
Some ’ACE’ data on the analysis
of mixtures
An in vivo perspective

The need for a more integrated approach to ecological
risk assessment was raised in the last issue of the
CREDOnewsletter (Feb, 2004).This article highlighted
some of the shortcomings associated with current
risk assessment procedures, which take a chemical-
by-chemical approach, thereby failing to take account
of the potential for mixture effects. The potential for
these effects is currently being explored in various EU
projects. Many of these exploit the fact that endocrine
disrupters provide an ideal model for investigating
mixtures, not only because of their environmental
relevance, but also because of the range of assays
and the wealth of knowledge that can be applied to
the analysis of their combined effects.

ACE, which aims to ”Analyse Combination Effects of
mixtures of oestrogenic chemicals in marine and
freshwater organisms”, is an example of one such
project. This work was funded under the 5th Framework
Programme and is an associated project of the
CREDO cluster. ACE has taken a multidisciplinary
approach to mixture assessment by analysing effects
at different levels of biological complexity, ranging
from in vitro, receptor-based assays to in vivo studies
of reproductive performance, and linking these to
actual measurements of exposure concentrations.
The successful running of the project has therefore
required extensive collaboration between experts in
areas as diverse as fish biology, endocrinology,
biometry, statistics and analytical chemistry. 

Effects of UV filters on aquatic
wildlife
A EURISKED / COMPRENDO cross project

collaboration

There is increasing concern about the effects of
personal care products on humans and wildlife. UV
filters are not only used in sun screens and for
product protection in cosmetics, but these lipophilic
high production volume compounds have an
increasingly diverse spectrum of use as additives to
plastics, folia, carpets, furnishings, clothing and
washing powder. They have received special
attention because there are strong indications that
some of them act as oestrogen-mimics in mammalian
endocrine system

1
. EURISKED (Multi-organic risk

assessment of selected endocrine disrupters) as one
of the four core CREDO projects investigates the
interference of UV filters with the various endocrine
systems in humans and human-relevant test systems
to provide the basis for a multi-organic risk
assessment. The oestrogenic UV filters 4-methyl-
benzylidene camphor (4-MBC) and 3-benzylidene
camphor (3-BC), both oestrogen receptor ligands,
have been found to be reprotoxic in mammals (rats).
They reduce survival rates, delay male puberty and
alter reproductive organ weights and gene expression
in adult offspring of the exposed parent generation. 
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The combined effects of oestrogenic chemicals have been 
studied in the fathead minnow, Pimephales promelas
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The ACE project is now in its final year and recently reached
a major milestone with the completion of studies involving
the analysis of the combined effects of oestrogenic chemicals
on vitellogenin induction in freshwater fish. This has
demonstrated that oestrogenic chemicals have the capacity
to act in an additive manner and that their combined effects
can be accurately predicted using the model of concentration
addition. Further research into mixture effects at low
concentrations has highlighted the potential for significant
effects, even when the components of the mixture are each
present at concentrations that would not individually induce
a detectable response. This demonstrates the potential for
the single chemical approach to underestimate ecological risk.

These findings undoubtedly constitute a significant step in the
risk assessment of endocrine disrupting chemicals, by
highlighting the need for EU legislation to take account of
mixture effects. However, their scope is limited to the
assessment of chemicals that act via a similar mechanism
to induce a common effect. The next challenge will be to
consider the endocrine disrupting effects of mixtures of
chemicals that act via different modes of action, or that have
both agonistic and antagonistic effects. It is also important
to investigate the potential for interactions with non-endocrine
active compounds, such as solvents and surfactants, as well
as the influence of natural variations in environment and
physiology.
The concept of an integrated approach to the risk assessment
of endocrine disrupting chemicals may therefore appear
somewhat daunting at present. However, ACE has made
significant progress by demonstrating that the principles of
additivity hold true for mixtures of oestrogenic chemicals in
vivo. Furthermore, the validation of models that can predict
these effects indicates that biostatistical methods will play
an important role in helping to achieve this aim. The success
of the ACE project is largely down to the development of
effective working relationships between European partners.
Hence, the project outcomes indicate that there is cause
for optimism, not only in terms of the delivery of science,
but also from the perspective of collaborative success.

Jayne Brian 
Fish Physiology Research Group, Department of Biology
and Biochemistry, Brunel University, UK

Analysis of brominated flame
retardants
Results of an inter-laboratory ring trial

The FIRE project focuses on the improvement of risk
assessment of brominated flame retardants (BFRs) for human
health and wildlife. BFRs, such as the high production volume
chemicals polybrominated diphenyl ethers (PBDEs), tetra-
bromobisphenol-A (TBBPA) and hexabromocyclododecane
(HBCDD) have been identified as potential endocrine
disrupters. To control the quality of the BFR analysis an inter-
laboratory study was organised in 2003 by two partners of
the FIRE project. The exercise was open for all partners of
the CREDO cluster. In total, eleven laboratories participated
from the CREDO cluster, and one laboratory from Japan; eight
laboratories from the FIRE project, one laboratory from EDEN
and one from COMPRENDO. Five materials, two low
contaminated food samples and three higher contaminated
samples, were prepared for the exercise:

1) cleaned common tern egg, from a colony in a Dutch estuary 
2) sediment from a Dutch estuary
3) fish (North Sea herring) 
4) turkey meat 
5) human milk 

Samples were distributed to the laboratories in the spring of
2003, and the laboratories were asked to analyse the samples
for PBDEs, HBCDD, and TBBPA. All laboratories had to
analyse the common tern egg extract. Analyses of the other
samples  depended on i) the expertise of the laboratory and
ii) whether participants were involved in the human and/or
environmental exposure theme. In general, good agreement
for the PBDEs for the environmental matrices (tern egg,
fish, and sediment) was found. Relative standard deviation
(RSD) was between 14% and 24%, except for two PBDEs
(BDE183 and BDE209) where higher RSD values were found.

At low concentrations, as in the food samples, much larger
RSD values have been found for the PBDEs: 23% to 149%.
It was found that the procedural blank values and the
sensitivity of the analytical techniques are the major problems
that are causing the increased variance at low concentrations.

For HBCDD only a few laboratories (3 to 5) returned in
results. A large RSD value for HBCDD (53% to 106%) was
found. The most important analytical factor that probably
causes these higher RSDs is the variation in the ”cleanness”
of the GC-system, and the elution patterns of one of the
HBCDD isomers. For TBBPA the laboratories reported almost
no data, which is mainly due to the fact that most laboratories
are setting up methods for this BFR. A second inter-laboratory
study will be organised in 2004. This study will focus on the
determination of HBCD, TBBPA, BDE183 and BDE 209, and
on low levels of PBDEs, HBCDD and TBBPA.

Pim Leonards
Netherlands Institute for Fisheries Research (RIVO), 
Animal Sciences Group, Wageningen UR, The Netherlands

Continued from page 1

Observed and predicted joint effects of five oestrogenic chemicals in
Fathead minnows. Image: Martin Scholze, School of Pharmacy, London.
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Both compounds affect gene expression in brain and be-
haviour, 4-MBC male and female thyroid system and OMC
(octylmethoxicinnmate) bone development. Lowest affected
endpoints in developmental toxicity are: 7 mg/kg for 4-MBC
and 0.24 mg/kg for 3-BC. Internal dose (fat tissue levels) at
the minimal effective dose of 7 mg /kg 4-MBC (GC/MS-
analysis) were slightly below the sum of UV filters in fat of
German fish from the Meerfelder Maar. Because surface
waters act as repositories for these compounds, primarily via
discharges of domestic waters but also directly in the summer
months via direct entry from the skin of swimmers, an
exposure of aquatic wildlife to UV filters is likely. To address
the potential effects of UV filters on representative aquatic
species in Europe, cooperation between EURISKED and
COMPRENDO (Comparative research on endocrine disrupters,
phylogenetic approach and common principles focussing on
androgenic/antiandrogenic compounds) was established in
2003.The effects of selected UV filters were assessed in
insects, annelids and molluscs representing important
systematic groups for the structure and function of aquatic
ecosystems in Europe. Because these compounds are
lipophilic and tend to adsorb to particulate matter, their impact
on the test species was not only investigated during aqueous
exposure but also in sediment assays. Furthermore, different
modes of action were considered in the test programme,
including mutagenic, oestrogenic and androgenic effects.
Although not yet finalised, preliminary results from the
EURISKED / COMPRENDO collaboration indicate that UV
filters have the potential to alter reproductive and develop-
mental processes in the analysed sentinel species. Some of
these compounds are highly toxic to aquatic wildlife species
with the example of LC50 values from 2.3 mg/L in annelids
to 6.1 mg/L in insects for 3-BC. The test compounds 3-BC
and 4-MBC exhibited a marked oestrogenic response,
although in a narrow concentration window, when exposed
via sediments to the freshwater mudsnail Potamopyrgus
antipodarum in a 56 d-reproduction assay.

Oestrogens are able to stimulate the embryo and egg
production in prosobranch snails during the sexual repose
phase when reproductive activity is generally low and offspring
runs across less favourable conditions for survival and growth.
Consequently, this oestrogenic effect is believed to reduce
the overall reproductive success of wildlife snails as less
energy for reproduction is allocated for this process during the
main reproductive season. Beyond concentrations of 2 mg/kg
the number of embryos in the brood pouch decreases because
such levels are already toxic for the viviparous snail species.
As a direct result of this collaboration within the CREDO
cluster a more complete picture of the overall effects of UV
filters in humans and wildlife is achieved. This cooperation
may also stimulate further 'cross talk' between CREDO
projects and indicates that the original idea for setting-up
the cluster, to exploit European research potential and to
facilitate effective research across individual projects, is a
very vivid and successful one.

Margret Schlumpf, Walter Lichtensteiger, Hubertus Jarry,
Dana Seidlova-Wuttke, Wolfgang Wuttke
Institute of Pharmacology and Toxicology, University of
Zürich, Switzerland and Faculty of Medicine, University of
Göttingen, Germany

Matthias Oetken, Jean Bachmann, Ulrike Schulte-Oehlmann,
Jörg Oehlmann
Department of Ecology and Evolution – Ecotoxicology,
University of Frankfurt, Germany

1 Schlumpf et al., EHP 109: 239-244, 2001
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Effects of UV filters on aquatic wildlife
Continued from page 1

Effects of 3-BC exposure over 56 days via sediments in the freshwater
mudsnail Potamopyrgus antipodarum. At concentrations of 0.4 and 2 mg/kg
the number of embryos is significantly increased, indicating an oestro-
genic effect of the test compound. At higher concentrations the embryo
numbers drops to the control level due to the general toxicity of 3-BC.

Research news
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Non-genomic pathways of
endocrine disruption
Dysregulation of endogenous steroid metabolism

Endocrine disrupters (EDs) are structurally diverse compounds
which classically exert their effects by acting as agonists at
nuclear steroid receptors. However, when tested in vivo,
receptor binding often fails to correlate with ED capacity;
4-nonylphenol is only a weak oestrogen receptor (ER) agonist
but still has strong ED activity in vivo suggesting that other
pathways must be involved.
Steroids are transported as pharmacologically inactive sulphate
esters and released by the action of sulphatases in the
membranes of target cells. The sulphates are synthesised
from free steroids by various cytosolic sulphotransferases
(designated SULTs) using PAPS as a cofactor. Oestrogens
are sulphated mainly by SULT1E1 but also by SULT1A1 which
is less selective and can accept a wide range of phenolic
substrates. Other sulphotransferases include SULT1A3 and
SULT2A1 which sulphate catecholamines and neurosteroids
respectively.
In ENDOMET (Dysregulation of endogenous steroid meta-
bolism potentially alters neuronal and reproductive system
development: effects of environmental plasticisers), we have
found that bisphenol A and alkylphenols inhibit SULT1A1
and SULT1E1. Some phthalates also inhibit SULT1E1 as do
2,4-dichlorophenol and 2-phenylphenol. Since free steroid
levels are governed by the balance of sulphation and
de-sulphation, sulphotransferase inhibition by plasticizers
(sulphatases being far less susceptible) will cause a general
increase in free oestrogen levels and thereby an ED response
far in excess of that predicted by agonism at the ER. Also,
as our Slovakian partners have shown, plasticisers inhibit
modulation of progesterone synthesis by luteinising and
follicular-stimulating hormones in a porcine follicular cell
culture model.
Sulphation of dehydroepiandrosterone by SULT2A1 is an
essential part of the memory process in man. In rats, inhibitors
of SULT2A1 cause memory loss, and we have found that
bisphenol A, short-chain phthalates and long-chain alkylphenols
are moderate inhibitors of this enzyme. Since they are very
fat soluble, they may cross the blood-brain barrier and
bioaccumulate causing long-term memory deterioration.
In a linked environmental-based project, we have found that
fish (Chub) have a SULT which can sulphate oestrogens with
a Km similar to human SULT1E1 but which is more sensitive
to inhibition by alkylphenols. Chub Ca

2+
- ATPases are also

more sensitive to inhibition by bisphenol A than their rabbit
counterparts. So, fish may be more susceptible to some
aspects of EDs than mammals.
Combined with results from other ENDOMET partners, these
data show that plasticisers can exert ED actions via many
pathways in addition to agonistic effects at the ER. We would
be happy to enter into collaboration with other groups —
ideally it would be useful to see our in vitro tests combined
with those in the matrix so clearly shown at the CREDO
workshop Multi-organic risk assessment of endocrine
disrupters by our colleagues in the FIRE project.

Rosemary Waring, ENDOMET coordinator
School of Biosciences, University of Birmingham, UK

Testicular development

The reproductive system is a crucial target for the impact of
endocrine disrupters (EDs) and the genetic background may
modulate the effects. The genetic effects of these
compounds on developing gonads have direct impacts upon
the exposed individuals and on  future generations by genetic
transmission. GENDISRUPT (Genetic markers and susceptibility
to the effects of endocrine disrupters during mammalian
testis development ) has partners from Spain, Italy, the
Netherlands and UK, from both academic and SME
institutions. We are taking a wide range of approaches
covering animal models and cells, human exposure and new
technologies based on DNA microarrays and bio-informatic
resources. The comparative results will help our under-
standing of endocrine disruption mechanisms, the genetic
background giving susceptibility to EDs, and new methods for
testing of potential EDs. Using both mouse models and
human studies we are focusing on in-depth studies of a small
range of ED compounds and analysing their effects on
testicular cells in detail. All of the substances chosen are
included in the priority list published by the European
Commission as ED or potential EDs deserving further study.
The mouse model will allow the analysis of the effect of a
group of selected EDs upon specific cell types: Primordial
Germ Cells (PGCs) and Sertoli cells. As an experimental
model, mice will be treated in vivo and cells treated in vitro
with EDs with the aim of isolating genes that undergo
changes in their expression in the testis as a consequence
of deregulation by the action of EDs. Samples from treated
mice and cells are being analysed at both the gene and
protein expression levels and at the histopathology level
during development. The information gained from the model
system studies will be correlated with data from human
studies.
Human studies will focus on clinical cases of testicular
carcinoma and infertility, analysing them for possible ED
exposure and the serum levels of selected EDs. In humans,
analysis of Single Nucleotide Polymorphisms (SNPs) of
target genes and linkage analysis of QTLs (Quantitative Trait
Loci) are being used to identify genes which may relate to
the genetic susceptibility to EDs.
One of the approaches being taken is the development of the
Disrupt Array. Initially approximately 300 genes that are
believed to be involved in testis development and/or that
are susceptible to the effect of endocrine disrupting
chemicals have been identified from literature searches and
from previous research projects in this area. Arrays are
being designed and tested and will be used to assess the
effects of exposure to known or suspected endocrine
disrupting chemicals on the development of mouse testes.
As the project progresses we will add further genes to the
array and possibly specific isoforms that prove to be good
genetic markers for endocrine disruption. The initial arrays
are ready for distribution to the project partners and the
gene expression data will be correlated with the
histopathological data.

Jesús del Mazo, GENDISRUPT coordinator
Centro de Investigaciones Biológicas, Consejo Superior de
Investigaciones Científicas, Spain
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Rapid non-invasive testing methods

One of the main challenges for studies into endocrine dis-
ruption in wildlife is to set up rapid and low cost pre-screening
to identify areas at risk. To resolve this problem, the
EASYRING project (Environmental agent susceptibility
assessment utilising existing and novel biomarkers as rapid
non-invasive testing methods) aims to supply novel cost-
effective tools to limit the use of more demanding and
expensive monitoring studies in selected ‘hotspots’. To
achieve this goal, the development and validation of novel
non-invasive methods for the detection of known and new
biomarkers of endocrine disrupters (EDs) directly in the mucus
of aquatic species has been initiated. This is also in accordance
with increasing public pressure to reduce animal testing.
The main objectives of the project during its first year were:
a) to evaluate with a double in vitro / in vivo approach the
potential of water and sediments from the Lambro river and
a polluted effluent of the Po river (northern Italy), for endocrine
disruption and b) to expose carp to graded concentrations
of four selected chemicals chosen as examples of (anti-)
oestrogens, and (anti-)androgens, in addition to perform
proteomic studies to identify novel potential biomarkers of
EDs. To reach the first objective, three consolidated in vitro
tests (amphibian/fish hepatocytes cultures, recombinant
yeast assay and breast cancer cells (MVLN)) were applied
to water and sediment fractions obtained following a Toxicity
Identification Evaluation (TIE) procedure. The fraction with
the highest endocrine  disrupting potential was identified
and shown to be able to change the protein patterns in MVLN
cells and therefore to act as an ED in wildlife. Parallel chemical
characterisation of all fractions of sediment and water
samples was in excellent agreement with results from biotest
and toxicity assays and has been the basis for establishing
treatment protocols for successive in vitro and in vivo
exposures. At the other end of the spectrum, proteomic
studies to identify potential novel biomarkers have been
extended to media coming from in vitro studies. This has
included the analysis of biota samples of gonads, mucus and
plasma. Results from this work will form the foundation of
successive development of traditional and innovative (dip-stick
based) immunoenzymatic assays. Currently, specific test
signals were obtained in the Laminar Flow Immuno Assay
(LFIA) test format using four monoclonal antibodies reacting
with carp vitellogenin. The sensitivity of this initial assay was
only moderate and optimisation of the assay to improve the
sensitivity did not help significantly. Other formats and chip
technologies are now being explored. 

Relative endocrine disruption activity database

A further aspect of the EASYRING project was to establish
a database of the relative endocrine disruption activity of
chemicals and to utilise this data to develop structure-based
models for the prediction of this endpoint. So far the database
exceeds 500 chemicals with a variety of endpoints relative
to endocrine disruption having been recorded. Preliminary
quantitative structure-activity relationship (QSAR) analysis
has indicated the types of structural properties that may be
used to filter out non-active compounds, thus eliminating
them from further testing. Contacts have been established
with the EC funded project Chemicals as contaminants in
the food chain (CASCADE), in particular for the in silico

screening of endocrine disrupters (through Emilio Benfenati,
partner in both projects).

Alberta Mandich, EASYRING coordinator
Department of Environmental, Experimental and Applied
Biology, University of Genova, Italy
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The first year of EASYRING
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Joining forces to target endocrine
disrupting events at the
hypothalamic-pituitary unit

The hypothalamic-pituitary (HP) unit plays a central role in the
regulation of reproductive function. During early stages of
development, the HP unit is highly sensitive to the organizing
effects of sex steroids, and is thus a potential target for the
actions of endocrine disrupting compounds (EDCs). Yet most
of the attention in the field of endocrine disruption of
reproductive function has so far focused on the analysis of
direct effects on peripheral sex organs (gonads, genitalia)
and little is known about actions upon central reproductive
systems. Aiming to identify molecular biomarkers and
mechanisms of action of EDCs at the HP unit, different
research groups within the EDEN consortium (Endocrine
disrupters: exploring novel endpoints, exposure, low-dose-
and mixture-effects in humans, aquatic wildlife and laboratory
animals), including research partners at the University of
Cordoba (Spain) and the Danish Institute for Food Safety and
Veterinary Research, have recently joined forces in an attempt
to provide a faster, more efficient and multidisciplinary
approach to the phenomenon. 

Based on initial phenotypic animal studies and pre-existing
information, a number of anti-androgenic chemicals were
selected for analysis, including the pharmaceutical flutamide,
the fungicides vinclozolin and procymidone (androgen
receptor antagonists), the pharmaceutical finasteride 
(5a reductase inhibitor), the plasticizers di(2-ethylhexyl)
phthalate (DEHP) and di-isononyl phthalate (DINP) (inhibitors
of testosterone synthesis in foetal testes), and the fungicide
prochloraz (aromatase inhibitor, as well as androgen and
oestrogen receptor antagonist). Upon approval of local ethical
committees, Wistar rats were dosed perinatally from
gestational day 7 to postnatal day 16 at the Danish Institute
for Food Safety and Veterinary Research. The anti-androgenic
activity of these compounds was confirmed by initial animal
studies, showing decreased anogenital distance (AGD) and
nipple retention, as well as reproductive tract malformations
in male offspring. As an example, procloraz, a widely used
fungicide in agri- and horticulture in Denmark, changed AGD
and nipple retention, increased the incidence of malformations
of external male genitalia and induced agenesis of several
androgen-dependent tissues. Compared to flutamide and

vinclozolin, the effect of procloraz was around 100-fold and
10-fold lower, respectively.
In addition to conventional reproductive scores, brain
(hypothalamus) and pituitary samples have been systematically
collected and transferred to the research group at the
University of Cordoba, where gene expression analyses (by
means of semi-quantitative and real-time RT-PCR assays, as
well as in situ hybridization) are currently in progress.
Selection of the gene targets (which include several sex
steroid nuclear receptors and metabolizing enzymes) has been
based on available information on the mechanism of action
of the tested compounds, previous studies of the groups,
and initial analysis of differentially expressed genes at the HP
unit following perinatal manipulation of sex steroid milieu.
Although at this early stage no conclusive results can be
forwarded, these studies will likely provide a scientific platform
for a better understanding of the overall effects and
mechanisms of action of potentially relevant EDCs at different
levels of the reproductive axis. Moreover, we are confident
that such analyses will help to identify suitable biomarkers
for exposure and effects of EDCs acting at the HP unit.
Finally, from an operational standpoint, this initiative
represents a good example of multidisciplinary interaction
between research groups within the EDEN-CREDO network
allowing a more efficient approach to the complexity and
diversity of endocrine disruption phenomena in mammals.

Manuel Tena-Sempere
Department of Cell Biology, Physiology and Immunology,
University of Cordoba, Spain

Majken Dalgaard and Ulla Hass
Danish Institute for Food Safety and Veterinary Research,
Copenhagen, Denmark

Risks to health by cholinergic
pesticides
A cooperative study on pineal gland development in

zebrafish

The SENSPESTI project (Tissue engineering of living biosensors
to evaluate risks for health by pesticides affecting the
cholinergic neurotransmitter system) aims to analyse the
possibility that some compounds released into the
environment, namely neurotoxic drugs and pesticides, may
affect human health. The project investigates the possibility
that increments of developmental anomalies may be due to
the interference of the drugs in the cholinergic neuro-
transmission system. One of the effects of these molecules
is on reproductive success, both by direct action on the
signalling between gametes1 and by action on development
of the nervous system, including brain and annex endocrine
glands. The function of cholinergic molecules in the production
of melatonin by chick retina was demonstrated by our
partner Prof. Paul Layer (University of Darmstadt), and in the
development of eyes2 and the testis3 has been demonstrated
by our unit at the University of Genova.
In cooperation with Dr Alberta Mandich (coordinator of the
EASYRING project), we are studying pineal gland
development in the early embryos of zebrafish, Danio rerio,

Research news

The neuroendocrine control of gonadal function presents a number of
target sites for toxic insults. Various compounds may act directly on the
(1) brain e.g. the hypothalamus, (2) pituitary, or (3) testis, thereby impair-
ing hormonal communication among these structures. Alternatively, a
compound may also affect any of these sites in combination. Based on
Cooper et al., 1998.



CREDO scientific workshop


