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This brief review summarizes information on the endocrine effects and mechanisms of action of certain pesticides
and considers whether exposure to pesticides with endocrine activity may play a role in human endocrine-related
tumors of the breast, testis, prostate, and endometrium. Both animal and human data are considered. If animal data
are to be used effectively for predicting human risk, a thorough understanding of comparative endocrinology and the
underlying endocrine and pathological mechanisms contained in the animal model is needed. It is concluded that the
evidence does not support an association between organochlorine pesticides and breast cancer, while the evidence
on other tumor sites is too sparse to draw any conclusions concerning pesticides.
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The last few years have seen an explosion of research
interest in chemicals, both natural and manmade, that
can act as endocrine disruptors, together with much
speculation about whether exposure to such chemicals
via the environment and the food chain may have ad-
verse effects on wildlife and humans (1–10). Attention
has focused on the potential effects of endocrine dis-
ruptors on wildlife populations, and, in laboratory ani-
mal and human studies, on reproduction, neurobehav-
ior, immune function, and the development of cancer.
These systems are considered to be susceptible to en-
docrine disruption because their development or later
functioning in adult life is known to be influenced by
exposure to endogenous chemicals or xenobiotics with
endocrine activity. Endocrine-related mechanisms are
involved in the development of certain human cancers
and the possible role of agricultural chemicals in endo-
crine-mediated carcinogenicity needs to be considered.

Laboratory studies on pesticides with endocrine
activity

Several pesticides have been shown to interact with en-
docrine receptors in vitro or to have endocrine-mediat-
ed effects in laboratory animals in vivo, as shown in ta-
ble 1. The potential for disrupting sex hormones has

been the most studied. There are examples of pesticides
that have estrogenic activity, and, while there are no
known examples of pesticides with androgenic activi-
ty, there are several which possess anti-androgenic ac-
tivity. Some have both estrogenic and anti-androgenic
activity. Some act peripherally at the cellular enzyme
or hormone receptor level, and others act centrally via
the brain. The European Union has listed 40 pesticides
among several hundred candidate substances suspected
of interfering with the hormone systems of humans and
wildlife (15).

Observation of activity in vitro does not necessarily
imply that the compounds will be active in vivo. For ex-
ample, dieldrin and endosulfan, which are both estro-
genic in vitro, are negative in the uterotrophic assay in
immature rats and do not affect pituitary weight or pitu-
itary levels of luteinizing hormone (LH), follicle-stimu-
lating hormone (FSH), growth hormone, or thyroid stim-
ulating hormone in immature rats (16–18).

In contrast to many other putative endocrine disrupt-
ing chemicals, many pesticides have been tested in ro-
dent multigeneration studies, which are capable of de-
tecting endocrine disrupters that are active in vivo on
sex hormones or their receptors, particularly if conduct-
ed according to more recently updated protocols [Or-
ganisation for Economic Co-operation and Development
(OECD). Detailed review paper: appraisal of test meth-
ods for sex-hormone disrupting chemicals. OECD;
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2002. OECD series on Testing and Assessment no 21.
http://www.olis.oecd.org/olis/2002doc.nsf/LinkTo/
env-jm-mono(2002)8; US Environmental Protection
Agency (US EPA). Endocrine disruptor screening and
testing advisory committee (EDSTAC) final report. US
EPA; 1998. http://www.epa.gov/scipoly/oscpendo/
edspoverview/finalrpt.htm]. The general similarities in
physiological and pathological processes between lab-
oratory mammalian species and man are such that the
default assumption is that animal data should be con-
sidered relevant for human risk assessment. Neverthe-
less, extrapolation from in vivo studies on animals may
sometimes be inappropriate for human risk assessment.
In the field of endocrine disruption, knowledge of com-
parative endocrinology and the mechanism of action of
an endocrine-active chemical are prerequisites for de-
ciding whether animal data are relevant for human risk
assessment. This situation can be illustrated with the
herbicide atrazine.

Observations indicate that atrazine is an endocrine
disruptor in rat, with some strain differences in respons-
es. Atrazine does not bind to rat or human estrogen re-
ceptors (19), is inactive in the human breast cancer cell
line (MCF-7 cells) proliferation assay (20), and is inac-
tive in the uterotrophic assay in adult ovariectomized
Sprague-Dawley (SD) rats (19). However, exposure of
weanling Wistar rats delayed puberty in both genders
(21, 22). Estrous cycles were disturbed in adult SD,
Long Evans (LE), and Fischer 344 (F344) rats, with an
increased time in diestrus, albeit with higher and longer
duration doses required for SD rats (23). Atrazine has
been shown to act on the hypothalamic-pituitary axis to
suppress LH and prolactin surges in LE rats but not in
SD rats (24), presumably via a reduction in gonadotro-
pin-releasing hormone (GnRH).

SD rats have a high background incidence of mam-
mary tumors. In 2-year bioassays in which atrazine was
given at 400 ppm in the diet, an increased incidence of

mammary tumors with earlier onset than normal was
observed in SD rats but not in F344 rats (25, 26). The
proposed mechanism for the strain difference is that re-
productive aging occurs earlier in the SD rat than in the
F344 rat (25). In SD rats there would be a reduced re-
lease of GnRH with aging, leading to reduced FSH and
LH release, which in turn leads to delayed ovulation,
persistent vaginal cornification, and consequent in-
creased exposure to endogenous estrogens and an in-
crease in the ratio of estradiol to progesterone (10).
However, it is very unlikely that such a mechanism
would be relevant to women since, at menopause, FSH
levels increase and estrogen levels decrease (27).

Human observations

There are only a few known examples of adverse effects
on humans after high exposures to endocrine-disrupt-
ing chemicals, and, in the case of cancer, these effects
are related to exposure to human pharmaceuticals, such
as estrogens and androgens, rather than to low-level ex-
posures to environmental chemicals. Nevertheless, the
possible effects of low-level exposures raise important
public health questions because even small shifts in pop-
ulation distributions of adverse health outcomes could
potentially have considerable impact on the overall
health of large populations.

In the media, much emphasis in the debate on endo-
crine disruptors has been placed, for example, on the
increasing global trends for breast cancer and testicular
cancer incidence. However, lack of adequate data on
human exposures to potentially relevant chemicals se-
verely hampers the exploration of hypotheses on the
possible causes of any identified trends. In particular,
the lack of exposure data on critical periods of devel-
opment that influence later functioning in life make it

Table 1. Biological evidence that pesticides can act via endocrine mechanisms. [LH = luteinizing hormone, o,p’-DDT = 1,1,1-trichloro-
2,2-bis(p-chlorophenyl)ethane, p,p’-DDE = 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene]

Effects Endocrine mechanism Examples

Estrogenic in vitro (receptor binding or activa- Estrogen receptor agonists (ERα,β) Chlordane, o,p’-DDT, dieldrin, endosulfan,
tion, breast cancer cell proliferation) or estro- fenarimol, toxaphene, methoxychlor (meta-
genic in vivo (female reproductive tissues, bolite) (10)
uterotrophic assay)
Inhibition of male mating behavior; inhibition Inhibition of aromatase (converts testosterone Fenarimol, prochloraz, endosulfan (11)
of parturition to estradiol centrally and peripherally)
Delayed puberty; disturbed estrous cycles; Acts on the hypothalamus to suppress LH and Atrazine (10, 26, 12)
reduction in embryo implants; earlier onset of prolactin surges
mammary tumors
Anti-androgenic effects (reduced anogenital dis- Androgen receptor antagonists p,p’-DDE, fenarimol, fenitrothion, linuron,
tance, retained nipples, hypospadias, reduced methoxychlor (metabolite), prochloraz,
testis and accessory sex organ weight, reduced procymidone, vinclozolin (10, 11, 13, 14)
sperm count and fertility, delayed puberty)
Anti-androgenic effects (reduced prostate Inhibition of 5α-reductase (converts testos- Atrazine (22)
growth) terone to dihydrotestosterone)
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difficult to determine causative associations between ex-
posure and effect.

Breast cancer

The background for the suspicion that environmental
endocrine disruptors could play a role in breast cancer
has been described in detail elsewhere (10). Briefly, the
incidence of breast cancer has been rising steadily since
the 1940s. There are marked geographic differences in
incidence, high in western Europe and North America
and low in Asia. There is a clear influence of environ-
ment and lifestyle, deduced from observations that the
breast cancer risks of migrants become similar to that
of the host country. There is a clear role for estrogens
in the etiology of breast cancer. The risk of breast can-
cer is related to lifetime exposure to endogenous estro-
gens (estimated 30–50% of total) and to exposure to
exogenous estrogens, such as those in oral contracep-
tives and hormone replacement therapy. Some geno-
types are at high risk for breast cancer (eg, BRCA1,
BRCA2), and it has been speculated that persons with
such genotypes may be more susceptible to any effects
from estrogenic environmental chemicals.

Many investigations have been made into the rela-
tionship between exposure to organochlorine pesticides
and breast cancer. There have been 34 publications since
1976 (of which 32 were published in 1990–2001) on
nonoccupational exposure to dichloro-diphenyl-trichlo-
roethane (DDT) or dichlordiphenylethylene (DDE) and
breast cancer, which have been cited and described in a
recent review by the International Programme on Chem-
ical Safety (IPCS) (10). In summary, four small case–
control studies have found a significant association be-
tween breast cancer and adipose tissue concentrations
of p,p’-DDE, and one larger case–control study showed
a significant trend based on serum concentrations of
p,p’-DDE. However, nine prospective case–control
studies have failed to show any relationship with serum
concentrations of p,p’-DDE, and twelve retrospective
case–control studies have failed to show a relationship
with serum or adipose tissue concentrations of p,p’-
DDE. Two retrospective case–control studies did show
a positive relationship with serum concentrations of
p,p’-DDE. A preliminary study on occupational expo-
sure to high levels of DDT found no link to breast can-
cer (28).

Dieldrin has also been investigated. Two case–con-
trol studies showed no relationship between breast can-
cer and serum or adipose tissue concentrations of diel-
drin (29, 30). One study showed a nonsignificant in-
crease in the high versus low tertile for plasma dieldrin
concentrations, but a test for trend was significant (31).

The relationship between breast cancer and hex-
achlorobenzene (HCB) exposure has also been studied.

Ten case–control studies, cited and described in the
IPCS review (10), showed no significant association
with serum or breast adipose tissue concentrations of
HCB. One case–control study showed a nonsignificant,
twofold increase in risk when the high versus low ter-
tile serum HCB participants were compared; a test for
trend was significant for women diagnosed within <3
years of blood collection, but not for those diagnosed
>3 years after blood collection (30).

In rodent carcinogenicity bioassays, DDT or DDE,
dieldrin, and HCB are positive for liver (and some oth-
er) tumors in mice, rats, and hamsters, but no increases
in mammary tumors have been observed (32). Overall,
the human and experimental evidence does not support
an association between exposure to organochlorine pes-
ticides and an increased incidence of breast cancer.

Testicular cancer

The incidence of testicular cancer has been increasing
by 2–4% a year since the 1960s among men under 50
years of age in developed countries (33). The start of
the increase can be traced back to the 1920s (34). There
are marked differences in incidence, even between coun-
tries located close to each other; for example, the inci-
dence in Denmark is fourfold higher than that in Fin-
land. There are also marked differences between races;
Caucasians have a threefold higher incidence than Af-
rican Americans.

A biologically plausible link between prenatal ex-
posure to estrogens and the development of testicular
cancer has been hypothesized (35). However, there are
few published epidemiologic studies on testicular can-
cer and xenoestrogen exposure. The sons of mothers
exposed to the powerful estrogen diethylstilbestrol
(DES) during pregnancy have a twofold increased risk
of developing testicular cancer, and this increase was
significant in a meta-analysis (33). There was no asso-
ciation between human adipose p,p’-DDE concentra-
tions in white males in the United States and testicular
cancer 2–22 years later (36). Rodent models of testicu-
lar cancer are inappropriate for human risk assessment
since rodents have Leydig cell tumors, whereas human
seminomas develop from abnormal germ cells (37). To
date, there are insufficient data on exposure to endocrine
disruptors in general, or pesticides in particular, and the
occurrence of testicular cancer with which to draw any
conclusions.

Prostate cancer

Other endocrine-related tumors, such as prostate can-
cer and endometrial cancer, have been even less well
studied with respect to any relationship with expo-
sure to endocrine disruptors. Prostate cancer is the
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most commonly diagnosed cancer among men in de-
veloped countries (38). Age-adjusted incidence rates
have increased abruptly since the 1980s probably due
to improved screening and diagnosis. There are marked
differences in incidence between races, African Ameri-
cans having a higher incidence than Caucasians and
Asians having the lowest incidence (39). The tumors are
clearly androgen-dependent and modulated by estrogen
therapy. Epidemiologic studies have shown no signifi-
cant association between prostate cancer and exposure
to polychlorinated biphenyls, dioxins  [2,3,7,8-tetrachlo-
rodibenzo-p-dioxin (TCDD)], or DDE (10). For Cana-
dian farmers, a weak but significant association between
acres sprayed with herbicides and deaths from prostate
cancer has been reported (40). The relevance of animal
models to human prostate cancer is unclear.

Endometrial cancer

Risk factors for endometrial cancer are similar to those
for breast cancer, unopposed estrogen being the major
risk factor. However, in contrast to breast cancer, there
is no increasing temporal trend for endometrial cancer.
Epidemiologic studies on environmental and occupa-
tional exposure to organochlorine compounds, includ-
ing DDT, are negative (10). Experimental studies have
shown that neonatal exposure to DES causes uterine
cancer in mice (41). The pesticides toxaphene and meth-
oxychlor have been shown to cause uterine hyperplasia
in rats (42, 43), and atrazine and vinclozolin cause uter-
ine adenocarcinoma in rats [44 & unpublished report by
Mellert W. Report: carcinogenicity study with reg. no.
83248 (vinclozolin) in rats: administration in the diet for
24 months. Unpublished report from BASF AG, Lud-
wigshafen, Germany, 1995. Submitted to WHO by
BASF AG, Ludwigshafen, Germany. Cited in Pesticide
residues in food—1995, part II—toxicological and en-
vironmental, IPCS, p 379–404.] The very limited human
data on exposure to endocrine disruptors and the occur-
rence of prostate cancer or endometrial cancer do not
allow any conclusions to be drawn.

Concluding remarks

Given that endocrine-mediated mechanisms are known
causes of some cancers in humans, the possibility that
exposure to pesticides with endocrine activity may con-
tribute to cancer incidence has to be considered. Both
environmentally persistent pesticides, several of which
are no longer in use, and some pesticides still in current
use have been demonstrated to have endocrine-mediat-
ed toxicities in laboratory studies. However, to date, there
is no convincing evidence that exposure to pesticides at

environmentally encountered concentrations (including
diet) is playing a causal role in human cancers. It should
be noted that, for the purposes of exploring relationships
between endocrine disruptors and tumors, there are ma-
jor deficiencies in the data available to date. There have
been few measurements of exposure to potentially rele-
vant chemicals in epidemiologic studies on human can-
cer, and there are even fewer studies addressing expo-
sure at potentially relevant time periods early in life.
Some animal models are also of questionable relevance.
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