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September 22, 2004

Lecture 7 Overview of Contemporary Toxicological Hazards; Epidemiology

I. There are three types of “experiments” that we can examine to determine potential
biological effects;  (note that all successful experiments require specific endpoints of response
as discussed below)
A. In vitro (examples given under the discussion of endocrine disrupters)

1. These experiments involve use of biological material (cell cultures, tissue cultures,
enzymes, receptors, etc) isolated from the whole organism, but essentially kept
functional

2. A specific response of the biological material is measured relative to some increasing
dosing regime

3. An LC50 type parameter can be calculated depending on the endpoint
a. If the endpoint is cell death, for ex, an LC50 would be appropriate, or if the exact

dose (i.e., mass per unit of biological material) were known, an LD50 could be
calculated

b. Many times a simple change in response or activity of an enzyme or receptor is
noted
1. In these cases, use of an ED50 (the effective dose causing a 50% change in

response) is calculated
2. With enzymes and receptors, where activity might be inhibited or alternative

stimulated, a KM (Michaelis-Menton constant for affinity with substrate) or Kd
(equilibrium constant for the binding reaction) can be calculated; alternatively, an
I5 0 (concentration inhibiting 50% of the activity) may be determined.
a. For example, OP insecticides; specific inhibitors of cholinesterase can be

characterized by their I5 0 for inhibition of the enzyme in in vitro studies.
b. Note in the table below, that I5 0 can vary among an analogous series of

enzyme inhibiting compounds; such variations give clues to the mechanism
of toxicity.

Cholinesterase (ChE) Inhibition   and Toxicity of OP Insecticide and Metabolites to house
flies (Musca domestica) (ChE is an enzyme in the central nervous system and at
neuromuscular junctions that hydrolyzes acetylcholine, a chemical neurotransmitter, thereby
modulating nerve signals) (

Compound
House Fly Head ChE

Inhibition,
I5 0 (moles x 106)

LD5 0 (µg/fly)

Malathion 20 Not Determined
Malathion oxon 0.0046 Not Determined
Demeton, thiono 220 Not Determined
Demeton, sulfoxide 3.60 2.0
Demeton, sulfone 0.83 1.2
Demeton oxon 0.024 0.7
Demeton oxon sulfoxide 1.10 8.7
Demeton oxon sulfone 0.12 3.7
Data compiled in Felsot & Pedersen 1991 Pesticidal activity of degradation products.  In    Pesticide
Transformation Products: Fate and Significance in the Environment,    L. Somasundaram, and J. R. Coats,
eds.  Am. Chem. Soc. Symp. Ser. No. 459, Am. Chem. Soc., Washington, D.C.  pp. 172-187.)
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B. In vivo
1. These experiments use whole animals; determinations of the NOAEL would use this

type of experiment (although a NOAEL can also be determined from in vitro expts.)
a. In these experiments a typical response might be death, but could also include

change in enzyme activity (for ex., blood could be withdrawn and various enzymes
analyzed) or behavior or nerve functioning, etc.
1. Responses other than death are classified as sublethal
2. Ideally, these experiments would use a range of doses (which would be required

if a NOAEL was sought), but often an investigator will just use a control and
one or two doses that are usually very high relative to real exposure.  In EPA-
required studies for registration of pesticides, three doses and a control are used.
a. A rationale for using high doses would be to derive all possible adverse

reactions.   In other words, a high dose study to find possible effects can be
considered hazard identification.  In hazard identification, ideally one would
look for the most sensitive adverse effect (i.e., one produced by the lowest
dose tested).
1. Another rationale would be to explore the mechanism of toxicity
2. Experiments employing high doses are useful for determining possible

effects from occupational (worker) exposures
2. For examples of in vivo assessments of contaminants used in risk assessment, see the

EPA web site for OP insecticides (http://www.epa.gov/oppsrrd1/op/)
a. As one example of the kind of data collected, a subchronic oral exposure study was

conducted with rats to determine potential for neurotoxicity of an OP insecticide
(azinphos-methyl).  Here is how the released document summarized the study.
1. “…groups of 18 male and 18 female rats were administered the technical grade of

azinphos-methyl in the diet for 13 weeks at nominal doses of 0, 15, 45, or 120 ppm for
males (0, 0.91, 2.81, and 7.87 mg/kg/day mean intake) and 0, 15, 45, or 90 ppm for
females (0, 1.05, 3.23, and 6.99 mg/kg/day mean intake). Twelve rats per sex per dose
were used for neurobehavioral evaluation, with half used for neuropathology. The
remaining six per sex per dose were used for cholinesterase determination.  A statistically
significant (>20%) inhibition of red cell cholinesterase was observed at all dose levels
tested in this study, as was a statistically significant inhibition (>20%) of plasma and brain
cholinesterase at the mid and high dose. Decreased forelimb grip strength, motor activity,
and locomotor activity were observed in both sexes at the high dose, but did not correlate
definitively with any pathology of the nervous system. Based on the data in this study, the
systemic LOEL = 15 ppm (~ 1.0 mg/kg/day) for male and female rats, based on a
statistically significant (>20%) inhibition of red cell cholinesterase. The systemic NOEL
was < 15 ppm and estimated to be 5 ppm (0.3 mg/kg/day) for male and female rats, based
on extrapolation of cholinesterase inhibition data. Although significant signs of
cholinergic toxicity were observed in this study, there was no definitive evidence of a
neurotoxic effect for azinphos-methyl in this study.”

B. Epidemiology (Further discussed below)
1. The objective of these studies is to relate the incidence of a disease or condition with

exposure to some agent (microbiological, chemical) or activity (lifestyle, behavior,
product use, place of residence, etc.);
a. Epidemiological studies of chemical effects are normally applied to chronic

exposures and maladies best classified as chronic toxicity as opposed to acute
toxicity (see endpoints below)

2. These studies are the most controversial because it is very difficult to control
confounding factors (i.e., variables that may affect or influence the outcome of the
results);
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a. Furthermore, epidemiological studies at best can make associations between
exposure to an agent and an outcome, but this is quite distinct from concluding an
agent caused an outcome
1. Epidemiological studies rely heavily on regression analysis, i.e., a determination

of how much variation in a dependent variable is associated with a change in an
independent variable.

3. Epidemiology grew out of the need to control infectious diseases, which have definable
causes; furthermore, infectious diseases, which are essentially microbiological problems,
can be directly tested using Koch’s postulates, stated as follows:
a. The infectious agent (microbe) must be present in every case of a disease;
b. The microbe must be isolated from the disease and grown in pure culture;
c. The specific disease must be reproduced when a pure culture is inoculated into a

healthy susceptible host;
d. The microbe must be recoverable again from the newly infected host.

4. Unfortunately, for most chemical exposures, unless they are acute (as opposed to
chronic), Koch’s postulates are not applicable.

5. Furthermore, in many chemical epidemiological studies that do not involve workers at a
specific industry (or manufacturing site), exposure records are poor to nonexistent.
a. Often exposure is deduced from interviews of “what was used” or “next-of-kin”

interviews.

II. General Mechanisms of Toxic Action--although there is a large focus in our society on
carcinogenicity (perhaps because “natural” background rate seems so high), there are other
tests conducted during development of a compound including, among other hazards,
teratogenicity,  developmental and reproductive effects, and immunotoxicity.   Over the last five
to ten years there has been an increasing emphasis on both affects on the endocrine system (so-
called hormone mimics) and neurotoxicity (owing to concerns about lead and mercury
exposure, especially to children).  There are numerous biochemical and physiological
mechanisms, however, which can be affected by high doses of chemicals.  The mechanisms may
be very specific for certain chemicals or for many contaminants.  Each of the proposed
mechanisms forms the basis for determining an endpoint of response.
A. Interference with Normal Receptor-Ligand Interactions

1. Neuroreceptors and neurotransmitters (e.g., atropine, strychnine, LSD, organophosphate
pesticides, antihistamines, nicotine)

2. Hormone receptors (dioxin, DES, goitrogens)
3. Enzyme activity (organophosphate insecticides, cyanide, sodium fluoroacetate)
4. Transport proteins (carbon monoxide, nitrites)

B. Interference with membrane functions
1. Excitable membranes

a. Ion flux (DDT, pyrethroid insecticides, tetrodotoxin)
b. Membrane fluidity (organic solvents, ethanol, local anesthetics)

2. Membranes in organelles
a. Lysosomal membranes (carbon tetrachloride)
b. Mitochondrial membranes (organotins)

C. Interference with cellular energy production
1. Oxygen delivery to tissues (carbon monoxide, nitrite)
2. Uncoupling of oxidative phosphorylation (nitrophenols, organotins)
3. Inhibition of electron transport (rotenone, antimycin A)
4. Inhibition of carbohydrate metabolism (fluoroacetate)

D. Binding to biomolecules
1. Interference with enzyme functions (organophosphate/carbamate insecticides;

glyphosate herbicide )
2. Lipid peroxidation (carbon tetrachloride, paraquat, ozone)

a. Free radical generation
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b. Formation of lipid hydroperoxides
3. Oxidative stress

a. Depletion of GSH [glutathione transferase]  (acetaminophen)
b. Oxidation of protein thiols

4. Nucleic acids
a. DNA & RNA

E. Perturbation in calcium homeostasis
1. Cytoskeletal alterations
2. Activation of phospholipases
3. Activation of proteases
4. Activation of endonucleases

F. Toxicity from selective cell loss
a. Hormonal and physiological imbalances (e.g., loss of dopaminergic neurons;

thyroid insufficiency)
b. Birth defects

G. Nonlethal genetic alterations in somatic cells
1. Cancer
2. Birth defects and transplacental carcinogenesis

III. Acute, Subchronic and Chronic Toxicity Testing (Hazard identification involves
conducting experiments  that can be classified by the duration of exposure)
A. Acute Toxicity Tests

1. Usually a one time or short interval (7-21 day) dosing regime
2. The single dose oral exposure is usually used to estimate an LD5 0.
3. Exposures routes are oral, dermal, and inhalational.
4. A pharmacokinetic study may be conducted using the single exposure test.
5. Tissue samples would be collected to determine dermal and oral absorption efficiency

and distribution throughout body.
6. Clearance rates
7. Metabolic products

B. Subchronic
1. Ninety day duration of exposure most common, usually via diet (Note that the diet is ad

lib, so over regular time intervals the dose must be estimated by measuring food
consumption and weight of the test animals)

2. Objectives
a. Determine NOAEL (No Observable Adverse Effect Level)
b. Characterize organs affected and other responses
c. Determine the maximum tolerated dose (MTD)

1. Produces no extrinsic signs of toxicity and no more than 10% weight loss;
however cellular toxicity may be occurring without detectable symptomology

3. Conducted in rats, mice, and dogs; each sex tested separately
4. Range of doses tested; for regulatory purposes, usually three doses and a no exposure

control are run.  One of the doses should be the estimated NOAEL.
5. Measured parameters

a. Weight changes
b. Food consumption
c. Gross morphology
d. Respiratory/cardiovascular distress
e. Motor/behavioral abnormalities
f. Palpable masses (nodules, growths, etc)
g. Enzyme changes (in blood and blood cells usually)
h. Animals sacrificed at end of 90 d and tissues subjected to histopathological analyses

1. Examine pathologies in various tissues (systemic toxicity)
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6. Doses are used to determine appropriate doses for chronic toxicity testing; doses may
also be used to set a maximum permissible short-term exposure.

C. Chronic
1. Long-term dosing; rat = usually 2 years (i.e., a normal life span); dog = usually one

year.
a. High dose is the MTD (maximum tolerated dose), defined by National Toxicology

Program (NTP) as the dose that suppresses body weight by about 10%.
b. Other doses include1/2, 1/4 of MTD and carrier (a.k.a. the vehicle, or in other words

the medium containing the contaminant) alone.
2. Why such high doses?--Must overcome limitations of small population size in detecting

low incidences of tumors.
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IV. Mutagenicity, Tumorigenicity, Carcinogenicity
A. Mutagenicity--change in the genetic material (DNA lesion) in nucleus of cell; usually

involves change in bases of DNA or reaction with bases (for ex., alkylation) that could be
potentially transmitted to new cells.
1. DNA lesions are normal and occur quite frequently; however, cell nucleus has repair

mechanisms for excising the lesion
a. Replication (DNA---->DNA)
b. Transcription (DNA---->RNA)
c. Translation (DNA---->amino acids/proteins)

2. If the lesion is not repaired, it can be transmitted to new DNA during cell division
3. Normal metabolism has been estimated to cause 100,000 and 10,000 lesions per cell per

day in rats and humans, respectively (Ames and Gold 1993)
B. Clastogenicity

1. Chromosomal breakages and fragments
2. Not necessarily related to gene mutation; more likely due to binding to histone proteins

or other proteins associated with DNA; strains caused by binding could cause abnormal
breakage of the chromosome.

C. Tumorigenicity--uncontrolled cellular proliferation leading to formation of a mass of
undifferentiated fast growing cells (tumor)
1. The mechanisms proposed for tumor formation have been observed to be either due to a

mutagenic effect or a nonmutagenic effect associated with cell toxicity; a compound
causing a mutagenic effect is called a genotoxin, whereas a nongenotoxic compound
associated with tumor formation is said to have an epigenetic effect (an epigenotoxin?)

2. A tumor actually starts as a neoplasm (“new cell growth”)
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a. An undifferentiated population of cells in an organ, known as stem cells, divides as
part of the organ developmental process and replaces cells that are lost during
differentiation (cell death is normal);

b. The stem cells may be the sites most susceptible to damage from chemical exposure;
older more differentiated cells may be comparatively unaffected
1. When a cell has a mutation, it will normally repair it, but in some cases these

mistakes persist.
2. Normally one mistake will not affect functioning of the cell, but during the next

generation of cells (i.e., the ones produced during cell division), other mistakes
can accumulate; these mistakes may not affect the normal physiological
functions of the cell, but the tissue morphology may begin to change (the
neoplasm).
a. Eventually enough damage accumulates across several cell generations to

cause the cells to be transformed and not function as originally programmed.
b. Mutations or other adverse effects in normal development of stem cells lead

to problems in the more differentiated intermediate cells; thus, the stem cells
can accumulate enough damage (genetic or other physiologic damage) to
become transformed to tumor like cells.

3. High doses probably lead to cell death and chronic cell division in an attempt to
replace dead cells; in other words, high doses can overwhelm ability to detoxify
a contaminant and thus it is more available to cause physiological damage; other
possibilities are interactions with specific receptors (see discussion below under
carcinogen classification)
a. The probability of mutations increases because of repair mistakes, especially

if cells are suffering toxicity (mitogenic theory of tumorigenicity)
4. Studies by Cohen and Ellwein (1990) show that exposure of rats to 2-acetyl

aminofluorene (2-AAF), a known mutagen, causes increased cell populations of
bladder and liver cells that are directly related to duration of exposure (see graph,
with exposure at 18, 24, 33 mos.) and dose (see graph with doses from 45 - 150
ppm)
a. Thus, even mutagens depend on cell proliferation in the process of tumor

formation
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1. Note that the liver seems to be more sensitive to the effects of 2-AAF
when fed to mice for 33 months; however, tumor incidence drops
significantly with shorter durations of exposure.

2. On the other hand, the bladder seems more tolerant of doses less than 45
ppm, but it responds quickly to increasing doses and longer durations

3. The growth of liver tumor cells parallels the normal growth of the liver,
and therefore all doses yield the same growth curve; this observation
explains why the liver is sensitive to all doses of 2-AAF (the postulated
reason for this observation is explained under carcinogenic mechanisms
below)

4. The growth of bladder tumor cells is related to the dose; at the lowest
dose (i.e., 45 ppm), even exposure for nearly 3 yrs. produces little
change in population of tumor cells; this observation suggests that even
for a mutagenic substance, a “practical” threshold for effect may exist.

b. The studies of Cohen and Ellwein indicate that the mechanism of
tumorigenicity differ among tissues; they extend their results to the
conclusion that carcinogenicity risk assessment must take into account the
biological mechanisms of tumor formation

D. Carcinogenicity
1. Whether or not a tumor becomes malignant and therefore considered “cancer” depends

on the extent to which the tumor cells can break away from their original mass and
invade other tissues; tumors that essentially remain at the site of origin and that do not
seem to “damage” surrounding tissue are usually classified as benign; bear in mind,
however, that all cancer is really about the process of tumorigenicity.

2. The prevailing wisdom of the EPA is that if a compound causes excess tumor formation
(i.e., greater prevalence of tumors in treated animals than in controls) that it should be
classified as a carcinogen; the classification scheme of the EPA has two underlying
assumptions (Cohen & Ellwein, 1995):
a. If a chemical causes cancer in rodents, it will cause cancer in humans (interspecies

extrapolation)
b. If a chemical causes cancer at a high dose, it will cause cancer at low doses (dose

extrapolation)



ES/RP 532 Applied Environmental Toxicology     Page 8 of 24

ESRP532 Lecture 7 Hazards.doc Fall 2004

3. EPA classifies the probability that a contaminant is a carcinogen employing both an
older letter designation system (promulgated circa 1986) and a newer narrative type
system (proposed circa 1996).  Older compounds (i.e., those assessed prior to 1996)
will still be designated by the older system.
a. The 1986 classification system:

1. Group A (human carcinogen)
a. Sufficient evidence from epidemiological studies to support a causal

association between exposure to an agent and cancer
1. For example, arsenic in drinking water

2. Group B (Probable human carcinogen):   includes agents for which the weight
of evidence of human carcinogenicity based on epidemiologic studies is
“limited” and also includes agents for which the weight of evidence of
carcinogenicity based on animal studies is “sufficient”.  The group is dived into
two subgroups.
a. Group B1:  agents for which there is limited evidence of carcinogenicity

from epidemiologic studies;
b. Group B2:  agents for which there is “sufficient evidence from animal

studies and for which there in “inadequate evidence” or “no data” from
epidemiologic studies

3. Group C (Possible human carcinogen)
a. Agents with limited evidence of carcinogenicity in animals in the absence of

human data
4. Group D (Not classifiable as to human carcinogenicity)

a. Agents with inadequate human and animal evidence of carcinogenicity or for
which no data are available

5. Group E (Evidence of non-carcinogenicity for humans)
a. Agents show no evidence of carcinogenicity in at least two adequate animal

tests in different species or in both adequate epidemiologic and animal
studies.

b. The 1996 classification system:
1. Known/Likely

a. Available tumor effects and other key data are adequate to convincingly
demonstrate carcinogenic potential for humans.

2. Cannot Be Determined
a. Available tumor effects or other key data are suggestive or conflicting or

limited in quantity and, thus, are not adequate to convincingly demonstrate
carcinogenic potential for humans.
1. In general, further agent specific and generic research and testing are

needed to be able to describe human carcinogenic potential
3. Not Likely

a. Experimental evidence is satisfactory for deciding that there is no basis for
human hazard concern, as follows in the absence of human data suggesting a
potential for cancer effects

c. During 1999, EPA proposed a new classification scheme, again based on a narrative
approach as with the 1996 system.
1. Carcinogenic to humans
2. Likely to be carcinogenic to humans
3. Suggestive evidence of carcinogenicity, but not sufficient to assess human

carcinogenic potential
4. Data are inadequate for an assessment of human carcinogenic potential
5. Not likely to be carcinogenic to humans

d. EPA states that its science policy is to consider classification based on a weight of
evidence approach
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1. All studies are considered (subchronic, chronic, mutagenicity, tumorigenicity),
not just one study.

2. Deference is given to hazard identification, dose-response assessment,
likelihood/magnitude  of exposure, and risk characterization

3. Putative mechanism of toxicity (or carcinogenicity)
4. Cohen and Ellwein argue for a biologically based classification scheme recognizing that

a. Genetic alteration is required for cancer to develop (regardless of whether the
alteration is caused directly by a mutagenic contaminant or indirectly by a
nongenotoxic contaminant);

b. More than one genetic alteration is required for cancer to develop (known as the
multistage model);

c. DNA replication fidelity is not 100% (in other words, mistakes occur, naturally or as
influenced by exogenous mechanisms).

5. Based on the biologically based model, Cohen and Ellwein have proposed a scheme to
classify carcinogens; the utility of this scheme is that it would allow low dose
extrapolations to man of high dose rodent testing data, and allow a more realistic risk
assessment based on known exposures.
a. Genotoxic (DNA is mutated)(Effects likely to persist after dosing ceases)

1. Theoretically no threshold;
2. Dose-response may be affected by cell proliferation, but toxicity can be caused

at high doses (refer to liver and bladder cell graphs above)
a. In the case of liver cells exposed to 2-AAF, mutation probability in the

young stem cells is increased, but not in older intermediate cells (known as
foci); thus, during the normal course of cell proliferation in the liver, there is
a higher probability of tumor formation with increasing exposures to 2-AAF
(in other words, more 2-AAF exposure increases the probability of more
mutations)
1. Interestingly, this mechanism is related to the hydroxylation of 2-AAF,

which is highly mutagenic, in the stem cells of the liver.  This reaction
does not occur in the older more differentiated cells; thus number of
tumors in liver is coincident at all doses with the normal proliferative
growth of the liver.  Liver cells did not proliferate at low and moderate
doses of 2-AAF.  Thus, the formation of tumors in the liver is caused by
the probability of mutations in the stem cells, leading to transformed
cells, and then proliferating at the same “normal” rate that the liver
grows

b. The bladder cells are exposed to hydroxylated 2-AAF after the 2-AAF has
passed through the liver.  Another metabolite, a glucuronid conjugate is
formed in the liver that also passes to the bladder. This is transformed to N-
hydroxy aminofluorene which can mutate any aged cell in the bladder (not
just the undifferentiated stem cells).  In the bladder, tumors are formed only
at doses above 60 ppm owing to a hyperplastic (mitogenic or cell
proliferative effect) response.  In other words tumors formed only when cell
proliferation occurred, and cell proliferation was increased by the presence
of doses higher than 60 ppm.

b. Non-genotoxic (epigenetic)--effects likely to decline after dosing ceases; two
categories
1. Reaction or interference of contaminant with specific cell receptor or growth

factor;
a. Threshold questionable
b. May be effective at low doses depending  on the Km for the binding reaction

2. Contaminant does not react with specific cell receptor
a. Threshold for effect
b. Effect strictly related to mitogenesis (i.e., cell toxicity and regeneration)
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1. Contaminant could cause a direct mitogenic stimulus
2. General cell toxicity and consequent cell division
3. Interrupt physiological processes

E. Ames and Gold (1993)--Misconceptions about Carcinogenicity (see appended article)
1. Cancer rates are soaring;
2. Cancer risks to humans at low doses can be assessed by testing chemicals at high doses

in rodents;
3. Most carcinogens and other toxins are synthetic;
4. Synthetic toxins pose greater carcinogenic risks than natural toxins;
5. The toxicology of synthetic chemicals is different from that of natural chemicals.

F. Ames and Gold HERP Index (Human Exposure/Rodent Dose Potency Index) (see
appended article)
1. Human exposure is divided by 70 to give a mg/kg of human exposure; this dose is than

given as a percentage of the rodent TD5 0, which is the effective dose giving an incidence
of tumors in 50% of the tested rates.  The lower the HERP number, the less the
carcinogenic potential.

2. This scheme is useful for determining which exposures should be a priority in
controlling (assuming we do not have enough time or money to control everything)

G. The main problem with current testing methods for carcinogenicity (of nonmutagens) is that
the shape of the dose-response function at lower, nontested doses is unknown.  This is why
Cohen and Ellwein argue for a biologically based study of carcinogenicity mechanisms for
any contaminant.
1. High doses must be extrapolated to low doses for risk assessment, but the true dose-

response relationship cannot be quantitated.

H. The National Academy of Sciences’ National Research Council (NRC) issued a report in
1996, “Carcinogens and Anticarcinogens in the Human Diet.  A Comparison of Naturally
Occurring and Synthetic Substances.”  (Report can be read online at
http://books/nap.edu/books/0309053919/html.
1. The NRC concluded that the level of both synthetic and natural substances that have

tested positive for causing tumors in the typical rat carcinogenicity assays at MTDs are
highly improbable to pose an risk for carcinogenicity nor any likelihood of significant
adverse biologic effects.

V. Endocrine Disrupters (Hormonally Active Agents)
A. One recent concern has been the “estrogenic” effects of certain environmental

contaminants, mainly including those that contain chlorine (but not limited to these); this
effect is better described as an endocrine disrupting effect, and the chemicals involved (both
natural and synthetic) are known as endocrine disrupters.
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1. One highly cited “authority” who strongly associates exposure to endocrine-disrupting
chemicals with reproductive problems in wildlife and humans as well as breast cancer is
Theo Colborn from the W. Alton Jones Foundation and World Wildlife Fund in
Washington, DC; in March of 1996, Colborn et al. released a book “Our Stolen
Future,” which has been hailed as the sequel to Silent Spring.  This book is the popular
version of what some scientists think is the most significant  contemporary
environmental and public health crisis;
a. Essentially the story says that synthetic chemicals released into the environment

(and some natural ones too) mimic hormones of the endocrine system (mainly
estrogen and testosterone), and because of their wide-ranging effects, essentially
threaten the human species (as well as all other organisms).

2. Our Stolen Future is a popularization of some of the hypotheses presented in a
conference held in Racine, WI during 1992.  This conference resulted in publication of
the compendium entitled, “Chemically Induced Alterations in Sexual
Development—The Human/Wildlife Connection,” that coincidentally was also co-
edited by Theo Colborn.
a. The conference involved invited scientists, a number of whom had been working on

the connection between the drug, DES (diethylstilbesterol), that was a therapeutic
given to women in the late 1950’s and throughout the 1960’s as an anti-
abortifacient to prevent miscarriages.  The children of women taking this drug had a
significantly higher rate of genital cancer and other reproductive system maladies.
Several of the scientists were also wildlife specialists who presented data that they
conclude gives evidence to similar maladies in wildlife, but they hypothesized the
cause as exposure to persistent organochlorine pollutants (known as POPs), like
DDT, PCBs, dioxin.

b. A consensus statement was issued at the WI conference:
1. “A large number of man-make chemicals that have been released into the

environment, as well as a few natural ones, have the potential to disrupt the
endocrine system of animals, including humans.”

2. While the evidence for endocrine disruption in humans was based almost solely
on the problems of DES, and thus tenuous at best, the conference attendees
believed that wildlife populations were already affected.

B. The National Academy of Sciences’ National Research Council (NRC) issued a report
addressing putative endocrine system disrupting chemicals.  The NRC chose to “rename”
endocrine disrupters to Hormonally Active Agents in the Environment (which is the title of
the report and is published by National Academy Press, Wash., DC, 1999; can be read
online at http://books.nap.edu/books/0309064198/html/R1.html)
1. The NRC chose to use the term hormonally active agents (HAAs) because after

studying the published literature, it became clear that some of the putative effects were
not necessarily related directly to effects on the endocrine system.  Furthermore, some
of the effects should not be considered disruption per se.

2. The NRC also concluded that the evidence for HAAs effect on humans from
environmental exposures to contaminants was weak, at best; the one exception is the
experiences with the drug, DES (diethylstilbesterol).

3. However, the possibility that wildlife populations in some instances and in some
environments have shown effects from hormone mimics has more plausibility than the
effects on humans.

C. Owing to the nature of the endocrine system, which is probably more appropriately
described as the neuroendocrine system with respect to the putative wide ranging
physiological processes regulated, endocrine disrupters can be viewed as a unifying force
for literally all health effects.  Some are skeptical, however, that this linkage for all health
effects is inappropriate, as concluded by the NRC (mentioned above).  Nevertheless,
everything from adverse reproductive effects, to immunotoxicity, and even certain cancers
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have been associated with endocrine disrupters.  Even behavior, especially behavior that is
gender specific is putatively adversely affected.
1. The reason for this association probably stems from the nature of the endocrine system

itself.  Namely, the endocrine system is intimately linked with the nervous system and
the immune system; indeed I like to metaphorically call the endocrine system one node
on the body’s internet.
a. All cells communicate with one another through a system of feedback loops
b. The internet controls all growth and physiological functions
c. The mechanism by which the internet functions is through a system of chemical

messengers that bind to receptors
1. Endocrine system produces hormones
2. Nervous system produces neurotransmitters
3. Immune system produces cytokines

2. Simply stated,  when bound with the appropriate chemical messenger, the receptors then
turn on specific genes that make protein products necessary to cause a cell to grow or
perform some physiological function
a. Example:  estrogen receptor, testosterone receptor, etc.

3. “Certain aspects of endocrine systems are remarkably well conserved across phyla
pointing, for example, to reproduction.”  “Based upon this observation, it was noted
that endocrine-disrupting chemicals  that act through specific receptors (affecting
hormone synthesis, release and/or actions) could well be particularly amenable for
extrapolation of prediction of relative risk across species. (from Ankley et al. 1997)

D. The endocrine system is especially important during early fetal development
1. Production of testosterone or lack thereof is key to masculinization and feminization of

the fetus
2. Early development can control future secondary sexual development (i.e., puberty)

E. Receptors for estrogen also can be found brain, heart, and pituitary, indicating that estrogen
is important for general physiological well being (both males and females produce estrogen;
the difference between genders is related to the ratio of the two, with females having a higher
estrogen to testosterone ratio than males)

F. The concern about endocrine disrupters centers around the vulnerability of the fetus; some
researchers point out peculiar effects in wildlife that forebodes possible effects in humans

G. Consensus indicates these systems are most vulnerable to “attack” by HAAs:
1. Reproduction  (highest priority)
2. Growth/Development (highest priority)
3. Immunocompetence (lower priority)

H. “Two critical issues to address when considering HAAs in the context of real-world
scenarios where organisms are exposed to multiple chemical stressors during different life
stages.
1. First, the organizational effect of a disruption during embryonic development might not

be observed or expressed until much later in the animals life, perhaps not until
activational hormone stimulus is received.

2. Secondly, unlike most mixtures (where additivity of toxic equivalence is generally
considered to conservatively predict the total mixture toxicity), the potential for
synergism may be high for endocrine disruption mechanisms.”

I. For an alternative perspective on some issues related to HAAs see the following essays
online at http://aenews.wsu.edu;  also see the American Council of Science and Health
website (http://www.acsh.org)   (search for the following 1999 report: “  Endocrine
disrupters:  a scientific perspective”)
1. Felsot, A. S.  2001.  Thin eggshells & pregnant chads.  Toxicological signposts on the

bridge to the 21st century. Agrichemical & Environmental News (January) 173:8-15.
2. Felsot, A. S.  1999.  Attack on the Male—Part I.  Are synthetic chemicals guilty of

gender bias? Agrichemical & Environmental News (August) 160:8-11.
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3. Felsot, A. S.  1999.  Attack on the Male—Part II.  Synthetic chemicals:  emancipators or
emasculators? Agrichemical & Environmental News (September) 161:11-13.

4. Felsot, A. S.  1999.  Attack on the Male—Part III.  Bad brains and bad kids.
Agrichemical & Environmental News (October) 162:12-16.

5. Felsot, A. S.  1997.  Endocrine disruptor worries here to stay. Agrichemical &
Environmental News (September) 139:6-9.

6. Felsot, A. S.  1996.  Does Our Stolen Future nullify “Dose Makes the Poison”?
Agrichemical & Environmental News (June) 124:10-11.

7. Felsot, A. S.  1996.  Rush to judgment?  Agrichemical & Environmental News (April)
122:12-13.

J. Testing for HAAs
1. Biochemical Basis for In-Vitro Tests

a. Interactions of HAAs with the estrogen receptor is one of the several mechanisms
believed responsible for cause endocrine system related effects (see the next figure);
note, however, that there are other possible mechanisms.
1. For example, the interaction could be with testosterone mimics, and therefore

androgen receptors
2. The interaction could be with enzymes that metabolize endogenous hormones

and therefore reduce or change the hormonal  titer in the body

b. For those compounds that interact with the estrogen receptor  (ER)
1. Discussion is from: Giesy, J. P., K. Hilscherova, P. D. Jones, K. Kannan, and

M. Machala.  2002.  Cell bioassays for detection of aryl hydrocarbon (AhR)
and estrogen receptor (ER) mediated activity in environmental samples.  Marine
Pollution Bulletin 45:3-16.

2. ER is a nuclear receptor protein known as a transcription factor); it is associated
with a protein called the Heat Shock Protein (HSP), and these two
macromolecules cover up a DNA binding domain for estrogen .  The binding
domain is known as the ERE (estrogen responsive element), and it is located in
the regulatory regions of estrogen-inducible genes.
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3. Estrogen (estradiol) and estrogen mimics (also called xenoestrogens)  diffuse
into the nucleus and bind to the ER.  The HSP disassociates from the ER and
the ER/estrogen or ER/mimic complex dimerizes (two units associate with one
another and bind to the specific DNA coding region, or ERE).
a. ER complexes bound to an ERE recruit additional transcription factors,

leading to increased gene transcription (i.e., synthesis of messenger RNA or
mRNA, and thus synthesis of proteins required for expression of hormonal
action.

4. Based on the biochemical principles discussed above, several in-vitro assays
have been developed using recombinant DNA techniques that allow transfection
of wild type cells (for example, a breast cancer cell line known as the MCF-7;
yeast cells) with reporter genes that are under transcriptional  control of the
ERE.
a. Reporter genes are genes  that are turned on to produce a substrate that is

easily measured, usually spectrophotometrically
1. One example is the gene that codes for galactosidase, an enzyme whose

activity is easily measured in the presence of the sugar (monosaccharide)
substrate, galactose .

2. One system involves the use of yeast cells and is called the YES system
(Yeast Estrogen System).
(a) The human estrogen receptor has been cloned into yeast cells (a.k.a.

the Yeast Estrogen System); the cloned gene also contains reporter
genes; (Arnold, S. F. et al. 1996, A yeast estrogen screen for
examining the relative exposure of cells to natural and
xenoestrogens, Environ. Health Perspectives 104:544-548)

(b) When the human estrogen receptor is turned on, the reporter genes
(which code for galactosidase enzyme, a.k.a. LAC Z gene) are also
turned on

(c) By measuring the amount of galactosidase, one can estimate the
degree of estrogenic activity a chemical might have

(d) All potential endocrine disrupting (i.e., estrogen mimic) chemicals
are compared to estradiol

Yeast Estrogen System
Yeast DNA

Plasmid w/
GAL reporter

Human ER

GAL
Measure
Galactosidase
Activity

Test 
Chemical

(e) The YES system has been used by many research groups to reliably
predict which chemicals can interact with the ERE via interaction with
the ER.  One study, however, came under controversy when it
attempted to determine whether mixtures of weakly interacting
chemicals can synergize an estrogenic response (Arnold et al., 1996,
Synergistic activation of estrogen receptor with combinations of
environmental chemicals.  Science 272:1489-1492)
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(1) When endosulfan or dieldrin were tested in this system alone,
their potency if virtually nil compared to estradiol; however, when
added together in equal amounts, each of which has little activity
alone, their potency increases by nearly 1000-fold; this response
is synergistic

(2) However, note that the synergistic response was still ~ 1000 fold
less potent than the natural estrogen; furthermore, the data shows
evidence of a threshold (or NOEL)
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(3) The following summer (1997), in a letter to Science, McLachlan
[research leader of the lab at Tulane Univ in which Arnold et al.
were working] retracted their work showing synergistic
interactions.  They claimed they could not repeat the
experiments.  Others have confirmed that the interactions are
additive rather than synergistic.  For ex. Gaido, K. W. et al.  1997.
Estrogenic activity of chemical mixtures:  Is there synergism?  Chemical
Industry Institute of Toxicology 17(2):1-7.

3. Another example of an in vitro system includes  the gene for luciferase,
which emits phosphorescence when turned on (i.e., synthesized in
response to the binding of the ERE and estrogen or estrogen mimic)
(a) This assay was originally used for examining androgenic rather than

estrogenic effects
(1) The human androgen receptor is cloned into a cell line and linked

to a luciferase reporting gene;
(2) The receptor (i.e., the cells) is probed with the target chemicals,

including testosterone as the control;
(3) When the receptor is activated by binding of the hormone

(known as transcriptional activation), luciferase activity increases;
luciferase catalyzes a chemical reaction that produces light, so
light output can be measured by a spectrophotometer; light
output is compared between treatments;
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(4) Using this assay, Kelce et al. 1995 (Persistent DDT metabolite

p,p’-DDE is a potent androgen receptor antagonist,” Nature
375:581) reported that DDE, which was shown to have poor
estrogenic activity, actually has moderately potent anti-
androgenic activity;

(5) In other words, DDE binds to the testosterone receptor blocking
the binding of testosterone; however, unlike testosterone, the
receptor is not activated;

(6) Thus, in the graph, note that the induction of receptor as
measured by light output is lowest for the highest dose of DDE;
DDE would be considered a competitive inhibitor

(7) Is there a threshold?   Clear thresholds were found; i.e., no effect
on transcription @ 0.05 µM (~16  ppb)

4. The MCF-7 Breast Cancer Cell Line is a reporter system that lies on cell
proliferation as an endpoint.  It has been used as a screen for estrogen
mimics as well as a test to determine whether synergism is operational.
(a) The E-Screen--one of Theo Colborn’s co-authors, Ana M. Soto

(Tufts University) and her colleagues published a paper investigating
the estrogenic effects of DDT, endosulfan, toxaphene, and dieldrin
on human estrogen-sensitive cells using the E-Screen  (1994, “The
pesticides endosulfan, toxaphene, and dieldrin have estrogenic effects
on human estrogen-sensitive cells,” Environ. Health Perspectives
102:380)

(b) They used cultured human breast cancer estrogen-sensitive MCF-7
cells; the biological response measured was cell proliferation in
response to dosing

(c) Thus, when estradiol is put in the nutrient medium (which is actually
filtered human blood serum), the cells divide; similarly, a response
can be observed if a chemical acting like estrogen causes the cells to
divide; in such a case the chemical would be considered a potential
hormone mimic, xenoestrogen, or an endocrine disrupter (note that
each of these words has been used in the literature and popular
press)
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E-Screen

Test Substance

Filtered Human
Sera

MCF7 Human Breast 
Cancer Cell Culture

Control

Estradiol (E2)

ECD

Incubate for
6 Days;
Count Cells

(d) The data for cell numbers are plotted relative to dose of estradiol or
the suspected EDC.  The further toward the y-axis a curve is, then
the relatively more potent it is; thus in the next graph, estradiol is
about 1 million times more potent than the pesticides
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(e) The results in the next table below show effective minimum doses to
achieve a measurable effect and proliferative efficiency (ratio between
highest cell number in the presence and absence of the “estrogen”):

Chemical Effective Minimum
Dose

Proliferative
Efficiency

estradiol 10 pM 3.68
o,p’-DDT 10 µM 3.17
endosulfan 10 µM 2.99

DDT 10 µM 2.93
dieldrin 10 µM 2.02

toxaphene 10 µM 1.91

(f) Furthermore, a clear dose-response (threshold) was observed.  For
example, 10 nM of o,p’-DDT did not have a significantly different
response than the control without hormone

(g) When a mixture of each of the pesticides at a concentration of 1 µM
(for a total of 10 µM) was tested, the response was about 2/3 of the
response of the estradiol treatment and about 2X the response of the
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control without hormone; this result suggests additivity, perhaps by
action at the same biochemical receptor.
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5. Some examples of in vivo systems for HAA effect include:
(a) Rodent uterine wet weight changes after feeding mice or rats with

suspected endocrine active chemicals
(b) Sperm quality and quantity assays
(c) Stimulation of vitellogenin (egg protein) production in male fish

(normally a female physiological response)
(d) Reproductive toxicity studies
(e) Feed compound over two or more generations to rodents
(f) Examine number of litters and assess effect on fertility
(g) Behavioral assays that putatively measure gender specific behaviors

VI. Ah Receptor Interactions
A. Polychlorinated aromatic  hydrocarbons in the dioxins, dibenzofurans,  PCBs, and

polyaromatic hydrocarbons (PAH) group have a common mode of action through
interactions with a receptor known as Ah (aryl hydrocarbon).  These chemicals are
described as having dioxin-like activity (i.e., they all have syndromes somewhat similar to
the specific dioxin congener, TCDD (2,3,7,8-tetrachlorodibenzodioxin).
1. This group of compounds has the ability to ability to cause hepatotoxicity,

embryotoxicity, teratogenicity, immunotoxicity, dermal toxicity, lethality, carcinogenesis,
wasting syndrome and tumor promotion in many different species at low
concentrations.

B. The receptor (AhR) is located in the cytoplasm (or cytosol) of the cell (see the figure below,
which is taken from Giesy et al. 2002).  Heatshock proteins 90 (HSP90) are bound to the
receptor.  When the appropriate contaminant interacts and binds to the AhR, it is activated
and moves into the nucleus where the HSPs disassociate.  The contaminant bound AhR
forms a ligand with ARNT (Ah receptor nuclear translocator protein).  The contaminant-
AhR-ARNT complex binds to .  This response element is on the chromosome  analogous to
binding with the estrogen responsive element.  However, the response element  is called the
dioxin responsive element (DRE), and its binding distorts the chromosome allowing access
to DNA regions known as promoters and activation of adjacent genes that result in the
transcription of DNA to mRNA.  The mRNA that codes for a specific isozyme of P450,
called P450-1A.
1. After induction of the P450, a cascade of events occurs to cause cell toxicity and a

myriad of physiological responses in many organ systems.
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2. However, the specific turn of biochemical events is still obscure, although bits and
pieces of the puzzle of why polyhalogenated aromatics and PAHs  cause problems at
sufficiently high doses.

VII. Epidemiology
A. When conducting a risk assessment, EPA claims it uses a weight of the evidence approach

in making a decision about how to manage the risk.
B. Since chronic toxicity is probably the biggest issue regarding exposure to environmental

contaminants, and also the most contentious in terms of influencing a risk management
decision, any effects on human health that can be discerned from epidemiological studies
would necessarily be weighted relatively heavy.

C. Epidemiology, a “health science” studies the distribution of disease in populations and the
factors associated with that distribution
1. The science works best when dealing with etiological agents of biological origin;

a. In this case, Koch’s postulates, which are so named because Robert Koch (1843-
1910) was the first to use criteria laid down by J. Henle, can be used to prove the
association of an agent and a disease (see I.C.3.).

D. The attempt to associate chemicals as etiological agents with specific diseases has had some
successes, but the widespread use of epidemiology to make solid cause and effect
relationships rests on tenuous ground.
1. An example of a success is the association of scrotal cancer with the profession of

chimney sweep.
2. The evidence gained from human studies is strengthened by consistency among several

studies
a. Conflicting results among well-done, large epidemiological studies raise serious

doubts about apparent associations
b. One limiting factor is dose quantification;

1. Some investigators use qualitative exposure estimates that raise problems of
misclassification of exposure
a. low, high, medium
b. use of a chemical for X number of years
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E. Measures of Association (information from Draper, 1994, ACS Advance in Chemistry
Series 241, Environmental Epidemiology)
1. Relative risk

a. A measure of how many times greater the risk for one population is compared to
another population;
1. Commonly used with cohort type studies where large numbers of people who

have been considered for their exposure at some specified base-line time and are
then subsequently observed for the development of disease.
a. If disease is related to exposure, the frequency of exposure should be greater

among the diseased than among the non-diseased group.
2. The incidence among those exposed to a risk factor (Ie), divided by the incidence

among those not exposed (Io)
a. RR = Ie/Io  (or, incidence of disease in exposed group divided by incidence

of disease in unexposed group).
b. RR is a measure of the strength of an association.

1. The greater the RR value, the more likely that the risk factor is important in
causation

c. Generally, we tend to doubt relative risks of less than 1.5.
2. Attributable risk

a. Measure of the impact of a risk factor
b. Defined as the difference between the incidence in the exposed and the unexposed--

or, the excess incidence among the exposed after removing the expected background
incidence
1. AR = Ie - Io
2. AR is the portion of the incidence among those exposed that can be attributed to

that exposure

Relative vs. Attributable Risk
Factor          Lung Cancer    Coronary Heart Disease
Heavy smokers (incidence) 166/100,000 599/100,000
Non smokers (incidence)     7/100,000 422/100,000
Relative risk (ratio)   23.7     1.4
Attributable risk (cases/100,000) 159/100,000 177/100,000

3. Odds Ratio
a. A measure of relative risk for case-control studies.

1. Utilize samples of diseased and non-diseased persons to determine the
frequency of the exposure of interest, rather than to evaluate exposure in a
disease-free population and to await subsequent disease expression as would be
done in a cohort study.

2. Odds Ratio (OR) = ~ (incidence of exposure in diseased group/incidence of
exposure in non-diseased group)
a. Thus the OR represents the frequency or gradient of exposure in the

diseased group relative to the frequency of exposure in the control or non-
diseased group.
1. For example, if you hypothesize that compound X causes Non-

Hodgkin’s Lymphoma (NHL, a type of cancer attacking the lymph
glands) among a certain occupation using compound X, than if you
compared the frequency of compound X use among NHL sufferers, you
would predict a higher incidence of compound X use than in nonusers
without NHL.

b. Note that measures of risk are given in terms of relative risks.  In other words,
comparisons are made to a control group and a case group.
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1. However, the absolute risk for an effect may be extremely small, as is the case
for any individual type of cancer, as an example.

F. Measures of Uncertainty
1. For measures of OR and RR, a 95% confidence interval (CI) about the average risk ratio

is usually given in a report.  The 95% CI represents the probability (i.e., less than 5%
error) that the true risk has been captured in the stated interval if it was repeatedly
sampled.  For example, if an experiment was conducted 100 times, and the error rate
less than 5%, you would have captured the true population risk in 95 of those
experiments.  The CI would differ with each independent experiment, but the probability
of capturing the true mean would still be set at 95% (or at whatever probability the
experimenter determines is appropriate).  If the lower end of the 95% CI goes below a
relative risk or odds ratio of 1, it is appropriate to conclude that no conclusion can be
reached with regard to the true population mean being greater than 1 (i.e., a risk greater
than 1).

G. Cases where epidemiological studies work
1. When a sudden chemical exposure in which an illness is produced within a very short

time occurs (for ex., the chemical plant explosion in Bhopal, India, which spewed large
amounts of methyl isothiocyanate (MITC)

2. When under typical conditions and in very short periods of time, a researcher can
correlate a change in a physiological function to the change in an environmental
pollutant (for ex., children with asthma in areas where air pollution is caused by ozone)

3. When an association has been made between long-term exposures and long-term
functional effects (lead and children; can measure lead deposited in teeth)

4. When occupational studies have linked relatively high levels of chemical exposure to the
incidences of cancer in workers

H. Unfortunately, unless a specific occupational exposure has occurred, or a specific accident
has occurred, exposures to environmental contaminants are not amenable to good
epidemiological assessments essentially because they lack the quality of the situations
described above.
1. Lack of quantitative dose-response relationship at environmentally relevant doses;
2. Lack of proper exposure assessment;
3. Lack of specificity (disease could be caused by a lot of factors);
4. Confounding factors not perceived.

I. Case Study:  Epidemiological analysis of sperm counts and the “conclusion” that
environmental chemicals have caused a historical decline putatively through endocrine
system effects.  (Note:  The question is raised as to whether environmental levels of
“estrogenic” chemicals have an effect in-vivo)
1. Giwercman and N. Skakkebaek,  [1993], “Evidence for increasing incidence of

abnormalities of the human testis:  a review,” Environmental Health Perspectives
Supplements 101 (Suppl. 2:65-71.

2. These authors reported that sperm counts in men had declined by 50% since 1940 and
suggested it was due to exposure to organochlorine contaminants; this study is another
example of epidemiological evidence that is used to relate environmental contaminants
with health effects.
a. The study is an example of a retrospective meta-analysis,( i.e., a retroactive look at

other epidemiological studies to combine them into a new coherent analysis; in other
words, mining the literature for analyses and then combining all of them into one big
“meta” analysis).

3. Giwercman and Skakkebaek graphed the number of sperm per mL of ejaculate reported
in ~61 studies since the 1940’s through the early 1990’s
a. I’ve reanalyzed the data reported by Giwercman and Skakkebaek using linear

regression without weighting; in their analysis they weighted the individual studies
according to the number of men analyzed; thus, if more men were analyzed, then that
study had more weight;
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b. Close examination of the data indicates a lot of variability in the data, but there is a
significant non-zero slope; but notice the R2 is only 0.259, indicating that only 26%
of the variation in sperm counts could be accounted from by year of measurement.
(Note: I showed the R2 without any weighting of the data for number of subjects in
each study).

c. Giwercman and Skakkebaek had obtained an R2 of 0.38 when they weighted the
data; but according to my statistics book (Snedecor and Cochran, 1965), an R2 < 0.5
does not adequately explain the variability of the dependent variable relative to the
independent variable.

d. Even the authors admit at the end of the article that “Generally, it is believed that
pollution, smoking, alcohol, and sexually transmitted diseases play a role.” (Has
underwear gotten tighter?)

4. The Giwercman and Skakkebaek study has been criticized by others; perhaps the most
important criticism is the conclusion that sperm counts have dropped by 50% since
1940; it all depends on what benchmark you want to consider as “normal”
a. Note the scatter in the earlier years; what is normal?
b. Also note that there were some high values around 1980

5. The analysis is another good example of mathimagic at work; another study in direct
response to the Giwercman and Skakkebaek applied other functions to the same data;
the spline model actually fit the data better than Giwercman and Skakkebaek’s liner
model;  based on the Olsen et al. data fitting exercise, one might conclude that sperm
counts are going up after reaching a low sometime in the 1970’s.
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VIII. Potential Interactions Between Chemicals
A. Organisms are exposed to multiple contaminants during any 24 hour period.  Thus, the

effect of exposure to mixtures is a very contemporary question but has been considered by
regulatory agencies for many years (at least since the 1950s)
1. Owing to the high cost of testing just one chemical, yet along combinations of that

chemical with other chemicals, mixtures testing has been little studied yet alone even
required.

2. However, knowing the mechanisms of toxicity of components of a mixture can help us
deduce what likely effects there are.

3. Furthermore, the effect of exposure to mixtures can vary from an enhancement of
expected toxicity (from one or more of the constituents alone) to reduction of expected
toxicity.

B. Types of interactions between components of a mixture are classified as follows:
1. Independent (or neutral) Effects

a. Substances exert their own toxicity independently of one another
b. The toxicity of one substance does not affect the toxicity of a second substance.

2. Additive Effects (Two types) (Koneman and Pieters 1996)
a. Dose (Concentration) Addition:  Compounds having similar mechanisms of toxicity

cause a response that is simply the sum of the effects produced by the individual
compounds alone.
1. Example:  1X Dose Compd. A  +  1X Dose Compd. B  =  2X Effect

b. Response Addition (also called Independent Action):  Chemicals can act on
completely different physiological systems, or on the same physiological system but
they are functionally independent.
1. Response additivity will occur only when the individual compounds exceed their

own thresholds of tolerance.
2. If the individual compounds do not exert an effect on their own, response

additivity is unlikely to occur.
3. Antagonistic Effects

a. One compound interferes with the expression of toxicity of another compound
resulting in a combined effect that is lower than expected from one compound alone.

b. Example:  1X Dose Compd. A  +  1X Dose Compd. B  =  0.5X Effect
4. Potentiation (or Synergism)

a. Two compounds given simultaneously or close in time cause an effect that is greater
than the sum of either alone.

b. One of the compounds may not cause a reaction at all, but in combination with
another biologically active compound toxic effects are greatly magnified.

c. Example: 1X Dose Compd. A  +  1X Dose Compd. B  =  10X Effect
C. Dose Response Relationship (Figure 3)

1. The relationship between the dose and response for any two chemicals can be visualized
by examining the isobole graph shown on p. 24.

2. For example, in a synergistic interaction, a 2.5X dose of chemical A mixed with a 5X
dose of chemical B causes a toxic effect of equal magnitude to a 5X A plus 5X B dose.
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Lines of equal effect (isoboles) for different doses of chemicals in mixtures.

D. When chemicals present in a mixture have the same mechanism of biochemical  toxicity (for
example, by binding to a common receptor), the toxicological effect is likely to be additive if
all of the components have equal potency.
1. If potencies are equal, then the individual concentrations of components in the mixture

can be summed, and an organism would be considered exposed to the additive
concentration.

2. However, if potencies are different, the concentrations of the components cannot be
simply summed to derive potential exposure.
a. For exposure assessment of a mixture containing components of different potency

(but having the same biochemical mechanism of toxicity, the concentration of the
components of the mixture can summed if the potency of each component is
normalized to one component.

3. For example, we will study the dioxin congeners.  Seventeen of the possible 75
congeners are considered to be the most toxic , while the others are probably somewhat
innocuous.  Each toxic congener  can be expressed as a toxic equivalency(TEQ)  of the
most toxic dioxin congener, TCDD (2,3,7,8-tetrachloro-para-dibenzodioxin).
a. After the concentration of each of the toxic congeners in a mixture is expressed as a

fraction of the potency of TCDD, all of the transformed concentrations can be
summed to derive an overall concentration, called the toxic equivalents concentration.

4. Another example of contaminants that may occur simultaneous are the organophosphate
insecticides.  Estimating cumulative exposure to OP insecticide components occurring
simultaneously on fruit is accomplished by considering the relative potency to one
compound.
a. The relative potency factor (RPF) is used to normalize the concentration of

individual OP insecticides to a common reference point.
5. TEQs and RPFs will be discussed later when characteristics of individual contaminants

are studied.


