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Preface

There is much concern regarding the presence of a wide range of both synthetic and
naturally occurring environmental chemicals that can act as endocrine disrupters, and the
(potential) risk they pose to humans and wildlife. The issue has attracted a great deal of
scientific interest and triggered a lot of basic and applied research on a global scale.

In order to provide an overview of current national work on this topic, the National
Institute for Coastal and Marine Management/RIKZ, the National Institute of Inland
Water Management and Waste Water Treatment/RIZA, the Netherlands Institute for
Developmental Biology/NIOB and the Graduate school M&T Environmental Chemistry
and Toxicology (Section Toxicology Wageningen University Research/WUR Centre)
together organized a 1-day symposium on “Endocrine-Disrupting Compounds: Wildlife
and Human Health Risks” on 27 October 1998. The symposium was held at the RIKZ,
building “De Kortenaer”, in The Hague, and brought together 115 scientists and other
interested persons from fields of direct relevance to endocrine disrupters. The
symposivm included 13 oral and 21 poster presentations. The contents of the
presentations were discussed in a final plenary session.

The symposium was continued on 28 October 1998 with the foundation of a national
research platform on endocrine distupters with delegates of Dutch research groups from
government, academia, industry and other non-governmental organizations. The reseach
platform will enable rapid and efficient exchange of experiences in the field,
coordination and steering of research efforts, and where possible, to facilitate a more
rapid implementation of the scientific results to policy makers involved in environmental
conservation and public health affairs,

This booklet contains extended abstracts of most contributions te the symposium. We
would like to stress that this is not a peer-reviewed collection of papers; authors are in
principal responsible for their own contributions. Further this booklet contains a
summary outlining the aims, composition and future activities of the newly established
Netherlands Research Platform on Endocrine Disrupting Compounds.

We anticipate that research activities in the Netherlands wili further intensify in the near
future and that this symposium is part of a continuing series of symposia to come on this
fascinating and complex topic. As such, we consider this booklet a step forward in
bringing together the state of the art of research in the Netherlands in this fast growing
area, We would like to express our sincere thanks to all authors for their willingness to
contribute.

Middelburg, Fanuary 2000.
Dick Vethaak, Bart van der Burg, Gerard Rijs, Bram Brouwer.
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Wildlife and human health risks of endocrine-disrupting
compounds, with particular reference to the Netherlands:
introduction and overview

Dick Vethaak

National Institute for Coastal and Marine Management/RIKZ, PO Box 8039, 4330 EA,
Middelburg, The Netherlands

Introduction

Reproductive failure in animal populations is not a new phenomenon. In the 1970s,
persistent organochlorine compounds such as dieldrin, DDT, polychlorinated biphenyls
(PCBs) and dioxines, were held responsible for disturbance of development and
reproduction in aquatic predators, including piscivorous birds, seals and otters. It was
thought that these compounds might exert their effects through disruption of endocrine
function.

Since then, concentrations of well-known priority contaminants such as PCBs and heavy
metals have declined greatly in the Dutch aquatic environment as a result of government
policies. In the meantime, however, other suspected endocrine disrupting compounds
have been discovered. In recent years, the presence of these compounds in the
environment has become a major issue of concern from the twin perspectives of human
health and ecosystem integrity?. This concern led in 1997 to a series of questions in the
Dutch Parliament, which in turn prompted a report by the Ministry of Housing, Spatial
Planning and the Environment (VROM) on government policy and research activities”.
There remains much debate and disagreement over the seriousness of the threat
represented by potential endocrine-disrupting compounds. In particular, opinions vary
about the strength of the causal evidence linking their occurrence with observed
alterations in endocrine system function. In this introduction, the issues associated with
endocrine disruptors are discussed and the causal evidence assessed. Also, research
activities in the Netherlands are briefly summarized. For detailed information about
research projects in the area, the reader is referred to the activities of the Netherlands
Research Platform on Endocrine-Disrupting Compounds (see page 144).

Definitions

Various definitions of endocrine-disrupting compounds (or endocrine disrupters, as they
are often referred to in the international literature) have been proposed. However, no
consensus has been reached.

The IPCS Steering Group has proposed the following definitions:




s An exogenous substance or mixture that akters function(s) of the endocrine system
and consequently causes adverse health effects in an intact organism, or its progeny,
or (sub)populations.

s A potential endocrine disrupter is an exogenous substance or mixture that possesses
properties that might be expected to lead to endocrine disruption in an intact
organism, or its progeny, or (sub)populations,

The Health Council of the Netherlands uses a much narrower definition, focused

primarily on sex hormones and reproduction®;

¢ A substance that is capable of disrupting reproductive physiology.

Potential mechanisms and impacts

Natyral and synthetic cestrogens, together with phyto-oestrogens, can be discharged into
the environment as a resuit of human activities. At the same time, a range of
anthropogenic chemicals seem to be (potentially) capable of mimicking, enhancing or
inhibiting the action of endogenous hormones in the body, It appears that humans and
animals are exposed to a large number of these compounds in the environment. This is
particularly true in the Netherlands, which receives the outflow of major river systems
such as the Rhine, Meuse and Scheldt, with an assaciated high level of accumulation of
persistent compounds. Furthermore, the Netherlands has a very high population density
and supports intensive agricultural activity. Both these factors are likely to intensify the
discharge of natural and synthetic hormones discharged into the environment.

There are several potential target organs for an environmental agent that has a disruptive
effect on endocrine function. Because of the complexity of the processes involved in
hormonal communication, any one or more of a farge number of loci could be involved.
Alteration of endocrine function could result from interference with the synthesis,
secretion, transpott, binding, action or elimination of natural hormones that are
responsible for the maintenance of homeostasis, reproduction, development or
behaviour, Hormone systems potentially at risk of disruption include oestrogens,
androgens, thyroid hormones, neuro-hormones and many others™®.

Some of the most commonly suggested effects of endocrine-disrupting compounds
include reduced fertility, changes in sex ratios of the progeny, altered neurclogical and
immunoiogical development, and an increased propensity for the progeny to develop
certain types of tumor, In practice, any effects are likely to vary according to dose,
species and age of the target organism, among other factors®®. Traditional methods of
risk assessment may therefore not be suitable. There is a clear need for more data to be
collected in this area, if only to give a true idea of the complexity of the situation.
Through their effects on the individual organism, endocrine-disrupting compounds could
potentially affect the survival of populations of some species. In addition, because their
effects are unlikely to be species-specific, they may have the potential to disturb the
structure and function of ecosystems at many different levels, with unpredictable and
potentially serious consequences,



Overview of international research

Generally speaking, it is difficult to establish a causal relationship between the presence
of endocrine-disrupting compounds in the environment and effects on reproduction and
development in humans or other organisms. H reproductive failure occurs, the relative
coniribution of several different potential causative factors is often unclear. In the case
of humans, reproductive success could potentially be affected by lifestyle, energy intake
or clothing, to name just three factors, In the case of other organisms, habitat
destruction, disturbance by noise and fisheries could all play a part. Nevertheless,
evidence for effects associated with exposure to potential endocrine-disrupting
compounds has recently been found in mammals, birds, reptiles, fish and molluscs in
Furope, North America and elsewhere. Most of these animals are associated with
aguatic environments'*>®,

It has been clearly shown that many species are exposed to biologically active
concentrations of endocrine-disrupting chemicals, In addition, laboratory studies have
produced strong evidence that these chemicals can cause endocrine disruption at
concentrations comparable to those found in the environment. Indeed, it appears that a
single relatively low dose of an endocrine-disrupting compound can have a significant
effect, should it occur during a critical phase of development. Furthermore, when
animals are exposed to a combination of chemicals, their effects can be additive. Taken
together, these findings suggest strongly that observed disturbance of reproduction and
development in the field is related to these chemicals.

In humans, conditions studied include reduction of the quality and quantity of sperm,
abnormalities of the sexual organs, and the development of certain tumors {(for review
see™®™). Breast and testicular cancers are a particular focus of attention at the moment,
To date, there is little direct evidence for a causative role of endocrine-disrupting
chemicals in human diseases and abnormalities, and any proposed links have been
strongly disputcd5‘7). Because the endacrine systems of humans and other animals are
very similar, there has been a tendency to extrapolate the result of research on animals to
humans, However, it should be noted are not only animals in heavily contaminated areas
exposed to far higher concentrations of endocrine-disrupting chemicals than are humans,
but they are also exposed to different combinations of chemicals.

Currently, a considerable amount of effort is being devoted to the development of test
methods for endocrine-disrupting compounds, These methods include in vitre and in
vivo screening tests as well as more complex long-term chronic tests. Nevertheless, there
Temains a great deal of work to be done, especially on methods suitable for assessing
effects in the field. There is also a need for basic research on the endocrine systems of
invericbrates, reptiles and amphibians®®. Furthermore, there has been too much
emphasis on reproductive effects, with the result that other hormones have been neglected.

Endocrine-disrupting compounds in the Dutch environment

The Health Council of the Netherlands recently screened about 80 compounds for
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potential sex hormone-distupting effects and concluded that 34 of these compounds
could be important in the Netherlands®. They include polybromobiphenyls (PBBs),
polybrominated diphenylethers (PBDEs), alkylphenols, alkylphenol-ethoxylates,
bisphenol-A, and (to a lesser degree) phthalates. Certain natvral hormones (oestradiol
and oestron), together with the synthetic hormene ethynyl oestradiol, are also thought to
act as hormone disrupters in the environment. The natural hormones are secreted by
humans and especially agricultural animals in considerable quantities. Furthermore, the
oestrogenic potency of both natural and synthetic hormones is usually much higher than
that of xenobiotic endocrine disrupters. However, the latter are nsuvally biologically less
degradable and moreover often hydrophobic, with a tendency to accumulate in
sediments and organisms. Most xenobiotic compounds therefore have a widespread
occurrence in the environment. This is exemplified by the recent discovery of high
concentrations of persistent potential endocrine-disrupting compounds, such as PDBEs,
in several species of marine mammat inhabiting oceanic waters”.

Effects on human health —- a Dutch perspective

In 1997, the Health Council of the Netherlands published an advisory report about the
possible influence of endocrine-disrupting chemicals on human health”. The report
concluded that there was no evidence to suggest that exposure to endocrine-disrupting
compounds represented an acute hazard for the Dutch population. Nevertheless, their
widespread occurrence made further investigation advisable.
A separate report was published in 1996 by the National Institute of Public Health and
the Environment (RIVM), looking at the implications of environmental oestrogenic
compounds for human health'®, A critical review of the literature led to the conclusion
that the existence of causative relationships was very uncertain, A second report
followed in 1997, specifically addressing the issue of declining sperm quality in
humans'", This report evaluated 61 studies that reported declining sperm concentration
during the period 1938-90, However, these studies suffered from bias and confounding.
Recently, better-designed studies have reported conflicting results, and factors causing
any possible decline in sperm quality remain unknown. One recent study failed to
establish or disprove an effect on sperm quality in workers who were occupationally
exposed to potential endocrine-disrupting compounds®, However, another study by the
University of Wageningen found a decline in sperm quality during the period 1991-1998
in men who worked with pesticides®.
Current research in the Netherlands is directed at identifying relationships between
abnormalities in humans and endocrine disruption, as well as at assessing exposure to
potential endocrine disruptors. Both the general population and specific occupational
groups are being targeted,
Other research areas include:
e  Prioritization and assessment of the relative risk associated with different
endocrine-disrupting compounds;
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e Identification of the mechanisms of hormone disruption associated with specific
compounds, particularly in developing children;

» Evaluation of currently available test methods, and the development and validation
of new methods,

Effects on wildlife — a Dutch perspective

Although it has been known for many years that chemicals can have an impact on the
breeding success of birds in the Netherlands, relatively few studies have investigated the
effects of endocrine-disrupting compounds, Most of these studies have targeted animals
living or feeding in the aquatic environment, Very little is known about the effects of
endocrine-disrupting compounds on terrestrial animals™'?,
The studies carried out to date have produced clear evidence for a relationship between
decreased reproductive success and the presence of endocrine-disrupting compounds in
the aquatic environment, Clearest examples inciude:
s  Reproductive failure (imposex) in marine snails, caused by tributyltin (TBT);
e Reproductive failure in seals and possibly otters, caused by polychlorinated
biphenyls (PCBs);
o Reproductive failure in piscivorous birds (cormorants Phalacrocorax carbo and
terns Sterna hirundo);
» Oestrogenic effects in freshwater and estuarine fish (bream Abramis brama and
flounder Platichthys flesus).
The evidence has recently been reviewed by the Health Council of the Netherlands®,
The Health Council of the Netherlands has advocated that existing pollution monitoring
programs should be extended to include existing or new methods for assessing endocrine
disruption . These methods include changes in community composition and in the age
structure and sex ratios of populations, together with effects on transplanted sentinel
organisms. Chemical monitoring should alse be applied, as well as ir vitro tests and
specific biomarkers of oestrogenic effects. These extended monitoring programs should
focus primarily on surface waters and manure. As far as natural hormones are
concerned, the highest priority needs to be given to small ditches and manure. The
Health Council of the Netherlands emphasizes that there is no proven best approach.
Monitoring will therefore be an iterative process, involving interdisciplinary
collaboration and continual refinement. Strategies and guidelines for the design and
conduct of biomonitoring programs were also developed during two international expert
workshops on endocrine disruption, held in the Netherlands®'®.
A recent report by the Ministry of VROM concluded that the investigation of endocrine-
disrupting compounds is no different in principle to the investigation of any other
compounds that can cause ecotoxicological effects. In other words, endocrine disruption
can be dealt with within the framework of current ecotoxicological risk assessment
programs. However, the number of potential endocrine disrupters is very large and the
application of risk assessment to all these compounds will be very time-consuming and
extremely expensive”. Recently the Minister of VROM has started a program to develop




a new policy for compounds (1999-2004), It is envisaged that endocrine-disrupting
compounds will be part of this new strategy.

In the meantime, a comprehensive baseline investigation of cestrogenic compounds in
the Dutch aquatic environment is in progress. The project, known as the National
Investigation into Oestrogenic Compounds (Dutch acronym, LOES), is closely linked to
the Buropean Community Program of Research on Environmental Hormones and
Endocrine disrupters (COMPREHEND). The LOES-project invelves mapping the
ocourrence of a variety of potential endocrine disrupters in a range of surface waters,
waste waters and other matrices. In vitro and in vivo screening tests will be conducted to
assess potential and actual toxicity in extracts of the above matrices, and caged fish and
mussels will be exposed to endocrine disrupters at selected locations, Fish populations
will also be sampled for analysis using specific biomarkers such as vitellogenin
induction and the presence of gonadal abnormalities. A pilot study has already been
carried out (see also coniributions of Belfroid et «f. and Murk et al). The full
investigation will take place during 1999-2000 (see contibution of Vethaak et al.).

Much of the research in progress in the Netherlands is being carried out in cooperation
with other countries, with the projects being financed partly by the European Union.
Many governmental organizations, universities and research institutes are involved, The
current aim is to coordinate all national research activities by establishing a Netherlands
Research platform with the aim to arrive to a national programme on endocrine-
disrupting compounds (see page 144).
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Xeno-oestrogens: impact on the fetus and test system
development
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L.M. Broekhof®, Christina E. van den Brink®, Jan-Ake Gustafsson®, George G.J.M.
Kuiper®, Paul T. van der Saag®, Bart van der Burg®

“Hubrecht Laboratory, Netherlands Institute for Developmental Biology, Uppsalalaan 8, 3584
CT Utrecht, The Netherlands

*Division of Texicology, Agricultural University Wageningen, The Netherlands

“Center for Biotechnology and Department of Medical Nutrition, Karolinska Institute, Sweden

Introduction

Decreased fertility in wildlife, and possibly in humans may be linked to the
environmental accumulation of chemicals that mimic oestrogens. The experience with
the synthetic oestrogen DES has learned us that the developing mammalian embryo is
particularly vulnerable to hormonal disruption. Exposure during pregnancy can lead to
severe malfunctioning of the reproductive system and increased incidence of tumors in
oestrogen target organs in both male and female offspring, without affecting the mothers
(reviewed in”). Endogenous oestrogens are less effective in disrupting the developing
embryo since it is well protected by oestrogen binding proteins (a-fetoprotein, SHBG)
that lower levels of free ligand, placental metabolism, and other still ill defined
protective mechanisms. A large class of chemicals with structures unrelated to
endogenous oestrogens have been found to possess weak oestrogenic activity in vitro,
but this activity may be considerable higher through bypassing of the protective
mechanisms, allowing interference with normal development. Since such oestrogenic
chemicals are widely distributed in the environment and human food it is important to
gain insight in the routes leading to embryonic exposure and develop simple assays to
measure oesfrogenic activity in the embryo itself. To get more insight in the potential
sites of xeno-oestrogen action we examined the embryonic expression pattern of both
oestrogen receptor alpha (ER¢) and the recently cloned® oestrogen receptor beta (ERf)
mRNA.

Materials and methods

For further experimental details, see contributions of Lemmen ef ¢l and Legler et al.
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Results and discussion

QOur data obtained so far suggest that ERq is the most abundantly expressed receptor
type in the developing reproductive tract, heart, bone primordia and mammary gland®,
Interestingly, very strong expression was detected in the stromal cells surrounding the
developing mammary buds. This tissue is known to be essential for mammary gland
development, and the target of suppressive effects of androgens in males on gland
development. Surprisingly, no oestrogen receptor expression has been reported in
literature, although it is known that prenatal oestrogen exposure may increase breast
cancer risk”, ERB mRNA is expressed at most sites at which ERo. is expressed, which
may be the cause that in ERo. knock-cut mice prenatal development is relatively normal.
We found expression in the reproductive tract but also in a large variety of tissues
(developing heart, brain, kidney, testis, urethra, neck of the bladder, cartilage- and
mammary gland primordia, brain, midgut) which were not known to be oestrogen targets
in development, suggesting that the potential health hazards of xeno-oestrogens may be
considerably greater than previously envisaged”,

ERp is strongly expressed in the developing testis™”. Also in adult testis ERp is an
important receptor, with expression in all stages of spermatogenesis up to elongation®.
ERP may thus be involved in the suspected effects of environmental oestrogens on
spermatogenesis®,

We also have developed cell lines in which highly specific and sensitive oestrogen
inducible reporter gene and either the alpha or beta receptor is stably introduced. The
human breast cancer cell line T47D, expressing endogenous ER, stably transfected with
3xERE-tata-Luciferase (Luc) has been characterized in great detail and found to be
highly suitable for in vitro screens with environmental pollutants and complex mixtures
present in extracts from water and sediment”. We found this cell line to be superior in
its response and in the relevance of the findings compared to available yeast reporter
systems (unpublished data). Stable transfectants of human embryonal kidney cells have
been made carrying the same reporter gene, but either ERa or ERB, and are in the
process of being characterized and validated. These have been used to select ligands that
differentially activate the alpha and beta receptors, which will be used to disect receptor
functions in vivo. We also tested a panel of environmental chemicals on their potential
to activate ERa and ERf}, and found most oestrogenic chemicals to activate both types
of receptors, despite their disparate ligand binding domains®. Although these cell lines
are very suitable for initial and very rapid screens, tissue- and stage-specific action of
these chemicals can be expected, as is the case for virtual all natural hormones. For this,
in vivo testing remains indispensable.

To be able to more precisely test chemicals on their in vivo oestrogenicity we are
developing stable transgenic mouse and zebrafish strains in which an oestrogen
responsive reporter gene is introduced. Promising results have now been obtained with
over 100-fold induction of reporter gene induction in transgenic zebrafish, These
animals will allow us to accurately assess oestrogenic activity of compounds in vive,
both in adults and the embryos. The complete set of in vitro and in vivo data will




improve our insight in the possible impact of xeno-oestrogens on the most vulnerable
stage of life, the developing embryo.

Acknowledgements

This work was supported by European Community grant PL.951223, STW, the Swedish
Medical Research Council (MFR K98-04P-12596) and Hans Ostermans Stiftelse.

References

1.

Newbold, R. (1995). Cellular and molecular effects of developmental exposure to
diethylstilbestrol; implications for other environmental ocestrogens. Environ. Health
Perspect. 103.83.

Kuiper, G.G.IM., E. Enmark, M. Pelto-Huikko, S. Nilsson, J. A. Gustafsson (1996},
Cloning of a novel oestrogen receptor expressedin rat prostate and ovary. Proc. Nal.
Acad. Sci. USA 93:5925-5930.

Lemmen, J.G, J.L.M, Broekhof, G.G.J, M. Kuiper, J.-A. Gustafsson, P.T. van der Saag, B.
Van der Burg. Expression of oestrogen receptor alpha and beta during mouse
embryogenesis, Mech. Develop., in press.

Ekbom, A., H. Chung-cheng., L. Lipworth, H.-O. Adami, D. Trichopoulos (1996).
Intrauterine environment and breast cancer risk in woman: A population-based study. J.
Natl. Cancer Inst. 89:71.

Van Pelt, AM.M., D.G. De Rooij, B. Van der Burg, P.T. Van der Saag, J.-A. Gustafsson,
G.J.M. Kuiper (1999). Ontogeny of vestrogen recepior beta (ERB) expression in the rot
testis. Endocrinol, 140:478-483.

Sharpe, R.M.., N.E. Skakkebaek (1993). Are oestrogenes involved in falling sperm counts
and disorders of the male reproductive tract? Lancet 341:1392.

Legler, J, C.E. van den Brink, A, Brouwer, A.J. Murk, P.T. varn der Saag, A.D. Vethaak
and B. van der Burg (1999). Development of a stably transfected oestrogen receptor-
mediated luciferase reporter gene assay in the human T47D breast cancer cell line, Tox,
Sciences, 48:53-60.

Kuiper, G.G.J M., J.G. Lemmen, B. Carlsson, J.C. Corton, S.H. Safe, P.T. van der Saag,
B. Van der Burg and J.-A. Gustafsson (1998). Interaction of oestrogenic chemicals and
phyto-cestrogens with cestrogen receptor 8. Endocrinology 139:4252-4263.

17



Multiple interactions of potential endocrine disrupters in
thyroid hormone metabolism

A. Brouwer™®, 1.A.T.M, Meerts", T.J. Visser®and A.G. Schuur®

4 Division of Toxicology, Department of Food Technology & Nutritional Sciences,
Agricultural University Wageningen, The Netherlands

b Institute of Environmental Sciences, Free University Amsterdam, De Boelelaan, 1081 HV
Amsterdam, The Netherlands

¢ Internal Medicine HI, Erasmus University Medical School, Rotterdam, The Netherlands

Introduction

The possible presence of chemical compounds exhibiting endocrine modulating effects
in our food and in the environment has attracted much attention of researchers, policy
makers and the public opinion over the last 5 years. While the major focus has been on
putative pseudo-oestrogenic compounds, there is also ample evidence for interactions of
natural and man-made chemicals with other hormonal systems, such as the thyroid
hormone system. In this paper an overview is given on the structure-dependency, and
the multiplicity of the interactions of polyhalogenated aromatic hydrocarbons (PHAHs)

with the thyroid hormone system®.

Effects on circulating thyroid hormone levels

Many reports have indicated that exposure to PHAHS, either as single congeners, or as
mixtures did result in severe reductions of plasma total and free thyroxine (TT; and FTy)
levels, while only little effects were found on plasma total triiodothyronine (TTs)
concentrations in various rodent species, and in primates’. Polychlorodibenzo-p-dioxins
(PCDDs), -dibenzofurans (PCDFs) as well as dioxin-like non-ortho and mono-ortho
PCB congeners were found to reduce thyroxine levels in plasma with relative potencies
that followed their respective TEF values quite closely”. However, the magnitude of
plasma T, reductions induced was much larger for PCB congeners that are fairly easy
metabolised, such as 3,3 4,4’-TeCB (PCB 77), 2,3,3',4,4’-PeCB (PCB 105) and
2,3',44',5-PeCB (PCB 118). In addition, the di-ortho PCB, 2,2’,4,4’,5,5’-HxCB was
found to reduce plasma T, levels, as well albeit at much higher concentrations,
indicating that T4 reductions may be mediated by, but are not exclusively linked with the
Ah receptor pathway. Several other classes of PHAHSs have also been found to reduce T,
levels in rodents”, such as hexachlorobenzene (HCB), pentachlorophenol (PCP) and
other chlorinated phenols, tetrachlorobenzyltoluenes (TCBTs), chlorinated and
brominated diphenylethers (TCDEs and TBDEs). Reductions in T, levels were also
observed in rodent fetusses and neonates, following exposure of the dams to PHAHs™™,

18



Moreover, PHAH exposure has also been found to be associated with lower plasma
thyroxine levels in seals®”, in fish-cating birds®® as well as in human infants'®!",

Multiple interactions with thyroeid hormone metabolism

Many studies have been performed to elucidate the mechanism(s) involved in the
thyroid hormone reductions by PHAHs, Overall, three levels of interference in the
thyroid system have been found for PHAHS, including the thyroid gland, thyroid
hormone metabolism and thyroid hormone transport”. In addition, there are some
reports indicating a poor thyroid stimulation hormone (TSH) feedback response despite
severe plasma T, reductions induced, which suggests that a fourth level of interference
may exist involving the pituitary-thyroid axis*'?.

Most, if not all, enzyme systems involved in thyroid hormone metabolism have been
found to be affected by PHAHs. This includes the UDP-glucuronyl transferases (UGTs),
the deiodinases (IDs), and the sulfotransferases (SULTS). At least two out of three of the
UGT isozymes involved in thyroid hormone glucuronidation were found to be induced
in the liver of rats upon exposure to PHAHs?. The phenol-UGT, or UGT1Al isozyme,
is highly induced by dioxin-like PHAHs, through an Ah-receptor mediated mechanism.
Non-dioxin like PCBs, such as 2,2°,4,4°,5,5°-HxCB (PCB153) and mixed inducers, such
as 2,33 4,4',5-HxCB (PCB156) also induce T, glucuronidation, however through
induction of another isozyme, the UGT1A2 isozyme®. In both cases, the induction of the
UGT-isozymes is most likely caused by the parent PHAHs.

With respect to the iodothyronine deiodinases (IDs), there is a more complex interaction
of PHAHs. Studies have revealed a competitive inhibition of ID activity, mainly
isozyme ID-1 by hydroxylated metabolites of PHAHs, but not their parent
compoundsm. However, the isozyme ID-]I, which is involved in the bioactivation of T,
to T3 in brain and other target tissues of thyroid hormones, was found to be increased in
activity in fetal brain, following exposure of the dams during gestation to PHAHs, The
increase of ID-II activity is not cansed by a direct effect of PHAHs, but most likely
occured as a consequence of thyroxine reductions induced by PHAHS in the fetal brain
and may he considered as a compensatory mechanism to low T, levels in order to
maintain the level of active Ty in the fetal brain,

The sulfotransferases (SULTs) are also affected by PHAHS, but this will be delt with in
detail in the paper of Schuur ez al.'.

Structure-dependent interactions with thyreid hormone transport

Interactions of PHAHs with the plasma transport of thyroxine has been observed both
in vitro and in vivo in rodents and in marmoset monkeys”, Hydroxylated metabolites of
'PHAHs were found to be potent, competitive inhibitors of T, binding to transthyretin
(TTR), the major thyroid hormone transporter in most species. fn vive, interaction of
hydroxylated PHAHs with TTR results in dramatic reductions in piasma Ty, but also in
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plasma retinol-RBP which is normally bound to TTR and disrupted by the hydroxy-
PHAH as well'®. The structural requirements for TTR binding have been and are being
studied in great detail, using both in vitro competitive binding studies, graphics-assisted
computer modelling and X-ray diffraction of TTR-hydroxy-PHAH co-crystals'®.

Structural requirements involve, a hydroxyl group on the meta, or para position of an
aromatic ring, with one, or more adjacent halogens substituted on the phenolic ring'®.
Planarity of the molecule is not a requirement for binding. In fact, chlorinated phenols,
like PCP, bind equally well to TTR as hydroxy-PCBs, -PCDDs, -PCDFs or -PCDEs.
The highest relative potencies for binding to TTR are observed for the brominated
PHAHs, tetrabromo-bisphenol A (TBrBPA: 25-fold more potent than Ty), and
pentabromopheno! (PBrP: about 20-fold more potent that Ts). The most potent
chlorinated phenolic compounds are 5 to 8 times more potent than Ta, such as 4-OH-
2,3,3".4’,5-PeCB (metabolite of PCBs 105 and 118), PCP and the 4.4’ (OH)2-3,3’5,5°-
TeCRB. The other phenolic PHAHs have potencies ranging from equal to Ty to several
orders of magnitude less than T, X-ray diffraction has revealed that several of the
phenolic PHAHS bind in a forward mode (hydroxy-group first in) in the central channel
of the TTR molecule'®. However, recently a novel, reverse mode (hydroxy-group last
in} of binding was discovered for pentabromophenol as well as TBrBPA (Ghosh,

personal communication).

Role of TTR in fetal transport of hydroxy-PHAHs

Binding to TTR not only disrupts the T, transport, with concomittant low plasma T,
levels, but may also result in the selective transport of the hydroxylated PHAH across
the blood-brain barrier and the placental barrier. TTR has been suggested to play a
major role in mediating the delivery of T4 from the mother to the fetus across the
placental barrier, but also across the blood-brain barrier, where T4 is locally converted to
T4, which is absolutely essential for ¢.g., brain development' ™™,

In experiments where pregnant rats were exposed to 1(.3,37,4,4°-TeCB, large quantities
of radiolabel were found to accumulate in the fetal compartment at the end of gestation.
Accumulation of label was particularly high in fetal brain, and was found to be mainly
the hydroxylated metabolite, 4-OH-3,3",4’,5-TeCB'”. High fetal accumulation of the
hydroxy-metabolite 4-OH-2,3,3’,4’,5-PeCB was found following exposure of the dams
to Aroclor 1254 from day 10 to 16 of gestation”. Recently Meerts (personal
communication) also found very high accumulation of radiolabel in fetal brain,
following maternal exposure to the hydroxy-metabolites 4-OH-2,3,3',4°,5-PeCB, or
TBrBPA. These results strongly suggest that TTR facilitates the efficient transfer over
blood-brain and placental barrier’s of phenolic PHAHSs in particular.

The possible impact of the high accummlation of phenolic PHAHs on the development
of fetal brain, behaviour and reproductive organs and functions is the focus of ongoing
investigations.
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Intiroduction

The possible effects of endocrine-disrupting compounds including so-called xeno-
oestrogens, are attracting a great deal of attention in the Netherlands at the moment.
Although there is some evidence that xeno-oestrogens are active in the Dutch aquatic
environment'?, relatively little is known about their patterns of occurrence™, To fill the
gap, a pilot study in 1997/98 investigated the occurrence of oestrogenic hormones
(oestrone, 17u-cestradiol, 17p-cestradiol and 17e-ethinyloestradiol) and various
suspected  xeno-oestrogens (alkylphenols, alkylphenolethoxylates, phthalates and
bisphenot A) in freshwater, estuarine and marine surface waters, and also in municipal
and industrial waste waters, Concentrations of these compounds were measured, and the
oestrogenic potency of extracts of the various matrices was assessed using three
different in vitro assays.

The pilot study provided an opportunity to investigate the need for and feasibility of a
more comprehensive baseline study. The results® indicated that natural hormones and
xeno-oestrogens occur in Dutch water systems and may pose a potential problem, thus
justifying further investigation (see also contributions of Belfroid et al. and Murk et al.).
They also played a crucial role in the design of the main study, the choice of parameters,
and the development of standardized sampling and analytical protocols.

This paper briefly outlines the objectives, study design, organization and work program
of the baseline study, which is entitled the National Investigation into Oestrogenic
Compounds (Dutch acronym, LOES) and is being conducted during 1999/2000, In
planning the work, most of the guidelines and recommendations of the SETAC-
Europe/OECD/EC expert workshop entitled Endocrine Modulators and Wildlife:
Assessment and Testing (EMWAT)® have been followed.

The initiators and coordinators of the project are the National Institute of Inland Water

Management and Waste Water Treatment (RIZA) and the National Institute for Coastal
and Marine Management (RIKZ), the two organizations that were responsible for the
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pilot study. Both institutes belong to the Directorate-General of Public Works and Water
Management (Rijkswaterstaat), part of the Ministry of Transport, Public Works and
Water Management. Other participating institutes include the International Association
of River Waterworks (RIWA), the National Institute of Public Health and
Environmental Protection (RIVM), and a Dutch regional water aunthority (Wetterskip
Fryslan), together with several universities and consultancies.

Objectives

The broad objectives of the project are:

e To investigate the sources and occurrence of natural oestrogens and xeno-
oestrogens in different compartments of the aquatic environment, including waste
water (municipal and industrial), rainwater, drinking water and surface waters
(inland, estuarine and marine), as well as suspended particulate matter and biota,

+ To assess effects on the reproduction of key fish species inhabiting the aquatic
environment.

Specific aims are:

e To determine the concentrations of known and suspected natural oestrogens and
xeno-oestrogens in these compartments,

+ To determine the oestrogenic activity in the these compartments with in vitro
bioassay measurements,

+ To determine what proportion of observed oestrogenicity, as measured by in vitro
assays, can be explained in terms of known (xeno)oestrogenic compounds.

s To test the most active fractions for effects on reproduction, using standard in vivo
reproductive and life-cycle tests,

+ To investigate the reproductive health of populations of selected aquatic organisms
using biomarker techniques and in vivo bioassays.

» Torecommend the oestrogenic hormones, xeno-oestrogens, in vivo/in vitro bioassays
and biomarkers that would be most appropriate for continued monitoring.

A unique project

As a major multidisciplinary project with input from many different organisations, the
LOES project is unprecedented in the history of the study of toxic compounds in the
Netherlands. It provides a unique combination of chemical measurements and biclogical
effects techniques, carried out simultaneously in several different compartments of the
aquatic environment. It will be possible to directly compare analytical results for
different samples and different compartments because standardized sampling methods
are being used and each type of analysis is being carried out by a single laboratory.
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The project, which has a budget of ca. 2 million euros, is almost entirely financed by the
Dutch government, However, it is closely linked to certain European projects, funded by
the European Union. These include the Community Program of Research on
Environmental Hormones and Endocrine disrupters (COMPREHEND) and the Priority
Surfactants and their Toxic metabolites IN Effluents: an integrated study (PRISTINE) of
research on surfactants, including alkylphenols and APEs.

Sampling program
Sampling is taking place at more than 50 locations (see Fig. 1),

Figure 1.

Sampling sites of the LOES project.
Specific industrial waste water
sites are not indicated,




Figure 2,
Sampling timetable for the LOES
project.

Sampling sites for water, sediments and suspended matter have been selected according

to the following criteria:

* Samples should be taken from a variety of different types of water system, including
both standing and running water.

s  Where possible, sites should be those included in routine monitoring programs for
conventional contaminants.

o All regions of the Netherlands should be covered.

¢ Both polluted and relatively clean waters should be sampled.

The baseline study includes three surveys, conducted in 1999 (Fig. 2). The timing of the
surveys will enable the importance of seasonal variability to be estimated.

Year 9 7
Quarter 12341

9 8
23

99 00
4 1234 1234

Pilot study
Report
Baseline study
Survey 1
Survey 2
Survey 3

Data analysis

Final report

Target species

For those aspects of the study that involve sampling or testing of biological material,
four target species currently included in Dutch monitoring programmes are being used,
Chemical analysis, in vitro oestrogenicity and effects on reproduction are being
investigated in the flounder (Platichthys flesus), a fish species inhabiting marine and
estuarine waters, and in the bream (Abramis brama), a freshwater species. In addition,
the common carp (Cyprinus carpio) is being used for in situ caging experiments.
Chemical analysis and in vitro oestrogenicity tests will also be conducted on two filter-
feeding bivalves, the blue mussel (Mytilus edulis) of marine waters and the freshwater
mussel (Dreissena polymorpha). For in vivo studies in the laboratory, wild-type and
transgenic zebrafish will be used.
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Chemical extraction

Generally speaking, all samples of water, sediment (pore water) and suspended matter
together with selected fish tissues (bile and blood), will be chemically separated into a
polar and non-polar fraction. These crude fractions will then be tested for oestrogenic or
anti-oestrogenic action using a set of in vitro screening assays. Specific extraction for
water and sediment and protocols for biological samples have being developed during
the pilot study.

Chemical analysis

Samples will be analysed for the following compounds:
Natural oestrogenic hormones:
17u0-Oestradiol
17p-Oestradiol
Oestron
Synthetic oestrogenic hormones:
170-Ethinyloestradiol (found in the contraceptive pill)
Xeno-oestrogens
Alkylphenols
Alkylphenoiethoxylates (APEs)
Bisphenol-A
Phthalates:
Dimethylphthalate (DMP)
Diethylphthalate (DEFP)
Di-r-butylphtalate (DBF)
Butylbenzyl-phthalate(BBP)
Di(2-ethylhexyl) phthalate (DEHP)
Di-n-octylphthalate (DNOP)
Dipropylphthalate (DPP)
Dimethylpropylphthalate (DMPP)
Dicyclohexylphthalate (DCHP)
Brominated flame retardants:
Polybromobiphenyls (PBBs)
Polybrominated diphenylethers (PBDEs)

A limited number of additional analyses will be carried out for several other suspected
oestrogenic compounds, including: ofp-DDT, dieldrin, aldrin, cis/trans-chlordane, trans-
nonachlor, oxychlordane.

It is not thought necessary to measure the concentration of every contaminant in all
samples and compartments. Instead, a choice has been made based on the chemical
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properties of the contaminant and its likely importance in the compartment in question

(Table 1).
Tablel. Lo Chemical water  sludge sediment particulate  fish mussels
Sampling regime for chemicals in K
different compartments in the LOES matter (wild)  (caged)
project. (¥ = samples analyzed). Natural hormones  *
: Ethinyloestradiol *
Alkylphenols 4 i * * *
APEs * # * * *
Bisphenol-A * * * # *
Phthalates * * * # *
PBBs and PBDEs * * * *
g‘able 2. fthe b bioassay test indicator of: samples tested survey method
ummaty of the bioassays .
used in the LOES project. T (sce Fig, 2)  used
in vitre bioassays
ER-CALUX exposure to oestrogenic  all sample matrices 1,2,3 %)
ER-mediated and anti-oestrogenic (including caged mussel
chemical activated compounds and fish muscle)

luciferase reporter
gene expression

DR-CALUX exposure to dioxin-type  sample extracts 1,2,3 »
DR-mediated compounds, PBDEs

chemical activated

luciferase reporter

gene expression

YBES exposure to oestrogenic  extracts of surface water 1,2,3 B
yeast oestrogen compounds samples

screen

CARP-HEP exposure to oestrogenic  sample extracts of upto 3 %

Carp hepatocyte  compounds (vitellogenin 10 localities
vitellogenin assay induction)

in vivo bioassays

Zebrafish partial ~ Effects on reproduction  One or two effluents 3
life cyele (PL.C)
test
Transgenic ER-mediated effects on  One or two effluents 3 )
zebrafish developmental stages
and reproduction
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In addition to the chemistry program, ir vitro and in vivo bioassays will be applied. The
in vitro bioassays will be applied to test the oestrogenicity of polar and non-polar
fractions of water, suspended matter, sediments and fish bile. Details of the bioassays
are given in Table 2.

In addition to bioassays, selected diagnostic biomarkers will be assessed in natural
populations of bream and flounder. They are:

s  Plasma vitellogenin (male fish).

¢ Biliary ER-CALUX activity (male fish).

Gonadal histology.

Biliary 1-OH pyrene concentrations.

Acetylcholine-esterase inhibition in the brain,

* 2 »

To assist with the interpretation of the results of the biomarker tests, the following
parameters will be measured in the same fish:

¢ length and age.

s Condition factor.

¢  Hepatosomatic index

¢  Gonadosomatic index.

s  (ross pathology.

s  Population sex ratio.

In addition, two biomarkers will be measured in caged common carp exposed at
locations likely to be heavily contaminated'>™!®, These are vitellogenin induction and
intersexuality. Both these biomarkers specifically address oestrogenic effects. One of the
advantages of using vitellogenin induction as a biomarker for oestrogenicity is the fact
that it appears to be unaffected by season and handling stress. The presence of elevated

levels of plasma vitellogenin can thus be regarded as abnormal at any time of year'”,

Project organization

The LOES project is divided into several sub-projects, each of which is the
responsibility of a particular institute:

o  Waste water (RIZA /Wetterskip Fryslan).

» Surface waters (inland) (RIZA/Wetterskip Frystan/RIWA)

¢ Surface waters (ditches and manure runoff) (RIVM).

+ Surface waters (estnarine and coastal) (RIKZ).

e Drinking water (RIWA),

+ Rain water (RIZA).

Chemical sampling and analysis will be coordinated by RIZA, and bioassays and

biological effects measurements by RIKZ. The contribution of each participating
organization is summarized in Table 3,
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Table 3,
Tasks to be carried out by partici-
pating organizations in the LOES
project.

Participant

Task

Institute for Inland Water Management and Waste
Water Treatment (RIZA)

Coordination of chemistry program. Responsibility for surface.
waters (inland), waste water, and rain water sub-projects.

Institute for Coastal and Marine Management
(RIKZ)

Coordination of biological effects program. Responsibility for
surface waters (estuarine and coastal) sub-project. Sampling of
biota. Fish caging experiments, gonadal histology and biliary 1-
OH pyrene measurement.

International Association of River Waterworks
(RIWA)

Responsibility for drinking water sub-project.

National Institute of Public Health and the
Environment (RTVM)

Responsibility for surface waters (ditches and manure) sub-
project. Analysis of phthalates. In vivo PLC zebrafish test.
Gonadal histology,

Regional water authority Wetterskip Fryslan

Responsibility for regional surface water and waste water sub-
project.

Institute for Environmental Studies (IVM), Vrije
Universiteit Amsterdam

Analysis of oestrogenic hormones and bisphenol-A.

Department of Environmental and Toxicological
Chemistry, University of Amsterdam (MTC)

Analysis of alkylphenols and APEs. Preparation of extracts for
in vitro assays,

Netherlands Institute for Fisheries Research
(RIVO)

Analysis of PBBs and PBDEs. Preparation of extracts for in
vitro assays.

Division of Toxicology, Wageningen University
{WU)), Hubrecht Laboratory

ER-CALUX, DR-CALUX and YES assays. Achetylcholine
esterase inhibition.

Faculty of Veterinary Medicine, Utrecht University

Gonadal histology,

AquaSense Consultants Vitellogenin measurements, Fish caging experiments.
Research Institute of Toxicology (RITOX) HEPCARP assay, vitellogenin measurements,
TAUW BV Logistics.

Reporting

Reports on the various sub-projects will be available in the summer of 2000, and the
final report at the end of 2000, Preliminary results will be presented at international
conferences including SETAC World (Brighton, May 2000). A national discussion
group and an international scientific committee will contribute to the production of the
final report. The results will be published in the international scientific literature and

semi-scientific journals.
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Introduction

In the last 5 years world-wide much research is directed to the accurrence and effects of
oestrogenic hormones and man-made compounds with oestrogenic properties in aquatic
ecosystems. Several groups of compounds have been identified that may cause
endocrine disruption, Known and suspected xeno-oestrogens include bisphenol-A
(BpA), phthalates and alkylphenols and alkylphenolethoxylates (APEs). In the past,
these chemicals were assumed to cause litile toxicity and have been used in large
quantities for several decades in the production of plastics, epoxyresins and/or
surfactants. Today these compounds may pose a threat to wildlife populations and
ecosystems, Other compounds that may cause endocrine disruption are the natural
oestrogenic hormones, like 17f-oestradiol, and the contraceptive 17c-ethinyloestradiol.
These are excreted by humans and livestock either as unchanged hormones but mainly
as hormone glucuronides, and may enter the aquatic environment through the discharge
of waste water. In the UK, oestrogenic activity in some rivers is (at least in part) caused
by the presence of these compounds”. The occurrence of these oestrogenic compounds
in the Netherlands however is largely unknown.

The aim of this study was to obtain a first impression on the occurrence of oestrogenic
and xeno-oestrogenic compounds in surface water, sediment, particulate matter, biota
and waste water in the Netherlands. In addition, the suitability of the (analytical)
procedures for monitoring oestrogenic compounds was assessed. The data presented in
this paper are part of an extensive pilot study published by Belfroid ef a”.
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Material and Methods

Samples of surface water were collected at 11 locations in the Netherlands in autumn
1997. At some locations also particulate maiter, sediment and biota (mmussels and liver of
flounder) were sampled. At 5 biological waste water treatment plants (WWTPs) for
domestic and industrial waste water, the influent, effluent and sewage sludge are
sampled, while waste water and sludge are sampled at 3 local sewer collection stations,
Only the results of the water samples will be discussed in this article. All samples were
collected in pre-treated glass bottles with a Teflon-lined stop and stored in freezer
(phthalates) or refrigerator (all other compounds).

Anatyses of hormones (17B-cestradiol, 17o0-oestradiol, oestrone and 170-
ethinyloestradiol), the excretion products hormone glucuronides, and bisphenol-A were
carried out in one analytical procedure according to Belfroid ez a and the analyses of
APEs were carried out according to de Voogt et al”. A description of the analytical
procedure for the phthalates and an extensive discussion of all methods used is given in
Belfroid et al”.

Resulis and Discussion

Hormones and hormone glucuronides

Figure 1 shows the occurrence of hormones at the sampled surface water locations.
Hormenes appear to be present in very low concentrations, i.e. below 5 ng/l, and often
even below 1 ng/l. The latter concentration is close to the limit of determination of the
analytical procedure, which is about 0.3 ng/l. The most common hormones in surface
waters are 17B-oestradiol and oestrone. The pattern of occurrence is irregular. Hormone
glucuronides were not detected.

In waste water all four hormones were detected, notwithstanding the limit of
determination in waste water which is 0.3-2 ng/l depending on matrix interferences. The
occurrence of 17B-oestradiol is shown in Figure 2, the other compounds have a likewise
pattern of occurrence, except that levels of oestrone are twice as high and levels of 17
oestradiol and 17c-ethinyloestradiol are about one order of magnitude less. The
hormones are mainly identified in domestic waste water rather then industrial waste
water. Levels in influent are higher than in effluent, which, in turn, are higher than levels
in surface water. Hormone glucuronides were not detected in waste water. However, it is
known that hormone glucuronides can rapidly degrade into the original hormones by
microbial degradation (Murk, unpublished results). Since the microbial activity in
sewage water is generally high, it is likely that hormones, although excreted as hormone
glucuronides, are transformed back into the hormones before the compounds reach the
collection stations or WWTPs. Finally, these results show that the analytical method
used proved to be sufficiently sensitive and robust to analyse hormones in surface water
and waste water.

32




Figure 1.
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Figure 2. .

Oceureence of 178-oesteadiol (in ng/l) in 3 municipal WWTPs (RW2I 1-3),
2 industrial WWTPs (AWZI A-BY and 3 collections  stations (FHD,
bonselolds, IND C-D, indusirial area) sampled in September aod December
1997,

Bisphenol-A (BpA}

BpA could be detected at most locations. Levels of BpA in surface waters and waste
waters were higher than levels of hormones in these mairices. Although the himit of
deterrmnation (lod) for BpA was also higher (3-20 ag/l), the analytical procedure proved
10 be sufficiently sensitive for most wator samples. Levels in infloents are higher than in
effluent, which are higher than in surface water, In two industrial influents, levels were
over 2 pgfl and coudd not be further guantified. Tn general, lovels in industrial waste
water were higher than in municipal waste water, [n sediment and particulate matter, 5o
BpaA could be detected. :

Matrix concentration in ng/l number of locations included Ta‘m‘: I ‘ 7
, - - Occurrence of Bisphenol-A {a ng/f)
surface walers <lod'- 160 11 (3 locations twice) in the aguatic environment and in
sediments® <0.250 pglkp dry weight 3 wiiste water,
particulate matier’ <00.250 po/kg diy weight 3
pricipal infiwents  240-1000 4, analysed twice
municipal effluents  33-370 3, analysed twice
industrial imfluents 420 - »2000 4, anatysed twice
industrial effluents 22100 2, analysed twice

“Lod is limit of determination, which is threa times the noise kevel of the base Jine.
Tpxpressed on basis of pug/ky dry weight hut sample was o seditnent suspension and thus inchuded
water,
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Alkyiphenols ond alkyiphenol ethoxvlates (APEs)

the method applied to biota was refatively high (0.15 mg/kg on wet weight basis), As
this Tod was evaluated as insufficiently sensttive for ihe levels one can expect, an
improved protocol has been tested successfully recently” and will provide a more

sensitive methad. Tn sediments and  particulate  miatter,

nonylphenol (NI} and

nonylphenol ethoxylates (NPT) were detected, but no octylphenct (OFP) or -ethoxylates
{OPE). Thus it can be concluded that NP and MNPE are present in aguatic systems, but
mostly sorbed to sediment particles. Levels detected are shown in Table 2. This Table
shows ihat Jevels of NP are lower than those of NPE.

Table 2. Location Matrix Nonyiphenol Nonylphenol Octylphenol  Octylphenol
Levels of allcylphenols and alkylphenol- ethoxylates ethoxylates
ethoxylaios (in paflg dry weight) in North Sea Canal-  particulate 620 1370 lod <lort '
sechimnenty and particulate matier in 1997 o 7
at three locations in the Netherlands. Lmuiden matter
: North Sea Canal-  sodiment 630 2600 <fodd «lad
Lhnuiden
Western Scheldt  particulate 210 700 <fod <lod
matier
Western Scheldt  sediment 1670 2G80 <lod «lod
New Waterway-  particulate 390 060 <lod 0.3
Beneluxtunnel mstier
America harbour  sediment 1520 720 =kod <hod

sonde
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] SR o BB
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Fioure 3.

Dcenrrenice of of the sum of alkylphenolcthoxylates (n pg/D in 3 municipal
WWTPs (RWZT 1-3), 2 industrial WWTPs (AWZE AT and 3 colicctions
stations (FIHE, households: IND C-I3, incdustrial area) sampled in September
and Deceémber FOU7,
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Also in waste waters NPEs, OPEs and NP were detected (Fig, 3). Again, levels of NP
are lower than those of NPE. As was expected, concentrations in effluents are lower than
in influents and concentrations in municipal influents seem to be lower than in industrial
influents.

Phthalates

Phthalates were found to be present in surface waters, and reach concentrations up to 3
pgf/l. In sediment, particulate matter and biota, however, phthalates concentrations are
much higher, and may reach levels of 3000 to 30.000 pg/kg dry weight. The extremely
hydrophobic DEHP (calculated log K, is 8.6) is the most common phthalate in all
matrices in this study.

The occurrence of phthalates in influent and effluent of a municipal WWTP is shown in
Figure 4. Levels in the other WWTPs show the same pattern, The graph shows that there
is some variation between sampling occasions, which was seen for all compounds and
all WWTPs, but overall the concentrations in effluent are lower than in influent. Again
DEHP is the most commoen phthalate.

Table 3,
Levels of phthalates in 1997 in surface water (in pg/t), particulate
matter, sediment and biota {in ptgfkg dry weight) in the Netherlands,

Matrix number of DMP DEP DBP BBP DEHP DOP
locations

surface waterter 6 0.07-05 <lod-2.6  <lod-0.5 <lod 0.04-1.9 <lod

sediment! 3 <lod <lod-33 <lod- 114 <lod-56  106-2866  <tod

particulate atter’ 3 <lod-58 22-40 98-1500 <lod -705  590-27000 <lod

biota 4 <lod 58-660 190-4380 <lod-1730 <lod-8040 <lod

" Expressed on the basis of 1g/kg dry weight. Sample was a sediment suspension including water.

The samples from December are analysed with two different methods of pre-treatment.
One method involved filtration over 1,2 pm before extraction (IVM), the other was
decanting of the water sample after 24 hours (RIVM). This different pre-treatment
resulted in different data sets for all phthalates (Fig. 4). The observed differences can be
explained by the physico-chemical behaviour of phthalates as these consist of a group of
compounds with a hydrophobity varying from 1.6 for the smaller DMP to 8.6 for the
larger DEHP and DOP. The larger hydrophobic phthalates will sorb to particles in
water, and a different separation of water and solid matter will thus result in different
results, especially for the hydrophobic phthalates.
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Creneval conclasions

This stody showed that natural and synthetic hormones as well as xeno-oesirogens e
present in Dutch water systerns and in waste waters, In addition, this study showed that
the applied anabytical procedures were mostly well snited Lo analyse these compoonds in
most matrices. Observed levels of hormones were in the ng/l range, and those of the
other compounds in the pgfl (to mp/l) range,
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Introduction

Within the pilot study of the LOES project”, bio-analyses of oestrogenic potency were
performed on extracts from influent, effluent and sludge from waste water treatment
plants (WWTP) and water and particulate matter from four large freshwater rivers. The
three different assays applied were the oestrogen receptor (ER) binding assay”, the yeast
oestrogen screen (YES)” and the ER-mediated ‘chemical activated luciferase gene
expression’ (ER-CALUX) assay*™. These assays measure different aspects of the effect
chain resulting in oestrogenic effects. Figure 1 gives schematic representations of the
mechanisms of {(anti-) oestrogenic response of the 3 in vitro assays. The first step,
binding of a compound to the ER, is measured in the ER competitive ligand binding
assay. Binding to the ER of both agonists and antagonists will give a positive response,
and (xeno)oestrogens can always reach the ER as they do not have to pass the cell
membrane, In cells the next step after binding of an (xeno-)oestrogen is activation of the
receptor, dimerisation and translocation of this complex to the nucleus, and binding to
the ‘cestrogen responsive element’ (ERE) in the DNA, The YES-assay uses a yeast cell
transfected with a human ER and a plasmid containing the ERE and the LacZ pene as a
repotter gene coding for B-galactosidase. Activation of the receptor results in increased
red colouring. This assay is a measure of agonistic action. Some antagonists are not
active in the YES assay and relatively large or lipophilic molecules may hardly pass the
yeast cell membrane. In the ER-CALUX assay, reporter gene expression also is a
measure of the ER-mediated cascade of events resulting in activation of genes. The
T47D human breast adenocarcinoma cells with endogenous oestrogen receptor were
stably transfected with an oestrogen responsive luciferase reporter gene containing 3
ERE’s. Both hydrophilic and lipophilic compounds can pass the cell membrane and aati-
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oestrogenic activity can be indicated as well. The E-screen with MCFT breast cancer
cells was not used in this pilot survey. This assay is based on oestrogen dependent cell
profiferation, and also other compounds than (anti-) oestrogens have been reported to
stimulate or inhibit cell growil thus over- or under estimating the response®.

Analysis of the fevels of some hormones and pseudo-oestrogenic chemicals was cartied
out on the same extracts™ and compared with bioassay results.
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Methods

The methods for the ER-binding assay?, the YES-assay” and the ER-CALUX" have
been described previously, River water samples were collected in August and in
November, WWTP samples in October and November 1997. Water samples were
extracted as described for hormones and bisphenol-A”, Water was filtered over 0.45 ym
and 1.2 pm glass filters and extracted with a SDB-XC disk®. Compounds on the disk
were eluted with 3x5 methanol, dried and taken up in DMSQO or ethanol for exposure in
the i vitro assays, Particulate matter and WWTP sludge were freeze dried and extracted
in an accelerated solvent extractor with dichloromethane/acetone (50/50).

Results and discussion

Characteristics of the 3 assays following exposure to oestradiol are shown in Figure 2
and.Table 1.

The maximum induction factor for the YES-assay (at 1000 pM) was 5-14 and for ER-
CALUX (at 30 pM) 80-100. The maximum competiticn with the ER-binding assay was
reached at 100.000 pM.
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Figure 2.

Response of the 3 assays to 178-
oestradiol, The ER-CALUX and YES-
response is from control value to
maximum response, for the ER-
binding assay from 0% to 100%
competition.




Table 1.

Response to 17f-oestradiol
and characteristics of the 3
in vitro agsays.

Table 2.

Amount of material needed to
determine the oestrogenic potency
with the 3 in vitro assays.

a)

EEQ pmol/l
5

detection  EC50 Cv oestrogens*  anti-

limit (pM)  (pM) % oestrogens*
ER-binding 1000 5000 15-25 + +
YES 10 100 10-25 ok
ER-CALUX 0.5 6 5-10 + -

* 4 is increase; - is decrease of signal

#*kexcept for large or lipophilic ompounds

Because of the different characteristics of the assays the amount of material needed to
determine the oestrogenic potency differs significantly between the 3 assays (Table 2).

surface particulate  WWTP WWTP sludge (g)
water (ml)  matter (g} influent (ml)  effluent (ml)
ER-binding  +950 + 1500 + 400 + 400 + 150
YES 60-250 50-400 4-100 10-100 5-40
ER-CALUX 6-30 16-40 0.2-2.5 0.9-9 0.5-4

Oestrogenic activity in surface water and WWTPs shows temporal and spatial
fluctuations {Fig. 3). In surface water oestrogenic activity generally is low: < d.l. - 4.0
pmol EEQ/l and < d.l. - 2.5 pmol EEQ/g particulate matter. Only with the ER-binding
assay observed levels were much higher. This is probably due to the fact that in the ER-
binding assay all compounds can reach the ER and antagonists as well as agonists result

in a positive response.
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In WWTPs a substantial reduction of, on average, at least 10-fold is observed between
oestrogenic potency in effluent compared to influent (Fig. 4b). Oestrogenic potency in
WWTPs also show temporal fluctuations. The cestrogenic potencies measured with the
bioassays are given in Table 2. The bio-analysis results also were compared with the
EEQs calculated based on chemical analysis (Table 3). For this calculation the
oestradiol equivalent factors (EEFs) of the analysed compounds were determined in
each bioassay. In WWTPs the bioassays give a higher signal than was calculated based
on the chemical analyses, This difference is about 2x greater in effluent compared to
influent, and coincides with an about 2x lower contribution of hormones to the
calculated EEQ in the effluent compared to the influent. So the increase in unexplained
activity may be due to relative accumulation of persistent compounds or formed
metabolites. With the ER-binding assay the % explained activity in the influent was as
low as in the effluent, the number of samples above d.1., however, was relatively low,

Table 3,
Measured oestrogenic potency pe
matrix with in vifro assays and %
explained with the chemical analysis.

Matrix oestrogenic activity (EEQ) pmol/l % activity explained by chermical analysis
ER-CALUX YES ER-binding ER-CALUX YES ER-binding

influent 153 £ 123 117+ 113 146311330 67146 127+£136 10£10

effluent 95+3.1 11.5:+9 1421+ 119 28 +27 76+ 88 614

The calculated EEQs in the surface waters were much higher than the measured EEQs.

A possible explanation is that the chemically measured levels were close to the limit of

detection, resulting in an increased uncertainty in the results, In the follow up study
(LOES) this will be further studied.
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Figure 4.

Correlation of oestrogenic potency in environmental extracts as measured in the ER-CALIJ
and YBS-assay; a) surface water, influent and effluent (r=0.81, n=53) and b) particulate matter
and sewage sludge (r=0.93, n=19). (A indicates samples for which the YES response was

below detection limit).
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The correlation between the ocestrogenic potency of water and solid phase samples
measured with the YES and ER-CALUX assay is fairly good (Fig. 4), even though a
number of samples were below detection limit (d1) for the YES-assay.

Conclusions

The 3 in vitro bioassays proved to be applicable to measure oestrogenicity in waste
water treatment plants and large rivers. However, as the characteristics of the assay
differ, both the amount of material needed and the type of information obtained differs
significantly between the 3 assays.
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Introduction

Amongst the endocrine disrupters, the xeno-oestrogens are by far the most studied.
Xeno-oestrogens are a diverse group of mostly man-made chemicals such as
alkylphenols, phthalates, bisphenol A, some organochlorine pesticides (DDT, dieldrin,
chlordane), PCBs and dioxins®'™'®. Because they are widespread in the environment,
the alkylphenols received a lot of attention in relation to their oestrogenic poteacy™™'®.
Alkylphenols, with para-nonylphenol being the most abundant, occur in the
environment as the metabolic intermediate of the nonylphenol polyethoxylates
(NPnEOs). NPnEOs are nonionic surfactants and they are used as detergents,
plasticizers, in the formulation of pesticides, and in the manufacturing of textiles™'®,
The major source of NPnEOs in the environment is effluents of industrial waste water
treatment plants'*®, By progressive degradation of the NPREOs the lipophilic and toxic
intermediate nonylpheno!™'*'” is formed.

In the process of reaching a consensus regarding the role of xeno-oestrogens in the
detrimental effects on humans and wildlife, there is a critical need for the development
and evaluation of a test to identify chemicals and environmental samples which have
0estrogenic activity.

This study presents a survey of environmental samples analyzed for the presence of
para-nonylphenol and oestrogenic activity. Using data from the survey, we want to
identify industrial activities contributing significant input of nonylphenol into the
environment. Using both a recombinant yeast oestrogen assay and conventional
chemical analysis, we assessed their practical use for tracing oestrogenic activity in
environmental samples.

Materials and Methods

Environmental samples tested

Selection of environmental samples screened in this survey is summarized in Table 1.
Surface waters and waste water were sampled according to the methodology described
by Tanghe et al ',

44




Recombinant yeast oestrogen screen

Qestrogenic activity was determined using a recombinant yeast strain developed in the
Genetics Department at Glaxo (Glaxo Group Research Ltd., United Kingdom) for use in
a test to identify compounds that interact with the human oestrogen receptor (hER).
Handling of the yeast cultures and preparation of the medinm for testing pure chemical
compounds are described in detail by Routledge and Sumpter'”. In this study,
methodology was slightly modified for testing environmental samples. Before testing
with the yeast assay, samples were put in a 60°C hot water bath for 30 minutes, which
reduced numbers of micro-organisms and eliminated P-galactosidase in the sample,
excluding possible interferences during the assay. Each sample, 100 uL together with
100 pL double strength assay medium, was incubated in a well (ten folded). For the
environmental samples that were tested the signal given by the recombinant yeast
oestrogen assay was calculated as a 17(-ocestradiol concentration from the linear part of

a dose response curve. The influence of humic substances on the signal of the
recombinant yeast oestrogen assay for 17B-oestradiol and nonyiphenao! was tested using
commercial humic acids (humic acid, sodium salt, tech., Sigma-Aldrich S.A., Belgium).

Nonylphenol analysis

An exhaustive stoam distillation for the simultaneous distillation and solvent extraction
(cyclohexane) of NP from the samples was employed. The NP in the extracts was
quantified using HPLC-technology. An extensive description of the methodology wsed
for NP analysis is given by Tanghe et al.™.

Results and Discussion

The environmental samples tested, together with oestrogenic activity and NP
concentrations are listed in Table 1. In this study, NP concentrations in the sampled
rivers (Leie, Schelde, Dijle and Spierebeek) are similar to those in the published
literature (<1 ~ 180 pg/M)™®. The results suggest that input of NP to the aquatic
environment is related to industrial activity. The high concentration of NP in the effluent
of the textile factory corroborates the data from industrialized regions. The data suggest
that monitoring of NP is warranted in these regions. Water for drinking water production
in storage reservoirs, and the canal Bossuit-Kortrijk, contained no detectable
nonylphenol.

In conjunction with the chemical assay for NP, the recombinant yeast oestrogen assay
was used to screen for oestrogenic activity. The nonylphenol analyses showed no
consistent relation to the recombinant yeast oestrogen assay (Table 1).

These observations bring into question the value of this recombinant yeast oestrogen
assay for screening oestrogenic chemicals present in environmental samples that can
potentially exert their effects in other circumstances, Factors such as the complex matrix
of environmental samples and the bio-availability of xeno-oestrogens may have cansed
discrepancies between chemical assays and the bio-assays.
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Table 1.

Nonylphenol concentrations and
oestrogenic activity (recombinant
yeast oestrogen assay) for the tested
surface waters and waste waterin ¢
Flanders.

sample origin NP oestrogenic activity
(/L)  (ugf. 17B-oestradiol)t

2 Storage reservoir 2 Drinking water production <1 nsd
3 Storage reservoir 3 Drinking water production <1 nsd

4 Canal Bossuit-Kortrijk <1 0.032 - 0.034
1 Storage reservoir 1 Drinking water production <1 nsd
5 River Leie St.-Martens-Latem 2 nsd
6 River Schelde 1 Oudenaarde 13 nsd
7 River Schelde 2 Dendermaonde 18 nsd

8 River Diile Laan 11 0.034 - 0,036

9 River Spierebeek France-Belgium border 42 0.001-0.112

10 QOssemeersen influent Municipal WWTP; Gent 6 0.096 - 0.218
QOssemeersen effluent Municipal WWTP: Gent <l nsd

11 Nutrition influent Potato-processing industry; <1 0.357 - 0.389

Nutrition effluent Potato-processing indusiry; <1 0.290 - 0.378

12 Chemtical effluent Production of chemicals; Gent 1 0.179 - 0.247
i xtile i . Ou rde 122, nsd

1 oestregenic activity of the environmental sample expressed as 17p-oestradiol concentrat
based on a standard curve; 953% confidence interval (8 - 10 repetitions).

§ effluent after anaerobic and aerobic treatment,
nsd : response of recombinant yeast oestrogen assay not significantly different from controls.

Standard addition of 2,72 pg/l. 17B-oestradiol (highest concentration in the standard
curve for which a high signal is expected) to each environmental sample resulted in
either no or very low response. The observed oestrogenic activity after standard addition
was no more than 29% of the expected signal for the surface waters, and, 11% for the

waste water samples (data not show
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Figure 1. ,

Response of the recombinant yeast
oestrogen assay to a natural oestrogen,
17B-oestradiol, and a xeno-oestrogen,
nonylphenol, with and without the
presence of humic acids (150 mg/L) in
the growth medium. Concentrations
of 1.3 ng/L to 2.72 pg/L and 0.5 pg/L.
to 5,000 pg/L for 17B-oestradiol and
NP, respectively. Response of the
controls is also indicated (wells
incubated with growth medium and
yeast); the graph shows log
concentration of the chemicals plotted
against the absorbance of the medium
after 3 d incubation (absorbance at
540 nm is corrected for turbidity at
630 nm); values represent the mean i+
standard deviation (n = 4); in mokt
cases the standard deviations were tao
small to itlustrate. '




A possible factor masking response of an oestrogenic compound is low bioavailability.
Substances in environmental samples, such as NP and other xeno-oestrogens, can sorb
onto or are even absorbed into soluble humic substances present in the aqueous
sample'”. Incubation of standard series of 17f-oestradiol and nonylphenol with growth
medivum containing 150 mg/L humic acids resulted in an overall decrease in the response
of the recombinant yeast oestrogen assay (Fig. 1), The addition of only humic acids did
not result in an oestrogenic signal given by the recombinant yeast. Absorbance at 540
nm was 0.891 £ 0,013 and 0.937 + 0.021 (n = 36) for the controls with and without 150
mg/L humic acids, respectively. Monitoring the absorbance at 630 nm showed that the
addition of humic acids did not alter the yeast growth in comparison with the treatments
without humic acids.

The data obtained by the recombinant yeast oestrogen assay are ambiguous to assess the
presence and amounts of (anti-) oestrogenic compounds. The bio-assay is subject to
considerable interferences, possibly yielding false negative interpretations considering
the presence of xenc-oestrogens, and therefore it should be used with chemical
screening for xenabiotics. However, the signal of the recombinant yeast oestrogen assay
reflects the oestrogenic activity of the mixture of chemicals present in the environmental
sample and could therefore be useful to evaluate the oestrogenic potency in situ.
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Introduction

Endocrine disruptors cover a wide range of chemicals with various modes of action.
One of the most studied pathways is binding to the oestrogen-receptor. However,
various other pathways, including those mediated by the Ah receptor and altered
hormone metabolism, may also contribute significantly to endocrine-disrupting
processes”,

In contrast to the relatively well studied mechanisms of endocrine disruption, little is
known on the extrapolation of these sub-cellular processes on individuals or
populations. For environmental management purposes this information is essential. To
meet this point, a study was started and focussed on markers for endocrine disruption
and the functioning of organisms in the wild. A research area was selected in the
Biesbosch, a freshwater tidal area situated in the South-Western part of the Netherlands.
Large quantities of contaminated river sediments have been deposited in this area by the
rivers Rhine and Meuse. The frequency of inundation of a site is depending on its
location and geomorphological features and is a major determant for the level of soil
contamination at place.

An indicative comparative field study was carried out to evaluate the toxicological
effects of varying exposure levels to contaminants on small mammals, The research was
focussed on the reproductive functioning of the common shrew (sorex araneus). This
predatory species feeds mainly on soilmacrofauna (e.g. earthworms, woodlice and
insects) and the exposure to endocrine-disrupting soil contaminants is supposed to be
refatively high. Two areas with varying levels of soil contaminants including PCBs,
PAHs and heavy metals were selected for this study, Animals were trapped and the
effects on biometry, hepatic ethoxyresornfin O-decthylase (EROD) activity, steroid
concentrations in plasma and histology of reproductive organs were analysed and
regarded in relation to body burdens of PCBs and heavy metals.
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Materials and methods

Research sites were selected in the Biesbosch, in between the rivers Nieuwe Merwede
(branched from the river Rhine) and Amer (branched from the river Meuse) in the
Netherlands, A frequently inundated, and relatively highly contaminated site was
selected just outside the polder Noordplaat along the riverbank at the Gat van de
Noorderklip. A sporadically inundated reference site was selected inside the polder.
The soil concentrations of polycyclic aromatic hydrocarbons (PAHs) at these sites were
10.4 mg/kg (d.w.) and 1.2 mg/fkg respectively. In addition to PAHs, heavy metals also
were increased by a factor of five in general (IBN database).

The animals were trapped in longwerth lifetraps in april 1998, Trapped animals were
transported to the laboratory where they were anesthetized before further handling.
Animals were weighed and opened ventrally. Blood was taken by cardiac punction and
centrifuged to isolate the plasma that was used for later testosterone analyses. The liver
was dissected, weighed, immediately frozen in liquid nitrogen and stored at minus 80
C for later EROD analyses. The gonads and one kidney were dissected, weighed and
processed for histopathological analyses. Adipose tissue and one kidney were removed
and stored at -20 °C for analyses of respectively PCBs and heavy metals.

Adipose tissue was analyzed for PCBs at RIKILT-DLO. Cadmium (Cd}, Copper (Cu),
Nicke! (Ni), Zinc (Zn), Chromium (Cr) and Lead (Pb) was analysed in kidneys. PCBs
were extracted using hexane and cleaned using Al,05 column chromatography. The
dried extracts were dissolved in 10 pl iso-octane with phenanthrene as a recovery
standard. PCBs were analyzed on a HR-GCMS, Heavy metals were extracted from
kidney tissue using 65% nitric acid, Cu, Cr, Ni, Cd, and Pb were analysed using
GFAAS. Absorption wavelengths were respectively 324.8; 357.9; 232.0; 222.8 and
283.3 nm. Zn was analyzed using FAAS at a wavelength of 213,9 nm,

Testosterone was analysed in plasma, using the Ciba Corning ACS™ testosterone
assay. Analyses were performed at the Wever hospital, Heerlen (The Netherlands).
EROD activity was measured in the microsomal fraction of the liver, Approximately 0.5
g of liver was homogenised in 10 mM Tris-HCI buffer with 0,25 M sucrose and 1 mM
diethiothreiotol (DTT); pH 7.4, The homogenate was centrifuged at 12.000 g during 30
min. The resunlting supernatant was centrifuged at 105,000 g during 75 min at 4 °C. The
resulting pellet was resuspended in 10 mM Tris-HCI buffer with 3 mM EDTA and 1
mM DTT (pH 7.4) and stored at -80 °C for later analyses, Microsomal protein content
was measured with the fluorescamine assay®. Fluorescamine was added to each well
and fluorescence (excitation/emission = 360/460) was measured after 53 min. BSA was
used as a standard. Microsomal EROD was assayed in 96-wells plates from Greiner.
Microsomal fractions were diluted to a protein-concentration of 400 pg/ml. EROD
incubation mixtures, containing microsomal suspension, BSA, and 7-ethoxyresorufin
were preincubated at 37 °C. NADPH was added to start the reaction. After exactly 5,
10, 15 and 20 min at 37 °C the fluorescense (exitation/emission = 530/590 nm) was
measured. Resorufin was used as a standard.

For histopathological analyses the testis, ovary and the uterus were dissected and
processed to eosine/haematoxyline stained tissue-slices. From each of the testes the
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Table 1.

Biometry of common shrews from the
polder (reference site) and the
riverbank (contaminated site). Shown
are the averages and the standard
deviation (avg =+ std) for organweights
and relative weights (% of
bodyweight), the number of
individuals (n) and the p value for
observed differences between the two
groups based on the student t-test.

number of roond spermatides and the number of spermazoons in the lumen were
counted and the diameter of the tubuli seminifercus was measured in ten randomly
selected tubuli from each of three randomly selected tissue-slices.

In cight randomly selected tissue-slices from each of the ovaries the total surface, the
surface of follicles, corpora luteum and interstitivm were analyzed using the computer
program AUTQCAD 13, In addition, the numbers of primordial follicles, growing
follicles, atretic follicles and corpora luteum in the ovaries were determined. The
growing follicles were divided among three classes depending the stage of development
adapted from”. Stage 1 was defined as small follicles with a single layer of granulosa
cells (<60 cells; Pedersen stage I- 3b) stage 2 comprised medium follicles with more
than one layer of granulosa cells and no antrum {61-400 cells; Pedersen stage 4-Sb)
stage 3 comprised large follicles with antrum (>400 cells; Pedersen stage 6-8). In
addition the number of atretic follicles in each of the three stages was determined.
According to Plowchalk and Mattison®, a follicle was defined atretic when grannlosa
cells were falling apart, the zona pellucida was disrupted, cellular fragments were
present in the antrum, or when pycnotic nuclei were present in the startum granulosum
or theca.

Results and Discussion

At the riverbanks (contaminated site) and in the polder (reference site) respectively 7 (3
males, 4 females) and 10 (5 males, 5 females) common shrews were trapped. Average
bodyweights and weights of internal organs were not significantly different between the
two sites. No differences between the sexes were observed, All the females captured in
both sites were pregnant. The number of embryos implanted in the uterus ranged from 7
to 10 but no significant difference between the sites was observed.

polder n riverbank n r
whole body{g) 12.4+1.8 I1 11.7+0.9 7 0.3
liver (mg) 708 97 10 67688 7 0.4
kidney(mg) 87+13 10 0514 7 0.3
testes (mg) 366 £43 5 395 i -
liver(%) 58+1.0 10 5.8+0.6 7 0.9
kidney(%) 0.7+0.1 10 0.8+0.1 7 0.07
testes (%) 2043 5 36 1 -

PCB concentrations (X PCD; 29 congeners) were significantly elevated in shrews
captured at the riverbanks, Average concentrations in adipose tissue were 2.6 + 0.8
pgfe; In the reference site concentrations were 0.5 + 0.2 pg/g on average. From the
heavy metals that were analyzed, only Cd was significantly increased in shrews from the
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riverhaiiks. Concentrations in kidneys were 35 4 14 and 11 2 7 pgfp respectively. The
othef metals were not significantly different between the two research sites,

EROD activity in the microsomal fractions of the livers was not significantly different
petween animals from the two sites. Reasons for not finding differences in EROD
activity may be related to responses 1o stress in the animal during the period of captivity
priot to the dissection or to heavy metals interfering with the responsible enzymes.

30
o0 [Tpolder
R riverbank Figure 1.
15 liffects on female common shrews
fromi the riverbank {contaminated siie)
10 -~ and the polder (reference site). Shown
are  effects on  the number of
5 - primordial {ollickes  (PIM),  follicles
e ’ from the various developrmental stages
0 ! h L (1, F2, ¥3), and atretic follicles from
pi AF1 AFEo various stages (AF1, AF2).

il
chorion

Fipure 2.
Detail of uteras with placenta and
chorion sac in common shrew from
siference site (Ieft), Notice the
gecroiic cells in the chorion as marked
by an arrow in the enkarged box
{right).

Regdrding the histopathology, the diameter of the twbuli seminiferous, the pumber of
round spermatides and the anmber of spermatozoons in the Jumen of the twbuli
seminiferons in males were not significanidy different between both sites. In females in
the Gvaries a general, bot not significant decrease in the numiber of growing follicles of
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all stages was observed in animals from the contaminated site compared to the
reference site. The numbers of primordial follicles were not affected (Fig.1). The ovary
surfaces were comparable between both sites.

In the placenta, extensive necroses was observed in two out of three females from the
contaminated site (see Fig. 2). No necroses was found in the reference animals.
Necroses in the placenta is a common feature in females after delivery. However, the
embryos as present in the uterus were not fully grown and the necrosis at this stage is
suggested to result in affected exchange capacities between the mother and the embryo,
or even may result in the abortion of the fetus. In the individuals with affected
placentas, the corpora luteum were suggested to be less active as shown by a reduced
size of individual cells and nuclei. Furthermore the number of corpora luteum, that is
equal to the number of implanted embryos in individuals from the reference group, was
found to be less in the individuals with affected placentas.

The combined results snggest that reproduction is affected in the highly exposed
common shrews. Further studies will focus on individual exposure-effect relationships
and on the endocrine pathways related to the functioning of the reproductive organs in
females, to reveal the role of contaminants as causative agents in the observed
reproductive malfunctioning of common shrews in the Biesbosch,
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Introduction

There is a growing concern about the consequences of contamination of the environment
with cestrogens and oestrogen-active compounds. Beside ‘man-made’ oestrogen sources
many plants contain natural oestrogen-active compounds called oestrogens. The main
known oestrogens are the isoflavones daidzein, genistein, formononetin and biochanin
A, They are mostly found in legumes which include many economically important
pastures and forage plants like peas, beans, clovers and soy. In these plants precursors of
and oestrogen itself play an important intermediate role in the resistance to pathogens
(phytoalexins)”, contribute as signalling agents involved in root nodule formation with
Rhizobium species™, stimulating mycorrhization” and defense against ‘herbivorous
mites®.

In the last two decades there has been a growing interest in these compounds due to
recent findings that they can act as protective agents against cancer, cardiovascular
diseases and, to some degree, osteoporosis™, However, oestrogens are also held
responsible for reproductive problems in sheep feeding on Trifolium subterraneum” as
well as the Californian quail ingesting leaves of desert annuals®. The metabolism of
oestrogens has been studied predominantly in sheep. Biochanin A is converted to
genistein, which is further metabolised to p-ethylphenol, an oestrogenic inactive
compound. Formononetin is converted to daidzein and subsequently to equot™'®, The
oestrogenic activity of equol is over 100 times less compared to estradiol, but the
amounts that are consumed are great resulting in a high concentration of a weak
oestrogen, which can have significant effects.

The wide distribution of plant oestrogens raises questions concerning the possible health
risks and benefits associated with their consumption. So far the occurrence of these
potentially harmful compounds in terms of concentrations and doses to which organisms
and ecosystems are exposed in the Netherlands and their fate in the environment are
unknown. An adequate method for identification and quantification of oestrogens has
been developed and several members of the Leguminosae species were tested for their
oestrogen content. The highest concentration was found in Trifolium pratense, therefore
future research will focus on this species. The aim of this study was o determine the
oestrogen concentration in different plant parts of Trifolium pratense (stem, leaf, flower
and roots) and to compare various Dutch ecotypes.
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Figure 1.

Concentration of formononetin and
biochanin A in various organs of
Trifolium pratense from location
Lelystad, Shown are mean values
{n=3) + SE.

Materials and Methods

Red clover (Trifolium pratense L.) plants were collected during summer 1997 from five
different locations in the Netherlands, The sites of collection were Elspeet, Akersloot,
Lelystad, Castricum and Qosterblokker. The plants were allowed to adjust to identical
soil and environmentai conditions for approximately 6 months in the greenhouse
illuminated with mercury high vapour lamps at a mean temperature of 2024 °C and a
mean relative air humidity of 70+10%. Consequently, any chemical differences found
are the result of other factors. The flowers, stems, leaves and roots of plants originated
from Lelystad as well as the leaves of each ecotype were collected, These samples were
ground with a pestle and mortar in 80% ethanol immediately after cutting. Flavone was
used as an internal standard. After addition of 2 M TFA the extracts were refluxed for 1
hour by 70 °C and neutralized with 5M NaOH. Thereafter they were filtered through a
costar 0.2 pm nylon filter and injected into the HPLC. All determinations were
performed in triplicate.

The isoflavanoids were determined by a HPL.C method modified after Franke et al.'",
The determinations of daidzein, genistein, formononetin and biochanin A were
performed with suitable standard compounds. In order to test the purity of the reference
material, the standards were dissolved separately first in 20 ul DMSO followed by the
addition of 80% ethanol. The purity of the standards was checked by injecting the stock
solution into the HPL.C. The solutions were then monitored at 254 nm and the purity
(percent) was calculated by dividing the peak area of the compounds by all peak areas in
the chromatogram. All compounds were > 95% pure and none were discarded.
Validation was performed by standard addition.

Results and Discussion

High levels of cestrogens were found in the leaves of Trifolium pratense collected from
the site at Lelystad (Fig, 1),

12 m {ormonoenelin
= blochanin A

Amount {(pmol/gFW)

0 -
Flower Leaf Stem Roots
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Formononetin and biochanin A were detected in both roots and leaf with significantly
higher quantities of total isoflavone content in the leaves,

Daidzein and genistein could not be detected in either organ, Biochanin A was the main
compound found in leaves as opposed to the roots where formononetin was the main
isoflavone present.

Since the leaves were the most commonly eaten part of the plant this is of importance
for the toxicological impact on herbivores. The oestrogenicity of pastures for grazing
sheep is thought to be related to the level of formononetin'®. However, biochanin A and
genistein, when administered parenterally to sheep, showed greater potency than
formononetin®.

The differences in metabolism of the isoflavones in the digestive tract is responsible for
this inconsistency since biochanin A is metabolised into the inactive p-ethylphenol and
formononetin into equol which exhibits weak oestrogenic activity.

Leaves of red clover plants grown under identical conditions contain high quantities of
formononetin and biochanin A (Fig. 2).

formonaonetin
biochanin A

10 }

Amount (pmol/gFW)

Location

However, the various ecotypes differ in total isoflavone content and the distribution of
both compounds. Three strains had a similar isoflavone pattern of low biochanin A
contents and high formononetin, but only one strain showed a reverse paitern. The
present results support the conclusions of Francis et alY who found substantial
differences in isoflavone content between Trifolium subterraneum varieties but show
more interstrain differences than found in 7. pratense in Poland'®.,
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Figure 2.

Concentration of formononetin and
biochanin A in leaves of Trifolium
pratense collected from sites in; 1.
Akersloot, 2. Castricum, 3. Elspeet, 4,
Qosterblokker, 5. Lelystad, Mean
values (n=3) = SE.




From a phytochemical point of view it can be concluded that great qualitative and
quantitative variation can be determined in different plant organs of red clover and
between different Dutch ecotypes.

Future experiments will focus on oestrogen concentration during development of these
ecotypes as well as the effect of several biotic and abiotic factors.
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Introduction

The issue of endocrine disruption has prompted the question whether the existing
guidelines for testing of reproductive toxicity have been adequate to detect compounds
with endocrine activity. It has been speculated that additional parameters such as
parental sex hormone levels and detailed histological analysis of reproductive organs
could be necessary to detect reproductive cffects of compounds that would not affect
established end points of reproductive toxicity. The OBCD 421 guideline provides a
rapid screening test for reproductive toxicity. We have tested six known or alleged
endocrine disruptors at one high dosage vsing this protocol to determine whether the test
is able to detect reproductive toxic properties of these compounds. In addition to the
protocol, reproductive organs of parents and offspring were analyzed histologically.

compound application oestrogen  receptor dose  (mg'kg
affinity bw.day)

ethynyloestradiol contraceptive 1 0.1

coumoestrol phyto-oestrogen 0.01 10*
4-tert-octylpheno} detergent 0.001 100

bisphenol A plastics 0.002 1000
vinclozolin fungicide anti-androgen 100

BBP plasticizer anti-androgen 1000

* dosed for 10 days premating only.

Methods

SPF-derived nulliparouws WU rats of 10-11 weeks of age were randomized into the
various treatment groups, housed individvally and offered standard feed and tap water
ad libitum, After 2 weeks acclimatization animals were dosed daily (Table 1). The
OECDA21 protocol was used, Briefly, after dosing both sexes by gavage for 14 days
males and females were paired (1;1) and allowed to mate for a maximum of 14 days,
whilst dosing was continued. If daily vaginal sperm detection showed evidence of
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Table 1. |
Compound characteristics angd
dosages used in the OECD 42
reproductive toxicity screening test, |




Table 2.

Effects of exposure to hormonally

active
animals.

compounds

in

maternal

mating, animals were separated. Males were dosed further and killed and necropsied
after a total dosing period of 28 days. Sex organs were removed, weighed and analyzed
histologically. Dosing of females was continued until postpartum day 6, and then
females were killed and necropsied. Uteri and ovaria were removed and weighed,
corpora lutea and implantation sites counted, and uteri were analyzed histologically.
Pups were counted, sexed, weighed and examined for external malformations on day 1
and 6 after birth. Body weights were recorded weekly and food consumption was
recorded weekly with the exception of the mating period, In addition to the OECD421
protocol, pup anogenital distance was measured and pup sex organs were analyzed
histologically.

OIl. EES COU OCT BIS VIN BBP

number mated 4 4 4 4 4 4 4
number pregnant 4 0 3 2 3 3 3
day O (birth)

bw gain 140 - - 92 58 134 89
live pups/dam 130 - 129 10,0 113 123 30
day 6

corpora lutea/dam 148 - 233 185 190 160 217
implants/dam 135 - 140 115 95 140 113
live pups/dam 133 - 127 100 105 120 1.0
uterine histopathology 0 4 1 1 1 2 3

Results and Discussion

At the dosages used, all compounds showed one or several classic reproductive toxic
effects (Tables 2-4). Ethynyloestradiol-treated animals failed to become pregnant,
Coumoestrol caused an increase in corpora lutea but no increase in implantation sites
which is indicative of premature luteinization. The same effect was observed for 4-tert-
octylphenol, bisphenol A, and BBP. In addition, BBP caused a decreased pup number
and lower pup weights and lower anogenital distance. Vinclozolin ¢caused feminization
of pups, reflected in lower anogenital distance at birth and lower pup weights, Thus,
reproductive effects of each of a very diverse set of endocrine and reproductive
toxicants could be detected with classical parameters. Also additional parameters
showed effects. Uteri of ethynyloestradiol-exposed dams showed hyperplastic
basophylic columnar epithelivm with evidence of increased mitosis, apoptosis and
metaplastic areas. The underlying stroma was collagen-rich and often invaded by
polymorphnuclear granulocytes. Other compounds showed minimal to moderate
changes, predominantly in the uterine epithelium. Testicular effects included regressive
changes after ethynyloestradiol-exposure, increase in interstitial cell volume in the
vinclozolin-treated group, and degenerative changes after BBP-treatment.
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OIL EES COU OCT BIS VIN BBP
day 1
number 52 - 38 20 21 37 3
bw 7.3 - 7.5 7.4 71 6.3 58
sex ratio (ffm) 096 - 1.24 067 1.63 360 5.80
day 6
sex ratio (f/m) 096 - 090 0.67 200 0.80 200
bw 13.7 - 136 142 125 115 110
anogenital distance (f)(mm) 3.1 - 29 2.7 2.9 2.9 36
anogenital distance (m)(mm) 6.3 - 5.8 6.1 5.8 38 3.1
uterus wt {mg){(n} 16(6) - 13(8) 18(5) 20(6) 12(9) 13(2)
testis wt (mg){n) 519 - 46(9) 58(7) 52(6) 33(8) 15(1)

Ethynyloestradiol and BBP caused reductions in testicular weight of sires. Bisphenol A,
4-tert-octylphenol, and coumoestrol did not affect the testis at the histological level. Sex
organs of pups did not show histologic effects. In summary, these results illustrate the
ability of classical parameters assessed in reproductive toxicity testing to detect effects
of a variety of compounds with endocrine activity. The dosages used in this study
exceed any likely human exposure by several orders of magnitude. Human risk
assessment for endocrine acting compounds should take into account their complete in
vivo toxicity profile in addition to human exposure estimates.

Ol EES COU OQCT BIS VIN BBP
number 4 4 4 4 4 4 4
bw gain 62 -41 - 3 8 45 54
testis wt {g) 543 178 525 522 505 501 447
testicular histopathology 0 4 0 0 0 i 2
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active compounds in the offspring of
exposed maternal animals.
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Effects of expasure to hormonally
active compourids in paterial animals.




In vitro vitellogenin production by carp hepatocytes as a
tool for determining the (anti-) oestrogenic activity of
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Jean M. W. Smeets”, Hans Komen", John P. Giesy®, Martin van den Berg®
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The Yolk-protein vitellogenin (Vtg) is excreted by the liver of female, as ell as male
fish, in response to 17p-cestradiol or other cestrogenic compounds. Elevated levels of
Vig have been observed in the field, in male fish exposed to sewage effluents. An in
vitro system was developed, using isolated hepacotytes from a genetically identical
strain of carp (Cyprinus carplo), in which Vtg-production could be measured after four
days exposure to oestrogenic compunds. Vitg was measured by means of a competitive
ELISA, using a polyclonal anti-goldfish-vitellogenin antibody that also reacts
specifically with carp-vitellogenin. Relative cestrogenic potencies of the environmental
pollutants methoxychlor, ap-DDT, Bisphenol-A, 4-t-pentylphenol and chlodecone, were
1*10E-3 to 1*10E-4 when compared to 17f-oestradiol, Dieldrin, b-endosulfan, op-DDE
and toxaphene (technical mixture) did not cause vitellogenesis at the concentrations
tested, The synthetic oestrogen DES had a relative potency of 0.5. Anti-oestrogenicity
was tested by determining the reduction in Vig after co-exposure to 17p -oestradiol and
xenaobiotics. The Ah-receptor agonist 2,3,7,8-TCDD was shown to be more than 10.000-
fold more potent as an anti-oestrogen than the model anti-oestrogen Tamoxifen, A
number of AH-receptor agonists from different compound-classes was tested and a
correlation was observed between Ah-receptor agonism, measured as CYP1A induction,
and anti-oestrogenicity.
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Poisoning the future
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Introduction

Substantial evidence now exists that a wide range of synthetic chemicals are capable of
interacting with hormone binding and activity on a fundamental level. A number of
studies have demonstrated effects on reproduction and development in wildlife
populations resulting from exposure to specific chemical agents, mediated through
disruption of the endocrine system. The work of Guillette and colleagues™ on alligator
populations in Florida lakes is perhaps the best known, but by no means the only,
cxample3‘4'5’.

The wealth of evidence from animal studies, both in the field and in the laboratory,
coupled with an understanding of the endocrine system and its conservation through
evolution, suggests that exposure to endocrine-disrupting chemicals could result in
widespread impacts on human populations. Trends identified in human health and
development, particularly increases in some reproductive disorders and cancers in both
men®” and women®”, could be mediated through effects on the endocrine system. At
the same time, several epidemiological studies undertaken within the general population
have revealed correlations between chemical exposure in the womb and subtle effects on

cognitive and neurological development in children'®.

Further research is essential...

...if we are to elucidate mechanisms, screen further chemicals and monitor trends in
human and wildlife health. There is an urgent need to extend current research to
embrace more fully mechanisms other than oestrogenicity and effects other than on
reproductive health, Impacts on the thyroid, hypothalamus and pituitary, for example,
have been much less well addressed. Interference of pheromone communication may
also need to be taken into consideration'”, Similarly, much of the existing and ongoing
research relates to a very limited range of compounds. A recent survey of endocrine
disruptor research in the US carried out by the White House Committee on Environment
and Natural Resources noted that 71% of current prejects still focused on PCBs, dioxins
or DDT and metabolites’?. This survey also identified the lack of focus on interactions
within complex mixtures of chemicals and the need for multidisciplinary research.
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Nevertheless, research in itself is not sufficient

As the potential impacts are so widespread, a policy of "wait and see" is clearly
untenable. If legislation is to serve the role of protecting the public, precautionary action
must be taken now to address those chemicals which are already known or suspected to
be endocrine disrupters. Furthermore, before new chemicals are released on to the
market they must be subjected to extensive screening for potential to interact with
endocrine function.

Limitations to risk assessment

Risk assessment depends on the availability of reliable data for both chemical hazard

and exposure. In practice, uncertainties are generally high, even for relatively simple

hazards'., Endocrine distuption presents a number of fundamental problems for

substance-by-substance chemical assessment:

+ Departure from classic dose-response relationships which form the basis of hazard
assessment and the calculation of safety factors;

¢ Many hazard assessment end-points are insensitive to effects at population or
ecosystem level;

o Impacts on performance or behaviour of individuals may also go undetected.
Animals may remain fertile despite other sublethal effects;
Timing, duration and frequency of dose may all influence effect;

+ Interactions with other chemicals present may modify effect, with both additive and
synergistic interactions described?;

s To date, few chemicals have been subject to any screening for endocrine-disrupting
ability. For those which have, the range of effects studied is extremely limited;

o Complex relationships between structure and endocrine-disrupting activity may Limit
the application of QSARs;

¢ Uncertainties are high in assessments of exposure to endocrine-disrupting chemicals,
especially as many may simply not have been identified.

Risk assessment cannot, therefore, provide adequate protection of wildlife and human
health from the threat of endocrine disruption.

In the meantime, exposure continues:

Exposure to endocrine disrupters is a global problem which requires global action. The
Health Council of the Netherlands has recognised that "the entire population is exposed
to substances of this kind..."". Exposure to chemicals banned in many countries
continues as a result of their persistence, generation as by-products of other processes
and continued use in some countries. The use of DDT as a malarial control agent in Asia
and Africa is one example. For many known endocrine disrupters, especially persistent
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organochlorines, highest body burdens occur in remote communities of the Arctic'®.
The final assessment of the Arctic Monitoring and Assessment Programme (AMAP)
recognised that:

"The long term reduction of exposure to persistent organic pollutants can only
be accomplished through international conventions on bans and restrictions in
production and use of these substances™®,

Other known or suspected endocrine disrupters are still in widespread use;

e pesticides, including atrazine, endosulfan®, diazinon and vinclozolin;

+ industrial products, including alkylphenols and their ethoxylates”;

¢ additives in a wide range of consumer products, including some chlorinated cresols
used as preservatives in cosmetics and pesticides and brominated bisphenol-A, used
as a flame retardant in plastics.

Some phthalate plasticizers (DBP, BBP) used as softeners in PVC, possess, among other
hazards, weak oestrogenic activity'”. Although less well studied, other phthalates,
including the widely used DINP, do appear to show some ability to interact with the
oestrogen receptor in human breast cancer cell lines. Figure 1 shows the frequency
distribution of phthalates and other chemicals in 63 PVC children's toys analysed by
Greenpeace'®. Given the hazards associated with these chemicals, of which the potential
for endocrine disruption is but one, the high concentrations in which they are employed
(typically 10-40% of weight of toy for DINP) and their ability to leach during use, the
continued use of soft PVC for high contact toys designed for young children presents
unacceptable and avoidable risks.

DnBP (11%)

DEP (2%) DIBP (2%)

BEP {10%)
DnOP (3%)

athar compounds
{78%)

DENP (48%)

DIOP (10%)

DN (3%)

DR (5%)

DINP (67%)
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Figure 1,

Frequency distribution for phthalates’
and other compounds in PYC toys. %
indicates proportion of all PVC toys
in which compound was found. DEP,
diethyl phthalate; DnBP, di-n-butyl
phthalate; DiBP, diisobutyl phthalate;
BBP, butylbenzyl phthalate; DnOP, .
di-n-octyl phthalate; DEHP, di-2-
ethylhexyl phthatate; DiOP, diisooctyl
phthalate; DnNP, di-n-nonyl
phthalate; DINP, diisonony] phthalate;
DiDP, diisodecyl phthalate,




The need for a Precautionary Approach

A precautionary approach must be adopted in legislation on endocrine disrupters,
Reproducible evidence that a chemical or group is able to bind to hormone receptors or
influence chemical communication in other ways should be sufficient for that chemical
to be targeted for substitution. Continued widespread exposure of humans and wildlife
to bulk chemicals with known endocrine activity must be seen as undesirable and
unacceptable, whether or not adverse impacts on whole organisms or populations have
been demonstrated to date. Chemicals which have not been properly screened should be
assumed to present a potential for endocrine disruption if other members of the same
chemical group have demonstrable endocrine activity, in line with the Danish proposal
for non-assessed chemicals within the EU?Y,

Thar exposure to synthetic endocrine disrupters can lead to adverse effects within
wildlife populations is no longer in question. The potential for widespread impacts on
human populations is also widely recognised. Some observed trends in human health
(e.g. increases in some reproductive disorders and cancers) could be mediated through
effects on the endocrine system. Other studies have revealed correlation between
chemical exposure in the womb or during breastfeeding and subtle effects on child
development. This paper stresses that, while further research is essential to our
understanding, this alone is insufficient to ensure protection of human health.
Precautionary action must be taken now to address those endocrine disrupters already
identified, Further, it is argued that reproducible evidence that a chemical binds to
hormone receptors or influences hormone activity should be sufficient for that chemical
to be targeted for substitution. Continued exposure to synthetic chemicals with known
endocrine activity must be seen as undesirable, whether or not adverse impacts on
whaole arganisms or populations have been documented. The current accepted definition
of an endocrine disrupter within the EU, which requires demonstration of effects
secondary to impacts on the endocrine system, should therefore be revisited. Limitations
Jor risk assessment of endocrine disrupters are noted, with reference to poor data
spread and availability, complexity of dose-response curves and lack of clear
relationships between chemical structure and endocrine activity. The potential for
widespread human exposure resulting from continued use of known or suspected
endocrine disrupters in agricultural, industrial and consumer products is noted,
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Reproductive effects of octylphenol and ethynyloestradiol
on the zebrafish Danio rerio
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Introduction

There is a growing concern about the wide range of man-made chemicals present in the
aquatic environment which are capable of disrupting the endocrine system of both
humans and wildlife. Notable among this wide range of chemicals are those defined as
oestrogenic compounds, which have the capability to mimic the actions of the natural
ligand 17P-oestradiol. These are likely to cause feminizing effects and affecting the
reproductive capacity of the species exposed. Several studies already demonstrated that
an exposure to such pseudo-oestrogens can result in alterations of the normal
reproductive physiology of fish such as an induction of vitellogenin in male and female
fish*&7 1139 - Alerations in sex steroid levels*®, inhibition of testicular growth”
feminization of male gonads® etc.... Until now, the ecological impact of these
physiological alterations observed in fish after exposure to pseudo-oestrogens or
synthetic oestrogens remains uncertain but in view of their important role in the normal
reproduction, adverse effect on the repreductive fitness of exposed fish are likely to
occur'®, Therefore there is an urgent need to develop short-term bioassays for the
reproductive toxicity of these compounds as a tool to predict long term population
effects”, In this study we evaluated the reproductive toxicity to the zebrafish Danio
rerio of two contaminants of the aquatic environment with know oestrogenic activity:
the alkylphenol 4t-octylphenol and the synthetic oestrogen ethynyloestradiol.
Alkylphenols are products of the microbial breakdown during sewage treatment of a
group of industrial surfactants, the alkylphenolpolyethoxylates, while the synthetic
oestrogen ethynyloestradiol is used in oral contraceptives®!®,

Materials and methods

The zebrafish Danio rerio has been chosen as test organism, because the reproductive
cycle of this species is known in detail and the fish can be cultured under laboratory
conditions. An other advantage of working with the zebrafish is their capability to spawn
on a daily basis. Zebrafish are photosensitive in their breeding and adult females will
spawn daily, shortly after dawn. Adult fish were kept on dechlorinated tap water at 27-
28 °C and were fed a combination of commercial available dry food (Tetramin) and live
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brine shrimp nauplia Artemia salina. Both males and females, were exposed either to the
octylphenol (OP: 50 pgft ) (Aldrich ), to the synthetic oestrogen ethynyloestradiol (EE2:
20 ng/l) (Sigma) or dechlorinated tap water (=control). For the exposure a semi-static
system was used (80% water renewal each 24 hours) in order to maintain the
concentrations a close a possible to the nominal concentrations. After a 3 week exposure
period, breeding groups (6 males, 4 females) were formed and exposed in control water.
The egg-production was evaluated by counting the number of eggs laid by 1 breeding
group. After collection, groups (n=2-4} of 20 viable eggs of both control and treated
parents were incubated at 28 °C to 100 pg/l octylphenol or 20 ng/fl ethynyloestradiol, in
comparison with control water. The embryo’s and larvae were exposed in plastic
petridishes under semi-static conditions with 80% water renewal every 24 hours. After
24 hours fertilisation rate was assessed by checking the eggs incubated in control water
for embryo-development, Dead eggs were removed and hatching of eggs and survival of
larvae were evaluated as a function of time. After 7 days of exposure, larvae were
checked for morphological deformations such as cedema, spinal deformation, lack of
swimbladder inflation,... . Male adult fish were killed after breeding and the somatic
index of the testis was determined, while gonads of female fish were only
macroscopically evaluated.

Results

In Figure la and 1b the results of the egg-production and fertilisation are shown.
Significant (=0.05) reduction in egg-number and absence of egg-production was
observed on day 1 for respectively the OP and EE2 treated group compared to control
breeding group. For the OP treated males, fertilisation was significantly lower (0=0.05)
on day 1, compared to control males, Further daily observations of the egg-production
for one week after the exposure showed egg numbers between 0 and 300 eggs/day for
the OP group and ne eggs on any of 7 days observations for EE2 exposed group.
Morphological observations of the gonads demonstrated regression of ovaries in EE2
treated females. Due to the absence of egg-production no data on the effect of EE2 on
male fertilisation capacity could be obtained. As is shown in Figure lc, the gonadal
somatical index was lower for both octylphenol and ethynyloestradiol treated males
compared to control males, being significant {¢=0.,05) only for the ethynyloestradiol
treated males, In Figure 2, the hatching of the embryo’s is expressed as percentage
hatched embryo’s in function of time, Except for a slight delay of hatching of OP
exposed embryo’s from control parents, no effects on total hatching % were observed
after 5 days of exposure. For both the larvae from control and OP treated parents the
occurrence of the selected morphological abnormalities was less than 10 % after a 7 day
exposure to 0, 100 ug/l OP or 20 ng/l EE2.
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Discussion

Most attention has yet been focussed to mate fish, particularly with regard to effects of
environmental oestrogens on development of testis, sperm quality, vitellogenin induction
etc...*>12 In this study however, we exposed both females and males in order to assess
the potential impact of environmental oestrogens on both sexes. The results from this
preliminary study showed a decrease in egg number and absence of egg-production
following a 3-week exposure to respectively 50 pg/l octylphenol or 20 ng/l
ethynyloestradiol. The absence of egg-production can be probably attributed to the
observed regression of the ovaries of EE2 treated females. Analogue effects of
waterborne 17P-oestradiol on egg-production have been reported by Kramer® in 19 days
exposed fathead minnows Pimephales promelas with an EC50 for the inhibition of egg-
production of 120 ng/l,
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Histopathological examination of the ovaries of the fathead minnows exposed to
concentrations greater than 100 ng/l 17R-oestradiol suggested a reduction in the number
of mature follicles and a relative increase in the number of primary, pre-vitellogenic
follicles and some cases of atresia”, Despite the clear difference in effect concentration
(20 ng/l EE2 versus 100 ng/l 17f-oestradiol) these observations on the inhibition of egg-
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production are in agreement with ours. The difference in effect concentration can
possibly be due to species-sensitivity and/or a difference in potency between these two
compounds. The decrease in egg-number of the 50 pg/l OP treated female zebrafish on
the other hand was not accompanied with a macroscopically observable regression of the
ovaries. In a recent study on the effects of different alkylphenolpolyethoxylates on the
ovosomatic index (OSI) in juvenile female rainbow trout Oncorhynchus mykiss exposed
from hatch to day 35 were evaluated on day 466. It was concluded that exposure to 30
pg/l nonylphenol increased the OSI while 1 and 10 pg/l nonylphenol mono-carboxylic
acid treatment caused a significant reduction of the OSI and no effects on OS] were
found after a treatment with 1, 10 or 30 pgd OPY. Species differences, mechanistic
effects and potency of several compounds should be further studied.

A decrease in the somatical index of the testis was observed for the octylphenol and
ethynyloestradiol treated zebrafish only being significant in the latter., The observed
decrease in testis size (Fig. 1c) is similar to observations in a number of studies,
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Inhibitory effects on the testicular growth have been observed in rainbow trout
Oncorhynchus mykiss after a 3 week exposure to waterborne ethynyloestradiol (2 ng/l)
or octylphenol (30 pg/M™. In male fathead minnows Pimephales promelas, exposure for
21 days to 17-B oestradiol (320 ng/l) and oestrone (318 ng/l) caused a significant
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decrease of the gondadosomatic index'”. A reduction of the fertilisation capacity is
likely to occur as a result of such adverse effects on testis size, but little or no evidence
of such effects on male reproductive perfarmance could yet be found in literature.

A great number of studies already demonstrated that early-life stages are sensitive to
xenobiotics and that processes as embryo-development, % hatching, hatching time and
survival of larvae are potential targets™, However in this study effects of octylphenol
and ethynyloestradiol on the hatching of embryo’s and survival of larvae appeared to be
of minor significance compared to effects on the breeding pairs.

Although the results obtained in this study need to be confirmed, they demonstrate that
both OP and EE2 can alter the normal reproduction of both male and female the
zebrafish. Dose-response studies with octylphenol and ethynyloestradiol to determine
critical levels for adverse effects on egg-production and fertilisation in zebrafish are in
progress.
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Tntroduction

Biomarkers are a suitable tool to assess the exposure of organisms to environmental
contaminants”. For exposure to halogenated aromatic compounds alkoxyresofurine-O-
dealkylase (AROD) measurements have been developed and validated®. A major
drawback of these types of biomarkers however, is the fact that they can only be
employed ex vive because enzymatic activity can only be measured in freshly obtained
liver material. Pysp iso-enzymes that support AROD-activity can also metabolise a
specific set of PCB, Therefore induced AROD activity will result in increased
metabolism of these specific PCBs and alter PCB-patterns in tissues. Based on this it is
hypothesised that a detailed analysis of PCB patterns in organisms exposed to
environmental organochlorines may be used as a biomarker for this exposure”, In the
current paper we will apply this method to data on pine marten (Martes martes) and
white-tooted shrew (Crocidura russula) and uvse this for a risk-assessment on available
data on a freshwater predator, the otter (Lutra lutra), and a freshwater herbivore, the
beaver (Castor fiber).

Materials and Methods

Animals

For the current study data on PCBs in pine marten, white-tooted shrew, beaver and otter
were available. Pine martens were found in the Veluwe region in the Netherlands,
mostly as victims of road accidents. 21 Specimens were brought into the laboratory of
the IBN-DLO and dissected. Samples of subcutaneous fat were collected and stored at —
20 °C for further PCB analysis. White toothed shrews were collected in 1993 in the
Geldersche Poort, a riverine area in the eastern part of the Netherlands. Of 5 specimens
the liver was obtained and stored at -20 °C prior to chemical analysis, Beaver samples
were gained from specimens found dead in a freshwater tidal area in estuary of the rivers
Rhine and Meuse called the Biesbosch. Beavers were collected between 1989 and 1991
and died as a result of an unknown disease™. Of 14 specimens subcutaneous fat was
collected for PCB analysis. From otters of the eastern part of Germany livers were
sampled, 42 Specimens were found dead, mostly due to car accidents.
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PCB-analysis

All samples have been analysed at the IBN-DLO using similar methods. Subcutaneous
samples were extracted in hexane under reflux for 6 to 8 hours, Liver samples were
mixed with sodium sulphate and extracted using a soxhlet set up. The extracts were
treated with sulphuric acid in water (1:1 v/v) and further clean up was performed by
column chromatography over aluminium-oxide and silica. The resulting purified extracts
were analysed for PCBs by capillary gas-chromatography. Individual congeners were
detected by ECD-detection using a “Ni detector. The following congeners were analysed
(IUPAC numbers according to Ballschmitter®): 31, 28, 52, 61, 66, 95, 101/90, 151,
107/108, 149, 118, 146, 118, 146, 153, 132, 105, 141, 179, 138, 182, 183, 128, 174,
177, 180, 170, 196, 194 and 206. For further details see Van den Brink”, =-PCB is
defined as the sum of all individual PCB-congeners, Quality of the analyses was assured
by participation with satisfying resuits in an inter-laboratory study of ICES®,

Statistics

Prior to statistical analysis the concentrations of Z-PCB were transformed into their
natural logarithm. Data concerning relative concentrations to PCBs; were not
transformed. 7-tests were used to analyse differences between groups (9), PP 226-229)
with a level of significance set at p < 0,03, Sigmoide dose-response curves were fitted to
the data using the program Genstat™ 5.3'% by maximum likelihood,

Results and discussion

2-PCB

In Table I the geometric means of Z-PCB and the ranges are given for the four species.
PCB concentrations decreased tn the order ottersw.t.shrew<pine marten<beaver. The
fact that the w.t.shrew exhibits such high concentrations may be due to the region in
which they were caught e.g. the floodplains of the river Waal. It is known that
floodplains which inundate regularly are more polluted than others'”. Pine martens
predate, among other items, on shrews, and one would expect higher concentrations in
this predator compared to its prey. The apparent absence of this biomagnification in our
data is likely to be related to the area of origin of the two species, as discussed before.
Otters are freshwater organisms, predating mainly on fish, It is known in general that
predators on fish exhibit quite elevated levels of PCBs (e.g. harbour seals (Phoca
vitulina)). This appears also to be the case for otters, The beavers in our study show the
lowest Z-PCB concentrations, This may be related to the fact that this species is
herbivorous'? and occupies a place at a low trophic level, Hence, no biomagnification
has taken place in the foodchain leading towards the beaver.

Metabolic fraction

The fraction metabolisable PCB-congeners (further referred to as metabolic fraction)
consists of congeners that have been identified as being metabolisable in seals”. In
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Table 1.

Concentrations of Z-PCB and the
metabolic fraction in samples from
pine marten, w.t.shrew, beaver and
otier.

Table 1 the average metabolic fraction is reported for all four species. The beaver has
the highest metabolic fraction, which is comparable to the w.t.shrew, The pine marten
exhibits significantly lower levels of metabolisable congeners as the beaver and
w.t.shrew. Lowest levels were found in the otter.

Z.PCB Metabolic fraction
Geomean Range Average Stdev, Group
pg/g fat pglg fat % %
Pine marten 4.7 0.8-59.8 10 7 B
W.t.shrew 14.5 10.5-20.9 34 7 C
Beaver 0.7 0.2-3.0 47 19 C
Otter 13.0 2.0-427 5 3 A

The w.t.shrew is considered to be a prey item of the pine marten and as such its PCB
pattern is used as an indication of the pattern ingested by the marten, and also the pattern
that this species will show by absence of metabolic activity. Therefore the PCB pattern
of the w.t.shrew is used to reflect the pattern in the marten at the hypothetical X-PCB
near 0, when Pyg iso-enzyme activity is not induced, and metabolism of PCRBs is absent.

In Figure la the relation between the metabolic fraction and X-PCB is plotted for the
pine marten and w.t.shrew. It is clear that the relation between metabolic fraction and Z-
PCB is dose related, and can be modelled by a sigmoide curve, The vuse of the w.t.shrew
as a reference for the input situation for the pine marten may be disputable. Firstly, the
pine marten has a wider range of prey items, most of which are not predators themselves
like the w.t.shrew is, From this point of view it may be likely that the relative amount of
metabolisable PCB-congeners in the w.t.shrew is underestimating the actual input in the
pine marten. Secondly, the w.t.shrew and the pine marten used in this study originate
from different areas. The w.t.shrew is relatively more exposed to Z-PCB than the pine
marten (Table 1) and therefore the shrews eaten by the pine marten. Hence the activity
of the metabolic enzymes of the w.t.shrew of this study may be relatively more induced
than the activity of the shrews actually eaten by the pine marten at the Veluwe. This may
also underestimate the actual input of the relative concentrations of metabolisable
congeners ingested by the pine marten from the Veluwe, Nevertheless, if the metabolic
fractions of the w.t.shrews of this stndy are raised by 5% in order to overcome this
underestimation, the parameters of the regressed sigmoide curve are not significantly
different from the original. So, although the data available for the current study on pine
marten and prey are not ideal, they still appear to be suitable for use in the current study,

Using the sigmoide curve an ECsq can be calculated. This is the Z-PCB cancentration at
which 50% of the metabolic response occurs. For the pine marten this ECsp is 1.6 pg/g
fat (1.2 to 2.2 pg/g fat is the 95% confidence interval). 64% of all pine martens show Z-
PCB levels above the upper limit of the 95% confidence interval. This indicates that the
metabolic activity is actually decreasing the metabolisable fraction in pine marten.
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In Figure 1b data on the beaver and the otter are compared to the sigmoide curve of the
pine marten from Figure 1a. Previously it had been discussed that the otter exhibits high
Z-PCB levels, and this is also clear in Figure 1b. Most data points of the otter are within
the 95% confidence interval of the curve calculated based on pine marten data. This
suggests that otter and marten are comparably sensitive to exposure to PCBs. The
metabolisable fraction of PCB-congeners in the ofter is on average significantly lower
than in the pine marten, indicating that the enzymatic activity in the ofter is in general
higher,

The beaver data show a large scatter. In general the Z-PCB concentrations are low
(Table 1), but the metabolic fraction varies. Most data points are situated above the so
called ‘marten-line’, indicating a low metabolic capacity, or a higher input of metabolic
fraction and similar metabolic capacity. Both phenomena may be of importance.
Interspecific differences in the activity of cytochrome Pysp iso-enzyme activity may be
significant, but the beaver, being a herbivore, may also be exposed to a pattern of PCB-
congeners with relatively high concentrations of metabolisable congeners, There is one
outlying data point situated well below the 95% confidence interval of the ‘marten-line’.
This sample indicates a higher enzymatic activity in the specimen than explained by its
Z-PCB concentration. [t may be so that other compounds than PCBs induce the Pys
enzyme activity, hence a further chemical screening if this sample may be recommended.

Conclusions
Based on the presented data it can be concluded that pine marten has suificient
metabolic capacity in order to decrease the fraction metabolisable PCB-congeners of its

body burden. This decrease is dose-dependent to the exposure to enzyme inducing
compounds, and hence may be used as a biomarker for the exposure to these
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compounds, In order to define critical levels it is still needed to relate the metabolism of
PCBs to other physiological processes. Nevertheless, it appears that the ofters vsed in
this study exhibit PCB metabolism to such a degree that they may be affected by the
induction of the metabolising P4so iso-enzymes. In contrast, beavers, in general show
PCB patterns that indicate relatively low degree of PCB metabolism. Hence toxic effects
of exposure are not likely. One outlying sample however indicates a high degree of
metabolism in one beaver specimen, which cannot be related to X-PCB. A further
chemical screening of this sample is suggested.
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Iniroduction

In recent years, there has been increasing concern on the possible adverse effects of
endocrine-disrupting compounds present in the environment. Numerous authors have
advocated the possible interference of xenobiotics with the endocrine metabolism of
wildiife and humans, possibly leading to decreased fertility and increased sexual
dysfunction". Studies with fish, birds, alligators and mammalian species have illustrated
the adverse effects of xenobiotics on the endocrine metabolism**¥ and at present,
concern is growing regarding the potential interference of these endocrine-disrupting
compounds with the reproductive health of humans®. Based on the resulis of several in
vitro tests, a wide range of chemicals is suspected to act as steroid-mimicking agents,
ranging from natural products (e.g. genistein and coumestrol) to xenobiotics such as
insectides, PCBs, certain alkylphenols and phtalates®”. Although most of the available
results were generated by exposing individual organisms to chemicals, under realistic
environmental conditions, organisms are exposed to a mixture of compounds. At
present, however, little precise information is available on the combinatory effects of
these chemicals. Moreover, as these endocrine-disrupting compounds are widespread
through the environment it is necessary to monitor their presence in the various
environmental compartments and to investigate whether steroid-like effects can be
detected at relevant environmental concentrations. In the present study, a survey of
freshwater sediments in Flanders (Belgium) was conducted using a yeast assay
containing the human oestrogen receptor”. In order to identify the responsible agents,
the observed oestrogenic responses were compared with the results of chemical analysis.
Uni- and multivariate analysis was applied to reveal the most important components
contributing to the overall oestrogen-like responses.

Material and methods
Twenty gram of sediment was soxhlet-extracted in a hexane/acetone (30/50) mixture for
24 h. After exiract-drying, the solvents were evaporated in a rotavapor and the residue

was re-dissolved in ethanol. Serial dilutions of the sediment extracts were tested with the
yeast assay as described by Routledge and Sumpter”. Additionally, the total sediments
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Figure 1.

Visualisation of the 17B-oestradiol-
equivalents (nM/kg sediment) of the
different freshwater sediments
collected from various locations in
Flanders. Numbers indicate the
sample code,

were analysed for the following compounds®: a-, B- and x-hexachlorocyclohexane;
hexachlorobenzene; heptachlorine; heptachloro-epoxide; o,p- and p,p- congeners of
DDE, bDD, DDT; aldrin, dieldrin, endrin, endosulfan, PCB28, 52, 101, 118, 138, 153
and 180; naftalene, acenaftylene, fluorene, fenantrene, anctracene, fluoranthene, pyrene,
benzoanthracene, chrysene, benzo(b)fluoranthene, benzo(k)luoranthene,
benzo(a)pyrene, dibenzoanthracene, benzoperylene, indeno(1,2,3-c,d)pyrene.

Results and discussion

All sediment extracts tested exhibited a similar concentration-response pattern: the
highest sediment extract concentrations caused inhibition of both the growth of the yeast
cells and the B-galactosidase expression, whereas at lower extract concentrations a clear
concentration-response relationship was observed. Whether this interference at high
concentrations was due to toxic substances and/or compounds interacting with the
oestrogen receptor was not clear. The slope of the concentration-response curve was
wsed to caleulate the quantity of 17B-cestradiol-equivalents (EE) in the original samples.
Figure 1 illustrates the oestradiol-equivalent concentrations which were observed in the
different sediment samples and suggests that no clear region-specific patterns of the
oestrogenic effects in Flanders could be detected. In Table 1 the cestradiol-equivalents
of measured in the different samples are visualised: the oestrogen-like responses of the
different samples ranged from 9.3 to 0.1 nM EE/kg sediment.

Results of the chemical analysis showed that the following compounds were not detected
in any of the sediments: o, and B- hexachlorocyclohexane; heptachloro-epoxide; o,p-
DDE; aldrin; endrin and acenaftylene. Pearson-product moment correlation analysis
between the observed oestrogen response of the yeast assay and the chemical analysis of
the sediment samples revealed a significant linear relationship for certain compounds
{Table 2). From all chlorinated aromatic hydrocarbon compounds analysed, only a
significant relationship could be observed between the o,p- and p,p-DDD concentration
in the sediment and the response of the yeast assay. This corroborates the findings of
Klotz and co-workers” who used a combination of various in vitro assays to
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demonstrate the oestrogenic action of these DDT metabolites. No relationship, however,
could be established between the DDT and DDE concentration in the samples and the
induction of the P-galactosidase reporter gene which is contradicting a previous study
which demonstrated the oestrogenic action of these compounds®.

Sample FE  Sample EE  Sample EE Sample EE  Sample EE Table 1. .

Ne N° Ne° N° Ne Oestradiol equivalents (EE) detected
in 23 different sediment samples using

1 3.0 6 5.5 1 1.4 16 11 21 1.0 the yeast assay. EE are expressed ag

2 27 7 4.0 12 0.3 17 0.4 22 0.5 nM/kg sediment.

3 9.3 8 0.3 13 0.6 18 1.4 23 1.9

4 0.1 9 0.6 14 0.5 19 1.0 24 2.1

5 9.1 10 0.1 15 7.0 20 6.9 25 24

The absence of such a relationship might reflect the low bio-availability of these
compounds and/or illustrate one of the most important drawbacks of the yeast assay.
Indeed, the latter is caused by the cell membrane structure which allows only low
intracellular levels of certain xeno-oestrogens, leading to a low detection potential for
these compounds. Moreover, some authors have suggested that some yeast models might
suffer from a high number of false negatives'®'?,

Although the pesticides dieldrin and endosulfan are oestrogenic®'™, only for the latter
compound a significant relationship with the yeast response was observed. On the other
hand, the results of the linear regression analysis obtained for hexachiorocycichexane
and hexachlorobenzene corresponded with the findings of Sonnenschein and Soto” who
demonstrated the non-oestrogenic action of these compounds using the E screen assay.
Most of the polyaromatic hydrocarbons (PAHs) which were analysed could be linked to
the observed overall ocestrogen-like activity. At present, few studies have been
conducted on the oestrogenic potency of these compounds using irn vitre assays. Several
in vivo studies have indicated that PAHs, in general, may affect steroid hormone levels
and vitellogenin levels in fish™>'?,

Chemical r (p<0.05)  Chemical ¥ (p<0.05) E‘;‘S’ﬁg of the Peason-product

0,p-DDD 0.49 chrysene 0.50 moment correlation analysis between
p,p-DDD 0.40 benzo(b)lucranthene 0.50 the observed oestrogen response of
endosulfan 043 benzo(k)fluoranthene 0.41 the yeast assay and the contamination
fluorene 0.45 benzo(a)pyrene 0.43 levels .of the scfllments. The linegr
fenantrene 047 b 4 0.47 regression analysis was performed on
cnamren - oenzopery:ene . log-transformed values.

antracene 0.46 indenopyrene 0.45

fluoranthene Q.47 organochlorine pestides  0.44

pyrene 0.47 total PAHSs 0.49

Multivariate analysis of the chemical data set showed that 2 principal components could
be extracted explaining 60% of the total variance (Fig. 2}, The first principle component
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Figure 3.
Principal component analysis of the
sediment chemical composition.

Factor 2

(PC1) was mainly determined by changes in PAH levels and the total organochlorine
pesticide content (SOCP). Additionally, also the concentration of total apolar
hydrocarbons (APKWS), o,p- and p.p-DDD and total PCBs (PCB7) of the sediment
contributed to PCI1. Principle component 2 was mainly determined by changes in
individual PCB congeners (PCB28, 52, 101 and 138), Pearson-product moment
correlation analysis showed that only a significant (p<0.05) and linear relationship
(r=0.50) could be established between the observed oestradiol-equivalents of the
sediment extracts and the factor scores of PC1, This suggests that the overall oestrogen-
like activity of the tested sediments could be attributed to the PAH-, organochlorine
pesticide- and total PCB content. In general it is assumed that the PCBs are oestrogenic
while the non-hydroxylated isomers are not. Recently, however, it was demonstrated
that some PCB congeners were able to induce MCF-7 cell proliferation®, illustrating the
potential cestrogenic action of certain non-hydroxylated PCBs.

The present study has, with the aid of an in vitro yeast assay, demonstrated that
significant oestrogen-like activity can be detected in extracts of freshwater sediments
from the Flemish region. This illustrates the role of sediments as a major sink for certain
lipophilic and potentially oestrogenic pollutants. Analysis of the observed induction of
the reporter gene and the chemical composition of the samples, showed that, although
significant relationships were observed, only low correlation coefficients (maximum
r=0.50) were obtained.
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Based on the multivariate analysis it can be concluded that the presence of PAHs,
(organochlorine) pesticides and total PCBs in the samples might be responsible for the
oestrogen-like activity. This study has also shown the difficulty of pinpointing the
responsible endocrine-disrupting agents in complex environmental samples, especially
in mixtures containing xenobiotics from which the exact toxicological interaction
mechanisms are unknown. For some known oestrogenic compounds which were present
in the sediment samples no relationship with the reporter gene induction could be

81



established (e.g. dieldrin, DDT), confirming the growing criticism towards the use of
yeast assays for this type of environmental screening (as mentioned above). In the light
of the drawbacks of these test systems, future research should be aimed at the
development and validation of a battery of in vitro test systems allowing unambiguous
detection of endocrine-disrupting compounds in the environment.
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Introduction

During the last few years a decline in male fertility has been disputed and a possible
relation of such a decline with human exposure to environmental oestrogens has been
subject of extensive discussions' ™. Environmental oestrogens might influence the
development of the male reproductive system during fetal or childhood life, or disturb
the spermatogenesis of the adult man'”, Suspect agents are chlorinated hydrocarbons,
for instance PCBs and pesticides. In this study we focussed on the semen quality of adult
men, in relation to blood and semenal organochlorine contents. The in vive formed
metabolites of the PCBs, e.g. Hydroxy-PCBs, might play a more important role than the
unmetabolized compounds, since these metabolites are suspected to exhibit a much
stronger oestrogenic activity”” ", Because it can be anticipated that this kind of reactive
metabolites may react efficiently with macromolecules, we also examined aromatic
DNA-adduct formation in lymphocytes, as a potential biomarker of (internal} exposure
to the Hydroxy-PCBs,

Materials and methods

Volunteers

69 volunteers, visiting the Maastricht University Hospital for fertility investigations,
donated blood and sperm samples. This group of volunteers was divided into two
subgroups, based on sperm quality: concentration of spermatozoa, overall and
progressive motility and morphology, examined at at least three different occasions. One
subgroup consisted of 31 persons with normal sperm quality, the other subgroup
consisted of 38 volunteers, who were classified as subfertile.

Semen quality

The semen samples produced at the same occasion the blood samples were taken, were
investigated with regard to spermatozoa concentration, overall and progressive motility
and morphology (meusc: morphology evaluation using strict criteria), The results of
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these investigations were used to telate the various semen parameters to blood
organochlorine contents, From a subgroup of 12 volunteers semenal organochlorine
contents were determined, in order to investigate a possible relation between blood and
semenal levels of these compounds,

Organochlorine derermination

The blood samples of all volunteers and the 12 semen samples were investigated with
regard to various organochlorine compounds. To this aim 3 mi samples were hydrolysed
with ethanolic sodium hydroxide; the resulting solutions were extracted twice with n-
hexane, the combined hexane layers were dried over anhydrous sodium sulphate
columns and cleaned up using deactivated 5i0; columns. 1 ml aliquots of these extracts
were introduced into a gas chromatograph, equiped with a cold on-column injection port
and analyzed using a capiliary, 25m, inside diameter .25 mm, film thickness 0.25 mm
fused silica CP Sil-8 CB column at a programmed temperature of 80 - 270 °C. Helium
was used as the carrier gas and nitrogen as a make-up gas. An electron capture detector
was used at 300 °C to detect the organochlorine compounds in a specific and sensitive
way.

Measured compounds

PCB-118 PCB-153 PCB-138 PCB-180
! Sl PCB-118; 2,3'4,4'S-pentachlorobiphenyl
¢l Cl PCB-153: 2,2'4,4',5,5"-hexachlorobephenyl
@ Q PCB-138: 2,2,3,4,4',5-

Cl: Cl o Q PCB-180: 2,2'3,4,4' 5,5

c O 3 HCB: hexachlorobenzene
o cel cal, DDE: p,p-DDE
HCB DDE DDT DDT: p,p-DDT

DNA-gdduct formation

Part of the blood samples of all volunteers was also used to isolate peripheral
lymphocytes. These lymphocytes were used to determine aromatic DNA-adducts, which
were determined using the *2P-postlabeling method®*®,

Results and Discussion

At first, semen and blood samples of 12 volunteers were analyzed and the semenal
organochlorine levels were compared with the blood levels of these compounds. A
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Figure 1.
Relation between blood and seminal
levels of PCB’s (n=12).

linear relationship between the PCB levels in both compartments was observed (R* =
0.35, p=0.04), but for the total organochlorine levels this relationship was not significant
(R* = 0.28, p=0.08). The absolute levels in semen were found to be about 20-fold lower
than in blood (Fig. 1). The levels seem to be higher in the semen of the fertile men as
compared to the subfertile men, however, the differences appeared to be non-significant
(Mann-Whitney U-test; p=0.06 (PCBs); p=0.12 (total OC) (Fig. 2).
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Figure 2. ¢PCB in semen +OC In semen
Seminal levels of total PCB (left) and *PCB In blood {(ng/Q)
total organochlorine compounds of ,
fertile (n=7) and subfertile (n=5) men, (R2 = 0.35, p=0.04) [] fertile men [f] subfertile men

Because of the relationship between semenal and blood PCB levels and the 20-fold
higher concentrations of these compounds in blood as compared to semen, only the
blood levels of the various PCB and other organochlorine compounds were determined
for all 69 volunteers. The mean blood concentrations and SD of these compounds have
been visualized in Figure 3,

Except for hexachlorobenzene, the organochlore levels of each of the compounds
analyzed were found to be lower in the blood of the subfertile men, as compared to the
blood levels of the fertile men. However, these differences were not statistically
significant (Mann-Whitney U-test).

The DNA-adduct levels in peripheral lymphocytes were determined: no significant
relationship with either blood or semen organochlorine or PCB-contents was detected.
The mean and SD of the DNA-adduct levels were 8.8 + 3.0 adducts/10° nucleotides for
the fertile men and 9.2 + 2,7 adducts/10° nucleotides for the subfertile men. These
differences were not statistically significant.
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Another approach we followed to investigate a possible relationship between sperm
quality and organochlorine contents of blood and semen, was to consider the specific
sperm parameters, such as spermatozoa concentration, motility and morphology one at a
time and to relate these to the blood and semen organochlorine contents. This way a
significant relationship between the morphology (meusc) of the sperm cells and the PCB
contents of blood could be established (linear regression, n=39, R*=0.16, p=0.01).

The general trends observed in this study were that the mean levels of organochlorine
compounds in the blood and semen of subfertile men were lower than the corresponding
levels in the samples derived from the fertile men. These lower levels and the slightly
higher DNA-adduct levels found in the lymphocytes of the subfertile men as compared
to the fertile ones might be explained by a somewhat faster metabolism in the subfertile
group, leading to an enhanced hydroxy-PCB concentration. The much stronger
cestrogenic activity of these metabolites, as compared to the unchanged PCBs might
then be related to the decreased semen quality, as observed in the subgroup of the
subfertile men.
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Histological identification of oestrogen activity
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Wageningen, The Netherlands

Introduction

Physiologically cestrogens act on specific target organs which leads to cyclic changes in
the female and maturation of the juvenile animal. Exogenous oestrogens can mimic or
exaggerate these effects. Especially in male animals very obvious (non-physiological)
effects can be observed.

The sensitivity of the male prostate for cestrogenic action is used in meat inspection for
screening on the illegal use of oestrogen containing growth promoters.

RIKILT-DLO is appointed as a National Reference Laboratory for meat inspection and
dairy control programs by the Ministry of Agriculture, Fisheries and Nature
Management. Whitin RIKILT-DLO much attention is focussed on the validation of
control programs and the combined use of screening and confirmatory methods in
relation to the regulatory aspects,

Growth improvement has been a major goal in animal production throughout its history.
Selection for genetic capacity, improved nutrition and management have been used, as
well as feed additives, antibiotic and anabolic agents".

Anabolic agents used for growth promotion can be divided into xenobiatic anabolic
agents and natural hormones. Sex steroids have been widely used for their anabolic
action. Positive effects of synthetic oestrogens in ruminants and poultry led in the fifties
to large scaled use of these products. In several species such as poultry, sheep and veal
calves hormonal agents were implanted or injected to improve growth and carcass
composition. Anabolic steroids increase protein deposition in farm animal as a result of
increased nitrogen retention. Moreover, in cattle and sheep weight gain and feed
conversion efficiency are improved. According to their hormonal activity, these
compounds can be divided into oestrogenic, androgenic and gestagenic agents. Apart
from their biological activity, a distinction can be made between endogenous and
exogenous steroids and non-steroid compounds. Most preparations used for ruminants
contain oestrogens, Various oestrogens have been used, including the synthetic
compound diethylstilbestrol (DES) which has strong oestrogenic action. The possibility
of toxic effects of the residues in animal tissues became a problem and control was
needed, As early as 1961 the use of anabolic agents for growth promotion was forbidden
in the Netherlands.

Variouws methods have been developed for oestrogen detection including biological,
chemical histological and immunological methods”. Histological examination of the
prostate for screening the illegal administration of oestrogens in male calves was
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developed by the Nationa! Institute of Public Health and introduced into meat inspection
practice. For female calves the Bartholins gland was used.

Histological screening is based on the occurence of squamous metaplasia in the
glandular tissue specific for the use of cestrogens. Squamous metaplasia is a result of
basal cell proliferation induced by oestrogens and can be seen in several species.

Cytokeratins are recognized as the main intermediate filaments in epithelial tissue. They
consist of a family of at least 20 different polypeptides, which are distributed in
combinations in a more or less tissue specific fashion”. The cytokeratins can be divide
into two groups based on their chemical composition: type I: acidic cytokeratins
(cytokeratin 9-19) and type II the neutral-basic cytokeratins 1-8. Each of these proteins
appear to represent individual gen products. Each type of epithelium and even every
cell type in this epithelium expresses its own particular subset of cytokeratins consisting
of two 10 ten cytokeratins, The cytokerating are always expressed as a pair consisting of
one type I and one type II cytokeratin, The composition of the cytokeratin expression is
dependent on and varies with development, state of differentiation and disease state™,
Monoclonal antibodies to these cytokerating can make immunohistochemical distinction
between the different types of epithelium and carcinomas derived from them.

Using immunohistochemical staining of cytokeratins specific for basal cells (cytokeratin
5 and 14), early basal cell proliferation can be visualised in oestrogen treated animals,
After cessation of treatment these metaplastic proliferations remain visible for several
weeks.

Material and methods

Prostate samples of veal calves treated with an oestradiol and stanozolol containing
cocktail were examined and compared with vehicle treated control animals®, Formalin
fixed paraffin sections were stained with heamatoxylin-eosine (HE) and with the
monoclonal antibody RCK 103 (Eurodiagnostica) using the avidin-biotin-peroxidase
complex method (DAKO) after protease digestion and microwave antigen retrieval.
Dark-brown cellular staining was considered as positive.

Results and discussion

Squamous metaplasia was observed in the prostates of the calves experimentally treated
with oestrogen containing compounds (Fig. 1), whereas in the prostate of the control
calves only scattered basal cells were stained (Figs, 2 and 3), In early stages the basal
cells increase in number without alteration of the architecture of the glandular tissue
(Fig. 4). In later stages the original glandular cells are replaced by proliferating
metaplastic lesions (Fig. 5).

Histological screening of the prostate of veal calves is performed during meat inspection
for control on the illegal use of oestrogen containing growth promoters. For screening
purposes haematoxylin-eosine (HE) stained frozen sections are examined for the
presence of squamous metaplasia.
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Figure 1.
Prostate, staining of basal cells in a
oestrogen treated calf.

. Figure 2.

Prostate, immunohistochemical
staining of basal cells in a control
calf (RCK 103).

Figure 3.
Detail of figure 2. Glandular
epithelium with scattered basal cells.

Proliferation of basal cells below the
‘normal glandular epithelium in an
oestrogen treated calf.
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Figure 5,

Formation of squamous metaplastic
proliferations in an oestrogen treated
calf, note the reduction of normal
glandular cells.

Squamous metaplasia is a result of basal cell proliferation induced by oestrogens. Using
immunohistochemical staining of cytokeratins specific for basal cells as the RCK 103,
early stages of this proliferation can be visualised in oestrogen treated animals. This
methods gives earlier indications than the routine HE staining.

For the control on growth promoters histological suspect animals have to be confirmed
as positive by chemical analysis of urine or injection site samples. Since the histological
lesions remain longer visible than the residues can be detected, using
immunchistochemical staining for basal cells will only lead to more suspect animals that
cannot be confirmed chemically.

For the detection of cestrogenic action of endocrine-disrupting compounds however, this
method can be of use. Preliminary investigation of samples of the cervix and prostate of
dioxin exposed sheep showed clear basal cell proliferationz) in both the cervix and the

prostate,

Cytokeratin expression paiterns change during carcinogenesis in the human prostate and
cervix™”. Comparision of these changes with the effects of growth promoters or other
endocrine-disrupting compounds is a line of reseach that yet has to be explored.
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Introduction

Over the last decades a world-wide trend of decreasing amphibian populations in
different types of habitats has been observed"®®. In addition to physical threats such
as habitat destruction and increased UV-radiation, environmental pollution with
persistent substances belonging to the group of polyhalogenated aromatic
hydrocarbons (PHAHSs) is suspected to be one part of the puzzle, In previous
investigations, teratogenic effects of heavy metals, pesticides and several toxicants
were observed in the South African clawed frog (Xenopus laevis) by means of the
FETAX assay (Frog Embryo Teratogenic Assay-Xenopus)“'s‘ﬁ). Our chjectives were to
study short-term effects of PCBs using the classical FETAX assay and delayed effects
on the development and metamorphosis of Xenopus laevis with a recently developed
protonged-FETAX assay.

Animals, material and methods

Adult Xenopus laevis were obtained from the Department for Experimental Zoology,
Catholic University of Nijmegen, The Netherlands. FETAX assays were performed as
described elsewhere™, The technical PCB-mixture Aroclor 1254 was used in
concentrations ranging from 1.1 nM up to 1.2 mM and the non-ortho congener PCB
126 in a concentration range of 17.1 pM up to 15.5 pM all dissolved in
dimethyisulfoxide (DMSO). Final DMSO concentrations were 0.5% in the PCB
exposed and the vehicle control group.

For the prolonged-FETAX assay groups of 100 animals per concentration were
exposed to PCB 126 (7.7 pM, 0.64 nM, 6.4 uM) in duplicate for a 96 hours period
according to the standard FETAX procedure and were thereafter transferred into
bigger aquaria. Animals were not further exposed to PCBs until the termination of the
experiment afier 80 days. Aquaria were checked every day for dead animals. Larvae
found dead were fixed and scored for malformations under a stereomicroscope
throughout the experimentsg). Animals which have successfully undergone
metamorphosis (stage 65/66) were sacrificed, weighed and scored for malformations.
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Results and discussion

FETAX assay

Neither Aroclor 1254 nor the single congener PCB 126 had an effect on the rate of
malformations, growth and development in the FETAX assay. The only effect was
depigmentation of animals exposed to Aroclor 1254. Similar effects were found for
TCDD in other amphibian species such as leopard frog (Rana pipiens) and green frog
(Rana clamitans)'®. A possible explanation for the depigmentation of amphibian
larvae is an alteration of retinoid metabolism due to PHAHs'". Retinoic acid inhibits
tyrosinase activity and melanin synthesis in different melanoma cells™,
Depigmentation may therefore give evidence for a disturbance of retinoid

homeostasis,

Prolonged-FETAX assay

Five days after the last PCB 126 exposure mortality increased sharply in the highest
dose group (6.4 uM PCB 126). 58 animals or 29% died within the first ten days and
95 (47.5%) died over the whole experimental period. Three weeks after the end of
exposure tadpoles started to become pale and showing swimming disorders in the 0.64
aM PCB 126 group. A steadily increased mortality resulted in 43 dead animals
(21.5%) over the whole experimental period. In the group exposed to 7.7 pM PCB
126 a total of 21 animals died showing similar symptoms. In addition sudden mortality
without preceding symptoms was observed in the DMSO treated group (n=91) and in
the control group (n=95) after the aquaria have been cleaned by staff members using
Latex-gloves starting the cleaning process in the aquatia of these two groups. Shortly
after that, such acute mortality of Xenopus laevis as a result of exposure to Latex-
gloves was described by others'?.

A dose-related increase in the rate of malformations was found in the groups exposed
to PCB 126 (Fig. 1), whereas only 7.3% and 8.4% of dead animals in the control and
DMSO treated group showed malformations.

100
80
2
% 80 control
g 70
*E? DMSO
E 80
; 50 7.7 pM
3
g % 0.64 n
Figure 1. -g 30
Percentage of dead tadpoles of g 2 6.4 uM
Xenopus laevis with malformations as =R

a result of 96-hours exposure to PCB 10
126 {prolonged-FETAX).
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This effect was highest in the group exposed to 6.4 UM PCB 126 with 93.2% of
malformed animals. Oedema, misformed eyes and tail, and lack of gut coiling were the
most prominent observed malformations (Fig. 2). Eye malformations included
reduction in size, failure of the choriod fissure to close, rupture of the optic cup and
irregular depigmentation,
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Tail deformities and oedema have been described earlier in amphibians as a result of
4-day exposure to technical PCB-mixtures such as Aroclor 1016, 1242, and 1254
and axial malformations have also been related to treatment of Xenopus laevis
embryos with retinoids', It was shown that the induction of a thyroid hormone
receptor in early Xenopus laevis embryos was associated with hormone-dependent
abnormalities such as head deficiencies, and misformed eyes'®. PCBs are known to
alter retinoid and thyroid homeostasis'™'™. Disturbance of these two pysiological
important parameters may explain at least in part the malformations.

To summarise our resulis we can state that!

o The prolonged-FETAX assay reveals long-term effects of early exposure to PCB
126 whereas no effects were visible in the 96-hours exposure period of the
FETAX assay;

e PCB 126 induced teratogenic effects in Xenopus laevis tadpoles in a delayed and
dose-dependent manner.

Our results strongly suggest that PCBs are able to alter norma! amphibian
development and that presently used early-life-stage tests in amphibians are not
suitable for substances with low acute toxicity, The long-term impact of PCBs on
amphibians on the population level cannot be judged with present knowledge of
amphibian population dynamics.
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Presence and type of malformations
in dead tadpoles of Xenopus laevis as
a result of 96-hours exposure to PCRB
126 (prolonged-FETAX).
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Introduction

Alkylphenol ethoxylates (APE) form a group of widely used industrial surfactants. Some
of their metabolites, in particular nonylphenol, have been shown to elicit oestrogenic
activity. Commercial APE mixtures consist of several tens of isomers and oligomers,
differing in both alkyl and ethoxylate chainlength. The alkylchain is mainly a nonyl or
octyl isomer, and the ethoxylate chain can vary from 1 to 20 units. Pare standards are
not available. Therefore, the identification and quantification of these compounds in
environmental samples is difficult.

In our department, analytical procedures were optimized for the analysis of APE in
different kinds of environmental samples.

Optimizations were directed towards water samples (surface water, sewage treatment
plant influent and effluent), sediments, suspended matter and biological tissue.

Material and methods

Sample preparation

Samples were preserved with formaldehyde to prevent biodegradation, and stored at
4°C, For abiotic samples, the analytical procedure was as follows (see also Fig, la).
Phase separation was achieved by filtration (waste water samples) or centrifugation
(sewage sludge), after which the residu was Soxhlet extracted. The water phase and the
Soxhlet exiract were extracted and concentrated by Solid Phase Extraction (C-18
cartridge), followed by an Alumina clean up.

Biological samples (trout and mussel) were treated with another method, called Matrix
Dispersed Solid Phase Extraction (Fig. 1b}. In this method, the extraction, concentration
and clean up are combined in one step. The biological tissue is mixed with the C-18 SPE
material and ground until a powder is obtained. In this way, an optimal contact between
the samptle and extraction material is achieved.

HPLC analysis

To obtain the maximum amount of information, the samples were analyzed on both
norma! and reversed phase HPLC, using fluorescence detection, With normal phase
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HPLC, APE are separated by ethoxylate chainlength (see Fig. 2b), whereas with
reversed phase HPLC, the APE are separated by alkyl chainlength (see Fig. 2a).

To gain insight in the ethoxylate chain distribution of the APE in the samples, normal
phase HPLC analysis was performed. This pattern was compared to several APE
standards, and the most similar standard was used for quantification. In most cases, this
was a standard with an average of four ethoxylate units.

The quantification was performed by reversed phase HPLC. Separate peaks are
observed for actylphenol, nonylphenol, the sum of the octylphenol ethoxylate oligomers,
and the sum of the nonylphenol ethoxylate oligomers.

‘waier fraclion
onirifugation oxhiet extraction | [ Goid Phase Eximction § Aluming clesn up || normal & revarsad
(3000 rpmm, 20 min.) [ymethanal, 16 hrs) | | (C18-cartridge) (A1Ds, AQNO:- phase HPL.C
sillca, N#x0)
Figure 1a.
General procedure for abiotic samples.
eluting solvent

T— 2 C18+0.5g fish(+standard for spiking)

i 2222l
0.45 um fiiter: E: : ::,:f’ 35 ALO,(5%H,0 deactivated)
0,2um filter unit
Figure 1h.
Procedure for biological tissue by
MDSPE. = collection vial
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Results and discussion

A difficulty in the analysis of APE is that because of their many applications, traces of
APE are present in a lot of materials. All plastics or rubbers in the lab (package material,
tubes, gloves) had to be replaced by glass or teflon to reduce blank samples,

Recoveries can vary for different sample batches. With every batch, a spiked recovery
sample and a blank sample were processed, and a control chart was made for quality
control. This inspection showed e.g. that at one point in the project that the recovery had
dropped below 75%, and it was found that a new batch of AlO; had slightly different
adsorption properties than before.

Another difficulty lies in the interpretation of the results. For water samples, the
measured concentration is a total concentration of hoth the water and solid fraction of
the sample. For sediment samples however, only the centrifuge residue was processed,
and the measured concentration is based on this fraction (which still contains some
water). These differences make a comparison between different studies difficuit.

For a better interpretation of results, it is important to know if the APE are mainly
present in the water or solid fraction, or if both fractions are important. Current research
will give insight in the contribution of the two fractions to the total APE concentration in
different types of samples.

]
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Figure 2a.
RP-HPLC of APE standards.

Figure 2b.
NP-HPLC of APE standards.




Table 1. ~

Overview of nonylpheno! and nonyl-
phenol polyethoxylates concentration
ranges observed in sewage treament
plants (Thiele et al, De Voogt et al.
1997).

Figure 3a.
NP-HPI.C-FLU chromatograms of
industial STP.

Good recoveries were obtained for both the abiotic and MDSPE procedures: recoveries
varied from 98% for nonyl- and octylphenol to 80% for the APE with long ethoxylate
chains (10 units).

Environmental matrices and Sewage Treatment Plants samples (STP, see Fig. 3) have
been analyzed successfully. Results are shown in Tables 1 and 2.

Compounds Influents Influents Effluents Effluents Sewage  Sewage

NL NL sludge Stodge NL
(this study) {this study) (this study)
pefl g/l pgfl ng/l pefgd.s.  uglgds,
NP 3-2500 0-400 01 - 0-12 2-2530 0-2500
760
NPE 49000 2-2300 2-480 0-15 §-900 0-2400

The levels in STP in the Netherlands are in agreement with levels found in STPs
elsewhere in Europe and North America (see Table 1). Surface waters hardly contain
any detectable amounts of APE (see Table 2).

The analysis of marine sediments provides proof of the omnipresence of APE in the
environment. In particular NP1E (nonylphenol monethoxylate), NPZE and NP3E are
found in marine and estuarine sediments,

To obtain even more detailed information and to increase the selectivity and sensitivity
of the method, HPLC methods with mass spectrometry detection are currently
developed.
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Table 2,
NPE NP OPE op Concentration ranges of alkylphenols

Environmental matrices and alkylphenol ethoxylates detected
Surface waters' <d.l, <d.l.-0.14 <d.l. <d.l in various matrices.
Sediments® 2.6-5.7 0.63-1.70 <dl <d.l.
Suspended matter’ 0.70-8.0 0.21-0.62 <d.1-0.0003  <d.l.
Marine sediments* 0.012-0.4 0.0001-0.017  0.0002-0.016  <d.1.-0.002
Municipal waste water
Influent’ 2.1-170 <d.1-23 <d.1.-27 <d.1.-0.1
Sewage sludge® 0.7-2400  <d.1-125 <d.1.-28 <d.1-2
Effluent® <d.1-6.1 <d.l-1.0 <dl-1.3 <d1.-0.2
Industrial waste water
Influent® 20-2270 <d.1.-400 <d.1.-5350 <d.L-100
Sewage 's.ludgez6 <d.1-1400  <d.l.-2500 <d.1.-50 <dl.-24
Effluent’ 0.9-15 <d).-1,2 <d.).-8.7 <d.1.-0.13
Yin ug/l; n=3, locations Kanaal Gent Terneuzen, Noordzeekanaal-IJmuiden, Nieuwe Waterweg-
Beneluxtunnel.
*expressed in 1Lg/g dry matter; n=3, locations Kanaal Gent Terneuzen, Noordzeckanaal-Iimuiden
and Amerikahaven.

3expressecl in pg/g dry maiter; n=3, locations Westerschelde-Ternenzen, Noordzeekanaal-
Imuiden en Nieuwe Waterweg —Beneluxtunnel.

“ug/g dry matter; 22 estuarine and marine locations in North Sea and Irish Sea.

*In pug/l; total influent/effluent, i.e. including suspended matter present.

%n ug/g dry matter.
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Introduction

An ever-growing list of environmental, industrial, natural and pharmacentical chemicals
have been identified as potentially oestrogenic, Many of these chemicails have structures
that deviate considerably from the natural steroid hormone 17B-oestradiol (E2), but can
evoke effects via a mechanism of action comparable to oestrogens, Recombinant
receptor and reporter gene assays based on stably transfected cell lines can provide a
specific, responsive and biologically relevant means to assess substances for both anti-
oestrogenic and oestrogenic effects. This type of assay is based on the receptor-mediated
mechanism of action of oestrogens and reporter gene expression is a culmination of
molecular cascade of events involved in receptor transactivation (Fig. 1).
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Figure 1.
Estrogen receptor-mediated luciferase
gene expression in ER-CALUX.



An oestrogen receptor (ER)-mediated Chemical Activated Luciferase gene eXpression
(BR-CALUX) assay for the assessment of anti-oestrogenic substances was developed.
T47D human breast adenocarcinoma cells expressing endogenous oestrogen receptor
were stably transfected with a newly constructed oestrogen responsive luciferase
reporter gene, pEREtataLuc. Stable transfection of pEREtata-Luc in T47D cells resulted
in a highly sensitive, responsive clone which was further characterized in dose-response
studies with E2 as well as a number of (pseudo)oestrogenic compounds. Polar extracts
of sediments were tested in the BR-CALUX assay to provide an indication of
oestrogenic activity in complex mixtures.

Materials and Methods

Cell culture

The T47D human breast adenocarcinoma cell line was kindly provided by Dr. RL.
Sutheriand (Garvin Institute of Medical Research, Sydney, Australia). The T47D cells
were cultured in a 1:1 mixture of Dulbeccos’s modified Eagle’s medium and Ham’s F12
{DF) medium supplemented with 7.5% fetal calf seram (FCS). T47D cells were cultured
at 37°C, 1.5% (v/v) COs. During ER-CALUX luciferase induction assays, T47D cells
were maingained in medium without phenol red supplemented with 5% dextran-coated
charcoal treated FCS (DCC-FCS). DCC-FCS was prepared by heat inactivation (30
minutes at 56°C) of FCS followed by two 45-minute DCC treatments at 45°C",

Stable transfection pEREtata-Luc

Development of the stably transfected T47D cells is described elsewhere®. Briefly,
transfection was carried out according to the caleium phosphate precipitation method?,
using 18 pg pEREtata-Luc and 2 pg pGK-Hyg. The DNA construct pEREtata-Luc
consists of three oestrogen response elements upstream of a TATA box regulating
expression of an enhanced luciferase reporter gene construct. The plasmid pGK-Hyg
confers hygromycin antibiatic resistance to stably transfected cells, Clones were grown
in DF medium supplemented with 100 pg/m! hygromycin for about 2 weeks. Individuat
clones were isolated and tested for luciferase induction as described below.

ER-CALUX assay procedure

T47D.Luc cells stably transfected with pEREtata-Luc were piated in black 96 well
viewplates (Packard, The Netherlands) at a density of 5000 cells in 0.1 ml DF without
phenol red + 5% DCC-FBS per well. Following 24 hours incubation, medium was
renewed and the cells incubated for another 24 hours. The medium was then removed
and the cells were dosed in triplicate by addition of the dosing medium containing the
chemical or extract to be tested dissolved in ethanol or DMSO (max. 0.2%). Control
wells, solvent control wells and B2 calibration points (6 pM and 30 pM} were included
in triplicate on each plate, (Pseudo)oestrogenic substances were tested as described
elsewhere™, Following 24 hours treatment, 50 pl luciferin solution (Luclite, Packard)
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was added to the medium above cells, The plates were shaken gently for 10 min, at
room temperaturs. Luciferase activity was assayed in the same plate in a scintillation
counter (Packard TopCount) for 0.1 minute per well,

Sediment extraction

Sediment was szmpled from 12 marine locations in the Netherlands, Dried sediment
samples of 5 g were extracted with hexane:acetone (1:1) for 2 hours in a Soxtec
apparatus. After sulphur removal the extract was transferred to hexane resulting in a
precipitate of acetone scluble components. This precipitate (representing the polar
fraction) was redissolved in acetone, filtered over a 1 g Na,SO, column, evaporated and
taken up in 50 ul DMSO.

Resulis and Driscussion
Response to vestradiol

Bxposure of T47D.Luc cells to B2 for 24 hours resnlted in a detection limit of 0.5 pM
and an EC50 of § .5 pM was calculated (Fig, 2).
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Maximum induction at 30 pM E2 relative to control was about 75 fold, No clear
reduction in lusifferase inducibility over prolonged periods of cell culture was found,
demonstrating s:able integration of the liciferase gene. To owr knowledge, in
comparison to ofher recombinant receptor and/or reporter gene assays using stably or
transiently transfected mammalian cells, the ER-CALUX assay with T47D.Luc cells is
the most sensitive and responsive stably transfected oestrogen-responsive cell line.
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Luciferase induction by estradiol in

ER-CALUX,




Response to (mixtures of) oestrogenic compounds

(Pseudo-)oestrogenicity of various substances was demonstrated in the ER-CALUX
assay, though luciferase induction by pesticides and industrial chemicals was elicited
only at high concentrations (> 100 nM) (Fig, 3).
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Polar extracts of sediments taken from the port of Rotterdam and the Dutch coast
showed elevated oestrogenic activity (Table 1), In testing environmental mixtures of
chemicals in previous studies, polar acetone extracts demonstrated higher oestrogenicity
than nonpolar hexane extracts (data not shown)™.
In addition to sediment samples, the ER-CALUX has been used to measure oestrogenic
potency in other environmental mixtures such as surface water and waste water
treatment plant influent and effluent”. Though chemical and bialogical validation are
still underway, the ER-CALUX assay provides a sensitive, responsive and rapid in vitro
system to detect and measure substances with potential (anti-) oestrogenic activity.
Table 1. . ) '
Qestradiol equivalents (EEQ) Location EEQ Location EEQ
following 24 hour treatment of
T47D,Loc cells with polar extracts of Port of Rotterdam: Port of Amsterdam:
diments collected fi marine .
fgc;tic?n s in the Neth erlat:g? e New Waterway Benelux Tunnel  38.4 (9.5) IImuiden Harbour 7.3 (0.5)
New Waterway Splitsingdam 22.0(4.5) North Sea Canal km 10 54(1.5)
Dutch Coast: North Sea Canal km 18 7.1(2.9)
Loswal North km 53 6.4 (1.5) North Sea Canal km 29 6.0 (1.2)
Loswal North km 12 4.5 (0.6) “Reference” arcas:
Noordwijk km 2 15.0(.7 Lake IJssel 7.5 (0.6)
IImuiden Harbour (outer) 27.1 (10,13  Eastern Scheldt 4.9 (0.8)

lpmol.»'g sediment, average =+ std

107



Acknowledgemenis

This study was supported by the Ministry of Public Works, National Institute for Coastal
and Marine Water Management, project nr. DG-286, as well as a grant from the EC
(PL9S-1223). J. Legler was supported by a Natural Sciences and Engineering Research
Council of Canada PGS-B scholarship.

References

L

108

Horwitz, K.B and W.L. McGuire (1978). Oestrogen control of progesterone receptor in
human breast cancer: correlation with nuclear processing of oestrogen recepior. J. Biol,
Chem, 253:2222-2228.

Sambrook, 1., E.F. Fritsch and T. Maniatis (1989). Molecular Cloning: A laboratory manual,
Cold Spring Harbor Laboratory Press.

Legler, J., C. Van den Brink, A. Brouwer, A.D. Vethaak, P. var der Saag, A.J. Murk and B.
van der Burg (1999). Development of a stably transfected oestrogen receptor-mediated
luciferase reporter gene assay in the human T47D breast cancer cell line. Tox, Sciences
48:55-66.

Legler, J., J. Luit, B. van der Burg, A. Brouwer, A.D. Vethaak and A.J. Murk (1997).
Determination of oestrogen-like activity in sediment extracts using a chemical activated
luciferase gene expression (CALUX) assay. Proceedings SETAC Europe Congress, April,
1997, Amsterdam.

Murk, A.J., A.C. Belfroid, J. Meerman, J. Legler, A.J. Schafer, G.B.J. Rijs and A.D, Vethaak
(1998). Application of 3 in vitro bivassays for oestrogenicity in some Dutch waste water
treatment plants and large rivers. Proceedings Symposium Endocrine disruptors, October,
1998, The Hague.



Development of an in vivo assay for oestrogenic potency
using transgenic zebrafish

Juliette Legler”, J. Broekhof®, A. Brouwer®, A.J. Murk®, P. van der Saag”,
A.D. Vethaak®, B. van der Burg”

"Department of Food Technology and Nutritional Sciences, Division of Toxicology, Agricultural
University, PO Box 8000, 6700 EA Wageningen, The Netherlands

*Hubrecht Laboratory, Netherlands Institute for Developmental Biology, Utrecht, The
Netherlands

*National Instinute for Coastal and Marine Water Management (RWS/RIKZ), Middelburg, The
Netherlands

Introduction

Transgenic fish can provide a sensitive and rapid tool to monitor compounds for their
patential in vivo oestrogenic mode of action. The effects of oestrogenic compounds on
the most sensitive developmental (egg and early life) stages can be determined.
Transgene expression reflects the bioavailability, kinetics, metabolism and accumulation
of an oestrogenic compoundin fish and can therefore form a useful alternative to in vitro
screens for oestrogenicity as well as long-term reproductive toxicity tests. Transgene
cxpression is mediated by the binding of a substance to the oestrogen receptor (ER) and
the subsequent fransactivation of the ER. We can gain insight into the role of the ER
during fish development as well as the effects of pseudo-oestrogenic compounds on ER
expression. Transgenic fish can be used to validate oestrogenicity as predicted by an in
vitro assay, such as the recombinant ER-CALUX assay”. We are currently developing
transgenic zebrafish using both ER-mediated luciferase and green fluorescent protein
(GFP) reporier genes.

Materials and methods

Series 1

The first series of transgenic zebrafish was developed by microinjection of a novel
luciferase reporter gene construct, pEREtata-Luc”, in l-cell embryos and assaying the
embryos for luciferase expression in vive at 24 hpf in a non-toxic luciferine substrate
solution”. Positive luciferase embryos were cultured to sexual maturity, mated with wild
type zebrafish, and offspring were assayed for germ line transmission of the luciferase
gene by lysing pools of embryos, isolating DNA and identifying a 500 base pair
luciferase DNA sequence using PCR.

In positive transgenic fish, luciferase expression following 24 hour exposure to 1 nM
oestradiol (E2) was tested in F, offspring at early life stages (0 to 6 d) as well as at the
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stage of gonad differentiation {3 to 4 weeks of age) and at adult stages in lysates of
gonads. In order to determine if the luciferase construct was integrated in transgenes in a
manner that would allow expression, F; embryos of transgenic founders (Fy) were
micrainjected at the one-cell stage with a DNA construct (pSGS5-FRo) which
constitutively expresses human ERo and exposed to oestradiol for 24 houwrs. Embryos
were then pooled, lysed in 500 pl triton-lysis buffer, and luciferase activity was
measured in a 25 pl sample in a luminometer with injection of 100 pl luciferine
substrate.

Series 2

In the second series of potential transgenic zebrafish, DNA vectors were constructed
using stronger inducible promoter sequences than the minimal promoter sequence used
in the pEREtataluc series. New DNA constructs were cloned using fragments of the
human [-globin (B-glob) promoter, tyrosine kinase (tk) promoter, as well as the
Xenopus laevis vitellogenin (vit) promoter. We have also used an enhanced green
fluorescent protein (GFP) reporter gene construct that is well expressed in zebrafish,
GFP is a non-invasive reporter gene that can be visualized in tissues following exposure
to a UV light source, The following DNA constructs have been made using luciferase
(LUC) or GFP:

-p3xERE-B-glob-LUC/GFP

-p3xERE-tk-LUC/GFP

-pERE-vit-tk-LUC/GFP

-pERE-vit-LUC

DNA constructs were first tested for induction following 24 hour exposure to 1 nM
oestradiol using transient transfection of the constructs with ER DNA (pSG5-ERo) in
the 293 human embryonal kidney cell line. Constructs that were inducible by oestradiol
were then microinjected in zebrafish zygotes and fish are currently being cultured to
adulthood.

Results and Discussion

Series 1

A total of 1640 zebrafish zygotes were injected with the pEREtatal.uc construct. Of
these embryos, about half (942) tested positive for luciferase induction at 24 hours of
age. Of these luciferase positive fish, 132 survived to adulthood and were crossed with
wild type zebrafish. The F; offspring of these crosses were analysed for the presence of
luciferase DNA. Of the 132 fish analysed, 42 (=30%) were identified with germ line
transmission of the transgene to the F; offspring. Despite this very high efficiency of the
transgenesis procedure, expression of luciferase protein in transgenes following
oestradiol exposure was low, One transgenic fish, line 1.31, was identified with the
highest luciferase expression following injection of Fy zygotes with pSG5-ERa. In this
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Figure 1.

Luciferase expression (light units) in
lysates of offspring (F)) transgenic
founder zebrafish line 1.31 (Fp)
microinjected with oestrogen receptor
construct and exposed 24 hours to 1
nM oestradiol. (wild type= non-
injected, non-transgenic embryos;
M=male; F=female).

line, a four-fold increase in luciferase expression was found after 24 hour treatment of I,
embryos to 1 nM oestradiol relative to non-injected fish.

We have further characterized the 1,31 line to determine the number of chromosomal
integration sites using Southern blotting, and have found multiple integration sites in this
line as opposed 1o single integration sites in other transgenic founders. The transgenic F,
offspring of 1.31 have been identified using PCR on fin DNA., We have found 7
transgenic fish of the 63 analysed, indicating an 11% germ line transmission. Of these 7
transgenic F, fish, 2 have been identified after microinjection of pSGS5-ERe as
expressing luciferase. These 2 female expressing F, offspring (5F and 12F) show a
higher level of expression than the Fy, namely 4-6 fold following 24 hour exposure to 1
nM E2 (Fig. 1), No luciferase activity was measured in two male transgenic offspring
(3M and IM) and one female transgenic offspring (1F). We are currently breeding
homozygous lines of the expressing transgenic females to attempt to improve transgene
expression.
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Series 2

Newly constructed oestrogen-responsive reporter genes were first tested for induction by
oestradiol using transient tranfection with pSG5-ER in the 293 human embyronal cancer
cell line. All constructs made were inducible by E2, though the background induction
and maximal induction differed considerably. Compared to p3xERE-tata-LUC,
p3xERE-f-glob-LUC was the most inducible construct (fold induction = 190 and 135
respectively). Of the GFP constructs tested, p3XERE--glob-GFP demonstrated the
highest number of fluorescent cells, with about a 6 fold increase relative to controls.
This construct was also expressed highly in transient microinjection experiments with
zebrafish zygotes, using co-injection with pSGS-ERw. GFP expression in embryos
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following 24 hour exposure to E2 was visible for 8 days when fish were exposed to a
UV light source. Zebrafish embryos have been microinjected with the above-mentioned
DNA constructs and are currently being cultured to adulthood.

In conclusion, we have been successful in developing transgenic zebrafish and
preliminary results indicate that luciferase expression can be induced by oestradiol in
one transgenic line. Purther studies will show if reporter gene expression in homozygous
lines and in transgenic fish created using strong promoter sequences is highly inducible.
Ultimately we hope to use the transgenic fish as a rapid, biologically relevant test system
for identifying pseudo-oestrogenic compounds in the environment.
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Introduction

Exposure to oestrogenic chemicals such as diethylstilboestrol during critical stages of
development results in structural changes and higher cancer risks in the offspring with
no effects in the mothers. Xeno-oestrogens might be able to enter the fetal bloodstream
more easily than endogenous oestrogens, not bind to binding proteins or escape
metabolism. To be able to monitor xeno-oestrogen activity in different developing organ
systems during embryogenesis, transgenic mice were made carrying an oestrogen
responsive reporter construct coupled to [-galactosidase. To test xeno-cestrogens for
their in vitro hormonal activity, human embryonal kidney (HEK293) cells stably
transfected with an cestrogen responsive reporter gene (luciferase} and either oestrogen
receptor alpha or -beta (ERo/f) have been made. A wide variety of xeno-oestrogens
have been tested on the in vitro transcription activity of the ERo and ERP with transient
transfections in these cells”. Ligands have been identified that differentially activate
these receptors.

Materials and methods

Cell culture and transfections

The oestrogen-responsive reporter gene construct (3XERE-TATA-Luc) which contains
three copies of a consensus oestrogen response element (ERE) containing
oligonucieotide and a TATA box in front of the luciferase cDNA is described in more
detail elsewhere (Lemmen et al., in preparation). The human ERBI expression plasmid
pSGS-hERBI contains a 1,5 kb human ERB1 cDNA as described” (provided by Dr J-A
Gustafsson). The human ERa expression plasmid pSG5-HEGO (kindly provided by Dr.
P. Chambon, IGBMC, Strasbourg, France) was used. Human 293 embryonal kidney
cells were obtained from the ATCC (American Type Culture Collection, Rockville,
MD).

A stable cell-line was made with the 3xERE-tata-Luc cotransfected with an antibiotic
resistance gene. In this cell-line subsequently ERa and ERB1 were transfected together
with a different antibiotic resistance gene. The cells were cultured in a 1:2 mixture of
Dulbecco's modified Eagle's medium and Ham's F12 medium (DF) supplemented with
7.5 % fetal calf serum. For experiments the cells were trypsinized and suspended in
phenol red free DF medinm containing 30 nM selenite, 10 ug/m} transferrin and 0.2 %
BSA, supplemented with 5% charcoal stripped fetal calf serum, The stable cell-lines
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Fold induction

were plated out in 96 wells (NUNC) plates or 24 wells plates (COSTAR), 48 hours later
the medium was refreshed and compounds to be tested were added directly to the
medium in a 1:1000 dilution. After 24 hours cells were scraped in lysis solution (1 %
(viv) Triton X-100, 25 mM glycyiglycine, 15 mM MgSO4, 4 mM BGTA and 1 mM
dithiothreitol). The luciferase activity of the cell lysates was measured with the Luclite
luciferase reporter gene assay system (Packard Instruments, CT) according to the
manufacturer’s instructions.

Results & discussion

While testing the stable cell lines for their ability to grow in 96 wells plates during
experiments, we could find almost no induction after addition of 17B-oestradiol. We
found that this reduction in induction was due to a rise in background (control) values

(Fig. 1).
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As shown by others” some plastics will release compounds with oestrogenic activity.
Therefore we tested some of our most used tissue culture plates and plastics for
oestrogenic activity. For these experiments the stable cell lines were plated out in Costar
24 wells plates which we already used with nice results in transient transfections'. The
resuits of these experiments are shown in Figure 2 and Table 1.
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Figure 1.
Responsiveness of stable cell lines
containing either ER alpha (A) or ER
beta (B) and the 3XxERE-TATA-
Luciferase reporter construct g
oestradiol.



Figure 2. Medium incubated in
various tissue culture plates measured
in 235 (A) and b22 (B) stable cell
lines. Hatched bars are costar 24 wells
plates, grey bars are costar 48 wells
plates and white bars are costar 96
wells plates.

Table 1.

Medium incubated in various tissue
culture plastics. The medium was
incubated for 72 hours at 37°C. Fold
Induction was measured in the @-35
cell line containing ER alpha and the
AXxERE-TATA-Luciferase reporter
construct.
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To estimate the Kd of the two stable cell lines we performed a Scatchard analysis (data
not shown). The Kd of ER-alpha line is 4.5 *107"! M oestradiol and of the ER-beta line
the Kd is 5.6 *10°7'" M oestradiol, which is in line with previous findings on the relative
sensitivity of both receptors”.

We currently use the cell lines for detecting oestrogenic activity in extracts of water
samples and embryos exposed to oestrogenic chemicals.

Plastic Fold Induction
Bibby sterilin vial 20

Nunc 96 wells plate 2

Costar 96 wells plate 100

Costar 48 wells plate 2

Costar 24 wells plate

Costar 25cm? flask 1

Qestradiol 10'°M 120

The transgenic reporter mice we made had weak protein expression (not shown),
currently other approaches are used to create better expressing lines. These animats will
allow us to accurately asses oestrogenic activity of compounds in vive, both in adults
and in embryos. Our highly sensitive reporter cell lines could be useful for screening
compounds for oestrogenic activity.

The complete set of in vitro and in vivo data will improve our insight in the possible
impact of xeno-oestrogens on the most vulnerable stage of life, the developing embryo,
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Introduction

In adult mammals numerous oestrogen target tissues and organs for oestrogens are
known. About possible target organs during embryogenesis other than the reproductive
tract and the gonads virtually nothing is known. The effects of oestrogens and synthetic
compounds on these targets can be very different and a single compound can be an
agonist in one tissue while being an antagonist in another. Exposure to exogenous
oestrogens such as diethylstilboestrol during gestation leads to abnormalities in the
offspring with no effects in the mothers. Differential binding and activation of oestrogen
receptor alpha (ERa) and -beta (ERB) may explain some of these effects. Therefore we
studied the expression of ERa in comparison with ERJ mRNA during mouse
embryogenesis.

Materials and methods

Probe synthesis and in situ hybridization

Constructs for in situ hybridization were generated by cloning the following fragments
into the pBluescript SKII- vector (Stratagene); for the mERa riboprobe a 274 nucleotide
fragment spanning from bp 929 to and for the mERB a 247 nucleotide fragment
spanning from bp 517 to 784, A second mERB riboprobe consisting of nt. 35 to 300 was
kindly provided by Goéran Bertilsson. For the detection of mERS mRNA a mixture of
both riboprobes in equal amounts was used. Before transcription constructs were
linearized, ribo-probes were transcribed in the presence of ¢355-UTP (Amersham).
In-situ hybridization was performed as described by Wilkinson er. al? with slight
modification. Embryos were fixed in 4% paraformaldehyde, dehydrated through alcohol
and embedded in paraffin wax. Sections of 6 um were cut and coated on to TESPA (3-
minopropyltriethosyxilane)-coated slides. The slides were pretreated with 20 pg/mi
proteinase K and 0.23% (v/v) acetic anhydride to reduce background and hybridized
overnight at 55 °C in a moist chamber. After hybridization, coverslips were removed in
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5x SSC, 25 mM DTT at 50 °C. The slides were then washed at high stringency for 30
minutes at 65 °C in a 50% formamide, 2x SSC, 100 mM DTT solution and treated with
20 pg/ml RNase A at 37 °C for 30 minutes to remove any non-specifically bound probe.
The high-stringency washing was repeated. The sections were washed in 2x SSC and
0.1x S8C for 15 minutes at room temperature and dehydrated in ethanol containing 300
mM ammonium acetate and air-dried. A KODAK emulsion film was exposed to the
sections overnight so that the time of autoradiography could be estimated.
Autoradiography was performed by using Ilford G5 photo emulsion with 2%
glycerol/water. The sections were air dried and exposed for 2-6 weeks in a light-safe box
containing silica gel at 4 °C. Slides were developed in Kodak D19, fixed in Kodak
UNIFIX and counterstained with haematoxylin.

The sex of the embryos was determined by PCR on SMCX/Y (selected mouse cDNA on
X/Y¥) on yolk-sac material. Females give a single band and males give two bands
because of an intron difference between the X and Y genes. The PCR primers used are:
SMCX-1 5'ccgetgecaaattetttggd’ and SMC4-1 S'tgaagettttggetitgagl’,

Results & discassion

Expression of ERmRNA was not only found in reproductive organs such as the gonads
and mesonephric- (Wolffian) and paramesonephric- (Miillerian) ducts as described
before”. ERs were also expressed in the brain, heart, cartilage primordia and in the
mammary gland. The expression of ERmRNA is summarized in Table 1.

Both ERa and ERB were expressed in the mesenchyme of the mammary gland
primordium on E12.5-14.5, which is of interest in the light of the suspected stimulatory
effect of prenatal oestrogens on breast cancer incidence®.

Our data suggest that the 3H-oestrogen or -DES binding in the mammary gland, brain,
larynx, connective tissue around the rectum and pubic bone perichondrium noted
before®” is due to expression of specific oestrogen receptors. The specific expression
patterns observed for both ERa and ERS suggests specific functions for these receptors
during development. Surprisingly, in ERe knockout mice, expressing ERf} only, no
gross abnormalities have been observed®. Careful examination of these knockout mice
together with ER8 knockout mice and the data presented in this paper on ER expression
may provide new insights in the role of cestrogens in prenatal development. It will also
be interesting to study if the tissues expressing oestrogen receptors are targets for
hormonal disruption through exposure to exogenous oestrogens.
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Table 1.

Summary of sites of expression of
ERo-(A) and ERA(B) mRNA during
mouse embryogenesis. This is a
summary of a more detailed
description of expression ERs in
varipus  stages of  embryonic
development.

Abbreviations used are: C,P., cartilage
primordium;  P.,  perichondrium.
Adapted from",

Tissue ER type

mesonephric tubules B
mesonsphric duct A/B
paramesonephric duct A
indifferent gonad

testis

avary

genital tubercle
glans penis
glans clitoridis
urethra
Miillerian tubercle
pelvic part of urogenital sinus
bladder neck
prostatic utricle
scrotal fold
mammary gland
heart atrinm
heart mesentery
midgut

renal cortex
brain

larynx

C.P.rib

C.P. vertebrae
P. digit

P. femur

P. pubic bone
rectum
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Introduction

Approximately 50% of the dairy farmers in the Netherlands use surface water as the
main source of drinking water for their cows, especially during the grazing season. With
increasing population density, the quality of surface water may be affected by sewage
effluents, particularly from sewerage overflows that discharge untreated sewage into
surface water, These overflows are designed to discharge approximately 7 times per year
when supply of sewage is larger than the storage and transport capacity of the sewerage.
Overflows occur mainly during heavy rainfalls in the grazing season, and may have a
dramatic effect on the quality of the surface water, especially when these are small
ditches with a low water flow”, After discharge of a sewerage overflow, surface water
may have increased concentrations of notrients, heavy metals, chemical compounds like
PAHs, organochloric compounds, detergents, mineral oil, and micro-organisms
including pathogens like Cryptosporidium and Giardia®. Also, increased
concentrations of endocrine-disrupting compounds may be expected, such as: natural
hormones (oestradiol and oestrone), ethinyloestradiol from anticonceptives, and
chemicals as PCBs, phthalates, and alkylphenols. All these compounds may affect health
and fertility of animals drinking this water”. The exposure of dairy cattle to endocrine-
disrupting compounds is not known. Physiological responses of dairy cattle to
endocrine-disrupting compounds have been reported at exposures of 300 to 3000
p.geq/d‘“.

Approximately 12,000 sewerage overflows exist in the Netherlands and the cows of 1 of
every 20 dairy farmers may be at risk™. However, it is not known to what extent the
health of cows drinking surface water in direct contact with sewerage overflows is
affected. Also it is not known what the potential contributions of different compounds in
surface water are to the health risks of dairy cows. The objectives of this study were to
assess the risk of impaired production and fertility of dairy cattle due to their drinking
surface water in direct contact with a sewerage overflow, and to estimate the possible
contributions of different contaminations to this risk. For the current presentation, the
latter part is focussed on the risks associated with endocrine-disrupting compounds.
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Material and methods

Production and fertility data of heifers and cows exposed or not exposed to surface
water in contact with a sewerage overflow were compared using a one-sided student-t-
test for the hypothesis that the exposure to water that has direct contact with a sewerage
overflow impairs production and fertility. P-values < 0.10 were considered statistically
significant. Data for the comparison were obtained from two different sources. Data
about the type of water used as drinking water for the cows, and whether this water was
in direct contact with a sewerage overflow or not, were taken from the 1995 annual
inquiry on grassland utilisation™. From the data of 1783 respondents, we first selected
farms with lactating dairy cows (n = 1274). Further, we selected farms where surface
water (n = 294), or a combination of surface water and ground- or tap water (n = 344)
was used. From this group (n = 638}, we selected the farms of farmers who knew
whether the surface water was, or was not, in direct contact with a sewerage overflow (n
= 508). The postal codes of these farms were then used to select production and fertility
data of the cows on these farms from the Royal Dutch Cattle Syndicate (NRS).

Using the NRS data about individual milk production, dates of birth, inseminations,
calving and death of individual cows, standardised parameters of production and fertility
were calculated in relationship to the exposure during the grazing season of 1993,
Content and potency of endocrine-disruptive compounds in water and feed were
obtained from literature and used to calculate their equivalence with oestradiol in |Lg/] or
ug/kg according to Safe®. Exposure to oestrogen equivalents was calculated for a worst-
case scenario, This represented a dairy cow with an intake of 100 1/d of surface water in
direct contact with a sewerage overflow and an intake of 25 kg/d of a dairy ration
containing 5% of soybeans and 10% of white clover,

Results

Standardised milk production was 0.9 L/d lower on farms that used surface water in
direct contact with a sewerage overflow (Table 1). There were no differences in the
number of cells in milk, indicating that health of the mammary gland was not influenced.
Age at first and at successful insemination was on average 11 days greater for heifers
drinking surface water in contact with a sewerage overflow than in other heifers, though
this difference was not significant (Table 1), The number of inseminations required for
pregnancy was equal in both groups. Heifers in the exposed group that calved in the first
half year after the grazing period were significantly older at first calving (P < 0.01;
Table 1). The difference was almost three weeks. The age at first insemination and
number of inseminations were the same in both groups, suggesting that exposure to
surface water in direct contact with a sewerage overflow lengthened the pregnancy
period of heifers, possibly by slowing growth of the foetus.

There was no difference between exposed and control cows in the interval of calving to
first insemination, the interval of calving to successful insemination, number of
inseminations required for pregnancy and percentage of abortions (Table 1).
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Table 1.

Farm averages of production and
fertility parameters of heifers and
dairy cows as affected by exposure to
surface water in direct contact with a
sewerage overflow,

Figure 1.

Estimated exposure of dairy cows to
endocrine-disrupting compounds from
surface water contaminated by a
sewerage overflow and from feed.

Water in contact

with Sewerage Overflow

Parameter Yes No Difference P
Number of farms+t 50-60 287-397

Heifers:

Age at first insemination (d) 523 512 11 0.12
Age at successful insemination (d) 543 532 11 0.13
Number of inseminations 1.61 1.65 0.04 0.62
Age at first calving (d) 804 7.84 26 <0.01
Cows:

Standardised milk production (L/d) 359 36.8 -0.9 0.09
Standardised celf numbers in milk 1.18 1.15 0.03 0.37
Calving to first insemination {d) 89 93 -4 0.79
Calving to successful insemination (d) 128 124 4 0.14
Number of inseminations 1.80 1.79 0.01 041
Abortions (%) 8.3 7.1 1.2 0,12

t Exact number depending on the parameter analysed.

K exposure through water N exposure through feed

123



Estimated intake of endocrine-disrupting compounds from water was lower than intake
of phyto-oestrogens from feed (Fig. 1). In contaminated water, glucuronidated ethinyl-
cestradiol and oestradiols represented a higher risk than chemical compounds. This
resolt is based on the assumption that rumen micro-organisms can reactivate the
glucuronidated oestradiols, Total exposure to endocrine-disrupting compounds through
water and feed may thus be more than 500 pgeq/cow.day. However, there is much
uncertainty as to the metabolism and potency of endocrine-disrupting compounds in
ruminants, The potency could easily be under- or overestimated by a factor 10.

Discussion

Our study showed impaired milk production and fertility of cows on farms where surface
water in direct contact with a sewerage overflow was used as the main source of
drinking water for the cows, This finding is in line with recent findings in small wildlife
rodents in the Netherlands that showed more histological abnormalities in reproductive
organs when they were exposed to contaminated water (see contribution Bosveld ef al.).
Currently, it is not known which factors are the underlying causes for these effects. The
causes for impaired production are probably different from the ones causing the fertility
problems, In a more extended study”, we identified endocrine-disrupting compounds as
one of the most likely causative agents in sewerage, together with sulphur and nitrogen
compounds, and pathogens like Vibrio cholera, Giardia and Cryptosporidium. Cur
estimates showed that exposure of dairy cattle to endocrine-disrupting compounds from
the environment might more or less equal the exposure through feed. This level of
exposure to endocrine-disrupting compounds may be expected to affect fertility in dairy
caitle. However, many uncertainties about endocrine-distupting compounds remain to be
solved. These include uncertainties about their concentrations in small surface waters as
well as about their origin, about their metabolism in the rumen and their potency in dairy
cattle. Impaired fertility is one of the major problems of dairy farming systems.
Therefore, a co-operative, multi-disciplinary approach is needed to elucidate the role of
endocrine-disrupting compounds on reproductive health of farm animals,
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Imposex in the common whelk, Buccinum undatum, caused
by tributyltin

B.P. Mensink

Netherlands Institute for Sea Research (NIOZ), PO Box 59, 1790 AB Den Burg, The Netherlands

Introduction

Marine pollution by organotin compounds has become of great concern due to the toxic
effects of these biocides on non-target marine organisms, The major application of
tributyltin (TBT) is the use in anti-fouling paints on shiphulls, Already in the 1980's
shell deformaties were observed in oysters in France caused by tributyltin, In the UK. in
1986 female dogwhelks, Nucella lapillus, were found to suffer from imposex; a
masculinisation proces in female gastropods, directly impairing the reproductive
capacity of the females, This phenomenon causes sterility and premature death in N.
lapillus and is an irreversibel proces caused by TBT. However, not all gastropod species
show the same masculine development or have the same sensitivity towards TBT. In
1991, Buccinum undatum from the North Sea showed imposex, and the incidence was
correlated with the shipping traffic intensities, Also, common whelks were noted to
decline or disappear in some areas, where they have been abundant in the past, Although
shipping is a source for TBT in the marine environment, concenfrations in open seas
were assumed to be negligible compared to those in coastal areas (affecting the oysters
and dog-whelks). Therefore, this PhD project was initiated with the aims to investigate:
1) whether TBT could cause imposex in Buccinum undatum

2) what are the consequences of this masculinisation for B, undatum

3) possible factors influencing populations of B. undatum

To study these objectives, both laboratory and field experiments were cartied out.

Methods

In the laboratory experiments, whelks of different ages were chronicaily exposed to
different doses of TBT via the waterphase. Experiments were conducted: i) using flow-
through conditions, ii) at a constant temperature (12 °C), iii) with ad libitum feeding of
mussel meat (Mytilus edulis), iv) under 12h light-12h darkness regime. The development
and masculinisation of whelks under TBT exposure was studied both macroscopically
and histologically. An effect of TBT on the biotransformation enzyme system
(cytochrome P450) was also studied.

Field studies to study imposex in B. undatum were mainly carried out in the Eastern
Scheldt. A method to sex whelks on board was developed. Whelks were studied to
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investigate possible morphological and physiological changes again both
macroscopically and histologically. Organotins were also measured to study a possible
relationship with imposex.

Results

In the laboratory experime’nts, a dose dependent masculinisation (penis and later sperm
duct development) of juvenile whelks was observed at TBT concentrations > 7 ngSn/I
during the first months of their development (Fig.1).

; : ec-96
date date

Figure 1 a-f.

Dose-dependent development
(as % of total number of
juveniles) of male sexual
characteristics in juvenile B.
undatum in different treated
groups from one of the
exposure experiments. The
stage number indicates the
development of a penis, the
"+"-sign indicates the
presence of a sperm duct.

0 = no penis, 0+ = only sperm
duct developed, 1 = start of
penis, 2 = penis development in
progress, 3 = fully developed

penis, 3+ = fully developed Figurele. Nominal 100 ngTBTAc/1. Figurelf. Nominal 500 ngTBTAc/I.
penis with sperm duct.
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However, adult females did not show any masculinisation despite an 11 month exposure
period to concentrations up to 1 ugTBT/] U The masculine sexval development induced
by TBT exposure is different for whelks at various life stages, since two year old
presumed females showed primarily only sperm duct development as first characteristics
when exposed to TBT. Transplantation of eggs from a heavily (TBT) contaminated
environment to Wadden Sea water showed that exposureof juveniles after hatching is
affecting sexual development when eggs were produced by females from a reference
(non-TBT/non-imposex) location. After 5§ years in the experimental set-up, only in the
non-exposed reference group, the two largest females produced eggs. This did not result
in off-spring, since the males had not fully matured. Histological examination of the
juveniles showed they had not developed primary sexual organs (gonads), when they
were two years old, which made it virtually impossible to discriminate the sexes. In
whelks of all ages, no other sexual organs were found than those already visible with the
eye or microscope”. In adult imposex females from the Eastern Scheldt with a
spermduct and a penis, occlusion of the genital pore was never observed®. The sperm
duct ended/started in the mid-ventral section of the egg-capsule gland without disturbing
the cell organisation. These females developed cocytes normally and were fertilised,
since sperm was observed in the sperm-ingesting gland. In in vitro assays with whelk
microsomes, it was shown that whelks have a cytochrome P450 enzyme system, which
can be dose-dependently inactivated by exposure to increasing concentrations of TBT
(Fig. 2).

—P-450
= peference
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Field studies resulted in an overview of all kinds of possible variations in stages of
imposex development. Of the whelks caught in the Eastern Scheldt, more than 90% of
the females showed imposex, of which more than 50% showed the advanced stages,
when a sperm duct and/or penis were formed. In the North Sea nearly all studied
imposex females did not show sperm duct development. Organotin (OT) measurements
in the Eastern Scheldt could hardly detect OT's in sediments. However, OT levels
ranged from < DL-17 ngS8n/g ww for TBT in mussels when triphenyltin concentrations
were always < TBT levels. For whelks TBT levels ranged between < DL and 4.9 ngSn/g
ww but TPT levels were found up to 39 ngSn/g ww”,
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Figure 2.

Dose-dependent inactivation of the
cytochrome P450 enzymes after TBT
addition resulting in an increased cyt.
P420 content (= inactive cyt. P450) in
microsomes of B. undatum.



Conclusions

In conclusion, this project has shown that:

L]

TBT (>7 ngSn/l) induces a masculinisation in developing whelks. The whelks seem
less sensitive towards TBT exposure than dog-whelks, although only exposure via
the waterphase has been tested. The presence of imposex females in the open North
Sea, snggests a greater contamination of the North Sea by TBT than previously
thought. This research has contributed to the MEPC-IMO (Marine Environmental
Protection Committee of the International Maritime Organisation) decision to ban
anti-fouling paints containing TBT world-wide by the year 2008.

Imposex in adult female whelks does not lead to a mechanical sterility as observed in
Nucellg lapillus, since the genital pore is not occluded.

The development of imposex is different at the various life stages. This indicates,
that physiological processes (also) determine (the extent of) the development of
sexual organs,

The complete formation of a sperm duct and a penis in the absence of a gonad
supgests that the formation of these organs is not controlled by the gonads, but is a
neuro-endocrinological process.

TBT interacts with the cytochrome P450 enzyme system in whelks, which indicates a
possible effect of TBT on the metabolism of exogenous {e.g. PCBs) and/or
endogenous (e.g. steroid hormones) compounds.

Because no other sexual organ was observed in the histological studies than those
already visible with the eye, the method developed for the sex determination of
whelks on board is a reliable, gentle and non-invasive method. Recently this method
has been suggested in OSPARCOM-SIME as a biomonitoring method for TBT
contamination in open seas.

In view of the reported decline of whelk populations in some areas, exposure to TBT
can impair development, resulting in maturing at a higher age. Consequences of the
exposure to TBT at the population level of common whelks need to be investigated.

This project was supported by the Ministry of Transport, Public Works and Water
Management (RWS-RIKZ) and the Ministry of Housing, Physical Planning and the
Environment (VROM-DGM),
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Introduction

Recent data have shown a declining male fertility in wildlife, which is proposed to be
linked to the hormonal action of environmental contaminants. Many oestrogenic
chemicals are thought to interfere during embryonic development with various hormonat
systems ultimately leading to a reduced reproduction in adult life™™. Especially in
wildlife a relationship has been found between oestrogenic pollutants and reproductive
disorders like histologically poorly organized testes, low sperm counts, poor sperm
motility and morphologically abnormal sperm. Also in humans an increase in
reproductive  disorders is observed, such as testicular cancer, cryptorchidism,
hypospadias and possibly also an overall decline in sperm count and quality®. Because
individual levels of exposure to oestrogenic environmental contaminants are unknown, it
is difficult to link this decline in human reproductive health to exposure to oestrogenic
compounds. However, sons of mothers who were treated during pregnancy with the
potent oestroger diethylstilbestrol (DES) show an increased incidence of comparable
abnormalities such as cryptorchidism, low sperm counts and epididymal cysts™,
Endogenous oestrogens as well as oestrogenic pollutants act via binding to the nuclear
oestrogen receptor (ERet). This receptor is able to enhance transcription of target genes,
among which growih factors and their receptors, transcription factors and proto-
oncogenes. In mice, prenatal oestrogen exposure has been shown to lead to prolonged
activation of some of these target genes.

Recently, a second nuclear oestrogen receptor (ERB) has been cloned® and ERp mRNA
expression was found in the rat™'® and human testis'"'?. This receptor shows a high
binding affinity for 17B-cestradiol and other oestrogenic chemicals” leading to
transcriptional activation”""®, ERB immunoclocalization was observed in Sertoli cells of
the adult rat testis'”, In the human midgestational fetus high amounts of ERB mRNA are
present in the testes, but the cellular localization is unknown'™.

To get more insight in the role of oestrogens in spermatogenesis and especially in testis
development, we now have studied the cellular localization of ERB in the rat testis at
different ages. Using in situ hybridization and immunohistochemical techniques, we
found expression of ERf not only in Sertoli cells but aiso in fetal and adult types of
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Antibody preparation

The rat ERf ligand binding domain (LBD) was expressed in E. Coli and purified as
described previously'®. Chickens (laying hens) were immunized with 5 x 25ug ERp -
LBD protein at two week intervals, Chicken immunoglobulins (IgY) were purified from
the egg yolk according to Song ef al.'”. As a control IgY was also purified from five
pre-immunisation eggs. The chicken IgY was tested for specificity on Western blot
containing nuclear extracts of Sf9 cells, overexpressing ERo and ERB protein,
respectively.

Immunohistochemistry

Tissues obtained from three animals of all ages were fixed in 3.7% formaldehyde
(Klinipath b.v., Duiven, The Netherlands} for 6 hours and post-fixed in a diluted Bouin
solution (71% picric acid (0.9%), 24% formaldechyde (37%), 5% acetic acid) for 18-20
hours, Fixed tissue was embedded in paraffin (Stemcowax; Adamas Instrument BV,
Amerongen, The Netherlands). Tissue sections were made as described abave. Sections
were dewaxed, rehydrated, and blocked for endogenous peroxidase, incubated with
trypsin (Worthington, Freehold, NI} and blocked with 10% goat serum (Auvrion,
Wageningen, The Netherlands) and 5% bovine serum albumin (Sigma, St. Louis, MO)
to prevent nonspecific binding of the antibodies. Subsequently, the slides were incubated
overnight at 4°C with the primary antibody containing 10% goat serum. Biotinylated
goat anti-chicken immunoglobulin (Rockland, Gilbertsville, PA) was used as the
secundary antibody. The avidin-biotin complex reaction and counterstaining was
performed as described above. Specificity of immunostaining was checked by using IgY
purified from eggs obtained from the same chicken before immunization as a pre-
immune control.

Results and discussion

The expression of ER[} mRNA and protein was studied during testes development using
in situ hybridization and immunohistochemistry, respectively. The results indicate that
ERJ is expressed in several germ cell types such as gonocytes (fetal germ cells), all type
A spermatogonia, some spermatocytes, round spermatids and although weakly, in Sertoli
cells of rats of all ages and in fetal Leydig cells'. This means that while in the testis
ER« is only expressed in Leydig cells (steroid producing cells)'”, this newly cloned
ERJ is clearly expressed in a wide range of cell types including germ cells.

In testes of fetal rats 16 days post coitum a hybridization signal for ERJ was seen in the
cytoplasm of gonocytes and an immunostaining in the nuclei of these cells. In testes
from 4 day old rats, the signal in gonocytes was even stronger than at 16 days post
coitum. The clear presence of ERP in the proliferating gonocytes at fetal day 16 and at
day 4 after birth, when gonocytes resume proliferation at the onset of spermatogenesis,
suggests a direct role of oestrogens in gonocyte proliferation. Indeed, Li e al,”
recently showed that oestradiol is able to stimulate the proliferation of gonocytes
isolated from 3 day old rats and cultured in the absence of Sertoli cells. An cestrogen
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Introduction

From the 1970’s on, worldwide more and more reports about the decline in numbers of
amphibians have been made**¥, One of the suggested causes for the decline is the
presence of xenobiotics in the environment®®., The delicate proces of amphibian
metamorphosis is very susceptible for environmental influences. Given the fact that
amphibian metamorphosis is largly regulated by hormones, xenobiotics disrupting the
endocrine proceses in the developing animal may influence this proces. Effects of xeno-
oestrogens like alkylphenolic compounds have been described for various taxa and e.g.
in fish they include effects on growth and ovosomatic index®, production of viteHogenin
by males and females™®® and decreasing testicular growth”, Sex-reversal of tadpoles of
the amphibian species Xenopus leavis has also been demonstrated following exposure to
nonylphenol’™", indicating that amphibians are susceptible for the effects of xeno-
oestrogens. Therefore, we set out to investigate the effects of the xeno-oestrogen
nonylphenol on the common frog Rana remporaria.

Materials and methods

Freshly spawned eggs from Rana temporaria (common frog) were obtained from a pond
at Leersum, Utrecht, The Netherlands. The day after the night the eggs were collected,
exposure was started at Witschi stage 7, a blastula stage'”, In total, nine units of frog
jelly, each containing several hundreds of eggs, were collected and divided among full
glass aquaria (two for the acetone carrier controls and four for the control and
nonylphenol treatments) with a capacity of approximately 8 liters. Exposure
concentrations in the aquaria were 1pg/l, 10 pgfl, 100 pg/l and 1000 pg/l. Aquaria for
carrier controls were spiked with plain acetone (160 ul in 6 liters of water, 0,003%).
Tadpoles were exposed from Witschi stage 7 until Witschi stage 29, the stage in which
the upper- and lower hind-legs of the tadpole are able to bend in an angle less than 90
degrees. Water temperatures were kept at 15°C + 2°C, Temperatures were checked daily
and no major fluctuations in temperature occured. During the exposure period, survival
was monitored. The tadpoles that survived until Witschi stage 29 were removed from the
aquaria, measured (Iength) and stored in formaldehyde for later histopatological
analysis. Differences between exposure grouwps were tested with ANOVA. Asterisks
indicate a significant difference between different groups with a p<0.03,

137



Figure 2.

Average TTW29 + standard deviation
of the tadpoles for the different
treatments; the number of days the
tadpoles took 1o develop until
Witschi stage 29,

significantly decreased TTW29 with 8 days. In an other experiment by Fioramonti et
al'"® with Rana lessonae and Rana esculenta tadpoles, acetone (100 ul/l) did also
decrease (although not significantly) time to metamorphosis.
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Because of the decreased TTW209 for acetone exposed tadpoles, acetone treatment was
used for control with the nonylphenol exposed tadpoles. Exposure of the tadpoles to
nonyiphenol led to no significant difference in TTW29 when compared to the acetone
treatment, At the 1 and 10 ug/l concentrations, a slight but insignificant rise (55 instead
of 50 days) in TTW29 compared with the acetone treated tadpoles was observed. In an
comparable experiment with triphenyltin, time to metamorphosis compared with
controls significantly increased with increasing exposure concentrations'™. A possible
effect of the of exposure to xenobiotics is an increase in the time the tadpoles take to
develop and ultimately this could affect the proces of metamorphosis.

Effects of exposure fo nonylphenol on LAW29

Length at Witschi stage 29 (LAW29) was measured at the end of the exposure period.
Effects of exposure to nonylphenol on LAW29 are shown in Figure 3, Exposure to
acetone increased LAW29 significantly, Exposure to nonylphenol increased LAW29
compared with the acetone treatment at the concentration of 100pg/l.
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1COMPREHEND s the Euraqua Consortium bid to EU-framework IV, Environment and
Climate. Project co-ordinator: Professor A.D, Pickering from the Institute of Freshwater Ecology
(IFE).

Dutch COMPREHEND activities will be tuned in with LOES; i.e. the Dutch national research
programme on oestrogenic compounds in the aquatic environment,

3Euraqua Consortium Partner RIZA, associate partners RIVO-DLO and TNO and subcontractors
Aquasense, Wageningen Agricultural University, Ghent University (Belgiuvm) and Bundesanstalt
fiir Gewlisserkunde (Germany).

4 Associate partners or subcontractors to a Euraqua Consortium Partner.
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An interesting observation is that most of these research activities are initiatives from
within the institutes, organisations themselves (through internal funding, international
subsidies like BU-funds, etc) and are not coordinated, or synchronised with each other
As a consequence the research activities may duplicate, or may be aimed at the same
aspects (with different techniques) resulting in overrepresentation, while other areas,
topics of interest may be underrepresented by the research activities. The major reason
for this uneven, and inefficient distribution of research activities is that there is too little
initiative undertaken (except for the LOES-initiative for quality assessment of the
aquatic environment by RIKZ/RIZA) towards a national subsidy policy for this broad
and complicated area of endocrine-disrupting compounds.

There are however a number of reasons why it would be necessary for the Netherlands
to come to a national programme *“Endocrine-Disrupting Compounds”.

1. The problems associated with endocrine-disrupting compounds with respect to
adverse health outcomes for wildlife populations and the risks for adverse health
effects in human are particularly high in the Netherlands (National Health Council,
Report 1999/13). Reasons are, the geographically wnfavourable location (from a
pollution point of view) of the Netherlands in the sedimentation-area of three main
European rivers; the very high density population in the Netherlands (with rel. high
pressure on water pollution by natural hormones); the intensive farming and other
agricultural activities in the Netherlands (pollution of land/ditches with natural
hormones; intensive use of pesticides) and the high level of persistent pollutants
present in the Dutch sediments from the past.

2. The international policy with respect to endocrine-disrupting compounds is
unbalanced and may be out of perspective due to too little information and
overreactions. Still these international policies may have serious consequences for
industrial, agricuitural and domestic activities on a national level. Therefore each
country should have there own database and expertise to have a well informed
representation at the international policy and science fora. Due to the low level of
interest in the topic of EDCs the Netherlands is far behind our surrounding
neighbour countries in the priority setting for policy with respect to endocrine-
disrupting compounds

3. The complexity of the endocrine-disrupting compounds (number of different
compounds, complexity of mixtures in food and environment, various different
potential adverse health outcomes (from sex differentiation, to repreduction and
cancer of endocrine sensitive organs) implies that not every country will have the
same kind of problems occuring. The priority setting is highly dependent on the use
of particular chemical compounds (e.g. pesticides), agricultural practices, geographic
location etc. Therefore and because of the complexity, it is necessary that the
Netherlands set their specific priorities at those compounds and activities that bear
the highest risk, or largest probability of resulting in potential adverse health
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Table 1. List of representatives in NEDIC platform

AKZ0 Nobel SHERA - Regulatory Affairs
AZR Dijkzigt, Afd. Andrologie
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Dr. R F.A. Weber
Drs. P.LM. van Viiet
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Institont voor Milieuvraagstukken/VUA Prof. Dr. A.Brouwer
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Min. VROM/DGM/SVS, 1.p.c.655
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Vrije Universiteit, Toxicologie (LACDR)

VWS/GZB
Unilever Research Lab.
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Mw. E. de Wit
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Dr, ¥. Boon

B. van de Waart
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Dr. WM. De Coen

Dr. L.A P. Hoogenboom
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