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Effects of endocrine disruptors on early
development and metamorphosis

Tinka Murk, Toxicology

-Endocrine disruption (field of study)
-Bio-analysis (opportunities and pitfalls)
-Answering ‘so-what’ questions

(in vitro v.s. in vivo effects)
-Thyroid hormone disruption
-Some current projects

i« R Toxicology: major topics

&L, Effects on reproduction and development

Environmental Toxicology <==> Food toxicology

- Novel food toxicology : Bioactive ingredients

- Diffuse contaminants in the food chain  : Bioassays for
dioxins, mycotoxins, endocrine disruptors, veterinary
drugs

- Toxicogenomics : Effects of life style and genetic
polymorphisms on individual sensitivity

- Environmental toxicology : Development & validation of
biomarkers for early developmental effects in man &
wildlife

- Risk assessment : Low dose extrapolation models &
advisory tasks (EU & National)
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Endocrine disruption

—

Endocrine disruption

A change in hormone production, function or
metabolism resulting in impaired homeostasis
(otherwise hormone modulator).

-Endocrine disruption not restricted to steroid
hormone system

-Interaction possible at several levels:
hormone production, function and regulation

-Type an
moment

-Early interaction may result in late effect

d severity effects depends on
of interaction

=>How to detect endocrine disrupting chemicals?
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— Mechanism-specific reporter gene assay
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L, How to perform a DR-Luc assay

&L, Quantification using the DR-Luc assay
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What is important to keep in mind
when applying bio-analysis?

Chemical validation

sample collection/storage
sample preparation (recovery, procedure blanks)
disturbing factors (S, OC, PAHS)
correct solvent change (conc.)
right chemical form (e.g. debromination, metabolisation)

\ Quality bioanalysis

validated standard compound
quality checks (max. IF, 3 pM for Shewart graph)
correct range in standard curve (1-10 pM TCDD)

PRt X K K I

“So what?”

logical endpoint?
validate with known toxic compounds
correlate with biomarker & known toxic effects
indicate threshold values

—

TCDD-equivalents in otter liver,

—

bio-analysis versus chemical analysis

log(y)=0.95 log(x)-0.28

Murk et al., 1998

Possible pitfalls/problems (bio-)analysis

* loss of compounds
« introduction of compounds

« different physical/chemical categories of
compounds

e presence of agonists/antagonists
* no discrimination from natural compounds
« total vs bioavailable extraction

—

Effect of sulphuric acid silica column on DR-Luc

g Tenax extraction of bio-available estrogenic fraction
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Puglisi et al., 2007 Extraction and bio-analysis of the ecological
relevant fraction of contaminants in sediments. ETC
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De Weert et al., 2008 Bioavailability and biodegradation of
nonylphenol in sediment determined with chemical- and bio-analysis




— Biological validation of bio-analysis

— Relate bio-analysis results to effects

Answer the ‘so what’-question

Development of Otter-based Quality Objectives
(DOQOP)
receptor-mediated reporter gene assay
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Environmental
otter: standards for PHAHs

no effect: 2 ng TEQ/g fat based on otter data
10x reduced vit. A: 5 ng TEQ/g fat

fish-to-otter
bioaccumulation factor 100
fish:
no effect: 20 pg TEQ/g fat
10x reduced vit. A: 50 pg TEQ/g
fat
sediment-to-fish

accumulation factor 4 sediment:

no effect: 5 pg TEQ/g OC
10x reduced vit. A: 12.5 pg TEQ/g OC

— Comparison of in vitro and in vivo bio-analysis
of pore water spiked with TCDD
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I Bioassays: look at the right time and place

not to miss the




i Delayed effects of PCB126 on Sole-survival

&L, Dioxin-equivalents in fish samples indicate effects
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—¥— solv. control
——0.1ng/l
——0.3ng/l
—=—1ng/l
——3ng/l

10 ng/l
—— 32 ng/l
—e— 100 ng/l

% survival

0 10 20 30 40 50 60

Days after fertilisation
Early exposure to PCB-126 reduces sole (Solea solea) larvae survival at a
development stage not included in the OECD Fish early life stage test (Foekema et
al., 2008). Pink box indicates the duration of exposure.
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— (Pseudo)estrogens

i« R (Pseudo)estrogens

NATURAL ESTROGENS SYNTHETIC ESTROGENS
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— Reporter gene assay for complex mixtures

CELL

E Estrogen Receptor NUCLEUS

Binding to DNA

Translocation

Activated
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Changed cell function/physiology m ellogeni

ER-Luc assay

Legler et al. 1999
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ER-binding assay

o YES-assay (yeast estrogen screen)
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== Comparison of ER-Luc responses to E2

Estrogenic effects in an ER-Luc assay (ERa, ERDb)
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&L, Quantification of EEQs

=== “Domestic” WTP influent (infl), effluent (effl) and sludge
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Legend:
LS TEQ (nglkg)
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In vitro ER-CALUX reporter gene assay

« rapid, high throughput screening

 sensitive and responsive

« specific for estrogens, anti-estrogens, xeno-estrogens,

complex environmental mixtures

However:

drawbacks in vitro assay:
bioavailability
metabolism
kinetics
accumulation
critical life stages

Development (Xeno-)estrogen exposure
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Luc activity in adult male transgenic zebrafish
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Comparison response
in vitro and in vivo reporter gene assays

Comparison response
invitro and in vivo reporter gene assays
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Figure 2 In vivo activation of the estrogen-responsive reporter construct by the estrogens
diethylstilbestrol (DES) and 17-estradiol dipropionate (EP) in adult transgenic CBA x C57BI/6J
male mice from line INS7 measured with the VIS system. Dose-dependent activation of the
reporter construct was measured 8 h after DES or EP exposure (101000 pg/kg) (Lemmen

et al., 2004).

UMU-assay for
mutagenicity

Mutagenicity of airborne particulate matter in Wageningen

collected on days with different wind direction Hamers et al., 2002




Bio- and chemical analysis of pesticides in rainwater
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<& Regulation of Thyroid Hormone Homeostasis

—

Some compounds can mimic hormones

—

T-screen (GH3 cell proliferation)
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&L T-screen (GH3 cell proliferation)

i Antagonism of BDE 206 in T-screen
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= I3-dependent tadpole tail resorption assay

Total tail tip decreasenhanced by HBCD
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== Effectof 1000 nM HBCD or BDE206 plus EC50 T3

-l HBCD does not look like T4 or T3
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Overview of sign. effects in the in vitro assays

— === Multixenobiotic Resistance (MXR)
T-screen TRa TRb

ECy, T, (NM) 0.21+0.12 0.5 15 °
Compounds Class Max. induction (+) or repression(-) relative to C 8
=]
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=
. c
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c
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= No significant effect

dSchriks et al., 2006

¢ Schriks et al., unpublished data
T Hamers et al., 2006

TR-GHS3.Luc response (stable celline)

== PgP (MDXR) inhibition mussel gill o
R el ham e ™| T e
H H )
io jo
Cuts on dashed lines io He
E 20- §
AR Carconaton o) Concotaton ot

== BPA agonist or antagonist? == Related current PhD-projects

TR-GH3.Luc response:

Luciferase Induction (%) relative to T3
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Effects of POPs on recruitment success
of Sole (Solea solea) Edwin Foekema

Analysis, environmental occurrence and
toxicity of chlorinated paraffins
Tanya Rusina (Wageningen-IMARES)

Development and Application of
Comprehensive Chemical Analytical
Methods in Effect Directed Analvsis
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= Urchin’ ELS-research in 24-well plates

=== Fundamental endocrinological processes shared

Thyroid-hormone-dependent ‘metamorphosis’

Xenopus Sole Human Heart Urchin

= Related current PhD-projects

Unravelling the mechanism of differential biological responses induced by
food-borne xeno- and phyto-estrogenic compounds. Ana Sotoca (ERa
and ERDb specific effects and their interplay)

Development and validation of in vitro bioassays for thyroid hormone
receptor mediated endocrine disruption. Jaime de Freitas (TRa and TRb
specific effects intracellular including biotransformation)

Integrated risk assessment of contaminated (marine) sediments. Cor
Schipper

Effects of POPs on recruitment success of Sole (Solea solea) Edwin
Foekema

Realistic risk assessment of contaminant mixtures in food and sediment
Mauricio Montafio (Gabriel Lippman Institute)

Plus 2 PhD-vacancies.
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