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Our Dependence on Chemicals E ETER
Our Dependence on Chemicals

We use over 80 00 chemicals in products (a $3 trillion global enterprise)
..... plasticizers, fertilisers, pesticides, pharmaceuticals, eftc.

Most of these enter can enter the bodies of humans through direct application
(cosmetics) and/or via the food chain, in our drinking water or as aerosols.

Similarly, these chemicals can enter the bodies of wildlife (and most notably for
animals living in, or closely associated with aquatic environments)

Some of these chemicals can build up in our bodies potentially increasing any
biological effects they might have.

Pharmaceutical substances ($800 billion industry) are specifically designed to
change physiological function
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Endocrine Disrupting Chemicals - an increasing health concern.
Natural substances: 17 beta-estradiol (E2), plant and fungal oestrogens

Industrial chemicals:

Perfluoro octanoic acid (PFOAs) - found in the blood of 98% blood US RFRFRF O
citizens associated with elevated cholesterol and chronic kidney disease

AN \
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Polybrominated diphenyl ethers - Flame retardants associated with &, /\‘(‘0\‘“&\

thyroid dysfunction S N

Br,

Bisphenol A: Polycarbonate polymers and epoxy resins. Associated CH3
with various health disorders (e.g. obesity, reproduction) RS O | O Ont

CH3

Pharmaceutical substances: 17 alpha-ethinyloestradiol (EE2), 17 beta-oestradiol (E2),
Diclofenac.

Endocrine Disrupting Chemicals can have many very different effects in the body
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EXETER
Feminisation of Roach in UK Rivers — A Brief Overview

Widespread
sexual disruption .
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I8 ' Individual-level effects
Altered Sperm Quality

All feminised effects
Impact of sewage treatment works can be induced by d

effluents on fish health exposure to WWTW W
(endocrine active chemicals) eriorts

«Intersex present at 44 (86%) of 51 sites
*Overall incidence of intersex in ‘males’ of 23%
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Wastewater Treatment Works effluent discharges into English Rivers:

The scal@ of the issue

Dilution Ratio

Seasonal and annual variations in the proportional i
flow of STW effluent in an English river It & ik 101
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Feminisation of Roach in UK Rivers — A Brief Overview

Environmental oestrogens entering fish from WwTW effluents
Mesocosms

EXETER

Control E2  El
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The oestrogenic activity of the test \{/ 3 2 TEEQEER
effluents measured e \\,»L\ bo: Exposed <
J 1 ] NP E()
e (n=1-4)
17B-dihydroequilenin ER
+ (Equilenin) , ‘
- - Bile analysed to identify (anti-)oestrogenic compounds
Fish take up a very wide range of and their metabolites .........Enzymic hydrolysis -RP-

oestrogenic chemicals into their HPLC + yeast screens LC-NMR-MS/GC-MSMS
bodies from the WWTW effluent

Gibson, R., Smith, M.D., Spary, C., Tyler, C.R., Hill, E.M. (2005). ES&T 39(8) 2461-2471
Tyler C.R., Spary. C, Gibson, R., Shears, J., Santos, E., Sumpter, J.P., Hill, E.M. (2005). ES&T 39 (8) 2599-2607
Tyler, C.R, Filby, A.L., Hill. E.M., Liney, K.E., Katsu, Y., Bickley, LK., Lange, A., Winter, M., Gibson, R., Shears, J.A., Iguchi, T.(2009). ES&T. 43:3897-3904
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Environmental steroidal oestrogens can induce all the feminised
phenotypes seen in wild roach.........

OH
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Exposure to EE2 (0.3ng/L) can induce vitellogenin

H synthesis
HO
Ethinyloestradiol
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Exposure to EE2 (0.3ng/L) can induce ovarian

Life-long exposures to EE2 can complete sex 3 7 7
cavity formation and intersex

reversal (4ng/L)

Lange. A Katsu.Y. R. Ichikawa , Greg Paull, Laura L. Chidgey , Tobias S. Coe Iguchi. T. and Tyler. C.R. (2009).. Toxicological Sciences 106(1), 113-123
Lange, A., Katsu, Y., R. Ichikawa, Chidgey. L. Iguchi. T.and. Tyler, C.R. (2009). Environmental Science and Technology 43 (4), 1219-1225.
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Mixtures of hormone affecting chemicals that enter into testes
of fish exposed to wastewater effluents (and their effects)

NSAIDs (diclofenac, ibuprofen, naproxen, mefenamic acid)

SSRiIs (fluoxetine, norfluoxetine, paroxetine, sertraline, norsertraline, citalopram,
venlafaxine)

EDCs (bisphenol A, triclosan, chlorophene, propiconazole)

Other xenobiotics (nordiazepam, clozapine, norclozapine, quetiapine, norquetiapine, warfarin,
carbamazepine, propranolol, gemfibrozil, clopidogrel

Collectively these chemical can affect steroid hormone, serotonin (well being hormone) and
prostaglandin biosynthesis

Detected using novel nanoflow ultraperfomance liquid chromatography-nanoelectrospray ionization-time-
of-flight mass spectrometry (nUPLC-nESI-TOFMS)

David A, Abdul-Sada A, Lange A, Tyler CR, Hill EM. 2013. Advanced purification  xNg» 4 &
combined with nanoUPLC-nanoESI-TOFMS to perform untargeted IS defra? U mIEE &)
(xeno)metabolomics profiling of plasma samples. Submitted to Anal Chem. —

Links to Core Project 1
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Anti-androgens can contribute to the feminising effects of
oestrogen:Effect on gonadal ducts in Roach

100 A
Dosing: Ethinyloestradiol — 1.5ng/L

ol (measured) Chlorophene 22ug/L, Triclosan,
5ug/L, Abeitic Acid 3.5ug/L)

1 Exposure : From 3 days prior to hatch to 185
days post hatch.

sodis)
oo ,\
A

Percentage

40 4

20 4

control AAmMiIx EE2 AAmMix+EE2

= male-like duct == female-like duct
mmm unidentified
n=50
Antiandrogen mixture in combination with ethinyloestradiol resulted in
feminisation of the reproductive duct in ALL males in the exposed
population. N2 g
ralhss defrﬂq O IREE .

Lange et al., unpublished data

Core Project 3
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Breeding Impacts of Feminisation (Intersex) in Male Roach

Breeding trials
with wild roach

Multiple tanks with 3 female and 6 ‘male’ 7 l
wild-caught roach (13 tanks) p— CiEp—
I 100% parentage achieved using exclusion | 7 O _ O) @) '
0) &/ = @) ==
' C— T a—
O T gl ST o S
g K o o Ml Wb 'L ML ] <+—— | Genotyped all parents and

offspring (50-104 fry from each
tank)

% defru6 \Q/mms L

Links to Core Project 3

7 highly variable primers were developed and
applied for parentage analysis ( 700% success)

TIE. EFZTHLTOEENESINEWVS T ETT ., BHEDOLAL
TESIBHTVEDNEWVWSIZEZATHEYET . ERBEORETE
FEDMEVNS T ETHERAMARLIZZDTY,

BET~8FECHLVDEITEERIOA—FETOHARZITVEL
f=o BEO—FOUENRIBICRIZTHZEBRIESINEHRRLEL, 2
RFEDHRTITOEMRETY, T, HFAXEEH AL TRRE/—
=2y TORRETVELL,

BENAGNT=DOT, FIVDOFHICHMEIRMLU-MIE, 6%
ANFELz, KEOFTHIIHESELTEEZLELS>ELET ., BIEF
MICRIEZTL. TELTEFNFILEGFHICHERILELTHANRT,
ENDREBET, ENVBREONEVNS ZEZRARELDTY,

11



Impacts of Sexual Disruption on Roach Populations E LETER
Breeding Impacts of Feminisation (Intersex) in Male Roach
Intersex Index

0 ‘Normal male

i

1 Mild: 7-20 oocytes

.

2  Moderate: 20-50 oocytes

.

4  Severe: >50 oocytes

3

~

Female

REZSEFLT, RICEERZHANT Lz, EELGOMH. HDHL
(FHEIEN EDEREEATNONZRNELZ, ChIFHEEHTT
LEL=. BEOFIZHLMWEMEMN S TNIXLWNEEMIENEAT
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Reproductive Success of Feminised Male (Intersex) Roach under

Competitive Breeding b g
d_‘ d ( vy
v Y vy L
a2
06 - LME model coefficient = -0.029, p < 0.0001

9 05

S

n 047 z°

()

2

©

=)

©

2

Q.

[}

o

0 1 2 3 4 5
Intersex Index (how feminised the males fish are)

There was a significant negaitive relationship between intersex and reproductive
success

FIEANEYZWNEZ AT, BERERRICBITAMIEO—FDE
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+T9,
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Do Oestrogenic Wastewater Treatment Works Effluent affect
the Sustainability of Wild Roach Populations — Looking into their Genetics

Populations of roach from more polluted sites may have smaller breeding population sizes
(Ne) than those from clean sites, because a higher proportion of fish will be reproductively
compromised.

o
\ If effluents are not important

Ne
(for a given no. of fish

If effluents are important

Effluent concentration /oestrogen concentration

SN L2 a
q a
IS cerd Cmas @ |

Links to Core Project 1
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Do oestrogenic effluents affect size of the breeding population size

in wild roach ?
L, T =k
vy - oo
Thames Region vV Minimum of 30 fish
(10 microsats) have
been characterised

.
<id from each of 37 sites
8 ol Quantifying
> Breeding
Population Size
(Ne) using
P = samping location Linkage
W =input of effuent >40,000 DS Dl
PE the non-random
association of
E; equivatents (nglL) alleles at two or
— =07 more loci, not
— 1.5 necessarily on the
— =255 same
— 50 chromosome
— 1015

Performing multiple comparisons of effective (breeding) population sizes at sites
classified as clean, intermediate and highly polluted with oestrogenic WWTW effluent.

Patrick B. Hamilton - Elizabeth Nicoll, Eliane S. R. De-Bastos Richard J. Williams - John P. Sumpter, Susan Jobling,
Jamie, R. Stevens Charles R. Tyler . Populations of a Cyprinid Fish are Self Sustaining Despite Widespread
Feminisation of Males. BMC Biology In review
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Oestrogenic effluents do not significantly reduce the effective ' i
breeding population size in wild Roach. ca:(
Sve v
700 A
600 1
500
N, sc) 400 A word of caution- because
[ of the variation in the data, it
300 N e AL I is possible that a reduction
| ol in Ne of 60% could occur
200 ISP EN : . ‘ without being statistically
171§ ¥ . significant
100 9. _l" e . v L g
0] ; : — ‘
0 2 4 6 8 10 12 14
Estradiol (E,) equivalent concentration (ng/L)
Plot of effective population size (Ne), calculated using the Approximate Bayesian Computation (ABC) method in the
program ONeSAMP, versus predicted estradiol (E2) concentration for 37 populations of Rutilus rutilus. In cases in
which more than one population had similar values, data points overlie each other; thus, individual data points are not
always visible. Error bars are 95% confidence limits.
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Analysis of the population structure of Roach A
v
Neighbour-joining phylogenetic tree for the 39 roach population samples « v f( vy ( vy (
(14 microsatellite loci using chord distance ) W
v

Some populations have been
confined to some of the most
oestrogen contaminated river
stretches over multiple
generations, and have not
been sustained by
immigration.

Next Question: Have Roach
populations adapted to high
oestrogen exposure levels?
(and if so how?)

Kennet 0.02 ] Genetic Distance
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Not all fish species are the same!
Fish species can differ in their responsiveness to Oestrogens

ERs cloned for species studied across wide evolutionary scale

lc’

Ssimonifarmes

I L7 1
B 8 Cans @

Core Project 3

Miyagawa et al (data in prep)
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Responses to ‘Environmental Oestrogens’ in Different Fish Species

ERa transactivation assays
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Chemicals show similar relative potencies across the different species
BUT responses to some chemicals between species can vary by as much as 100-fold.

N Lz =
B i o @

Core Project 3
Miyagawa et al (data in prep)
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Understanding why different fish species differ in their responsiveness
to ‘Environmental Oestrogens’— The Oestrogen Receptor

A N oo R S, . cr
R

LBD medaka ER« (LBD; carp)

N . - (e0: modaka)
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~carp ERu e _-cap ERa
ooz Fedaka ERq (LBD: carp)  evidy Fogaka ERu (AFT. carp;
Garp ERe (LBD: medake) carp ER« (A1, medakaj
I LZ] g4
v, dclru“ VRRE .
) Core Project 3 Miyagawa et al, et al (data in prep)
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Communication pathways in the Body

The nervous, endocrine and immune systems make up the body’s major signalling pathways in
animals:

‘‘‘‘‘‘‘

‘‘‘‘‘‘

Immune system Endocrine- postal system
Nervous- telephone network A hormone is a chemical message

that instructs a specific response
...and they are interconnected
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Roles of Oestrogens in the body

Oestrogens mediate:

Growth

Various developmental processes
Female (and male) reproduction
Bone development

Calcium Homeostasis

Defence (Immune function)

Oestrogens signalling:
Via specific receptors

( 3 subtypes in fish)

(+ membrane receptors?)
Cross talk

Every cell in the body probably has an oestrogen receptor!

For exposures to chemical that mimic oestrogens there are much wider
potential health effects that those on reproduction.

EDC. ALK EIEEME. TR AT UNEKATED K S G1E
BAZEdoheENNS&E, HBEBUNZHEWAALGERANHYET, £tHB5
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A New Transgenic Fish Model for Assessing Environmental Oestrogens
(ERE-GFP zebrafish)

0 (Xeno-)Estrogen
Oeslrogen Receptor
GalaffmRN,
\\QE;.'

n —=

>
4 X
e s

li

Amphﬁcam
of the

Control
3ERE l

O%
GFP protein

|nduces UAS

Okhyun Lee, Aya Takensano, Masa
Tada, Charles R. Tyler and
Tetsuhiro Kudoh (2012) Environ 2 40
Health Perspect. 120, 990-996

GFP expres:

n\: um::l EE; lxp::urs (hpf)
Sensitivities in responding body tissues (96h) Temporal dynamics in responding body tissues

Provides a highly sensitive, whole body sy tool for ing il ion of
environmental oestrogens In real time for more intelligent targeted health effects analysis.
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Different Oestrogenic Chemicals induce different response patterns
(different target tissues) in ERE-Transgenic Zebrafish

* Common target tissues for
estrogenic chemicals include
the liver (li), heart (h),
muscles (m), fin (), brain (b),
Control  nerves (n) and ear (e)

® Control fish may display
weak fluorescence due to low
levels of natural background
oestrogen

EE2 20 ng/l

® Bisphenol a (BPA) shares

many target tissues with EE2

however there is a stronger
BPA 1000ug/1  signal in the heart.

Okhyun Lee, Aya Takensano, Masa Tada, Charles R. Tyler and Tetsuhiro Kudoh- EHP. 2012
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Atrium

GFP Expression in the heart in ERE-Transgenic . w
Zebrafish exposed to Bisphenol A and its metabolite - TM

4-methyl-2,4-bis(4-hydroxyphenyl)pent-1-ene [MBP]

o
hion  Ventricle

.
BPA
800 *
700 !I
600 - 4=
500 HO? .\ ‘ o *.' l |
400 i ‘F ) { | Contol 5009/l BPA 100ug/| BPA
= | |
300 :_ N : - -
200 ‘ } } ,{ l i
* | It
100 e A .
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150 b ] ]
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50 i .1‘1'4 | | o b 12
0  ote m mm O N .
Solvent .10 ug/l 0.25ug/l 050ugd 10ug! 2.5ug/l
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Fluorescence intensity values measured from hearts of ERE-  0-949/l MBP 1.0ug/l MBP 2.5ug/l MBP
TG zebrafish (5dpf) p<0.05 compared to control GFP. MF-20
John Moreman et al, unpublished data
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Endocrine Disrupting Chemicals can alter Behaviour

Aggressive acts/§ min

- t R

I DNA microsatelllites

Number of days of social interaction

Summation of behavioural acts by e L b
individuals towards the same sex in
a 2 X 2 breeding colony (‘chase’, )} SR R
. ‘spar’, ‘repel’; Paull et al. 2010)
Some findings from our work: cE—
—

- As occurs in roach populations, there is a breeding hierarchy in ; :

i . 2 2 Dominant behaviours result
zebrafish populations, with dominant males and females that sire in siring more offspring
proportionally more of the offspring

- Endocrine disrupting chemicals (oestrogens) can alter that dominance
structure and change the breeding outcome (affecting population genetics)
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Oestrogen Responding Cells in Brain in ERE-TG Zebrafish

-100pm «

control 2dpf

Confocal microscope images of control (A) and 100ngEE2/L treated ERE-TG zebrafish

embryo/larvae (B,), Bi : high magnification image of the area indicated by white square in EE2
images. OB: olfactory bulb, RGCs: radial glia cells.

Telencephalic neural cells responding to EE2 include radial glia cells (RGCs).
RGCs are fundamental in brain development and function, including brain repair

Life stage specific responses

Takesono, et al, unpublished data
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The UK Endocrine Disruption Demonstration Programme

Various Treatment Technologies can Remediate for the Oestrogenic Effects in Fish.

Ny
H' 3J‘VII"

10000000

Plasma VTG (ng/mL)

A E ST S
)

Activated Carbon

(Ozonation, Chlorine dioxide) Biological effects of 21 days exposure of sexually-

mature male fathead minnows to treated WWTW
effluent, dilution water (DWC), or the oestrogen control

Other technologies that are less costly - Titanium dioxide, Sand Filters, Improved hydraulic
retention times etc.

Uptake will depend on cost balanced against environmental health benefits
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Some Concluding thoughts and Future Prospects

Feminised male fish are widespread in English rivers, induced by exposure to WWTW
effluents, and oestrogens appear to be the main causative agents
(lots of different chemicals enter their bodies that can affect their hormone systems)

The feminised condition in males (medium to severe) affects the ability of individuals to
breed, but genetic analysis suggest the size of the roach breeding populations (Ne) in UK
rivers is not unduly affected (accepting limitations of the analyses).

A major question is whether wildlife can adapt to EDCs and what the fitness
consequences of such adaptations are — this should help provide insight into population
resilience in their contaminated world.

Molecular technologies are playing a major role in unravelling how EDCs affect the
physiology in wildlife (and humans) and consequences in wildlife (here fish) populations.
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