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Hormonally active xenobiotics exhibit estrogen-like activities
that have both developmental and physiological actions most
clearly related to controlling reproduction in females. Their source
can be dietary, such as phytoestrogens (e.g., coumestrol and
genestein), or environmental (e.g., o,p-dichlorodiphenyltrichloroethane and polychlorinated biphenyl) (Am. J. Clin. Nutr., 40:
569-578, 1984; Toxicol. Appi. Pharmacol., 14: 358-367, 1969;
Mol. Pharmacol., 33: 120-126, 1988), produced as pesticides or
from manufacturing processes. A noticeable feature in evaluating
the chemical properties of estrogenic agents is their structural
diversity. Estrogen elicits its biological actions by interacting with
a receptor protein contained within the nucleus of target cells. The
estrogen receptor has been characterized as a member of the
steroid retinoid nuclear receptor superfamily. These proteins act as
ligand-inducible transcription factors stimulating gene regulation
in responsive cells. The level of activity is dependent on the
binding affinity of the receptor for a particular compound. Weakly
active compounds are bound by the receptor with the lowest
affinities. Receptor-mediated estrogen action also can be stimulated
by other signaling mechanisms, such as growth factors. This could
broaden the mechanistic possibilities to include the action of xeno
biotics on other signaling pathways in addition to direct interactions
with the estrogen receptor.
It is still debated whether estrogens act as initiators, promoters,
or both, with regard to breast cancer; in any case, many breast
cancers, as well as nonmalignant reproductive tract conditions
such as endometriosis, are hormonally responsive, which makes
estrogenic exposure an important component of their etiology.
Prenatal estrogen exposure is known to produce hypospadias and
cryptorchidism. Recent reports have hypothesized a link between
the observed increase in testicular tumors and lower sperm counts
in humans and possible prenatal and neonatal estrogen exposure
(Lancet, 341: 1392-1395,1993). Part of the difficulty in evaluating a
possible link is the lack of understanding of the role(s) for estrogen in
males.
There are also reported estrogenic effects on wildlife popula
tions related to fertility and sexual development. Wildlife exposed
to the pesticide DDT have exhibited hypospadias and male infer
tility resulting from low sperm counts. Experimental studies in rats

and mice with o,p-DDT have shown in vivo estrogenic activity.
Other types of simple alkyl-substituted phenols (e.g., 4-octylphenol and 4-nonylphenol), which are nonionic surfactants present in
detergents, are environmentally persistent, affecting fish popula
tions in contaminated waters (Chem. and Ecol., 8: 275-285,
1994).
Estrogenic xenobiotics (e.g., nonylphenol and bisphenol A) are
also contaminants of laboratory plasticware, and materials used in
the plastic manufacturing process have been found to alter the
growth of MCF-7 breast cancer cells due to their estrogenic
activity (Endocrinology, 132: 2279-2286, 1993; Environ. Health.
Perspect., 92:167-173,1991). The biological activities are weak but
potentially significant considering that 300,000 tons of alkylphenol
polyethoxylates are introduced into the environment each year.
A major unresolved question is the impact of environmental
estrogens on human disease, as well as the mechanisms of the
associated link between estrogens and cancer. Although wildlife
populations have been affected, there is no analysis of tumors or
cancers in the exposed populations. Additionally, identifying and
evaluating exposed human populations is much more difficult.
Epidemiological studies will be required to critically evaluate and
establish the relevance of these exposures. Both human and ex
perimental studies must be done before the causative role of
environmental estrogens and various hormonally dependent can
cers can be assessed. It should at least be considered, however,
that the effects that are seen in wildlife may be an early indication
of the consequences of human exposures (Chemically Induced
Alteration in Sexual and Functional Development: Wildlife Human
Connection. Princeton, NJ: Princeton Scientific Pubi. Co., 1992).
Evaluating the hormonal activity of these environmental xenoestrogens requires consideration of their bioavailability, lipophobicity, metabolism, and pharmacokinetics, which are not yet
totally understood and most likely will be different from those of
steroidal estrogens. Studies need to be conducted to evaluate these
parameters relevant to those of established estrogenic agents. In
addition to the above-mentioned chemical and pharmacological
properties of the xenoestrogens, the hormonal activities of com
pound mixtures and the effect of persistent dosing need to be
determined. A single agent or chemical may be weak and have a
low threshold of activity, but mixtures of environmental com
pounds could produce a noticeable effect by synergism. In fact, it
has been reported that some drinking water sources have as many
as 20 chemically related alkylphenolic compounds (J. Environ.
Anal. Chem., 47: 167-180, 1992).
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