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Abstract

Endocrine modulation by natural and synthetic chemicals and the eventually resulting beneficial or
adverse effects for human and animal health are controversially debated not only among scientists but
particularly in the public. Most information is available on so-called environmental estrogens, however
the amount of information on substances interfering with other hormonal axes steadily increases, par-
ticularly on those exhibiting (anti)androgenic activities. The aim of this paper is to summarize exist-
ing data and to give an overview on the potential pathways leading to interferences of environmental
hormones with homeostasis and eventually resulting health effects. Experimental evidence suggests the
hypothesis that fetal and neonatal organisms may be at risk if exposed to environmental estrogens. In
contrary, it appears as if phytoestrogens, particularly those with selective estrogen receptor modulator-
(SERM-)like activities have the potential to be useful in medical application, both as dietary means
and as pharmaceuticals. Lacking valid information about the detailed analysis of the molecular mode
of action for environmental estrogens, the possibility for an ultimate classification of environmental
estrogens in “dangerous endocrine disruptors” and phytoestrogens in “useful pharmaceuticals” cannot
be supported conclusively. Nevertheless both activities are likely.

Exposure to environmental hormones

Most information is available on so-called envi-
ronmental estrogens, however, the amount of infor-
mation on substances interfering with other hor-
monal axes steadily increases, particularly on those
exhibiting (anti)androgenic activities. Xenobiotic
substances capable to interfere with estrogen func-
tion add up to >230 individual compounds [1, 2].
They comprise naturally occurring compounds e.g.
endogenous estrogens, phyto-and mycoestrogens,
as well as man-made chemicals e.g. oral contra-
ceptives or industrial products with hormone-like

activities (for review see [3]). However, it has to be
kept in mind that some of these synthetic xenobiot-
ics accused to cause effects in the male reproductive
tract or affect its function e.g. sperm quality and
quantity, occur in the environment in concentra-
tions orders of magnitude lower than those estro-
gens which are used for oral contraception and hor-
monal replacement therapies [4] or contained in
meat of the daily diet [5]. Further, the exposure
to hormonally active xenobiotics can be neglected
to the amount of phytoestrogens ingested with the
diet or through herbal potions use in so-called “life
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style medicine” [4]. The latter are at least able to induce
hormonal changes in females and may exhibit toxicity in
males. Despite numerous effects described in many dif-
ferent experimental systems there is no conclusive evi-
dence about the capability of environmental hormones to
induce impacts on human health [6]. Potential risks and
benefits of exposure or use of environmental estrogens,
particularly of phytoestrogens, which occur in high con-
centrations, will be discussed below.

Molecular mechanisms triggered by

hormones from the environment

The molecular mechanisms triggered by hormonal
substances from the environment can be subdivided into
two categories: nuclear receptor mediated responses and
direct effects. In the case of environmental estrogens
the first class of effects is triggered by the binding to
estrogen receptors-o. (ERa) and -f (ERP) thereby activat-
ing genomic responses e.g. alteration of gene expression.
Over the last few years the picture of receptor mediated
estrogen action became rather complex. First of all there
exist two receptor subtypes and several splice variants
thereof. Several ligands have been identified binding with
different affinities to the two receptor subspecies o and .
Most prominent in this regard is the phytoestrogen genis-
tein with its clear-cut preference for the ERB [7]. Upon
ligand binding they can form homo- and heterodimers
with differing transcriptional activity [8], [9]. To make
things even more complicated the steric conformation of
the ligand binding domain is dependent on the ligand
bound [10], [11, 12]. This is important because the ligand
binding domain harbors the activation function-2 (AF-2)
which in turn is necessary for the interaction with so-
called co-activators or co-repressors [13], [14]. In other
words, the bound ligand determines whether the hor-
mone receptor complex is accessible for molecules capa-
ble of enhancing or suppressing transcriptional activity
[15]. Upon pure combinatorial considerations a multiplic-
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ity of potential action modes of a given estrogenic com-
pound arises.

However, there are further important issues needed
to be taken into consideration. ERs have been found in
virtually almost all organs and cell types which have been
looked at, however some of these organs exhibit a dra-
matic difference in the relative amount of ER subtypes-o
and B ([16]; Fig. 1). Finally, ER complexes not only func-
tion in the classical view of ligand activated transcription
factors, but are also capable to bind to other transcription
factors like AP-1, SP1 or NFkB and modulate those tran-
scriptional activities [15]. In summary, the picture arises
that environmental estrogens exhibit cell and organ spe-
cific effects and functions commonly referred to as selec-
tive estrogen receptor modulator (SERM) activity. This
SERM activity is clinically relevant as already proven
for the synthetic SERM Raloxifen, used in the treatment
of osteoporosis, and represents the theoretical basis for
any considerations of potential beneficial effects of SERM
phytoestrogens.

Molecular modes of action of environmental hormones
comprise interactions with key steroid metabolic enzymes
like sulfotransferase and sulfatase, 3B-hydroxysteroid
dehydrogenase, 17B-hydroxysteroid dehydrogenase and
aromatase [17, 18], [19], [20]. Further, they are suspected
to bind to steroid binding proteins such as sex hormone
binding globulin [21] and o-fetoprotein, particularly of
rodents [22], thereby altering the ratio of free (available)
hormone and protein bound hormone, particularly rel-
evant for estrogens.

Further, natural and synthetic hormones trigger
rapid responses thereby circumventing receptor medi-
ated mechanisms of gene expression. Signal transduc-
tion pathways involved are those leading to an increase
of intracellular calcium levels [23], [24] and to activa-
tion of mitogen activated protein kinases (MAP-kinases)
[25]. These mechanisms lead to functional consequences
such as alterations in oxidative, inflammatory and angio-
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genic pathways, on energy metabolism and on inhibition
of tyrosine kinases.

Finally, cross-talk mechanisms between steroid recep-
tors and growth factor mediated signal transduction cas-
cades have been described. By this mechanism growth
factors like IGF-I, EGF and others, as well as increased
intracellular cAMP levels are capable of activating ERs
in a ligand independent manner (for review see [26]).

Potential risks and benefits of endocrine

modulation

Taken together all the knowledge on molecular mech-
anisms triggered by environmental hormones a very
complex, multifaceted picture arises. As a consequence
two immediate questions come up. Which are the risks
following exposure to environmental hormones, which
are benefits expectable from pharmacological use of envi-
ronmental hormones, particularly of phytoestrogens? We
are far away from being able to answer these questions
ultimately, but some issues appear to be obvious follow-
ing review of the available literature. It appears as if
the answer to the above raised questions clearly corre-
lates with the respective life stage at the time point of
exposure. To date evidence accumulates that exposure of
pre- or perinatal organisms induce severe health risks,
whereas there is reason to believe that the ageing popu-
lation particularly postmenopausal women may benefit
from “exposure” (treatment) with phytoestrogens.

Neonatal and perinatal exposure to

(environmental) estrogens

Evidence for interference of endocrine disrupting
chemicals with a developing organism is abundant and
has been thoroughly reviewed recently [27]. Environ-
mental exposure has usually to be regarded as being
chronically and in low doses; a situation which is hard to
mimic under laboratory conditions. Therefore, examples
for risks by environmental hormones will be discussed
which are clearly supported by experimental laboratory
data.

Low dose effects and fetal exposure: A topic which is
most controversially discussed in the literature is the
topic of low dose effects of environmental estrogens and
fetal exposure. There was one study reporting increase
in prostate weight of male mice following low dose expo-
sure of fetuses to bisphenol A [21]. This piece of work
stimulated an important discussion about the probability
of low dose effects and non-linear dose response curves.
Although the issue of increased prostate weight follow-
ing bisphenol A exposure has been contradicted by two
consecutive studies using larger groups of animals [28],
[29], the discussion on low dose effects on the develop-
ing embryo still persists [30], as well as the discussion
on non-linear, inverted dose-response curves. Because
in a similar experimental setting as for the studies on
impacts of exposure of environmental estrogens on male
fetuses, the same group tested for influences in females
finding an advanced onset of estrus cyclicity which has to
be regarded as earlier onset of puberty [31].

Neonatal exposure and imprinting: The neonatal
period is critical in the development of the future hor-

mone-receptor connections. The first encounter between
the developing receptor and the target hormone provokes
the hormonal imprinting needed for the maturation of
the signal transduction system. Changes to this imprint-
ing can be evoked by absence or excess of molecules simi-
lar to the target hormone, the latter being already rec-
ognized in 1983 [32]. Consequently, and as a result of
the DES disaster [33], these effects have been thoroughly
and extensively studied for this compound (for review
see [34]). Mechanistically it has been proposed that there
is a phenomenon of “pathway” imprinting [27] of signal
transduction cascades as well as a genomic imprinting
through DNA-methylation [35]. In addition, histone acet-
ylation representing a generally accepted mechanism for
imprinting [36], [37] has not been extensively studied
as a potential mechanism of hormonal imprinting. Now
that the experimental tools are available to investigate
the imprinting phenomenon on a molecular level, the
phenomenon of hormonal imprinting as a target for hor-
monal deregulation has attracted considerable attention
again.

Proposing imprinting as a major regulator in the
determination of functional hormonal circuits the ques-
tion arises what is at stake if imprinting occurs at inap-
propriate time or with inappropriate doses of hormone?
Recent studies exemplify the consequences of inappro-
priate imprinting.

In two strains of male rats neonatal imprinting with
estradiol-benzoate leads to consequences in weight and
sizes of the male reproductive organs. For the prostate
a temporally biphasic response with an apparent non-
linear dose response could be shown. At postnatal day 35
low doses induced increase in prostate weight, whereas
high doses induced a significant reduction in prostate
weight. While the low dose effect was completely abol-
ished at postnatal day 90 the high dose effect persisted
[38]. Similar high dose effects were detectable in other
male sexual organs e.g. testis, epididymis, seminal vesicle
and coagulating gland. In addition testosterone metabo-
lism was compromised by the down-regulation of various
testosterone converting enzymes at high doses of estra-
diol-benzoate [39].

Neonatal imprinting with the antiestrogen Tamoxifen
led to considerable alterations in the sexual behavior of
adult animals. In animals of both sexes the typical activ-
ities and responses (lordosis in females and mounting
and intromission in males) had been vanished by almost
100%. Interestingly there was almost no alteration fol-
lowing treatment of animals with the antigestagen Mife-
pristone using the identical protocol [40].

Whereas in the studies mentioned above, derivatives
of natural hormones or synthetic antihormones were
used there is one study performed with the phytoestro-
gen genistein. Neonatal exposure of mice to this particu-
lar phytoestrogen induced endometrial adenocarcinoma
in adult animals [41].

Taken together, the studies on endocrine modulation
in pre- and neonatal animals demonstrate that inappro-
priate exposure to estrogenic hormones can lead to per-
manent and detrimental effects in both male and female
organisms. Particularly the stage of hormonal imprint-

Supplement 2, Vol.23 Neuroendocrinology Letters ISSN 0172-780X Copyright © 2002 Neuroendocrinology Letters 39



Giinter Vollmer, Susanne Starcke, Jannette Wober & Oliver Zierau

Camparier rrrnpeie ol bacirpees. BLESS <

rm ==y
P 1

P |
-
— — | &
E |
j |
| ]
- R o
- _-g-"F:I-_._H_ —"
T i ANl e R . [ ] LT
TAETE

T T FETEE T ST e L T

s ——— -
- fem o mm]

Ll

bim p

B W e

ing appears to be a very sensitive target for endocrine
disruption of hormone function.

Hormonal modulation and ageing

Screening literature with regard to potential targets
for the beneficial use of the accumulated knowledge
on hormone action immediately the ageing population
becomes apparent. Epidemiological and experimental
studies suggest that phytoestrogens are potent candidate
molecules for hormone replacement strategies. Dietary
habits or respectively treatment with phytotherapeutica,
containing estrogen-like activities, apparently led to a
decrease of the incidence rate for carcinoma of breast,
prostate and colon [42], [43]. Further, they are believed
to protect against loss of bone mass and bone density [44]
thereby slowing down the process of osteoporosis [45].
Finally preliminary data suggest that they may also be
useful for the maintenance of the integrity of vessel walls
and in the prevention of atherosclerosis [46]. In both
organ systems regulation or deregulation is mediated

40

by almost identical set of genes, which at least in part
are regulated by estrogens. Intimate involvement of the
estradiol/estrogen receptor system in osteoporosis and
atherosclerosis is also suggested by results from studies
with knock-out mice. Animals with targeted disruption
of ERa or ERB exhibit a compromised regulation of
blood pressure, reactivity of the capillaries, regulation of
weight and blood lipids [47], [48].

Another potential target for the use of phytoestrogens
is the brain. There are preliminary data, both positive
and negative, on possible effects on the progression of
degenerative brain diseases [49], [50]. It is also likely that
general behavior in common [51], [52] can be modulated
as suggested by studies on anxiety [53], visual spatial
memory [54] and sexual behavior [40].

In summary, the picture arises that environmental
estrogens eventually exhibit cell and organ specific
effects and function as a SERM. However, at present and
based on our current knowledge it is much too early to
conclusively judge the pharmaceutical potential of phy-
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toestrogens. In the view of the available literature it
appears likely that phytoestrogens or diets containing
phytoestrogens and plant extracts will be increasingly be
used to prevent age correlated complaints or diseases as
well as osteoporosis or cardiovascular diseases originated
by the drop of the body’s own hormone production . For a
conclusive evaluation of phytoestrogens a lot more data
about their molecular mode of action are needed, par-
ticularly on the organ selectivity of function of some
phytoestrogens. Further, it appears necessary to screen
for new phytoestrogens, especially for those exhibiting
the characteristic of SERM. This screening for new lead
substances is essential because some of the known phy-
toestrogens e.g. coumestrol are pure agonists with some
adverse side effects [55, 56], others like genistein seem to
be troublesome if the neonatal organisms is exposed [41].
A new promising class of phytoestrogens may be repre-
sented by prenylated naringenins (Fig. 2) which at least
in in vitro systems show both estrogenic and antiandro-
genic potentials and therefore may have the potential of
representing phytoestrogens with SERM-like quality.

In conclusion, phytoestrogens represent a heteroge-
nous class of substances with a strong potential to be
used in pharmacological research particularly in the
search for novel lead substances for hormone replace-
ment therapy. Although these substances may have the
potential to benefit the ageing female population care has
to be taken since the same class of substances may act as
endocrine disrupting chemicals in exposed fetal or neo-
natal organisms.
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