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Endocrine Disruption in Wildlife:
Insights from a Research Journey Over Three and a Half Decades

Professor Charles R. Tyler
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Presentation Outline

« Waking up to Planetary Health and Biodiversity Loss

* The Chemical Environment and
Endocrine Disrupting Chemicals

* 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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W= Freshwater Living
Planet Index

- Confidence limits
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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)
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W= Freshwater Living
Planet Index
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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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Waking up to Planetary Health

Rising Risks from Human Pressures on Nine Critical Global Processes

CLIMATE CHANGE

Co2
concentration

STRATOSPHERIC OZONE
DEPLETION

BIOSPHERE
INTEGRITY

ATMOSPHERIC
AEROSOL

LAND-SYSTEM LOADING

CHANGE
The planetary boundaries framework highlights the rising risks from

human pressure on nine critical global processes that regulate the
stability and resilience of the Earth

Freshwater use

(Blue water)
Green

water

OCEAN
ACIDIFICATION

FRESHWATER CHANGE

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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f Chemicals and Health

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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Landrigan et al., : The Lancet Commission 2017
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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 (LMICs)

» 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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Chemicals and Health

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:

Perfluoro octanoic acid (PFOAs) NN X oH o x] "’?.:T‘}A,B,_
(cholesterol and chronic kidney disease) F 77 FF FF F N N

Polybrominated diphenyl ethers

Polycarbonate polymers . CH3. o (thyroid dysfunction)
(obesity, reproduction) CH3 -
Pharmaceuticals: 17 alpha-ethinyloestradiol (EE2), 17 beta-oestradiol (E2), 71} ‘-—g}:

Diclofenac, SSRIs (antidepressants)
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Chemicals and Health

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.
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Endocrine Disruption in Wildlife (Fish)
Our Initial Observations

Wastewater Treatment Works Effluents are Oestrogenic

N-sheet Lipid-binding cavity

Vitellogenin (egg/yolk)
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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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Liney, K.E., Jobling, S. Shears, J., Simpson.P, Tyler, C.R*. (2005) .Environmental
Health Perspectives 113 (10): 1299-1307.

.51 i’H_“! uﬁ\\ I:FI44 i‘H_jr :ﬁ\ (86% )\—GFEﬁ 'Ili 0) H:I' IE Rodgers-Gray, T. P, Jobling, S., Kelly,C., Morris, S., Brighty, G., Waldock, M, Sumpter,
[ I TORMERBRENEAEND23% J.P and Tyler C.R.* (2001). Environmental Science and Technology 35:(3) 462- 470

— —_l s

Jobling, S., Nolan, M., Tyler, C.R., Brighty, G., and Sumpter, J.P. (1998).. CDEFFE(L20F LI LETIZEHES A !
Environmental Science and Technology 32: 2498-2506.

Jobling,S., Williams, R., Johnson, A., Taylor, A., Gross-Sorokin, M., Nolan, M., Tyler,

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

Perspectives 114: 32-29
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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

Impact of sewage treatment works effluents exposure to WWTW effluents

on fISh health (endocrlne aCt'Ve Chemlcals) Liney, K.E., Jobling, S. Shears, J., Simpson.P., Tyler, C.R*. (2005) .Environmental
Health Perspectives 113 (10): 1299-1307.
. |ntersex present at 44 (860/0) Of 51 SlteS Rodgers-Gray, T. P, Jobling, S., Kelly,C., Morris, S., Brighty, G., Waldock, M, Sumpter,

J.P and 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, d eca deS agO I

C.R,van Aerle, R., Santos, E.M.,and Brighty, G. (2006).Environmental Health
Perspectives 114: 32-29
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Lange, A., Paris, J.R.,
Gharbi, K., Cézard, T.,
Miyagawa, S., Iguchi, T.,
Studholme, D.J., Tyler,
C.R., 2020. Mol. Ecol.
O—FI=5142 Resour. 20, 1007-1022.

EEMERETO—T
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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
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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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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, L.K., Lange, A., Winter, M., Gibson, R., Shears, J.A., Iguchi, T.(2009). ES&T.
43:3897-3904
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Environmental oestrogens entering fish from WwTW effluents
Mesocosm exposures

»»1Control

" *"Exposed E2,  EE2 E
. .. DHQ NP +
The oestrogenic activity of the OO I B B NPREO
test effluents measured 2 (n=1-4)
17B-dihydroequilenin S 20/
+ (Equilenin) i

I Tlmeﬁ(mmutes) A
Fish take L.Ip a very Wid? 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, K.E., Katsu, Y., Bickley, L.K., Lange, A., Winter, M., Gibson, R., Shears, J.A., Iguchi, T.(2009). ES&T.
43:3897-3904




3@ University LW B ORSHELAERIZEIT 5B F— - B4 2025
W2 of Exeter Bt oW (B HE) (=1 BB <CEL

ERENEICLODTIREDDI TO1EEZIFOEHDDIRFOTEH
PEHDFLEDO—FIZFEDSNBD SR BMIENEEFZESIFEH T ZEH TS

= O%O D,
p» ¢
| EE200.3ng/)ADEFKERFETAY =Y

BREFETD
IFZILIALS J
A=
\,\ > \\(
ed®) :
[} |,
= = EE2(0.3ng/L) ~ D IE< T L B0 ERED R AL
NiGleda$Cl
EE2ADAEEIZE LR e it iR%E RUMEMEZFEETS
895 (4ng/lL)

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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Laboratory studies show that environmental steroidal oestrogens can
induce all the feminised effects seen in wild roach.........

— R
SeeS ¢
\ Exposure to EE2 (0.3ng/L) can induce

vitellogenin synthesis

e 3 Exposure to EE2 (0.3ng/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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Soc. B Proceedings 286 20182416 . (ﬁl
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Public Seminar on Endocrine Disrupting Effects -MoE, Japan 2025

Evidence for Endocrine Disruption in other Wildlife
- .
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Soc. B Proceedings 286 20182416 . (ﬁl
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ARE WE THREATENING OUR FERTILITY, INTELLIGENCE

AND SURYIVAL?—A SCIENTIFIC DETECTIVE STORY

THED COLBORN. DIANNE DUMANDSKI,
AND JOHN PETERSON MYERS
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ARE WE THREATENING OUR FERTILITY, INTELLIGENCE,

AND SURVIVAL?—A SCIENTIFIC DETECTIVE STORY

THED COLBORN. DIANNE DUMANDSKI,
AND JOHN PETERSON MYERS
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Harris, Hamilton, Runnalls, Jobling, Vinciotti, Henshaw, Hodgson. Coe, Tyler,. Sumpter (2010). EHP. 119:306-311
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Endocrine Disruption in Wildlife (Fish)

Public Seminar on Endocrine Disrupting Effects -MoE, Japan 2025

Does it matter?....... Breeding Consequences of Feminisation of Male Roach

DNA microsatellites - highly variable primers
were developed and applied for parentage
analysis (100% success)

061 LME model coefficient = -0.029, p < 0.0001 Breeding trials with wild
7)) o
8 057 - roach 1
(&)
3 047 7 O O@OOO@
o J & ° . <
= 037 ° . . S O
§ 0 2 - t'-“—---;.__ - O O O @ O
é 0.1 T :--- T —— : = : "‘P
2 0-0 I I . i““‘u--\_‘_’* s Genotyped all parents and
' O 1 3 4 5 offspring (50-104 fry from each

For roach that are moderately to severely intersex (index >2) there was an estimated
15% reduction for each incremental increase in the intersex index (75% reduction for

2
Intersex Index

the most feminised individuals included in this study).

Harris, Hamilton, Runnalls, Jobling, Vinciotti, Henshaw, Hodgson. Coe, Tyler,. Sumpter (2010). EHP. 119:306-311 ®

Feminisation affects the ability of males to breed

tank). Histopathology analysis of
adult gonads.
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Endocrine Disruption in Wildlife (Fish)

Are Wild Populations of Roach Adversely Impacted?

Genetic studies undertaken 500
investigating the relationship between o0
the amount of oestrogen in English o0

S00

rivers (predicted oestrogen content)
and an indicator of the breeding size M= asc; *° ]

F ; 300 1+
in the parental population (N, g, ) oo l
L3
gl b
I:I I I 1 [ I I 1
Patrick B. Hamilton*, Elizabeth Nicol, Eliane S. ] 2 4 6 8 m 12 14
R. De-Bastos, Richard J. Williams, John P. Estradiol (E:) eguivalent concentration (ng/L)

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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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.

University Public Seminar on Endocrine Disrupting Effects -MoE, Japan 2025
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Endocrine Disruption in Wildlife

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

White backed vulture

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.
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Rabies lyssavirus

.+ 4500FFLULEDNTTL DR

. i y AR —BhH -
- 3,500 K )L O ER#EF L 018 % (2000-2005%) R 5 —BE

537 AN “ https://www.youtube.com/watch?v=5DO6kkOmZCQ
* EFDFRTEH4%LLEIEN pos
https://www.youtube.com/watch?v=ZCA240GENNo
= EPIC sesreover https://www.youtube.com/watch 2v=y8f7HftH{T4
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Chemical Disruption in Wildlife

Ecosystem level consequences of diclofenac impacts on vultures in Asia

.........
..............

§ o
il

Rabies lyssavirus

» Death of over 45 million vultures
« $350 billion loss to the country’s economy (2000-2005)

« Human mortality rate increased by more than 4 % hitps:/fwww.youtube.com/watch?v=5DOBKkOmZCQ
https://www.youtube.com/watch?v=ZCA240GENNo

= EPIC &y zouey https://www.youtube.com/watch?v=y8f7HftHt T4

Documentary videos:
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"‘;@x of Exeter 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 ESR2a, 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.
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EBE) MIE: molecular initiating event (5 FBItAE %)

\ University
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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.

e — - . ; Identify tissue response
k H\ea : specificities and relative potencies
of chemicals
S

Somite Muscle
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Okhyun Lee, Aya Takensano, Masa Tada, Charles R. Tyler and Tetsuhiro Kudoh (2012) Environ Health Perspect. 120, 990-996
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Understanding how environmental oestrogens affect fish
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We created an
oestrogen
responsive
transgenic zebrafish
for studying where
environmental
oestrogens interact
in the body
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The time of EE2 exposure (hpf)

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
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30 ug/L 62.5 ug/L

125 nug/L
62.5 ug/L

250 ug/L
125 ug/L &5

250 ug/L 500 ug/L
500 ﬂg/L 1000 ,ug/L

1000 ug/L

University Public Seminar on Endocrine Disrupting Effects -MoE, Japan 2025
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Understanding how environmental oestrogens affect fish

Response patterns (different target tissues) of environmental oestrogens

Ethinylc
Genistein

30 ug/L 62.5 ug/L

125 nug/L
62.5 ug/L

250 ug/L
125 ug/L &5

250 ug/L 500 ug/L

500 ug/L 1000 ug/L

4

ug/L

1000 ug/L \HEART 2000
/

Green, Metz, Lee, Trznadel, Takesono,, Brown, Owen, Kudoh, Tyler (2016). Environ Sci & Technol 50 (12) 6536—6545
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EX T /—ILAR UFDEFEYA-AF/L-2,4-EX(4-EFOF > T =)L) N> 52-1-T[MBP]/=
(£$FEL/-ERE B 5 FRIAMAZ 2T 5712511 E10VE TDGFPFEZ

BPA
800 ! *
600
400 f\ ]/4/\ - by
PNy —1
200 | HOT X7 T OOR SHIBIX 50ug/| BPA 100ug/I BPA
e
0 .
N N N N N
__@@Z@ Q S * $ \@Q\
MBP
500 = 250ug/I BPA 500ug/l BPA 1000ug/I BPA
400 ~| ‘ I
300 HO” N NZ o *
200 I
100 ol
*
0 - - I
&;&‘% o (f)@o 5@%\ & 0.1ug/i MBP  0.25ug/l MBP
S Q- N v
ERE-TG 757122 (58O LI DU THEL /=
BHAGENELp<0.05 HEBXEDHEFE

Brown, Green Moreman Gunnarsson Mourabit, BallWinter, MTrznadel, 0.5ug/| MBP 1.0ug/| MBP 2.5ug/| MBP
Correia, Hacker, Perry, WoodHetheridge: Currie, Tyler (2019) Environ Sci ) . GFP. MF-20
Technol DOI: 10.1021/acs.est.8b04281 Moreman, et al. (2018) Environ Sci Technol s

52(11):6656-6665. doi: 10.1021/acs.est.8b01095
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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]

BPA
800 w3
600 I
400 (\[ L =
» ST N ol 509/1 BPA 100ug/| BPA
=
0 = =
Solvent 50ug/l 100 ugfl 250 ug/l 500 ug/l 1000
Control ug/l
MBP
500 O 250ug/l BPA 500ug/l BPA 1000ug/! BPA
0 SO I
HO” N7 “Z oM *

300

200 I

100 I %

O - - I
Solvent 0.10 ug/10.25ug/10.50 ug,/l 1.0 ug/l 2.5 ug/l Control 0.1ug/| MBP 0.25ug/| MBP
Control
Fluorescence intensity vlues measured from hearts of
ERE-TG zebrafish (5dpf) p<0.05 compared to control/

Brown, Green Moreman Gunnarsson Mourabit, Ball Winter, M Trznadel, 0.5ug/l MBP 1.0ug/| MBP 2.5ug/l MBP
Correia, Hacker, Perry, Wood Hetheridge: Currie, Tyler (2019) Environ Sci . ) GFP. MF-20
Technol DOI- 10.1021/acs.est.8b04281 Moreman, et al. (2018) Environ Sci Technol s

52(11):6656-6665. doi: 10.1021/acs.est.8b01095
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ERE-Kaede Casper Model A 5 dpf Controls B 5 dpf Liver Fluorescence .
M w |
w SRR (FI£<EF) DY R 10 ng EE2/L L
\/ 2484527 (0-2 dpf) #JAFIZ<FEL /=54 %3 " mE
— 7 dof THRFZ (A) . EDEE, FIMRIFSTICL DT
AL TILBEIXREEAD S EELIZTE
ZHL I .

Fluoresence Fold Induction

ﬂiﬁl:ﬂ

= s CW CE EE cw CG EG cw C8 EB
TAANESS EE2 Gen BPA

C- EE2 EE2 -EE2 D 5 dpf Somite Muscle Fluorescence

IXFOT/Z(E<ELFERE-Kaede-
Casperi&fns FHAMBE TS Trva/Z
BN BB B DEHEAFEZLIZLS
FEEAE, 5dpf TDFFHER T i D 5 H 5%
EFEELELI-, EE2, =X 71>, BPA
(EBEHEDIEEF3-5 dpfl[ZTEEL =,

TF—ZIFFHFEEFRASEM (n=18) L
T(EE2-10ng/L, =X 71>-500mg/L ,

BPA-2000mg/L ) #R & 7=,

IXFOTANDFEZMEEREILFEICL D THIEENS,

Green, Lange, Scott, Trznadel, Wai, Takesono, Brown, Owen, Kudoh, Tyler (2018). Scientific Reports 8 Article number 2699
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Understanding how environmental oestrogens affect fish

Effect of Repeat Exposures to Oestrogens

ERE-Kaede Casper Model A 5 dpf Controls B 5 dpf Liver Fluorescence
| v |
v Control (non exposed) larvae and larvae —
\/ exposed initially to 10 ng EE2/L over the . A I
' - S ' period of 48h (0-2 dpf) were imaged at 3 §
dpf (A) and the Kaede response was then -
Green converted fully from green to red .!é ' =

N ESEEREE fluorescence via UV exposure g
T :

ﬂiﬁl:ﬂ

A\ 2
S
4 cw CE EE cW CG EG cw C8 EB
Kaede: Japanese maple EE2 Gen BPA

C- EE2 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
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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
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of Exeter
Mixture Effects

Humans and Wildlife are exposed to complex mixtures of chemicals
» Babies are exposed to hundreds of industrial chemicals even wy 1
before birth. Cord blood (North American general population); 7 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
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The Widening Landscape of Endocrine Disruption

The increasing diversity of EDCs and their effects pathways

| I o | OH o OH
= pet X 0 "
) O
| OH ! OH f
o | 0, 1 H f
90 s
OH OH o (o)

Thyroid hormone mimics/disruptors Andrcl)qgnet? anrv)/('rj?;l(i)cgségiésruptors Glucocorticoid mimics/disruptors
Polychlorinated Biphenyls vinclozolin, linuron, iprodione, A-cyhalothrin, cypermethrin,
(PCBs), Polybrominated chlozolinate, procymidone, resmethrin, 0,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 .o
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The Widening Landscape (Complexity) of Endocrine Disruption

Neuro-Endocrine Interactions in Zebrafish

and behaviour

EE2

ici

acclimation | |

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

cadavarine | ™ Areared ® Area blue

acclimation
| mae
l
Lt

E
™ Areared W Area blue

cadavarine ,

Altered oestrogen signalling during
early development of the EROBs
causes disruption in olfactory
capabilities in later life

Residence time [s]

Aya Takesono, Paula Schirrmacher, Aaron Scott, Jon M.
Green Okhyun Lee, Matthew J. Winter, Tetsuhiro Kudoh and
Charles R. Tyler (2022). Development 149, dev199860.
doi:10.1242/dev.199860
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Winter; MJ, Windell, D., Metz, J., Matthews, P.,
Pinion, J., Brown, J., Hetheridge, M., Ball, J.,
Owen, S, Redfern, W., Moger, J., Randall, A.,
Tyler, C.R (2017)..Scientific Reports.
DOI:10.1038/s41598-017-06646-6

Winter, MJ., Pinion, J., Tochwin, A., Takesono,
A., Ball, J., Grabowski, P., Metz: M., Trznadel, M.,
Tse, K., Redfern, WS, Hetheridge, MJ,
Goodfellow, M, Randall, AD, Tyler, CR
(2020).British Journal of Pharmacology
178:2671-2689.
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The Widening Landscape (Complexity) of Endocrine Disruption

EDC effects on the Brain- and Behaviour in Fish

Untreated control 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.,
Tyler, C.R (2017).. Scientific Reports.
DOI:10.1038/s41598-017-06646-6

Winter, MJ., Pinion, J., Tochwin, A., Takesono,
A.,. Ball, J., Grabowski, P., Metz M., Trznadel,
M., Tse, K., Redfern, WS, Hetheridge, MJ,
Goodfellow, M, . Randall, , AD, Tyler , CR
(2020). British Journal of
Pharmacology178:2671-2689.
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The Widening Landscape (Complexity) of Endocrine Disruption

Linking Changes in Brain Activity in Responses to EDCs with Behaviour
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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
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¥ " ik x
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(] . | Blood vessel

#» R
== T.arget cell
Immune system Endocrine- postal system
Nervous- telephone network A hormone is a chemical message

that instructs a specific response
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Number of articles per year (n =5625)
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Number of articles

Endocrine Disruption Research Activity — Scientific Publications
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o
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Number of articles per year (n =5625)

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
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,

II| identifying primary research articles for further

' ' G

analysis (n = 5,625).
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There is still much Interest!!
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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 etc.)

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

==

;j”i; _ International Advisor for our UK-Japan Partnership for studies into Endocrine . B e
Disrupting Chemicals and Chemicals of Concern

Faoo & Rural Alfairs
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Thank you for listening

Image; Charles R. Tyler

Questions?




