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Presentation Outline

« Waking up to Planetary Health and Biodiversity Loss
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+ Endocrine Disrupting in Wildlife (with a focus on Fish)

* Deepening our understanding on how Endocrine
Disrupting Chemicals can cause effects — and harm

» Reflections and a Few Concluding Thoughts
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Freshwater LPI (Living Planet Index) measures biodiversity,
calculating average change in abundance over time - based
on trends in abundance data for 3,324 populations of 881
freshwater species — 1970-2012 (WWF/ZSL, 2016)

Key
mmmm Freshwater Living
Planet Index

[l Confidence limits

T
4 Ml 08 3

- H'/ A

; Nl e A
> - ! 7 Images— Charles R. Tyler
1 r X )

Ol

RNTHEIC, WSRO E M T 2Lk CEE L, £
TV A D AEMFENZEICHD L TWAE L WS Z & FHEEIWE b EREHE
FWFE B> TWVWAEWNW) T ENGhoTWnWAbIF I L, F£7~. LPI (4
X TWVWAHEHEEE) WO bORHY £ LT, 3,000LL EOEAEALEYIZHS
WTOMENMTONTWET, ZOHRT, 4. ZI5OEEEDRIN E
IYTHDIMNEVNIHTERTAHAET L, —HIZBWVWTHD N KELZ2HTH
HZEMGM0ET, FTHRAKRTORDRMLL, WESVEELIERED
WoTHET &, RO - FFE - FREET3,0000L EOFHEIZIB UV T80%I1EE
DOWLMALENTHET, HaxRBEANSEORAITIH Y 31, 2<%
ERMZEBENTHDENS Z &, HDHWIE, EVEINED S, BEVERE
HEICZ O LD REEBE DRSNS TWET, ALFEWE S - KX
<BHGLTWT, HBAICE > TUIFEFITRE R EBER L 7p > TV ET,



University Public Seminar on Endocrine Disrupting Effects -MoE, Japan 2025
Exeter

Waking up to Planetary Health

Rising Risks from Human Pressures on Nine Critical Global Processes

CLIMATE CHANGE
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\ The planetary boundaries framework highlights the rising risks from
human pressure on nine critical global processes that regulate the

7 stability and resilience of the Earth

reshwater use
(Blue water)
Gree

P4

FRESHWATER CHANGE

OCEAN

ACIDIFICATION
)/ \

/ BIOGEOCHEMICAL \\

FLOWS

The 2025 update to the Planetary boundaries. Licensed under CC BY-NC-ND 3.0. Credit: "Azote
for Stockholm Resilience Centre, based on analysis in Sakschewski and Caesar et al. 2025".
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We are fundamentally changing the chemical balance of our planet.....

Satellite images provide powerful insights into the extent of our chemical
influence on the planet: here are two examples,

Nitrogen dioxide Ocean acidification

An incredible fact: Globally, over 450 km? of domestic, industrial and agricultural
wastewater enters our aquatic environments each year, and requires 6000 km? of
freshwater for treatment —two thirds of the world’s usable surface freshwater
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Chemicals and Health

Human Health Effects — The FACTS

Pollution is the largest environmental cause of disease and premature deaths in
humans; 9 million premature deaths in 2017 — 16% of all deaths worldwide ( >
AIDS, TB and Malaria combined)

Nearly 92% of pollution —related deaths occur in low-income and middle-income
countries

» Children are at the greatest overall risk
Pollution is costs:
» Productivity loses due to pollution related diseases are at 2%GDP in LMICs
» Health spending: 1.7% in HIC and up to 7%in polluted, rapid developing
MIC

« Welfare losses US$4.6 trillion per year (6.2% economic output)

Health impact burdens are probably underestimated!

Landrigan et al., : The Lancet Commission 2017
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Our Dependence on Chemicals

We use tens of thousands of chemicals in products (a $3 trillion global enterprise)
..... plasticizers, fertilisers, pesticides, pharmaceuticals, etc.

Most end up in the environment and in the bodies in of wildlife - notably animals living in
aquatic environments.

Chemicals of Particular Concern

Priority Substances have been identified for which we have concern because there is
good evidence for adverse health effects.

Other Chemicals for which there is increasing health concern include:

FFRFRF ©

Perfluoro octanoic acid (PFOAs) NS on ol IAEE
(cholesterol and chronic kidney disease) f Ff FFFFF LN
Polybrominated diphenyl ethers

CHs i i
Polycarbonate polymers HOOH (thyroid dysfunction)

(obesity, reproduction) CHs

Pharmaceuticals: 17 alpha-ethinyloestradiol (EE2), 17 beta-oestradiol (E2), '+ 2% ~7&
Diclofenac, SSRIs (antidepressants)
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Endocrine Disrupting Chemicals

The World Health Organization (WHO) defines an endocrine-disrupting
chemical (EDC) as:

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

EDCs can be a man-made or natural chemical and they interfere with the
body's hormones via receptors, enzymes synthesising or degrading
hormones, hormone excretion, and in other ways.

PR R, B F~OREEREL H LD TT, TN SUWHL
ILE (EDC) & \W\WH Z rich v £9,
WAWAZREDCIZEET 2 ERENH V. FUTZ O EII35FEED > TXx %
LD, BREAICEEDNLEDL> TEXTWET, BT, AW EEOEEREC
LT, AERBELELZL O IHAREOWE FRITRAME W) T
W7o TWET, ZHITFRICH L THEEL2E 2 F3, Lrb, 201k
FMENEDO L IIHERT D ONENS & ANTALFEWE T TldZe <,
RIRDALFEWE ThH -T2 E LTHLEENHD EWVWH Z LT, XKD
RIVE VAR EICHBELET, WAWARKT, SRR, BE, 2045
Wl L THETDHEND HEDTT,



Public Seminar on Endocrine Disrupting Effects -MoE, Japan 2025
@ University

of Exeter Endocrine Disruption in Wildlife (Fish)

Our Initial Observations

Wastewater Treatment Works Effluents are Oestrogenic
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Control Willington Consett Carlisle Winsford
Purdom, C.E., Hardiman, P.A., Bye, V., Eno, N.C., Tyler, C.R Burwarton

and Sumpter, J.P. (1994). Chemistry and Ecology. 8:275-285. Location of Sewage Treatment Works
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Endocrine Disruption in Wildlife (Fish)

Feminisation of Fish (Roach -Rutilus rutilus) in English Rivers

Widespread
sexual disruption

All feminised effects are induced by

exposure to WWTW effluents
Impact of sewage treatment works effluents
on fISh health (endocrlne aCthe Chemlcals) Liney, K.E., Jobling, S. Shears, J., Simpson.P., Tyler, C.R*. (2005) .Environmental
Health Perspectives 113 (10): 1299-1307.
- Intersex present at 44 (86%) of 51 sites Rodgers-Gray, T. P, Jobling, S., Kelly,C., Moris, S., Brighty, G., Waldock, M, Sumpter,

J.Pand Tyler C.R.* (2001). Environmental Science and Technology 35:(3) 462- 470

* Overall incidence of intersex in ‘males’ of 23%

Jobling, S., Nolan, M., Tyler, C.R., Brighty, G., and Sumpter, J.P. (1998).. This work was done more than two
Environmental Science and Technology 32: 2498-2506.

Jobling,S., Williams, R., Johnson, A., Taylor, A., Gross-Sorokin, M., Nolan, M., Tyler, deca d es ago’

C.R,van Aerle, R., Santos, E.M.,and Brighty, G. (2006).Environmental Health

Perspectives 114: 32-29
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Feminisation of Fish (Roach -Rutilus rutilus) in English Rivers-
A more recent update:

Smaller Scale Survey : 8 rivers, 9 sites (30-50 fish for each site)

+ Plasma vitellogenin (VTG) was present in all male fish but at lower levels compared
with the historic surveys.

+ Genetic males with feminised (ovo) testes were found at 60% of the survey sites and
the frequency and severity of this condition was not different from historic levels at
80% of sites sampled

+ Genetic male fish with a female-like gonad were present at 60% of the sites,
confirming the occurrence of full sex reversal (from male to female) in wild roach.

Lange, A., Paris, J.R.,
Gharbi, K., Cézard, T.,
Miyagawa, S., Iguchi, T.,
Studholme, D.J., Tyler,
C.R., 2020.). Mol. Ecol.

Genetic Sex Probe Resour. 20, 1007-1022.
for the Roach

Alice Baynes, Anke Lange, Nicola Beresford, Euan
Bryden, Katie Whitelock, Charles R. Tyler and Susan
Jobling. (2023) Environmental Science and
Technology https://doi.org/10.1021/acs.est.3c02854

Feminisation in male roach is still a widespread phenomenon
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Environmental oestrogens entering fish from WwTW effluents
Mesocosm exposures
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The oestrogenic activity of the O o NPiEO
HO (n=1-4)

test effluents measured
17B-dihydroequilenin
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+ (Equilenin) i
2
1.0
ime (minutes)
Fish take up avery wide range of Bile analysed to identify (anti-)oestrogenic compounds and
oestrogenic chemicals into their bodies from their metabolites ......... Enzymic hydrolysis —RP-HPLC +
the WWTW effluent yeast screens LC-NMR-MS/GC-MSMS

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, KEE., Katsu, Y., Bickley, L.K., Lange, A., Winter, M., Gibson, R., Shears, J.A., Iguchi, T.(2009). ES&T.
43:3897-3904
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Laboratory studies show that environmental steroidal oestrogens can
induce all the feminised effects seen in wild roach.........

OH
‘\\% S
{ B “pv

\ Exposure to EE2 (0.3ng/L) can induce

vitellogenin synthesis

HO
Ethinyloestradiol
Py = J
{ D) y
‘,__ E?—_ g ) ¢ . }«x
K =3 Exposure to EE2 V(O.3ng/L) can induce

) ovarian cavity formation and intersex
Life-long exposures to EE2 can

complete sex 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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(PR  Cvidence for Endocrine Disruption in other Wildlife

-

Godfrey, H.C.J., et al.,. (2019). Proc Roy:
Soc. B Proceedings 286 20182416

10.1098/rspb.2018.2416. (’:l' ek R
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ARE WE THREATENING OUR FERTILITY. INTELLIGENCE

AND SURVIVAL?—A SCIENTIFIC DETECTIVE STORY

ZHUIERICTIEL LOARIZR o T0ET, HEALTMALZ E13H D
ERWETA, AW <ELUICEATINBELEE LD A—"=T v 7 &
9. Theo Colborn, Peterson Myers & Dianne Dumanoski & 732072 [Our Stolen
Future (DO LAKR) | &V HARKTT,
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Endocrine Disruption in Wildlife (Fish)

Does it matter?....... Breeding Consequences of Feminisation of Male Roach
‘ A : , TR éﬁ )

DNA microsatellites - highly variable primers v L
were developed and applied for parentage 5 = T o
analysis (100% success) [ 24 | | e 3
»¥ bl 7= T'_]
L 067 . LME model coefficient = -0.029, p < 0.0001 Breeding trials with wild
7 ] - roach
Q .
fos| — 1
7 047 ¢ A A © 00
HES - < A
20371 - . . — 0 0,9 &=V
S 02* w— T 5
8 e — T T
s 017 :°
& 0.0 . . Genotyped all parents and
' 0 1 3 4 5 offspring (50-104 fry from each

Interszex Index tank). Histopathology analysis of
For roach that are moderately to severely intersex (index >2) there was an estimated | @dult gonads.

15% reduction for each incremental increase in the intersex index (75% reduction for
oo 6 s
B defrd

the most feminised individuals included in this study).
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IS LT, BAEOr —F2HE£O T, TNEEHZ L 7IZANDSZ LT
ML A AESHEE L, ZNICEST, DNANA 72774~ Zh
MORMERNET T4 ~—%2E LT, EZzHRELELL, WL T/
SA TRl ZETY,

XETIEEDS WO LR & D D70, YHEICTIZTEIEIZE 578> TWDH D
MEWVWS ZEERFI LD THY £, 2F 0., HENMALLTZSGE.

IV BIENHE L < D& WO T DD £ LT,

Feminisation affects the ability of males to breed

Harris, Hamilton, Runnalls, Jobling, Vinciotti, Henshaw, Hodgson. Coe, Tyler,. Sumpter (2010). EHP. 119:306-311 -
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Endocrine Disruption in Wildlife (Fish)

Are Wild Populations of Roach Adversely Impacted?

&00
700

Genetic studies undertaken
investigating the relationship between
the amount of oestrogen in English o0
rivers (predicted oestrogen content) %00
and an indicator of the breeding size M= 18c)
L
2

in the parental population (N, gc)) EEE L Hl
w file T8 kb
D T T T T T
Patrick B. Hamilton*, Elizabeth Nicol, Eliane S. 0 4 ] ] o 12 14
R. De-Bastos, Richard J. Williams, John P, Estradiol (Ez) equivalent concentration (ngiL)

Sumpter Susan Jobling , Jamie, R. Stevens,
Tyler, C.R (2014). BMC Biology 12:1

Answer : We do not have a clear picture on this
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IR 72 RFRIT 722 W) Z & TF, WEOr —FITMEICITAERZE
EEZITTWAHDNEND Z ElE, FEARMNRRES>TWHRNENS Z LT
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Endocrine Disruption in Wildlife

Population level Consequences of Chemicals (incl. EDCs) in Vertebrate Wildlife
Established Cause —Effect Relationships

Key examples have been identified only after population level collapses!

Reviewed in: Godfrey, H.C.J., Stephens, A.E.A., Jepson, P.D., Jobling, S., Johnson, A.C., Matthiessen, P., Sumpter, J.P.,
Tyler, C.R., McLean, A.R. (2019). Proc Royal Soc. B Proceedings 286 20182416 . doi: 10.1098/rspb.2018.2416.

LU, WOWL ELE DB OB KIEL TV AR L ~L
TOEBII > TWET, HIZIENAY T ThHo720 v FTlL, sz
FIMET LT, AL OIBMENEZ T LEY, £/, ¥ F (Orca) 72
ElZx LT, Aay b7 ROWEHEF CTIEPCBOEENIEFIZKRE o
TWVWBHENWHZETT, PCBIZLY, TAUD « 7a ) LD/ —3 8
JHTERKRoTWNDHEVNHIZ LB F7,

Fns . ERAT AL RWENAR—YOEER SN TWET,
TN UWN L ELE T L IXER SN TOEREADR, 1>D(LFEWE N
IVAT NMTARRFI B E RIF L TEBY £9,
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Chemical Disruption in Wildlife

Ecosystem level consequences of diclofenac impacts on vultures in Asia

Rabies lyssairué
* Death of over 45 million vultures

« $350 billion loss to the country’s economy (2000-2005)
* Human mortality rate increased by more than 4 %

Documentary videos:

https://www.youtube.com/watch?v=5D0O6kkOmZCQ
https://www.youtube.com/watch?v=ZCA240GENNo
https://www.youtube.com/watch?v=y8f7THftHt T4

KRz a7 2 7 BT U NI RITTRETHERBE T, 42 R b
INTF D AR T DN S o TWET, NFUURIEAT, FOEKY
EhobBRELRVWE, ZNURRKICHRRSICH L TEEEL 52 FRAF
REDOHINIEELTWA LW ZEREbTWET, #HETite k
IZxE T ARE L TWET, B FOETERHAHWVITI A N, H—D(F
WENSLDE FOFELERND A R TIH4% L ERIML TWD &) FER *EE
ERBRHYET, 1ODILFEWENE NORTERIZEELHE 2 H L0 2
ENHD FT,
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Understanding how environmental oestrogens affect fish

Roles of Oestrogens in the Body

Oestrogens mediate: Oestrogens signalling:
» Female (and male) reproduction * Via specific receptors
» Growth ( 3 subtypes in fish- ESR1,
» Bone development ESR20, ESR2p)
* Calcium Homeostasis (+ membrane receptors, oestrogen
* Defence (Immune function) related 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.

Fo. A XU ZOWJINTE T HHOHALIZOWT, T O TH A 234
JHRE/NZ DV TIRET L 72 & USRI L2 DL, Bk~ 78 CRRC BB Z SL
FTE, 2 A e U THAETHIEFICZSOEEZR-ZL WD L0
FZETHYET, A, HBOWI., FOEPORLFEKTT N, TOH
T A XU RN — K& iTo TN ENE R THhET L, LMo EhHisEE
TR BEZOWTHLRENDY 4, kE. BORE, hLvy
Ay Fe, EEMEBENCOW TS, REREICRL E NS ZEnb, A
ca s 3 FH 2 OERNTIHEFICZ L ODEREZR > TnET,

ZLT, TOVTFNERE, BHBEEL E Do TWDENIIEFIEHE
THLET, V7T NEZBEERNLRD DT TT N, SRIRIIHAE, b
NTCiE2oH Y £9, Mild, 2L T, AETII3 SO T XA T7HRH D F
T, £, WDOWDAIBENZEIR, &5 WITEZFERIZTTIEHY A,
DX A bu S OEEIL, BIAITHRREVE /R E &
HAEERT2DLTTING, EFITEMEREETH £,

KADIFEALEDOMIAIE, B, A Na XU/ EKEEZ O A
JIVTRIELTWALHAEMELRH D T DT, WANARTatARHE LD
ARRICEDALDOTHY . BEAEMIIBONTH, 5L, BEFTORLE
VIZBEER I ND Z LI L o T, MER R BEREC A TEDIAMC B A S 1 T
HEEZHNET,

21



Universi
@ Of Exetelt'y Public Seminar on Endocrine Disrupting Effects -MoE, Japan 2025

Understanding how environmental oestrogens affect fish
Transgenic Fish — informing interrelationships between chemical activity and AOPs

Powerful, whole body systems tool for assessing interaction of chemicals in real time for highly
integrated health effects analysis.

Forebrain

Identify tissue response
specificities and relative potencies
of chemicals

Organism

FITRERAIIMZIToT=ENIE, WDWDE N T AT 2=y T 7
BREWE L7z, Bz oMl T, ZZ2TIEY ) 2CEb 2R IEE
WU D, RIEUE LT, FOBLRIFHPIEHILL TWENEEZTZEEHNND
RizboTd, IEFICZLVH L FRRATLT, ZheffisZ ticko T,
{EFEIEN Z ODEEBROF O EZ THNTWDENERIET D Z ENAIEEICAR
DET L., MTHIVUIKOEES DN TfTEZ A Z Lt nTx £4, T
Thivld, RO EKEL RO Z b TEET,
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Understanding how environmental oestrogens affect fish
0 (Xeno-)Estrogen \\

s;i:;g?se' Oestro en Rece tor 1 cell stage We Created an

Estrogen P embryo oestrogen

Induces El m .

e O— w- 1 e responsive .
pmpifction l 3ERE Founder R transgenic zebrafish
of the signal l oo TOF sfudying where

SEcoree O% environmental

Response : .

Galafroten GFP protein s o 5= (J= oestrogens interact

synthesis of GFP. | in the body

Establish transgenic fish lines

e —&— Brain
g _ —0— Eye
_: - ?: —w%— Heart
% @ qgp { —9— Liver
g —&— Muscle

g 80 'E 80 —O— Otic vesicle
e :
s 40 —&— Brain = *
= —o— Eye 2 4
8 2 —y— Heart -
£ —o— Liver o
X 0 —8— Muscle g 2
a =0~ Ofiic vesicle ]
& o 0
- w

0 1 25 5 10 100 Q 0 24 48 72 96

EEZ (ng/L) The time of EE2 exposure (hpf)

Sensitivities in responding body tissues (96h) Temporal dynamics in responding body tissues

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

ZHUZHOWNWT, B o tHEERKNE LIVEEADN, Fox Do 72 ix)
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WHOBIZOEN - TWVEET, TR ETIEL LWVt Wn) & 2o
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WE, BEGHMDSZ ENTEET, KA E OB/, Bty
BISE L TCWDAONEMDLZENTEET,
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Understanding how environmental oestrogens affect fish

Response patterns (different target tissues) of environmental oestrogens

Ethinyl
Genistein

30 pg/L 62.5 ug/L

125 ug/L
62.5 ug/L

250 ug/L
125 ug/L

250 ug/L 500 pg/L

500 ug/L \ 1000 ug/L
1000 ug/L \

HEART 5999

. Y | / ug/L

Green, Metz, Lee, Trznadel, Takesono,, Brown, Owen, Kudoh, Tyler (2016). Environ Sci & Technol 50 (12) 6536-6545

IEEMNED LI IZZ A M P v DIREICRELY 2500, A TH
BMAEITWE LTz,

CZIWEODPDAA—=TURBY FEFICHHERLL, EFZTERHPEX T
WAHDOWERLZZENTEET, Z2601F, IO T T 7 v o bii
T HAMH % T, 2O A XU EAME. = F =LA RFNF 4 — /L
EERT )= )VAICIRE L TEBY, £O0DOKINE R ENTEET,
ZL T, BRRO= A v uaXFry, F=AT A LT, EXA7x /) —I/LA
EWVV) DITFEFIZEHEHITH D WD) 2 & T, KONRF— v BHE T
FHERNWET, BERXAT7 =) —VADOLHAIZIE, v~— 27 LThHH F LT
& T b Z &GN F9,
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800 &
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el
0 = ~
Solvent 50ug/l 100 ugh 250 ug/l 500 ug/l 1000
Control ug/l

MBP
500 =
00 5y I

HO™ ™ ~FT0H
300

200 I
100 1 *
0 1= -

Solvent 0.10 ug/10.25ug/10.50 ug/l 1.0 ug/l 2.5 ug/l
Control

Fluorescence intensity vilues measured from hearts of
ERE-TG zebrafish (5dpf) p<0.05 compared to contro/

Brown, Green Moreman- Gunnarsson- Mourabit, Ball Winter, M Trznadel,
Correia, Hacker, Perry, Wood Hetheridge Currie, Tyler (2019) Environ Sci
Technol DOI: 10.1021/acs.est.8b04281

Public Seminar on Endocrine Disrupting Effects -MoE, Japan 2025

of Exeter Understanding how environmental oestrogens affect fish

GFP Expression in the Heart in ERE-Transgenic Zebrafish exposed to Bisphenol A and its
metabolic product 4-methyl-2,4-bis(4-hydroxyphenyl)pent-1-ene [MBP]

50ug/| BPA 100ug/| BPA

Contol

250ug/I BPA 500ug/l BPA 1000ug/| BPA

Control 0.1ug/| MBP 0.25ug/| MBP

1.

0.5ug/| MBP 1.0ug/l MBP 2.5ug/| MBP
GFP, MF-20

Moreman, et al. (2018) Environ Sci Technol
52(11):6656-6665. doi: 10.1021/acs.est.8b01095

RICHTZHIE, BT =) = VAR O OREEY O B2 BE Lic, b
FTUEPNMENIIA-STL &, ENRa

WO T,

FL7-HliX. BPA, MBPZ R £ L7-, LT,
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WO;E%ﬁiLﬁO%LT FNITRLILEEAD EWH Z RNy
MoOTlebOlFTT, TINDTE N TV AV ==

BPA7Z2 & CIUMBAERE N B I N D L) Z ENGhho TWET,

SEEHRIMZ 2N WS Z LT

INERTYHERELET, &
FHEFEFH L THWSDONE

v 7 Of¥E7 & ClL, MBP.
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Effect of Repeat Exposures to Oestrogens
ERE-Kaede Casper Model A 5 dpf Controls B 5 dpf Liver Fluorescence
Control (non exposed) larvae and larvae
exposed initially to 10 ng EE2/L over the ' ™ “
- s period of 48h (0-2 dpf) were imaged at 3 %
dpf (A) and the Kaede response was then

converted fully from green to red
fluorescence via UV exposure

]
]

Green
fluorescence

Fluoresence Fold Induction

- |

cw CE EE = CG EG cw C8 E8
EE2 BPA

EE2 -EE2 D 5 dpf Somite Muscle Fluorescence

Quantification  of target tissue
responses in ERE-Kaede-Casper
transgenic zebrafish exposed to
estrogen treatment, as determined by
fluorescence induction. Fluorescence
intensity was quantified in liver and heart
at 5 dpf. Responses were quantified after
EE2, genistein and BPA exposures for 3-
5 dpf. Data are reported as mean fold
induction %= SEM (n=18). EE2-10ng/L,
Genistein- 500ug/L, BPA- 2000ug/L)

Sensitivity to oestrogen is enhanced for repeated exposures.

Green, Lange, Scott, Trznadel, Wai, Takesono, Brown, Owen, Kudoh, Tyler (2018). Scientific Reports 8 Article number 2699

%h&%@k?yxy;:y&f#ﬁmﬁ%@@i@A%@kwi%@
ThHHET, HATIL, Casper@iX kA DR ﬁﬁ‘é AR TR A4
ABT T 7 4y 2 llBTDEAEISE OFICHEIEIZ L D ERIEH
DET, 7= @Otﬁm\LthV%éfékﬁwaékwai
ETHY ET,

ZL T, b9 2O R MU IBET L L. KA. %®mﬁﬁﬁ
PoTL DL 2T, HFIIC T A |1 7 L D IR R LT L o> TR
%&fbfv%*&ﬁ”#@iﬁ‘ F1EHORENEAR L 25T, 20

BEEENDEVI DO THD £3, LT, ZOREBEDOELITI - T,
ZOMDIFHEIZED L DI ETLNENI T E b EDboTEET,
PAEYMTHLRICZ ENBIDEWVWS Z LI E9,
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Mixture Effects

Humans and Wildlife are exposed to complex mixtures of chemicals

» Babies are exposed to hundreds of industrial chemicals even 3 o/ {1
before birth. Cord blood (North American general population); P P

Polybrominated biphenyl ethers (PBDEs), Polychlorinated biphenyls
(PCBs ), Organochlorine pesticides, Polyaromatic hydrocarbons
(PAHSs), Polychlorinated dioxins and furans (PCDD/PCDFs),
Phthalates

* Fish bodies are blueprints of their chemical surroundings:

Testes content in fish exposure to WwTW effluents

NSAIDs (diclofenac, ibuprofen, naproxen, mefenamic acid), SSRIs (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

David, A., Abdul-Sada, A; Al-Salhi ,R.,Lange, A., Tyler, C.R., Hill E.M. (2014).. J. Chromatography A 1365, 72-85.
David, Arthur, Lange, Anke, Abdul-Sada, Alaa, Tyler, C.R and Hill, Elizabeth M (2016) . Env Science & Technol. 51 (1). 616-624.
Arthur David, Anke Lange, Charles R. Tyler, Elizabeth M. Hill (2018). Sci. Tott Env, 621, 782-790

STRIC, BHERLFEWEORAEMICE LT, FA-bBEEOLEMT T
T, BWEAMOLZEMELTFAILEND D £,

B AE AW D IEF ML B (R TR SN 5EA . Bl XmiEF, &
HUVIIRHE, ZLTHRBOoAE WS GFe e RICBRE L2556, KR
RINEADBEFRITE D 72O ENH) ZEHRHEL TOE T, MRRICRT
HEE Y RIEMR Vol 2 E TRETL TV ET, %< OEF RS -
FRRIZ DWW T, Ml L~V TR L T ET,
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Of Exeter The Widening Landscape of Endocrine Disruption

The increasing diversity of EDCs and their effects pathways

o OH

= g, 00 G o

oH ol

Thyroid hormone mimics/disruptors Andrt))qg[i? ar:;i(rj%cgségissruptors Glucocorticoid mimics/disruptors
Polychlorinated Biphenyls vinclozolin, linuron, iprodione, A-cyhalothrin, cypermethrin,
(PCBs), Polybrominated chlozolinate, procymidone, resmethrin, o,p'-DDT, p,p-DDT,
Diphenyl Ethers (PBDEs), flutamide, p,p-DDE, a metabolite of Methoxychlor, ethiofencarb,
Perchlorate, Bisphenol-A and p.p'-DDT, and ketoconazole
phthalates

The wider landscape of EDC effects- in humans

Exposure to EDCs during foetal life and/or puberty plays a role in:

* Proliferation of male and female reproductive problems,
* Endocrine-related cancers
* Infections,

* Asthma

* Obesity,

* Diabetes, '

* Behavioural and learning disorders ' i 4

ZOIESHWOMIC, FEFICEDCOZIEREEE TWD EWNH Z &0
o TWET, FEFITHEAVEEWENEA Th-TZVEETHI WA
WARBEFEA~DOEEL PICEE L TWA LN 2B TWNET, £
DYANMNIZDOEEBY T, BHERDEETHSTZD, NOWBEEDON A,
HDHWVIEALEL, ZFLTHRFERE, £ LT OEEEER 3
BRICH R SN TWET,
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Neuro-Endocrine Interactions in Zebrafish (T

Effects relating to olfaction/sensing....... and behaviour

Estrogen regulates early
embryonic development of
the olfactory sensory
system via estrogen-
responsive glia- Estrogen
Responsive Olfactory
bulb Response (EROB)
cells

| _acclimation | | cadavarine | ® Areared W Area blue
cad HO acclimation

ALl
8

; ‘ Altered oestrogen signalling during
‘ .i l* early development of the EROBs
ok causes disruption in olfactory
‘ capabilities in later life

Residence time [s]

ontrol  EE2 c

EE2
I}
m

® Areared ® Area blue
cadavarine ,

]

’ Aya Takesono, Paula Schirrmacher, Aaron Scott, Jon M.
| . | Green: Okhyun Lee, Matthew J. Winter, Tetsuhiro Kudoh and
Rl
il <

Charles R. Tyler (2022). Development 149, dev199860.
doi:10.1242/dev.199860

Residence time [s]

= W
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The Widening Landscape (Complexity) of Endocrine Disruption

EDC effects on the Brain- and Behaviour in Fish

4-AP treated

Winter; MJ, Windell, D., Metz, J., Matthews, P.,
Pinion, J., Brown, J., Hetheridge, M., Ball, J.,
Owen, S, Redfern, W., Moger, J., Randall, A.,
=1 Tyler, C.R (2017).. Scientific ~Reports.
= DOI:10.1038/s41598-017-06646-6

E Winter, MJ., Pinion, J., Tochwin, A., Takesono,
= A.,. Ball, J., Grabowski, P., Metz M., Trznadel,
=t g M., Tse, K., Redfern, WS, Hetheridge, MJ,
:;g Ef Goodfellow, M, . Randall, , AD, Tyler , CR
¥

wanmnailn|

(2020). British Journal of
Phar logy178:2671-2689.
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LCEDL I REEERIEFTONEND Z B> TWVET,
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Linking Changes in Brain Activity in Responses to EDCs with Behaviour

A) Semi-automated,

medium through-put A. Locomotion 3. Fres-swinming || B Escape (reflex) / C. Avoidance

Validatedindexof Anxiety

1. Embryo tail cotling - Rapid
‘6 Cestart
" Larval response /
7 — 'e l/?‘
4

ymog iqug

Adult Stage (Tank assay) is
Time (%) spent \cf"&

[wall-hugging’
‘bottom-dwelling]
Larval stage (Lhiti-well plate assay)

Contre

D. Reproductive Success: Cowtship | E. Aggression F. Foraging
Dosed
3 > 7 it
» MF ’
g ‘-.‘ Courtship
8 £y —
W Ny
g = S ) 1% 4
E]
S FM
3 ’ Preference
< —

— Mirvor Test
Control

Gaby Wasser, A Ross Brown, Sam Maynartd, Stewart F. Owen, Charles. R. Tyler (2024). Critical insights into the Potential Risks of
Antipsychotic Drugs to Fish, including through behavioural mechanisms. Biological Reviews https://doi.org/10.1111/brv.70031

COETNETEETICY U7 LCREEMEAZBEBELELY L LELDT
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Wider implications EDCs on the body’s communication systems

EDCs can disrupt comunication pathways and in turn development and functional
pathways in a far more complex manner than we ever first realised

The nervous, endocrine and immune systems are highly interconnected

) L Secreting cell

@& &Y. < . \
= —— ] <
= N Blood vessel

Immune system Endocrine- postal system
A hormone is a chemical message

that instructs a specific response

TN
4

Target cell

Nervous- telephone network

BEOHITTHN, Fi72b e MIBITAMHREERH 2 WITmER, £ LTH
TWFHREWNI DL, AFETIEENICHES NN TEELE, LML, Z1LH
EEEICHAIZEE SN TWDEN) Z ERghoTVET, ZIH0Voiz
IEEEN S LHRRICEELZ RIEFL TWALEAIL., THIERERICHLE
BLET, LT, TOMDIU AT A HEELZRIFTLE NI Z L THY
F9,
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Endocrine Disruption Research Activity — Scientific Publications

Number of articles per year (n =5625)

30

S

2

| “||“|‘|||||“
I||||
Q

— -l
O N
0 &
) 2 &

=}
S

Modulating Substances” (n = 6) All selected
papers were then compiled into a single dataset
n = 7,370), and duplicates were removed (n =
7,238; 132 duplicates). The papers were
subsequently categorised by document type,
identifying primary research articles for further
analysis (n = 5,625).

Number of articles

o
S

Web of Science using the following search
queries: TS = “Endocrine Disruption” (n = 6929)
TS = “Endocrine Disruption Chemicals” (n = 40)
TS = (“Endocrine Active” AND (“Chemicals” OR
“Substances”)) (n = 395) TS = “Endocrine

o S
§ S 5
o o ®

Year

There is still much Interest!!

HAEDEDCOMZIEENTIE 972> TWNDEDMME NS & FEFICELDE
FoTWNBHEWNWHZ LT, o, L DIEFEMENNRIZI > TWET,
B AT TIE/R K T FEOBLFELAE L TWET,



L@ U}pll_:\«’ermty Public Seminar on Endocrine Disrupting Effects -MoE, Japan 2025
W2F of Exeter

A few concluding thoughts
EDCs potentially threaten both wildlife and human health.

We have learnt a lot about a few EDCs and their biological effects but how chronic
exposures manifest and over generations are poorly established

We need to better understand environmental relevant exposures (incl. timing, mixtures,
interactions with other stressors efc.)

Studies on wildlife populations are still very limited.

» Molecular technologies ( e.g transgenic fish) are helping us to understand how toxicants
work in the body for informing more integrative health effects assessments.

» Endocrine Disruption has changed the way we consider the potential health
consequences for exposure to chemicals more generally

»  We (humans) are not that much different from fish and other wildlife — that provide us with
sentinels for potential impact of chemicals on our own health!!

feam C9
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An important part of my journey in Endocrine Disruption has been working
with some great friends in Japan

International Advisor for our UK-Japan Partnership for studies into Endocrine | @@ | <% mu

Disrupting Chemicals and Chemicals of Concern
s
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WEH « BANSN— =2 v T OWNGWH < SALFEYE K O a2 8 A
TDOF =N ENTWET, Z<DOHFEZHLOEBRAH Y 3, Hok
ED4HETE E TR ERWET, BARANPLOHEBE E LT, FA=2HD
N =y FICRESEHML TS ESWE LT,
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Exctor Funders and the Team — with thanks!
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Thank you for listening
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Image: Charles R. Tyler

Questions?

UETYd, HERH R E 5 T8 NE L,
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