
3.1.1  fll?%l&N~fYHl'fhJ~~~l  (Why study toxicology?)

3.1.2 Toxin &Oz!~ (Poison ‘?I%  toxicant)
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3.1.3 Xenobiotic 66% Endogeneous Substances

3.1.4 Acute 66%~ Chronic toxicity
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3.1.5 Synergism, Potentiation 66W Antagonism

3.1.6 Does-Response Relationships
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3.1.7 41 LD50  (LD50  values)

j&! 3.2 Illustration of dose-response curve in whish the measured response is the

death of the organism
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3.1.8 ~Y~l%dbkb%ls”  (Relative Toxicities)

Pll%ld 3.1 Toxicity scale with example substances

Substance

Approximate

LD,, Toxicity Rating

DEHP’
Ethanol

Sodium chloride

Malathion

Chlordane

Hepta’chlor

Parathion z-

TEPP’

Tetrodotoxind

TCDD’

Botulinus toxin

ot

-105

-lo4

-10’

-IO?

-10

-1

-10-l

-10-2

-10-J

-1o-J

-10-5

‘*1 . Practically nontoxic

> 1.5 x 104 mg/kg
2. Slightly toxic, 5 x IO3

1.5 x lo4 mg/kg

3. Moderately toxic,

500-5000 mg/kg

4. Very toxic, 50-

500 mg/kg

5. Extremely toxic,

S-50 mg/kg

6. Supertoxic, <5 mg/kg

aDoses  are in units of mg of toxicant per kg of body mass. Toxicity ratings on the right are.
given as numbers ranging from I (practically nontoxic) through 6 (supertoxic) along with
estimated lethal oral doses for humans in mg/kg.  Estimated LD,, values for substances on
the left have been measured in test animals, usually rats, and apply to oral doses.

bBis(2-ethylhexyl)phthalate;  ’ Tetraethylpyrophosphate; d Toxin from pufferfish; ’ TCDD
represents 2,3,7,8,-tetrachlorodibenzodioxin,  commonly called “dioxin.”
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3.1.9 Non-lethal effects
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3.1.11 Hypersensitivity ME  Hyposensitivity

3.2 ~f7.f%lK&t%Jm/J  (Toxicological Chemistry)
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$ds 3.4 Relationship between toxicological Chemistry and toxicology

3.2. I. I Absorphion and bioavailability
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Akr Exposure

Absorption

I YV Yl Storage
Blood k Lymph

(Heart. Blood Venels.
Lymphatrc  System)



3.2.1.2 fl7Jfl5XKt  (Distribution)

3.2. I.  3 fl75  67:  till  (Storage)
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Excreted J, Active metaholite  to dynamic phase

Active parent compound
to dynamic phase

jds3.6 Processes involving toxicants or pro-toxicants in the kinetic phase

64 CH 762



r

Lipophilic,  poorly water-
soluble, unmetabolized
xenobiotic substance

I

Cvtochr0me  P450  )
enzyme system

Product that is more water-
soluble and reactive

Epoxide:

Hydroxide: -OH

sulfhydryi:  -SH
H

Hydroxylamine: &-JH

Others

CH 762

jl% 3.7 Illustration of phase I reactions
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3.2.1.5 Elimination (l&b Excretion)
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I agent  I

t
Functional groups that react
with a conjugating agent

+

Conjugation
product

l Higher polarity

l Greater water
solubility

l More easily
eliminated

$dq 3.8 Illustration of phase II reactions

Glucuronide

a& 3.9 Structure of a glucuronide conjugate formed from a xenohiotic HX-R
.
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Toxicant  or toxic metabolite

+

Primary reaction

Toxicant  + Receptor --t Modified receptor

Biochemical effect

Enzyme inhibition
Cell membrane dk-uption
Malfunction of protein biosynthesis
Disruption of lipid metabolism
Disruption of carbohydrate metabolism
Inhibition of respiration (02 utilization)

Behavioral or physiological response

Alteration of vital signs (temperature, pulse
rate, respiratory rate, blood pressure)

Central nervous system: hallucination,
convulsions, coma, ataxia, paralysis

Teratogenesis
Mutagenesis
Caminogenesis
Effects on immune system

I¶.!3  3.10 The dynamic phase of toxicant  action
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2. Biochemical response

3. Observable physiological effect
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3.3 Mutagenesis dd0,”  Carcinogenesis

3.3.1 fl~~fIWM~l%~l6~a'l  ( Mechanism of mutagenesis)
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Genotoxic  compound

7
Germ cell

Cel l  death
dominant  change

Dominant - le tha l

(fetal  death)
Dominant -v iab le Recessive

Y

Transmissible

to progeny

c
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JIh! 3.12 Alkylation of guanine  in DNA
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Dimethylniuos-
amine

3,3-Dimethyl-l-
phenyltriazine

1,2-Dimethylhydra-  Methylmethme-
zinc SUlfOIWf2

%d; 3.13 Examples of simple alkylating agents capable of causing mutations

3.3.2 naan~esm%a"nnF%AoJ~~~~  ( Mechanism of carcinogenesis)
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Chemical carcinogen or Metabolic Ultimate Binding  to DNA or
precursor (procarcinogcn) action carcinogen other (epigenetic)

1 t
effect

Elimination of compound Dctoxicarion
or its metabolitc  without (no effect)

rr -adverse crrect DNA repaired,
no adverse effect

Promssion  of tumor Malign= Metastasis
tissue growth r (neoplasm)

,

tJ¶Ji  3.14 XiSJN”Yi~  carcinogen t4% pro-carcinogen Fdi?l%fi6%lF%WJsa$9
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Naturally occurring carcinogens  that require bioactivation

Griseofulvi~~  (produced by Saffrole  (from N-methyl-N-formyhydrazine
Penicillium griseofdvum  ) sassafras) (from edible false morel mushroom)

Synthetic carcinogens thnt  require bioactivation

Benzo(a)pyrene Vinyl chloride 4-Dimethylaminoazobenzene

Primary carcinogens that  da not require bioactivation

,I;’ ‘;’ Q
7 O-e0

C l - p - - ~ - C ’  yc-o-;-o-c& H JNlc  k ,;-L-,

H H 0 fi i-l i-l  k

Bis(chioromethyl)-  Dimethyl  sulfate Ethylenetie fi -Propioacetone
ether

. Jdi 3.15 Examples of the major classes of naturally-occurring and synthetic

carcinogens, some of which require bio-activation and others of which act directly

7 6
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.

Acute toxicity

Benign tumor

Cancer

Carcinogen

Carcinoma

Chronic toxicity

Initiator

Malignant tymor

Mutagenesis

Mutation

Neoplasm

Oncogenic

Pharmacokinetics

Promoter

Sarcoma

Teratogen

Toxicity

Adverse effects caused by a toxic agent occurring within a short period
of time following exposure.

A new tumor composed of cells that. though proliferating in an abnor-
mal manner. do not spread to surrounding. normal tissue.

An abnormal process in which cells begin a phase of uncontrolled
growth and spread.

Any cancer-producing substance.

A malignant tumor in the tissue that covers internal or external surfaces
of the body such as the stomach, liver, or skin.

Adverse effects caused by a toxic  agent after a long period of exposure.

A chemical that initiates the change in a cell that irreversibly converts
the cell mto a cancerous or precancerous state.

Relatively  autonomous growth of cells or tissue that invade surrounding
tissue and have the ability to metastasize.

Alteration of DNA in either somatic or germinal cells not associated
with the normal process of recombination.

A permanent. transmissible change in DNA that changes the function or
behavior of the cell.

Literally, new growth. usually of an abnormally fast-growing tissue.

Giving rise to tumors or causing tumor formation.

The study of how a chemical is ahsorbed. distributed, metabolized. and
excreted.

A chemical that can increase the incidence of response to a carcinogen
previously admimstered.

A cancer that arises from mesodermal tissue, e.g., fat, muscle, bone.

Any substance capable of causing malformation during development of
the fetus.

A relative term generally used in comparing the harmful effect of one
chemical on some biologic mechanism with the effect of another
chemical.

Source: Based on Williams and Burson (1985).
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(Environmental Risk Assessment)
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.

Action Lifetime risk

Cigarette smoking, one pack per day 0.25
All cancers 0.22
Death in a motor vehicle accident 0.02
Homicide 0.01
Home accident deaths 0.01
Radon in homes, cancer deaths 0.003
Alcohol, light drinker, cancers 0.001
Sea level background radiation, cancers 0.001
4 tablespoons peanut butter per day (aflatoxin) 0.0006
Typical EPA maximum contaminant level 0.0000001-0.0001

Source: Based on data given in Wilson and Crouch (1987) and The Na-
tional Center for Health Statistics.

3. fll3flXA%J Dose-response

CH 762 7 9



Hazard
identification

T T

Dose-response Exposure

assessment assessment

Risk
characterization
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3.4.3 Maximum residue limits

8 2 CH 762
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2.

3.

4.

5.

6.

7.

8.

9.
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