in somatic and germinal cells
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Chemical Carcinogenesis
The Terminology of Cancer
 Cancer
• It is a disease that is characterized by uncontrolled or dysregulated
cell growth, most of the following terms relate to cell growth and

differentiation
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The Terminology of Cancer cont’d
 Anaplasia
• Literally means “without form”
• Characterized by a marked change from a highly differentiated
cell type to one that is less differentiated or more embryonic in
nature
• the reversion of cells, usually within a tumor, to a simpler
• Thus, anaplastic tissue is less organized and functional than is the
normal tissue
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The Terminology of Cancer cont’d
 Benign
• A term applied to neoplasms that are localized and encapsulated
• Growth generally occurs via expansion and compression of
adjacent tissue

• Growth is generally slow, and there may be regression
• If the growth is progressive, it is usually orderly and uniform
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The Terminology of Cancer cont’d
 Dysplasia
• A reversible change in cells, which may include an altered size,
shape, and/or organizational relationship
• This change usually affects epithelium and often results from
chronic irritation
 Hyperplasia
• Increased organ or tissue size due to an increase in cell number
• Hyperplasia may be physiological (e.g., tissue development and
wound healing) or pathological (e.g., nodular liver regeneration in
chronic alcoholics)
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The Terminology of Cancer cont’d
The distinguish of neoplasia from hyperplasia:
Neoplasia

Hyperplasia

• Growth in excess of needs

Not excessive to needs

• Purposeless

Purposeful

• Persistent

Ceases when stimulus ceases

• Irreversible

Reversible

• Autonomous

Regulated
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The Terminology of Cancer cont’d
 Malignant
• A term applied to neoplasms that are locally invasive
• Growth may be rapid and is disorderly and progressive
• Malignant neoplasms often have areas of necrosis

• May spread by extension or metastasis
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The Terminology of Cancer cont’d
 Metastasis
• Presence of a disease process (usually cancer) at a site distant from
the site of origin (the primary tumor)
• Metastasis is the primary hallmark of malignancy

 Metaplasia
• A reversible change in which one differentiated cell type is replaced
by another cell type
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The Terminology of Cancer cont’d

Neoplasia
• Literally means “new growth”
• Often used synonymously with cancer, but they are not identical.

• “ A neoplasm is an abnormal mass of tissue, the growth of which
exceeds and is uncoordinated with that of normal tissues and which

persists in the same excessive manner after cessation of the stimuli
which evoked the change”

 Tumor
• A mass or swelling
• By common usage, a tumor is specifically a neoplasm
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The Terminology of Cancer cont’d
 Neoplasms can be formed in any tissue, and a variety of benign and
malignant tumors can occur throughout the body
 These tumors are classified based on:
• The tissue or cell type of origin and
• Their actual or predicted behavior (i.e., benign or malignant)
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Distinctions between Benign and Malignant Neoplasms
Benign
• Well differentiated; resembles a
cell of origin
• Grows by expansion
• Well circumscribed, often
encapsulated by a
peripheral rim of fibrous tissue
and vessels
• Grows at a normal rate
• Few mitotic figures
• Does not metastasize, seldom
dangerous
• Growth may be limited
• Adequate blood supply

Malignant
• Poorly differentiated or
anaplastic
• Grows by expansion and
infiltration
• Poorly circumscribed and
invades stroma
• Growth rate usually increased
• Frequent mitotic figures
• Progressive growth
• Metastasis usual; can be fatal
• Often outgrows blood supply
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Carcinogenesis by Chemicals
Definitions
 A carcinogen, is a chemical capable of inducing tumors in animals or
humans
 Carcinogenesis is the origin or production of cancer; operationally speaking,
this includes any tumor, either benign or malignant
 A direct-acting or primary carcinogen is a chemical that is reactive enough

to elicit carcinogenic effects in the parent, un metabolized form
• Often these chemicals produce tumors at the site of exposure (e.g., alkylating
agents, radiation)
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Carcinogenesis by Chemicals cont’d
 A pro-carcinogen is a chemical that requires metabolism or bio

activation to another chemical form before it can elicit carcinogenic
effects (e.g., polycyclic aromatic hydrocarbons)
 A co-carcinogen is a chemical that increases the carcinogenic activity

of another carcinogen when co-administered with it
• While not carcinogenic itself, the agent may act to increase absorption, increase bio
activation, or inhibit detoxification of the carcinogen administered with it.
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Carcinogenesis by Chemicals cont’d
 The several lines of evidence that support a genetic mechanism for
cancer are:
• Cancer is a heritable change at the cellular level
• Tumors are generally clonal in nature

• Many carcinogens or their activation products can form covalent
bonds with DNA and produce mutations

• The inheritance of certain recessive mutations in genes associated
with genomic integrity predisposes affected individuals to cancer
• Most cancers display chromosomal abnormalities
• The phenotypic characteristics of a tumor cell can be transferred to
a non-tumor cell by DNA transfection
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Carcinogenesis by Chemicals cont’d
 The two main groups of carcinogenic chemicals are:

• Genotoxic carcinogens
• Epigenetic (or nongenotoxic) carcinogens
• Genotoxic carcinogens are those chemicals that are capable of
modifying the primary sequence of DNA (i.e., initiators)
• This group includes chemicals that induce mutational and

clastogenic changes or changes in the fidelity of DNA replication
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Carcinogenesis by Chemicals cont’d
 Epigenetic carcinogens do not alter the primary sequence of DNA;

instead they can affect cell proliferation and differentiation by a
number of mechanisms including:
• Cytotoxicity and compensatory cell proliferation,
• Receptor mediated events, and
• By altering the expression or repression of certain genes and

cellular events related to cell proliferation and differentiation
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Carcinogenesis by Chemicals cont’d
• Aminobiphenyl (4-aminodiphenyl)
• Analgesic mixtures containing
phenacetin
• Arsenic compounds, inorganic
• Asbestos (UVA) therapy]
• Azathioprine Mustard gas
• Benzidine
• Bis(chloromethyl) ether
• 1,4-Butanediol dimethylsulfonate
(Myleran)
• Chlorambucil

• Chloromethyl methyl ether
• Chromium hexavalent
• Coal tar
• Coke oven emissions
• Creosote (coal))
• Creosote (wood)
• Cyclophosphamide
• Cyclosporin A (cyclosporine A;
ciclosporin)
• 1-(2-Chloroethyl)-3-(4methylcyclohexyl)-1-nitrosourea

Agents Listed in the Report on Carcinogens (8th Edition) from the National Toxicology
Program, as Known or Suspected Human Carcinogens
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Carcinogenesis by Chemicals cont’d
• Erionite
• Lead chromate
• Melphalan
• Methoxsalen [with ultraviolet A
(UVA) therapy]
• Mineral oils
• Mustard gas
• 2-Naphthylamine (β-naphthylamine)
• Piperazine Estrone Sulfate
• Radon

• Sodium equilin sulfate
• Sodium estrone sulfate
• Soots
• Strontium chromate
• Tars
• Thiotepa [tris(1-aziridinyl)phosphine
sulfide]
• Thorium dioxide
• Tris(1-aziridinyl)phosphine sulfide
(thiotepa)
• Vinyl chloride
• Zinc chromate
• Diethylstilbestrol

Agents Listed in the Report on Carcinogens (8th Edition) from the National Toxicology
Program, as Known or Suspected Human Carcinogens
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Fig. Cancer factors: approximate percent contribution (Doll and Peto, 1981)
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