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Endocrine disruption
I

Sperm Concentration (France)
Source: Rolland et al., Human Reproduction (2013) 28 (2): 462-470
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Endocrine disruptors
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Action of endocrine disruptors

1. Normal
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Endocrine system
I
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Growth Hormone
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Increase of thyroid disease
I
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Thyroid incidence rates in Ontario,
1982-2006
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Sovurce: GancerCare Ontario (Ontarno Gancer Reqgistry, 2009)



Increase of thyroid disease
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Thyroid hormones
I
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Thyroid hormones

s T T T3 2

Five classes of TH binding proteins:
1. THDPs (albumin, TTR and TBG)

2. TH transporters

3. Deiodinases

4, Cytosolic TH binding proteins
5. TH nuclear receptors

T4 —

Thyroid gland Blood Target cell



Thyroid system disruptors
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Endocrine Disruptor Screening Program (EDSP)
I

EDSP Tier 1 Assays

: Androgen Receptor Binding
I Androgenic  Non-androgenic
I
I

Estrogen Receptor Binding
Estrogenic Non-estrogenic

In vitro

Male Pubertal
HPG/HPT

In vivo




Endocrine disruption in thyroid system
e

Thyroid Disruptors

Mechanism

Effect

Perchlorates, thiocyanate, nitrate,
bromates, phthalates

Methimazole, amitrole, soy
isoflavones, benzophenone 2

PCBs, pentachlorophenol, flame
retardants, phthalates

Dioxin, PBDE, chlordane

Acetochlor (herbicide), PCBs

PCBs, triclosan, pentachlorophe-
nol, dioxin, difuran

FD&C red dye #3, PCBs, octyl-
methoxycinnamate

PCBs, bisphenol A, hexachloroben-
zene, flame retardants

DDT, PCBs

Blocking uptake of iodide into
thyroid cell

Blocking production of TPO in
thyroid follicles

Competitive binding to thyroid
transport protein (TTR)

Altering transport across cell
membrane

Enhanced hepatic metabolism

Inhibition of sulfation

Inhibition of deiodinase activity

Altering binding to thyroid receptor

Inhibiting TSH receptor

Decreased synthesis of T3 and T4
Decreased synthesis of T3 and T4
Possible effect on fetal brain T4

production

Increased biliary elimination of T3
and T4

Increased biliary metabolism of T3
and T4

Decreased sulfation of thyroid
hormones leading to possible
decrease of peripheral T3 synthesis
Decreased peripheral T3 synthesis
Altered thyroid hormone directed

gene transcription

Decreased production of T3 and T4




Endocrine Disruptor Screening Program (EDSP)
I

OECD conceptual framework

» Level 1 = Existing data and non-test information

» Level 2 = In vitro assays providing data about selected endocrine
mechanism(s)/pathway(s)

» Level 3 = In vivo assays providing data about selected endocrine
mechanism(s)/pathway(s) => AMA TG 231

» Level 4 = In vivo assays providing data on adverse effects on endocrine
relevant endpoint

e Level 5 = In vivo assays providing more comprehensive data on adverse
effects on endocrine relevant endpoints over more extensive parts of the life
cycle of the organisms



EDSP level3 non-mammalian assay
.

| Nonmammaliantoxicology

Level 3
In vivo assays providing data about Xenopus embryo thyroid signalling assay
selected endocrine mechanism(s)/  (when/if TG is available)

pathway(s)1

Amphibian Metamorphosis assay (OECD
TG 231) — (anti-)Thyroid

Fish Reproductive Screening Assay (OECD TG
229) — estrogens, androgens, aromatose
inhibitors,

Fish Screening Assay (OECD TG 230) -—
estrogens, androgens, anit-androgens,
aromatose inhibitors,

Androgenized female stickleback screen (GD
140)

OECD TG 231 adopted 7 Sep. 2009.



Amphibian metamorphosis

Salamander (Urodela)
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(Called a Water Dog or « 4 '6':534
a Mud Puppy) :'5""{9?
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If conditions are unfavorable on land, a salamander can remain Ot ,s'
an aquatic larvae which can reproduce, this is called neoteny. =

Egg Mass Laid
Aquatic Larvae \ G \ / In Water
h 2))
Developing Egg

Frog (anuran)

Tadpole

Aquatic Larvae .
Egg Mass Laid
Tadpole (Called a Tadpole) T SWator




Hypothalamus-Pituitary-Thyroid Axis (HPT axis)
I

Environmental cues ——
e.g.nutrition, temperature, light ypothaiamus
pituitary
thyroid
a3 Positive feedback
(promote metamorphosis)

j}& X

Embryo Tadpole



Thyroid hormone(TH)-induced apoptosis
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Shimizu-Nishikawa et al., 2002



Thyroid hormone(TH)-induced apoptosis
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African clawed frog (Xenopus laevis)

OUTLINE OF SKULL

ATLANTO-OCCIPITAL
SPACE

OUTLINE OF ATLAS

Adult Female
Dorsal View

Developmental biologists studied amphibians because...
1) the eggs and early embryos were large
2) experimental manipulations were thus relatively easy

3) development outside of the uterus or egg meant that results
could be tracked throughout development



Life cycle of X. laevis

Adult (stage 66)

Free-swimming tadpole (stage 45)

‘f.-' \‘
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Tailbud embryo (stage 26)

Organogenesis

N

Cleavage

Y

Blastula
(stage 8)

4 (at 25°Q —
Days Hours
after after
fertilization 4}
1 stage 10
(section) ‘
20 15
Gastrula Gastrulatlon
Neurula (section) /
<= ka
(stage 16) (stage 12)

(dorsal view)




Metamorphosis of X. laevis
I

— before stage 46 = no need for thyroid hormones = tadpole
— stage 46 to 53 (pre-metamorphosis) = hind limb visible

— stage 57/58 (post-metamorphosis) = front limbs visible

— stage 66 (climax) = tail and gills absorbed = froglet

Vewr

Feeding begins

Optimal Day 21 stage



Amphibian metamorphosis assay (AMA)
.

= Duration of 21 days (controls from stage 51 to 60)

= Minimum 3 test concentration plus control (s) with 4 replicates and 20
tadpoles/vessel

= Concentrations separated by factor between 0.1 (max) to 0.33 (min)
over at least one order of magnitude

= Highest test level = maximum tolerated concentration (MTC; 10% acute
mortality), limit of solubility or 100 mg/L; whichever is lowest

= if no relevant data, range finding test is recommended
» wide spaced concentrations
» 1 replicate/concentration with 10 tadpoles
» 710 14 days duration



Amphibian metamorphosis assay (AMA)
I

Day O
» Tadpoles pooled and individually
staged = 51

» Measure whole body length of a sample
of 20 tadpoles + 3 mm
(mean: 24-28 mm for stage 51)

» Verify test concentrations achieved

» Water quality in all vessels =
temperature, dissolved oxygen, pH

« Water quality in control(s), low and high
concentrations = hardness, alkalinity
and TOC

» Randomly distributed to control & test
vessels : 20 in each




Amphibian metamorphosis assay (AMA)
I

Day 7

» 5tadpoles/vessel — euthanised, measured and discarded
+ wet weight (mm)
+ developmental stage

+ snout-vent length (SVL)
+ hind limb length (HLL; left)

Day 21

» Remaining tadpoles/vessel — euthanised, measured and
placed in fixative and retained
+ as for Day 7 plus
+ select 5 tadpoles/vessel for thyroid gland histology



Amphibian metamorphosis assay (AMA)

hind limb
length

Scale marker = 0.1cm



Amphibian metamorphosis assay (AMA)

thyroid gland

development of thyroid gland
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Toxicologic Pathology, 37:415-424, 2009; K. Christiana Grim et a/



Amphibian metamorphosis assay (AMA)
I

Criteria

» thyroid gland : atrophy / hypertrophy (decrease/increase in gland size)

« follicular cell : hypertrophy (change in cell shape — monitor number of tall
columnar cells)

 follicular cell : hyperplasia (cell crowding, stratification or papillary infolding)

» Other (qualitative) : colloid quality, follicular lumen area and follicular cell
height/shape

4 severity grade

e 0 =none to minimal (<20% effect)
» 1 =mild or slight (30 to 50% effect)
o 2 =moderate (60 to 80% effect)

o 3 =severe (>80% effect)



Results of AMA (validation)

Day 7 - Thyroxine

60 0.700
59 0.600
58 p = <0.05*
p=<.001* 0.500
ok p = <0.001%** p=<0.001***
56 0400
55 )
54 0.300
53 0.200
52
51 0.100
50 0.000
CDNTRDL 0.25 ug,ﬂ. 05ug/L  10ug/L  2.0ug/L CONTROL 025ug/L 05ug/L  1.0ug/L 2.0 ug/L
Snout-Vent Length Hind Limb Length
2.10

p=<O.001%%*
2.00

Length (um)
s 588 8§38 8

E 1.90 -

Fio
1.70 A l:
1.60

CONTROL 0.25ug/L 0.5ug/L 1.0ug/L 2.0ug/lL CONTROL 0.25ug/L  05ug/l  10ugl  2.0ug/l



Results of AMA (validation)

Day 21- Thyroxine

Stage Body Weight
65 2.00
64 p = <0.05*
150
& p=<0.1*** = PRSI
62
- pe<0001%s 1.00
B 050
59
58 y . , 0.00
CONTROL 025ug/lt 0S5ug/t 10ugl 20ug/L CONTROL  025ug/t  O05ug/L  10ug/lL  2.0ug/l
Snout-Vent Length Hind Limb Length
2.50 e pe<001%*
2.40 L
F 230 e g 210
g 2.20 - - _am,, 2.00
g 210 - 8190
z.m | 1.80 l I
1.90 - 170

CONTROL 0.25ug/L 0S5ug/L 10ug/L 2.0 uyL

CONTROL  025ug/L  0.5ug/L 1.0 ug/L 2.0 ug/L



Results of AMA (validation)
I

Results - Thyroxine

Day 21: 2.0 pug/L Thyroxine

—_—

Scale marker = c -
o Day 21: Control




Results of AMA (validation)
I

Day 21: Control Day 21: 2.0 pg/L Thyroxine
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Results of AMA

Day 21 - Sodium perchlorate

64

Day 21 Stage

63

62

61

60

59

58

57

56

BEEED

CONTROL 689ug/L 111ug/L 231ug/L 457 ug/L

2.40
2.30
T 2.20
S
2.10
9 2.00
1.90
1.80

Snout-Vent Length

p <0.05*

it

CONTROL 68.9 ug/L 111 ug/L 231 ug/L 457 ug/L

lodine uptake blocker
Body Weight

2.50 +

p < 0.05°

2.00

1.50 +— TR
1.00 +

0.50

0.00 ~

CONTROL 689 ug/L 111ug/L 231ug/L 457 ug/L

Hind Limb Length

1l

CONTROL 689 ug/L 111ug/L 231ug/L 457 ug/L




Results of AMA

Day 21 — Sodium perchlorate

lodine uptake blocker
Control
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Results of AMA

Results — Sodium perchlorate

lodine uptake blocker

Day 21 - Presence of Follicular Cell

60
50
40
30
20
10

70
60
50
40
30
20
10

Day 21 - Presence of Thyroid
Hypertrophy (%)

® Minimal
m Slight
m Moderate

CONTROL 68.9 ug/L 111 ug/L 231 ug/L 457 ug/L

Day 21 - Presence of Follicular Cell
Hyperplasia (%)

B Minimal
B Slight
I B Moderate

CONTROL 689 ug/L 111 ug/L 231ug/L 457 ug/L

80

60

40

20

60
50
40

30 F
20

10

Hypertrophy (%)

ll.I.j

CONTROL 689 ug/L 111ug/L 231ug/L 457 ug/L

= Minimal
| Slight

® Moderate

Day 21 - Presence of Reduced Colloid

(%)

CONTROL 689ug/L 111ug/L 231ug/L 457 ug/L

® Minimal
m Slight

B Moderate



Results of AMA (Propylthiouracil; PTU)
.




Thyroid disrupting chemicals in AMA screening
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Alternative species
R

Wrinkled frog (Rana rugosa) - Japan

Ecotoxicology and Envimnmental Safety 72 (2009) 1M00-1405

ELSEVIER

Contents lists available at ScienceDirect

journal homepage: www.alsevier.com/locate/ecoeny

Ecotoxicology and Environmental Safety

Application of metamorphosis assay to a native Japanese amphibian species,

Rana rugosa, for assessing effects of thyroid system affecting chemicals

Tomohiro Oka®, Maki Miyahara ®, Jun Yamamoto“, Naoko Mit
Keiko Kashiwagi®, Minoru Takase*, Akihiko Kashiwagi 4 Taise
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Alternative species
I

Fire-bellied toad (Bombina orientalis) - Korea

Chemasphere 81 (2010) 1292-1300

Contents lists available at ScienceDirect

Chemosphere

ELSEVIER journal homepage: www.elsevier.com/locate/chemosphere

Effects of nonylphenol on early embryonic development, pigmentation and
3,5,3'-triiodothyronine-induced metamorphosis in Bombina orientalis
(Amphibia: Anura)

Chan Jin Park, Han Seung Kang, Myung Chan Gye *
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Thank you !




