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ANNEXES

The results of the scientific summary (Annexl), the OECD Conceptual Framework Guidance
Document, the Detailed Review Paper on Novel Endpoint and Assays aaswelfrent testing
requirements for REACH and the PPPR were analysed by assay endpoint for each human health or
wildlife endpoint. The results were compiled in an excel spreadsheet submitted electronically and
presented in this annex as a series of tables.
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1 HUMAN HEALTH ENDPOINTS
1.1 MALE REPRODUCTIVE HEALTH
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Tablel. Male Reproductive Health Summary of scientific results of regulatory relevance

ED MoA
Human -
health Giood coherent evidence far PMob,
endpoint Some evidence for one or

more MoAs

Hypothetical MoAs
Repraductive ke alth

Critical window[s] of
eIpOSUre

Giood evidence
Some evidence

Limited evidence

Endpoints used in validated assays and scientific peer-reviewed
literature
Evidence of ED MoA Evidence of effect
Endpaint included in OECO conceptual Framework, quidance
Felated endpaoint inzluded in guidance or endpoint in CFIORP but limited or no
quidance

Endaint not included in OECO Conceptual Framework guidance

Relevance of
endpointimodality
For human disease

Felewant

Some relevance

Mo or unknown relevance

ANNEXES

Comments on relevance for
human disease

Male

1. Suppression androgen action in Male programming window;

Foetal life by interfering with the
uptak.e of steroid hormone
precursors into Foetal Leydig cells,
blocking the androgen receptor,
or by inhibition of stercid-
converting enzymes. 2. Inhibition
of PGOZ synthesis and
subszequently itz rale in
differentiation of Sertoli cells

TOS

when fetal teskes begin ko
synthesize testosterons

A s
non-descent of testes
malfarmation external genitalia

malfarmation of internal sex organs
[epipidymes, testes]
poor semen quality

Fetinoid lewels
changes in serum hormones

Decreazed AGD

retained nipples

plasma levels or hepatic expression
s i

Diecreazed AGD
retained nipples

androgen recephor antagonist

steroidogenesis inhibitors

FAF agonistsfantagonists reporter
EEEE]

FixF agoniststantagonists reporter
EEEE]

FRARY binding as=say

FRARY transactivation assay
Frostaglandin synthesis inhibitors

cryptarchidizm
hypozpadias

Mlodality - suppress=ion of
androgen action
poor semen quality

impaired
Spermatogenssis -
steroidogenesis
Madality - suppression of
andragen action

Decreazed AGDO
Fodality - suppression of
Spermatogenesis

Suppression of androgen
action

Spermatogens sis

steroidogenesis,
Spermatogenssis
testicular Fonction,
testosterane synthesis
Suppression of androgen
ackion

‘with respect ta steroidogenesis,
some differences exist between
the rat and humans, buk in general
the processes underlying male
development are remark ably
zimilar in both species. The rat is
generally seen as an appropriate
madel for poszible effects in
humans.
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Table2. Male ReproductiveHealth¢ OECD Conceptual Framework

Critical window(s]) of

Endpoints used in validated assays and scientific peer-reviewed

OECD Conceptual Framework

ANNEXES

ED Mo#A exposure literature )
Human Evidence of ED MoA Evidence of effect Included in guidance Limited guidance Level MNovel assayslendpoints
health Good coherent evidence for Mod, Good evidence Endpaint included in OECDO coneeptual Framework guidance exposure during critical window of sensitivity DRP
endpoint Some evidence For one or Fielated endpoint included in guidance or endpaint in CFIORF but limited or no
more MoAs Some evidence quidance exposure during critical window of sensitivity only if triggered
Hypothetical MoAs Limited evidence Endoint not included in OECO Conceptual Framework guidance no exposure during critical window of sensitivity Modality
Feproductive health
Male
1. Suppression androgen action in Male programming window; A7 s
Foetal life by interfering with the  when ketal testes begin to non-descent of kestes
uptake of steraid hormone zynthesize testosterone malformation external genitalia Prenatal developmental
precursors into foetal Leydig cells, toicity [TiE 414) 4
blocking the androgen receptar, 2-gen (TG HE), extended 1-gen (TG 443) 5
or by inhibition of sterncid- malformation of internal sex organs
conwerting enzymes. 2. Inhibition [epipidymes, testes] weight and histopathology in 2-gen [TG 418] 5
of PGOZ synthesis and pooior semen quality 2-gen [TG 4HE), extended 1-gen [TG 443) 5
subsequently its rale in Fietinoid signalling, endpoint
differentiation of Sertoli cellz would be added to Ukerotrophic
aszay (TG 440), Herberger
as=zay (TG 44), 2-gen repro (TG
Fietinoid levels 41E]
changes in serum hormones optional in Herzhberger Aszay [TG 441] and
Fepeated dose 28-day toxicity [T 407) 3
TOS Mlale pubertal assay [USEF &) Adult Male Azsay 4
Decreazed AGD Decreazed AGD extended 1-gen [TG 443 g
retained nipples retained nipples extended f-gen [T 443) 5
plazma levels or hepatic expression Somatotropic Akis
A7 saitres
androgen receptor antagonist AR Binding Aszay [USEFA) 2
AR STTA [draft) 2
YAS 2
steroidogenesis inhibitors Hz36R (TG 456), Aromatase Aszay [USEFA) 2

RAR agonistsfantagonists reporter
as=ay

FiwF agonists!antagonists reporter
assay

FF ARy binding assay

FFARY transactivation as=ay
Frostaglandin synthesis inhibitors

Fietinoid signalling
Fetinoid signalling

PP &Fs signalling
PF ARz signalling
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Table3. Male Reproductive Healtly Current Regulatory Testing Requirements under REACH and PPPR

Critical window[s] of

Endpoints used in validated assays and scientific peer-reviewed

Regulatory Testing Requirements

ANNEXES

ED MoA literature
Human exposure Evidence of ED Mo Evidence of effect REACH FPPR
health Good coherent evidence for Mod Good evidence Endpaint included in OECD conceptual Framewaork. quidance STOT-RE Carcinogen Reproductive and
endpoint Some evidence for one or Fielated endpoint included in guidance or endpoint in CFIORP but limited or no | Annez Annez Annez
more Mofs Some evidence guidance ¥ Ix Annez X Annex X ¥ Annez IX Annex X
[z 100 [z 1000 [z 100 [z 1000
Hypothetical MoAs Limited evidence Endaint nat included in OECO Conceptual Framework guidance [z 10 tiy] tiy) tiy) [= 1000 edy) [= 10 tiy] riy) tiy)
Fieproductive health [ [ [ [ [ [
Male

1. Suppression androgen action in. Male programming window; A s

Foetal life by interfering with the  when Fetal testes begin o non-descent of kestes

uptake of steroid hormone synthesise testosterons malfarmation exkernal genitalia

precursors into foetal Leydig cells, TG 414 TG 414 TG 414

blaeking the androgen receptor, Ferdas TG 416 TG 416

or by inhibition of steroid- malformation of internal sex organs
conyerting enzymes. 2. Inhibition [=pipidymes, kestes] FiFdas TG 4B TE 416
of PGO2 synthesis and poor semen quality Tzt TG 4HE TG 416
subsequentlyits rale in
differentiation of Sertoli cells
Fietinoid leuels
changes in serum hormones
TiT i
TOS

Decreazed AGD

retained nipples

plasma lewels or hepatic expression
A3 e

Decreazed AGD
retained nipples

androgen receptor antagonist

steroidogenesis inhibitors

Fi&F agonistsfantagonists reporker
aszal

Fi=F agonistziantagonists reporter
AzEay

FP&aRy binding azzay

FPARyY transactivation assay
Froztaglandin synthesis inhibitors
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1.2 FEMALE REPRODUCTIVE HEALTH
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Table4. Female Reproductive Health, precocious pubertgummary of scientific results of regulatory relevance

Critical window[s] of

ED MoA
exposure
H
h::::: Good coherent evidence for Mof, Good evidence
endpoint Some evidence For one or

more MofAs S5ome evidence

Hypothetical MoAs Limited evidence

Feproductive health

Endpoints used in validated assags and scientific peer-reviewed
literature
Evidence of ED MoA Evidence of effect
Endpaint inzluded in OECDO conceptual Framework guidance
Fielated endpaint included in quidance or endpaoint in CFIORF but limited or no
quidance

Endoint not included in OECD Conceptual Framework quidance

ANNEXES

Relevance of
endpointimodality
For human disease

Fielewant Comments on relevance for
human disease

Some relevance

Mo or unknown relewgance

In humans, association
with low birth weight and
weight gain in childhood. In
rodents, prenatal period of
reproduckive tract
dewelopment, perinatal
pericd of brain
differentiation as well as
the prepubertal period.

1. Thelarche: direct estrogenic or
anti-androgenic effects. 2.
Fubarche: altered
steroidogenesiz in adrenal. 3.
Centrally: requlation of the
hypothalamic expression of the
Ki55-1 and GFR54 genes by
estrogens and androgens

Frecocious
puberty

A i
decreazed age at vaginal opening decreased age at vaginal opening
decreased age at first estrus
age of breast cell differentiation
ByEnks

decreazed age at first estrus
age of breast cell differentiation events

change in weight of pituitary and for
adrenals

Stress response - corticosterone
uterine weight increase

A e
reduction in GnRH interpulse
interwals in hypothalamic explants

Corticotropes
estrogen receptor aganist

androgen receptar antagonist

Steroidogenesis induction

GF binding

CRHF binding

Arginine Wasopressin Fecephor
ATCH receptor binding
Corticotrope cell cultures

A fundamental difference in the
nieuroendocrine initiation of
puberty in rodents compared bo
primates is the strong inhibitary
contral by stercids during juvenile
dewelopment, whereas this is
achiewed in primates by central
mechanisms independent of
gonadal steroidogenesis. Despite
thiz difference, GnRH releasze
appears bo be requlated by similar
excitatory and inhibitory pathways
inrodents and primates. Pubarche
iz a strictly primate phenomenon.
Hence, there are no apical
endpoints related specifically to
adrenarche in rodent as=says.

Frecocious menarche

Frecocious thelarche

Frecocious pubarche

HF & disruption
estrogenic esponse

GnRH pulzatility

estrogenic responze
anti-androgenic response

steroidogenesis
HF A& disruption -
HF &, disruption -
HF A& disruption -
HF &, disruption -
HF A& disruption -
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Table5. Female Reproductive Healthprecocious puberty; OECD Conceptual Framework

ANNEXES

Precacious
puberty

ED MoA

Critical wil

QECD Conceptual Framewaork

Good coherent evidence for MoA

Good evidence

Isted endpoint included in suidance or endpoint in CF/DRP but limited or no guidance

age of breast cell differentiation events  age of breast cell differentiation events

exposure during critical window of sensitivity only if trizzered

Level

HFA axis.

ER binding azzay (USEPA) 2
ER STTA (TG 455) 2
YES 2
AR Binding Azzay [USEFA) 2
ARSTTA [draft) 2
YAS 2
H235R (TG 458) 2| H295R (TG 456) could be

HPA axiz

HPA axiz

HPA axiz

HPA axiz

HF & 3z
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| Human health

endpoint

Precocious
puberty

ED MoA

Critical window{s} of exposure

Table6. Female Reproductive Health, precocious pubectCurrent Regulatory Testing Requirements under REACH and PPPR

Good coherent evidence for Mod

‘Good evidence

E inwvalida i iewed i - Regulatory Testing Requirements
dp pe
Evidence of ED MoA | Evidence of effact REACH FPPR
Endpoint included in OECD conceptual Framework guidance STOT-RE G Eenicity Reproducti d 1ental

Related endpoint included in guidance or endpoint in CF/DRP but limited or no guidance

decr

decreased age atfirst estrus

decreszed 3ge stvaginzl opening

=ge of breast cell differentistion events  age of breast cell differentistion events

Annex VIl

Annex X

(= 1000 +/y)

(210tfy)  [=100t/y}

Stress response - corticosterone levels
utering weight incresze

decreased age atfirst estrus TG416 TG 416 TG 416
TG 407 TG408 TG408 TG 408

TG 407 TG408 TG408 TG 408 and TG 451-3
TG416 TG 416 TG 416

TG 408 and TG 451-3

TG 4le

GR binding
CRHR binding

Arginine Yasopressin Receptor binding
ATCH receptor binding

Corticotrope cell cultures
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Table7. Female Reproductive Health, Fecundgysummary of scientific results of regulatory relevance

Critical window[s) of

ED MoA
eXposure
Human
health  02d coherent evidence for Mos Good evidence
endpoint Some evidence for one or

more Mofs Some evidence

| Reproductive health

Endpoints used in validated assays and scientific peer-reviewed
literature
Evidence of ED MoA Evidence of effect
Endpoint included in OECD conceptual Framewark, quidanee
Fielated endpoint included in quidance or endpaoint in CFIORF but imited or no
quidance

Endaint not included in OECD Conceptual Framewark. guidanse

Relevance of
endpoint!modality
For human disease

Felewant

Some relevance

Mo ar unknown relevance

Comments on relevance for
human disease

Fecundity

Ay b
Histopathology of owaries

change of weight of cwaries

estrous cyclicity by vaginal cytology

precoital inkerval

precoital inkeral
precoital interval
Mumber of auarian follicles
plasma lewels or hepatic expression
of IGF1
number of implantations, corpora lutea, pre
and post implantation loss

number of implantations, corpora lutea, pre
and post implantation loss
number of implantations, corpora lutea, pre
and post implantation loss

Retinoid levels
reproductive scenescence
Az piteer

mouse Follicle bioassay
biowing in witro maturation and Fertiliz ation
aszay

mouse preantral follicle cultures
Porcine cumulus-oocyte-completes
estrogen receptor agonist or
antagonist

androgen recephar agonist ar
antagaonist

steroidogenesis induction ar

Ahr binding aFfinity

AhF reporter azsay

FixF agonistsfantagonists reporter
Frostaglandin zynthesis inhibitors?

Impaired oogenesis

Impaired cogenesis

Abnarmal menstrual
cycles

Time-ta-pregnancy

Time-ta-pregnancy
Time-bo-pregnancy
Impaired oogenesis

menstrual disturbances
Spontaneous abortions

Spontanecus abortions

oocyte maturation

Fenopauze

disruption of paracring
=signalling

Dienuded oocytes detect
direct boxicity

disruption of paracrine
=signalling

zignalling

estrogenic responze

disruption of androgen
zignalling

steroidogenesis
AhR cross talk
AhR agonists or
oG e maturation,
Impaired cogenesis

ANNEXES
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Table8. Female Reproductive Health, FecundgyDECD Conceptual Framework

Endpaoints used in validated

assays and scientific peer-reviewed

ANNEXES

ED Mo Cri :L':‘s‘:::[sl of literature OECD Conceptual Framework
Human P Evidence of ED MoA Evidence of effect Included in guidance Limited guidance Mo guidance Level Mowvel assaystendpoints
health Giood coherent evidence for Mod Good evidence Endpoint inzluded in OECO conceptual Framework quidance exposure during critical window of sensitivity DRP
endpaint Some evidence for one or Fielated endpoint included in guidance or endpaoint in CFORF but limited or no
more MoAs Some evidence guidance erpozure during critical window of ensitivity only if triggered
Hypothetical MoAs Limited evidence Endoint not included in OECD Conceptual Framework. guidance nio exposure during critical window of sensitivity Modality
Feproductive health
: 1. central Cwarian poal is determined A s
dysrequlation of gonadotrapin at tPo'c:jt‘rao"g";3“::‘:::::}?;5“’“ Histopathology of owaries Repeated doze 28-day tox [TG 407) and Combined chronic 4
the hypathalamus-pituitary lewel. TS e e e ; . 2-gen (TG HE), extended -gen [Ti5 443) ]
2. altered development or cyeles in rodents, Follicles change of weight of ovaries Fepeated dose 30-day
maturation of aocytes of containing two of mor: towicity study [TG 408 and
aszociated somatic cells within oocytes have been observed Cambined chronic
the owary [COX-2 inhibitars). ig't';w':'acP;:;ztt;'ntcig°=u'° ta bowicityhearcinogenisity
T : : rekinoic acid in‘dica:gting !;“ :heir ac‘!'ion Fepeated doze 28-day tox (TG 407) (optional] (TG 451-3) 4
signalling, estrogen, androgen, coincides or precedes th Fepeated dose 90-day
progesterone, FSH, LH, AhR, Formation of primordial bogicity study (TG 408) and
IGFs. falliclez. The AR has Been Combined chronic
't':f'r'::':‘;df L"P‘:;lt’gif'z‘f'“ of rouiityhearzinogenizity
s m e @l st The Female pubertal azzay [USEFA] TG 451-3] 4
wansition from primordinl o 2.gen TG 416], estended t-gen (T15 443 5
primary follicle iz inhibited by estrous cyclicity by vaginal cytalogy Fepeated doze 28-day tox [TG 407) [opticonal] £
estragen, while prenatal Female pubertal aszay (USEFA) 4
Graalinet D seiogme 2-gen (TG 18], extended 1-gen [TIG 443) 5
cwes has been shown to alter kali | ' Combined 44
cxpression of the AR in precoital interval ombines rlePeate ose
granulosa cellz, 28-days toxicityfrepro (TG
421-422) 4
precoital interval Eztended 1-gen [TG 4432) ]
precoital interval 2-gen TG HE) 1]
Mumber of owarian Fallicles extended 1-gen [TE 443 g
plazma levels or hepatic expression
of IGF1 Somatotropic atis
number of implantations, corpora lukea, pre Combined repeated dose
) and post implantation loss 28-days toxicitufrepro (TG Prenatal developmental
Fecundity 421-422) tonizity (TS 414] 4
number of implantations, corpora lutea, pre
and post implantation loss Extended 1-gen [TG 443) 5
number of implantations, corpora lukea, pre
and post implantation loss 2-gen (TG 48] ]
Retinoid signalling, endpoint
would be added to Ukeratrophic
aszay [TG 440), Herberger
Fietinoid lewvels aszay [TE $41), 2-gen repro [TE
reproductive seenescence
Ay et
mouze follicle bioas=ay
bcwire in witro maturation and Fertilization
as5ay
mouse preantral follicle cultures
Porcine cumulus-oocyte-compleges
estrogen recephar agonisk or EF; binding as=ay [LSEPA) 2
antagonist ERSTTA (TG 455] ves g
androgen receptor agonist or AR Einding Azsay [(USEFA) Z
antagonist AR STTA [draft] 2
YAS 2
steroidogenssiz induction or HZ35F (TG 456), Aromatase Azzay (USEFPA) 2
Ahr binding affinity AhR binding 2

AhR reporter assay
FixF agoniststantagonists reporter
Proztaalandin sunthe sis inhibitors?

Retinoid signalling
Retinoid signalling
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Table9. Female Reproductive Health, FecunditZurrent Regulatory Testing Requirements under REACH and PPPR

Critical window([=] of

Endpoints used in validated assays and scientific peer-reviewed

Fegulatory Tesliﬁg Requirements

ED MoA literature
Human exposure Evidence of ED MoA Evidence of effect REACH FPPR
health Giood coherent evidence for Mof Good evidence Endpoint included in OECO conceptual Framewark guidance STOT-RE Carcinogen Reproductive and
endpoint Some evidence For one or Fielated endpoint inzluded in guidance or endpoint in CFIORF but limited or o | Annez Annezx Annez
more MoAs Some evidence quidance ¥l 1= Annez X Annez X ¥ii Annez IX Annez ¥
(z 100 [z 1000 (z 100 [z 1000
Hypothetical MoAs Limited evidence Endaint not included in OECO Conceptual Framework guidance [= 10 tiy]) tiy) tiy) [z 1000 t/y) [= 10 t'y] tly) tiy)
Repradustive health | | | | | I |
DMenstrual eycles: 1. central Civarian pool is determined i e
dysrequlation of gonadotropin at tP;"e':‘t::Iy;ﬂ"“‘:‘::::‘:ftphzs"m Histopathology of ouaries TG 407 TEdAE | TEdAT TiE 4513
the hypothalamus-pituitary level, mim"agnce o‘; i e TR TG 416 TG 415
2. altered development or cpcles in rodents. Follicles change of weight of owaries
maturation of aocytes or containing twe or mare
aszociated zomatic cells within aocytes have been observed
the avary [SOK-2 inkibitars]. following_ prenatal exposure ko
wpaied acgunasic incic sid CHOSCIAI oo Tadw T4 e oe
signalling, estrogen, androgen.  coincides or precedes the
pragesterane, FSH, LH, Ak, Formation of primordial
IGF=. Fallicles. The AhR haz besn
implicated in the regulstion of
the rake of apeptosis of
aeykes in gzrn?ctll nezks The TG40E TG 402 TG 408 and TG 4513
tranzikicn From primardial b T TG 416 TG 418
primary Follicle iz inhibited by estrous cyclicity by vaginal cytology FiFdor
eskregen, while prenatal
treatment with andragens in T TG 416 TG 416
cuez haz been shown ko alker Lo
sxpression of the AR in precaital interual
granulosa cells. TG 421
422 TG 421422
precoital inkerwal
precoital interwal TR TiE 416 TG HE
Mumber of cwvarian Follicles
plasma levels or hepatic expression
of IGF1
number of implantations, corpora lukea, pre
and pozt implantation loss TG 421- TG421-422
Fecundity 422 ETGEH4 TG4 TG 414
rumber of implantations, corpora lukea, pre
and post implantation lozs
rumber of implantations, corpora lukea, pre
and post implantation loss TR TG 416 TG 4HE

Fietinoid leuvels

ESITOgEn fecephar aganist ar
antagonist

androgen receptor agonist or
antagonist

steroidogenesis induction or
Ahr binding affinity

AhF reporter as=zay

reproductive scenescence
A st

mouse follicle bioaszay
buwine invitro maturation and Fertilisation
assay

mouse preantral follicle cultures
Forcine cumulus-oocyte-complexes

F%R agonistsfantagonists reporter

Prostaalandin sunthesis inhkibitors?
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Tablel10. Female Reproductive Health, PCQSummary of scientific results of regulatory relevance

ED MoA
Human health Good coherent evidence for MoA
endpaint
Some evidence for ene or more ModAs

Hypothetical MoAs
Reproductive heslth

Critical window]s} of exposure

Good evidence

Some evidence

Limited evidence

Endpoints used in validated aszays and scientific peer-reviewed literature

Evidence of ED MoA

Evidence of effect

Endpeint included in OECD conceptual Framework guidance

Related endpeint included in guidance or endpeint in CF/DRP but limited or no guidance

Endoint not included in OECD Conceptual Framework guidance

ANNEXES

Relevance of
endpoint/modality for
human dizeaze
Relevant Comment: on relevance for human

dizeaze

Some relevance

Mo or unknown relevance

Fetzl programming by excess
androgen

PCOS

The hyperandrogenic
phenotype of FCOS gvarian
theca cellz is thought to be
programmed during tissue
differentiation. Obesity-
relzted hyperzinzulinemiz iz
hypothesized to lead to
hyperandrogenism during the
pubertz| transition thereby
promaoting progression
towards the PCOS phenotype.

pla=sma levels or hepatic expression of
IGF1

multiple cystic fallicles in snovulstory
rodents

AR agonists

GR binding

CRHR binding

opressin Receptor binding
ATCH receotor bindinz

Arginine

In vivo
models of prenatal androgen exposure in
rodents, sheep and primates

Histopathology o

number of primardial and small growing follicles
estrous cyclicity by vaginal cytology

In vitro

PCOS Frenztzl or perinatsl androgen excess
in non-primates suppreszes the
PCOS ability of the hypothalamus-pituitary
togenerste the LH surge necezzary 1o
PCOS induce ovulation in response torising
Anovulatory cycles gztradicl levelz and the ovary

sppears functionzlly unaffected. In

non-human primates altered steroid

negative feedback regulation of LH
inzulin resiztance and hyperinzulinemiz reflect 2 more
subtle form of ovulatory dysfunction
mare skin to PCOS. In prenatally
sndrogenized ewes, thare iz 3 finite
development period during which
sndrogen excess c2n sbolish the

ar'drc;er‘ excess
hypothalamic GnRH surge and there is
evidence that ovarian function may

HP& disruption slso be compromized.

HPA disruption

HPA disruption

HPA disruoticn
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ANNEXES

Table1ll Female Reproductive Health, PCQSECD Conceptual Framework

0 Critical v i in P i OECD Conceptual Framewaork

Good coherent evidence for Mo

ic axis

4R Binding Aszay [USEPA)

AR STTA [draft) 2
as 2

HPA axis
HPA axis
HPA axis
HPA axis
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Tablel2. Fenale Reproductive Health, PCQ®urrent Regulatory Testing Requirements under REACH and PPPR

Endpoints used in validated assays and scientific peer-reviewed literature

Regulatory Testing Requiremeants

ANNEXES

ED MoA Critical window{s) of exposure
Evidence of ED MoA Evidence of effect REACH PPPR
Human health Good coherent evidence for Mo& Good evidence Endpoint included in OECD conceptual Framework guidance STOT-RE Carcinogenicity Reproductive and developmental
endpoint
Some evidence for one or more MofAs Some evidence Related endpoint included in guidance or endpoint in CF/DRP but limited or no guidance |Annex VIl  AnnexIX AnnexX Annex X Annex VI Annex X Annex X
{z100
Hypethetical Mofs Limited evidence Endeint not included in OECD Conceptual Frameweork guidance {z10t/y} v} {2 1000t/y} (= 1000t/y} {z10t/y} {z100tfy}) (21000t/y}
Reproductive health | | |
The hyperandrogenic Invive
phenotype of FCOS ovarian maodels of prenatal androgen exposure in
theca cells is thought to be rodents, shesp snd primates
pregrammed during tissue Histopathology of ovaries TG 407 TG 408 TG 408 G451-3
differentistion. Obeszity- TG 416 TG 416
related hyperzinzulinamis is number of primaordial and small growing follicles
hypothesised to lead to estrous cyclicity by vaginal cytology
T hyperandrogenizm during the 75 407
pubertal transition thereby
androgen . .
promating progression TG 416 TE 416

PCos

towards the PCOS phenotype.

plasma levels or hepatic expression of
IGF1
multiple cystic folliclez in anovulstory

In vitro

GR binding
CRHR binding
Arginine Vasopre Receptor binding

ATCH receptor binding
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Table13. Female Reproductive Health, Pregnancy Outcome&ummary of scientific results of regulatory relevance

Good zoherent cvidence For Mof

Sams svidancs Fur mns mr
» Huflr

Hrputhastical Hufir
Ficproductive health

Critical uwinduuir) uf

Good cuidence

Endpmintr wrad in validatsd arrayr and rcisgntific pasr-r
litaraturs
nces uf ED Hafh E amca mf aFFact
Erdpointinzluded in QECD ptual Framcuork quidance

Fizlaked endppinkinzludedin quidanzs or endpaint in CFAORF Byt limice d or no quidanze

Endgintnotincluded in OECD C (41

IFrameuork quidan<e

Fcl E

ANNEXES

A E

Somerelevanze

HMoarunknoun relevanze

human dirsars

ozidaktive damaqe harbeen proparcd
to bo the rerult of dirruption of the
endozrine pro<erres inimplantation;
lou progerterone, lou erkroqen,
AhF, kirrpeptine, IGFr, prolactin,
prorkaglandinr, Hox qener. Erkradinl,
progerterone, kerkarkerone, rekinni=
azid, and vikamin Dhave beenrhoun

korequlate Hox qener expresrion.

ehe Miillerian duzkr
differentiate inkothe
owiduzkr, ukerur, cervix and
uppervaginabetueen9.5and
1.5 ueckr of qertation.
Ukarine endometrial qland
development ir completed
duringpuberky.

ukerine Leiqht

marker qener: Galbindin=04k, Hoz:
qener and qap jun<kion prokein
sonnexian 2k and 42

plarmaleuvelr ar hepakiz exprecrion of
IGF1

rekingid levelr

Serumvitamin D lewelr
Chanqer in exprerrionof vikamin O-
FoX FORFIUS qoner

Hirtopathologiz chanqer inukerur

duration of qertation

rumkber of implantationriter, pre and pork

implantation lorr

dyrtozia

SrEroqenis Ferpans s

lou kirth uzight

Fekal zardias
morphogenerir, hepatiz

differentiation
Ho: qene expresrion

Ho: qene expresrion, boane

devclopmenk

pro-torm birth

mirzarriaqe, preqnansy

lorr

ezzenkrizimplantation, uhere the
luminal ¢pithelium Forme an
invaginationtorurroundthe
krophoklare. Humanr and quinca piqr
haue inkerrtitialimplantation, in
uhizhthe trophoklart parrer through
khe luminal cpithelium tninuade the
crndametrialrtroma and bezome
imbeddedinthe uterine wall. Due to
therapidityof e c<entkriz
implankakion, mize and rakr hawe
becnarqued ko be poor modelr of
humancarly implankation.
Feroxirome proliFeration har nok
beenobreruedinhumans becaure
humanr ¢xprecr FRAFRE at much
louer leuwelr than radentr. Thur,
aztivation of FFARr in rodenkr doer
nokne<orrarily reFlectrimilar
phyriologizal perturkationrin

humarr.

Pagel8of 75



Freqnansy

oukzomer

rlazental ucight

the number,rex and uciqht of pups

the number of live andrill birche

rigre of grarr anamalicr

Feroxirome proliferation

artroqenreceptor aqanict or

antaqonirk

androqen receptoraqanirk or

ankagonirk

steroidog, i il
Ahr kinding afFinity
AhFircporter array

4 ari

FiAFi aqonirkrdantagonickr reparker
array

FiiFi aqanirkrfantaqonicks reporker
GFi Einding

GRHF binding

Arginine Yaropresrin Beseptor Finding
ATCGH re<cptar binding

Corticatrope <ell culturer

mekabaoliz action of GCrin mammalian
ukerine colle

FFAFE bindingarray
FFAFE tranractivationarray

Eane hirkologqy

r
IUGF

Fertility, re=ratio, loubirth

ucight

rtillbireh

Birth doFestr

bane devclopment

FF#AFs

dirruption of crérogern

riqnalling

dirruption of androgen

[rianalling

rteroidogeneric

AhF zrorrtalk
depletionof retingidr
rekinoidrianalling

rekinoidrianalling
Imglantation

HF & dirrugtion of timingof
Eirth

HF & dirrugtion of timingof
Eirth

HF & dirrugtion of timingof
Eirth

HF & dirrugtion of timingof
Eirth

HF & dirrugtion of timingof
Eirth

HF & dirrugtion of timingof
Eirth

deuwelapmenkal defeskr
developmental defeckr

Imglankation

ANNEXES

R E L Tro
extended 1-qen (TG 443]
2-qen (TEd1E]

extended 1-qen (TG 443]
2-qen (TEd1E]

exkended1-qen (TG dd2]
Z-qen (TEA1E]

extended 1-qen (TG 443]
2-qen (TEd1E]

EFi kinding array (UZEFA)

ERSTTA(TE455)

AFi Binding Auray (USEF&)

Hz45F (TG 456), Aromatare Auray (USEFA)
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Tableﬂ14. Female Reproductive Health, Pregnancy Outcory&3ECD Conceptual Frameyvork

ANNEXES

Em mtr wrad atad _-.r:-:r: and rcisntific p OECD Conceptusl Framework
ED M=f literaturs
Hu - Evidancas uf ED Hafl Evidancas uf aFFact Includad in guidancs Limitsd yuid Hu yuid Laval Havel asraysls
haalth Gond coherent cuidence For Mof Endpointinzludedin OECGD conzeptual Frameuork quidancze exparurs during zal uindou of renrikiviky DRF
endpmint Sums » smce Far mms mr
murs Huflr Ficlated endpaintincludedin quidance or endpoink in GF/ORF but limitedor no quidanse exparure during zritical nindou ofrens Ex only if kriqqered
Hrputhstical Hufr Endaint notinsludedin JECD CGonzeptual Frameuork quidance nocxparare during sritical uindoo of renri;
Ficprodustive health
Zhared mechanirm baredon Inthe human Female Fetur, e i
oxidative damaqe har been propored the Millerian duser ukerineucight Ukerotrophiz array (TG 4400 3
kobe the rerult of dirruptionofthe  differentiateinkokhe Fiepeated dore 90-day
endocrine procorror inimplankation; owiduskr, uberur, cervizand kozicikyrtudy [TGE40E],
lou proqeskerone, low erkrogen, upper waqinag betueen 9.5 and Combined chroniz
AR, kirrpeptine, 1GFr, prolactin, 1.5 ue-ckr of qerkation. Female pubertalarray (WSEFA), Repeated dore  koxizitedsarcinogeni
prartaqlanding, Hox qener. Ertradiol, Ukerine endometrial gland Z&-day koxizity (TG40T) (optional endpaink] [Tad51-3] q
proqeskerone, berkarkerone, rekinoic developmentic compleked E-qen (TG A1E], extended 1-qen (TG d43] 5
azid, and vitamin D have beenrhoun  during puberky. marker qener: Calkindin-09k, Hox
tarequlate Hox qener expresrion. qener and qap jun<tion protein
connexion ZEand
plarmalewvelr or hepatic expresrion of
IGF1 Somakokropic axir
rekingid levelr Fictingidriqnalling, endpoink
<ouldbe added ko Ukerakraphic
array (TG dd0), Herborqer array
(TGEddi), 2-qenrepro (TG41E]
Serum vitamin 0 levele Vitamin Driqnalling
Chanqer in exprecrion of vikamin D-
FOTpOnTivG qener NitaminDriqnalling
Hirtopathologiz chanqer inukcrur Fopoated dore 30-day
koxiziky reudy (TG 405E],
Combined chroniz
koxizikydzarcinogenizity
[TGEA5-Z), Cambined
Repeated dore 28-day koxiciky (TG A0T), Female  repeated dore 23-dayr
pubertal array (WSEFA] koxizikyfrepro(TEd21-422) q
E-qen (TG d16], extended 1-qen (TG d43] 5
duration of qertation premature
deliverytabartion
monitaredinFronakal
dewelopmental boxizity (TG
cxbended 1-qen (TG 443] did]) 5
Z-qen (TG d1E] 5
rumkbcrofimplantationriter, preand poare Combined repeated dore 25
implankation larr dayreoxicityfrepro [TGAZ1- Frenatal deuclopmental
dzz) koxiziky (TG d14) q
cxbended 1-qen (TG 443] 5
Z-qen (TG d1E] 5
dyreosia Combined repeated dore 25
dayr kozizitydrepro (TG 421
dzz) q
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Freqnanzy
Qutzomer

Ferozirame proliferakion

erkraqenrezcptar agonirkar

ankaqonirk

androqen recepkor aqonirt or

antaqanirk

rteraidngenericindustion or inhibiti
Ahr binding affinitx

ALF reporter array

FiAF aqanirkrdantagonirkrroporker
array

FitiF aqonirerfantaqonirtr reporker

GFR kinding

CFRHFi kinding

Arqinine Yaropresrin Receptor binding
ATCH receptar kinding

Caorkizatrope ccll zulturer

metaboliz action of GCr inmammalian
ukerine zellr

FFAFx Einding array
FFAFE tranractivation array

plazenkalucight

Ehe number,rex and ueiqht of pupr

the number af live andrill Birche

riqnr of qrorr anomalicr

Eane hirtoloay

cxkended 1-qen (TG d43)
E-qen (TG 416]
exkended 1-qen (TG 443])
E-qen (TE41E)

cxkended 1-qen (T dd3)
E-qen (TG d1E]

exkended 1-qen (TG 443
E-qen (TG d1E]

exkended 1-qen (TG 443])
E-qen (TG d1E]

ANNEXES

I I I O]

Vitamin Driqnalling

FFAFrrignalling

ER bindingarray (USEFA) z
ERSTTA(TGd55) z
TES €
AFi Binding frray (USEFA) 3
AR STTAdraft]) 3
YA z
HEs5R (TG 458 could be

HEZ95R (TG 45E], Aromatare Array (USEF A € walidated Far qluzozortizoidr

AhFibinding H

Fictingidrignalling

Fictinoidrignalling

Fictinoidrignalling

HF & axir

HF A axir

HF & axir

HF A axir

HF & axir

HF A axir

FFAFrrignalling

FFAFrrignalling
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ANNEXES

Tablel5. Female Reproductive Health, Pregnancy Outcom&urrent Regulatory Testing Requirements under REACH and PPPR

Critical uindmulr) uf Endpmintr wrad in validatsed arrayr and rcisntific pesr-r 4 Raqulatmry Tarting Reguirsamantr
ED Hafi litars
sxpmrurs
Evidencs uf ED Haft Evidencs uf sFFact REACH FFPFR
Good coherent ewidence Far Mok Good cuidence Endpointinzludedin DECD prual Frameuork quid STOT-RE Carcinmgen Rapruductive and
Sams svidancs Ffur mns mr Annax fAnnsx fAnnsx
murs Huflr Sems svidencs Fzlated endpaintinzludedin quidanze or endpointin CFAORF butlimited or no quidance | TI0 Iz A A z T A =12 Asmex T
[ [z ek [ 18R [ 1008 [z 1s [ 188 [ L]
Hrputhatical Haflr Limited svidancs Endointnotinzludedin QECDC prual Frameuork quid wix) [ 152 erfrx) erfrx) [ 152 erfrx) L1 ]
Fieprodustive healeh I |
Zharcd mezhanirm bared on Inthe human Female Fetur, e o
pxidative damaqe har beenpropored khe Fiillerian duzkr ukgrine Leight
kokothe rerult of dirruptionof the  differenkiateintothe
endozring prozerrerinimplankation; oviduzkr, ukerur, zeruiz and
louprogerterane, low ertroqen, uppervaginabetucen 9.5 and
AhE, kirrpeptine, 1EFr, prolaztin, 1.5 ue-e-kr of gerkakion.
proartaglandinr, Hox qener. Ertradial, Ueerine endometrial gland T i TG d0% TG0 TEdiE and TG d51-%
progerkerone, kerkarkerane, retingiz developmentir zompleked ety o TG die TG die
azid, and vikamin D have beenrhoun during pukerey. marker qener: Galkindin-04k, Hox:
karequlake Hox qener exprorrion. qener and qap junztion prokein
sannexion &6 and 43
plarmaleuwelr or hepatiz expresrion of
IGF1
rekingid levelr
Serum vikamin D levelr
Chanqerin exprosrion of vitamin D-
FerPORrive qener
Hirtopathologic changer inukerur
TEdoT TEdoE  Tados TGdei-d22 Tadzi-dzz TG40 and TG 451-3
FiSwr TG d1E TG d1E
duration of qerkation
Tadid TG did TG did
Fiswf s TG di% TG di%
rumkerof implankationriter, pre and pore
implantation lorr TEdzi-d22 %
TEdzi-dz2 Tadid TG did TG did
TG diE TG diE
dyrtozia
TSdzi-d22 Tadzi-dzz

Page22of 75



Frequancy

oukzomer

Feroxirame praliferation

Eaone hirtalagy

ANNEXES

1aq£71-988 1 qs71-qse

T e

T

TEdz1-dze &

Tadzi-dzz TGEd1d

| Fisvne

TEdz1-dze &
Tadzi-dzz TGEd1d

Ahr binding affiniky

AhFireparker array

FAF aqonirkrdantaqonickrs reporker

array

FiiF agonirtrdantaqonirkr reporker

GF kinding

CRHF Binding

Arginine Yaroprerrin Rezeptorbinding

ATCGH rezcptar binding

Caortizatrope <ell sulburer

metabaoliz astion of GCrin mammalian

ukerine cellr

PP AR binding array

FFAF& tranrastivation arrax
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Table16. Female Reproductive Health, Endometriosis and Uterine Fibrai@&immary of scientific results of regulatory relevance

ED MoA Critical window(s) of
exposure
1::‘::: Good coherent evidence for Maos, Good evidence
endpoint Some evidence for one or

more MoAs Some evidence

Hypothetical MoAs Limited evidence

Fieproductive health

Endpoints used in validated assags and scientific peer-reviewed literature

Evidence of ED Moh

Evidence of effect

Endpoint included in OECO conceptual Framesork guidance

Felated endpaoint included in guidance or endpoint in CFIORF but limited or no guidance

Endaint not included in OECO Conceptual Framework guidance

Relevance of
endpoint!modality For
human disease
Felewant

Some relevance

Mo or unknown relevance

Comments on relevance for
human disease

Apoptosis: estrogens. lnvazion and
adhesion: estrogens, progesterone.
Angiogenesis: estragens and
progesterone. Profiferation:
estrogens, androgens, prostaglandin
EZ, epigenetic mechanisms
[owerexpreszion of EF-(,
progesterane resistance).
Immunomadulation: estrogens,
androgens, glucocorticoids,
progesterone, prostaglanding

Prenatal exposure ko OES
results in Howalld
hypermethylation

Endometriosis

The incidence of uterine
fibraids is significantly
increasedin CO-1mice and
Eker rats exposed prenatally or
neonatally to OES.
Feprogramming of estrogen-
responsive genes including
calbindin 03K and
progesterone receptar.
Ezpres=ion of the homeobox
gene Hoxald has been shown
to be altered following in utero
bizphenol & exposure.

Uterine Estrogen and progesterone
fibroids dependency, epigenetics

Endometricsis-like strusture in the
adipose tissue surrounding the genital
tract in Blalb-C mice

utering PR expression in mice

steroid responsive transforming growth
Factor-beta 2 exprezsion in mice

Serum witamin O levels

Changes in expression of vitamin O-
responsive enes

short-term cultures of human
EStrOgen receplor aonist or antagonist

androgen receptor agonist or antagonist

steroidogenesiz induction or inhibition
GF binding

CRHR binding

Arginine ¥ azopressin Receptar binding
ATCH receptor binding

metabolic action of GCs in mammalian
uterine cells

Ahr bindineg affinity

AhF reporter assay

Prostaglandin synthesiz inhibitors?

estrogen-responsive genes inthe
developing uterine endometriom of wild
bype ratz

Witamin O serum levels
Changes inexpression of vitamin O-
rESpOnsive qenes

ELT cell lines to detect estrogenic
estrogen receptor agonist or antagonist

A
homologous and heterologous rodent models
endometriotic lesions innon-human primates

A e

A i
observed in mice, dogs and Baltic grey seals
Ekerrat

Hiztopathologic changes in uterus

A e

Endometricsis
Endometricsis

Endometriosis
Endometriosis

Endometriosis
Howt gene expression

Huo gene expression

.. Expres=ion of PR
eSirOgenic response

disruption of androgen
=zignalling

steroidogenesiz
HF A, dizruption
HF &, dizruption
HF &, dizruption
HF A disruption

HFA, dizruption
Al cross talk
AhR crozss talk

Uterine fibroids
Literine fibroids

Likerine fibroids
Uterine fibroids

Howt gene expression
Huow gene expression

estrogenic response
disruption of estrogen
zignalling

Endometriosis iz a primate-speacific
dizease as estrous animals do not
shed their endometrial tizsue and do
not develop endometriosis
spontaneously. In rodent models,
ectopic lesions were found to be small
and not physiologically similar to those
Found in human disease. The use of
immunocompromised animals
eliminates the investigation of the
immumaregulatory component of the
dizeaze. Autotranzplanted uterine
tizsue shows steroid hormone
dependency and can be uzedta
investigate the effects of
environmental contaminantsnon
diseaze progression. Prenatal
egposure ba TCODO preceding the
surgical induction of endometricsis
produced a dose-dependent increase
in endometriotic site diameter ina
mouse model. Gap between promising
preclinical findings and clinical trial
outcomes brings the adequacy of
animal models of endometriosis into
question.

ANNEXES
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Tablel7. Female Reproductive Health, Endometriosis and Uterine Fibrgi@ECD Conceptual Framework

ED Mo Critical (=) of p used in assays and scientific p i i OECD Conceptual Framework
Human exposure Evidence of ED MoA Evidence of effect Included in guidance Limited guidance No quidance Level Novel assaystendpoints
health Giood coherent evidence for Mos Good evidence Endpointincluded in OECD conceptual Framework guidance exposure during critical window of sensitivity
endpoint Some evidence for one or
more MoAs Some evidence Fielated endpoint included in guidance or endpaint in CFIDRF but limited or no guidance exposure during critical window of sensitivity only i triggered
Hypothetical MoAs Limited evidence Endoint not ineluded in OECD Conceptual Framework guidance no exposure during critical windaw of sensitivity Modality
Feproductive health
A7 e
homalogous and heterologous rodent models
endometriotic lesions in non-human primates
Endometriosis-like structure in the
adipase tissue sunounding the genital
tract in Balb-C mice
uterine PR enpression in mice
stercid responsive transforming grovth
factor-beta 2 expression inmice
A B Serum vitamin D levels Witamin D signalling
We:;ng:fpm Changes in expression of vitamin O-
adhesion: estrogens, responsive genes Witamin O signalling
: estrogens and P
progesterone. Proliferation:
shart-term cultures of human
estrogens, androgens, prostaglanding  Prenatal exposure ta DES : -
Endometriosis T it resultsin Hosall estrogen receptor agonist of antagonist EF binding assay [USEFA] z
(owererpression of ER-§. hupermethulation EFR STTA (TG 458) 2
Progesterone resistance). TES 2
|mmunomodulation: estrogens, androgen recephor agonist or antagonist AR Binding Azsay (USEFA) 2
androgens, glucocorticoids, ARSTTA [draft] 2
progesterane, prostaglanding TAS 2
steroidogenesis induction or inkibition HZz35F [TE 456], Aromatase Aszay (USEF L) & H295FR (TG 456) could be validated
GF binding HF A, atiz
CRHF binding HF & axis
Auginine Y asopressin Feceptar binding HP A aris
ATCH recepten binding HPA anis
metabolic action of GCs in mammalian
utering cells HP &, axis
b binding affinity AR binding z
AhR reparter assay Feetinoid signaling?
Prostaglandin synthesis inhibitor=?
The incidence of uterine Ao e
inc‘[‘:;:‘:; b é'gﬂ‘m?'gn ’ E:;@:::d in mice, dags snd Baltic grey seals

Uterine
fibroids

Estrogen and progesterons
dependency, epigenstics

Eker rats exposed prenatally or
necnatally to DES.
Reprogramming of estrogen-
responsive genes including
ealbindin DK and
prOgesterone receplor.
Expression of the homeobaox
gene Hozalll has been shown
to be altered following in utero
bisphenol & exposure.

estragen-responsive genes in the
deyeloping uterine endometrium of wild
twpe ratz

Hiztopathologic changes in uterus

Vitamin O serum levels
Changes in expression of vitamin O-
responsive genes

v
ELT cell lines to detect estragenic
estrogen receptor agonist or antaganist

Repeated dose 90-days
taicity study [T1G $08),
Combined repeated dose 28-
days toxicityfrepro (TG 422]

Repeated dose 28-day togicity (TG $07), Female
pubertal assay [USEFA)
2-gen (TG 416), extended gen (TG 443)

Froliferation-based sereens

ER: binding assay [USEPA)
ER STTA (TG 465)

Witamin O signalling

Witamin O signalling

[EILA

ANNEXES
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ANNEXES

Tabk 18. Female Reproductive Health, Endometriosis and Uterine Fibrgi@urrent Regulatory Testing Requirements under REACH and PPPR

Critical window(s) of

Endpoints used in validated as=sans and scientific peer-reviewed literature

Regulatory Testing Requirements

ED MoA
exposure - -
Human Evidence of ED MoA Evidence of effect REACH PPPR
health Food coherent evidenee for Mad, GFood evidence Endpaint included in OECD conceptual Framework, quidance STOT-RE Carcinogeni  Reproductive and developmental
endpaint Some evidence for one or Annex Annez
more MoAs Some evidence Fielated endpaoint included in quidance or endpaint in CFIORF but limited or no quidance | W 1= Annex X  Anner X Annez ¥lll Annezxlxd Annez X
(=100 (= 1000 (= 1000
Hypothetical Mofs Limited evidence Endaint not included in OECO Conceptual Framewaork quidance [= 10 tf tiy) ty) [= 1000 t'y) (=10 tdy] [z 100 tly) tly]
Fieproductive health | | | |
A sabocw
homologous and heterologous rodent models
endometriotic lesions in non-human primates
Endometricsiz-like structure in the
adipose tissue surrounding the genital
tract in Balb-C mice
uterine PR etpression in mice
=teroid responsive transhorming growth
factor-bieta 2 expression in mice
. . Serum witamin O levels
W;:;g;f::;m Changes. in exprezsion of vitamin O-
Angiogenesis: estrogens and MDA .
progesterone. Broliferation: Loz
estrogens, androgens, prostaglandin Prenatal expozure to DES Eholiermiciie=o h.uman .
Endometriosis EZ, epigenetic mechanisms results in Hozald G0 T EE e SRR @ EREFEnTE
[owerexprezsion of ER-R, hypermethylation
progesterone resistance).
Immunemedulation: estragens, androgen receptor agonist or antagonist
andragens, glucocorticoids,
progesterone, prostaglandins
steroidogens sis induction or inhibition
IR binding
CRHF binding
Arginine Yazopressin Receptor binding
ATCH receptor binding
metabolic action of GCs in mammalian
utering cells
Ahr binding affinity
AhR reporter aszay
Frozstaglandin synthesis inhibitors?
The incidence of uterine i
incrli:raosigj ii: éilglj:riﬁ?c:lgnd cbservedin mice, dogs and Baltic grey seals
Eker rats esposed prenatally or EEzirat
neanatally to DES. estrogen-responsive genes in the
Fieprogramming of estrogen-  developing uterine endometrium of wild
responsiye genes inzluding  ryperats
pr;;;‘;I:e-?anesrch;‘::or. Histopathologic changes in uterus
Ezprezsion of the homeoboz
Uterine Estrogen and progesterons otie :f‘:raezjfﬁlsovbwe:; .:}Lct‘:no Frdor TEA0E  TE40E TR | TR TRz TGANS
fibroids dependency, epigenetics bisphenol & esposure. feyps TEE TEOE

Witamin O serum levelz
Changes in expression of vitamin O-
responsive genes
A it
ELT cell lines to detect estrogenic
ESITOgen receptar agonist or antagonist
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ANNEXES

1.3 HORMONAL CANCERS
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Table19. HormonalCancers; Summary Results of Regulatory Significance

Critical window(s]) of

Endpoints used in validated assays and scientific peer-reviewed literature

Relevance of

ANNEXES

ED MoA ezposure . : endpoinl!ml?dalilg For
Human Evidence of ED MoA Evidence of effect human disease
health Good coherent evidence For Mo, Good evidence Endpoint included in OECO conceptual Framework guidance Relevant Comments on r_eleuance For
endpoint Some evidence For one or human disease
more MoAs Some evidence Fielated endpoint included in gquidance ar endpoint in CFIORF but limited or no quidance Some relevance
Hypothetical Mofs Limited evidence Endiint not included in JECO Conceptual Framework quidance [o or unknown relewan e
Hormonal
Cancers

Cluring deweloprment in the
womb and during puberty
[nur=zing#)

Estrogen, pragesterans, prolactin,
tesiosterone

Ereast cancer

In humans, prostate
morphogenesis oceurs in fetal
life during the secand and third

trimester (in perinatal life in
rodents].

Prostate
cancer

Androgens, estrogens [progesterons
and retinoids?), epigenetics

mammary gland dewvelopment

mammary gland dewvelopment
Serum vitamin O lewsls

Changes in expression of vitamin O-
TESPONEive genes

MCF 7 proliferation assay
EEOQen [eceptor agonist

androgen receptar agonist o antagonist

steroidogenesis induction of inkibition

FFARy binding as=ay
FFARY transactivation assay

Foble rat
Increaze in weight in ventral prostate

Histopathologic changes in prostate

Witamin O zerum lewvels
Changes in expression of vitamin O-

esiogen receptor aganist

androgen receptor agonist or antagonist

steroidogenesis induction of inkibition

A st

turoyear rodent chronic carcinogenicity bioassay
ACIrat

marmmary gland development

mammary gland development

A it

A st
Floble rat

At

breast cancer
breast cancer

breast cancer

breast cancer
cell praliferation

cell proliferation

eSITOQenic response
digrupticn of estrogen
eSITOQenic response

dizruptian of androgen

steroidogenesis
cell proliferation
cell proliferation

Frostate cancer
androgenic response
androgenic response
androgenic response
androgenic response
androgenic response
cell proliferation
cell praoliferation

estiagenic rezponze
disruption of androgen
signalling

steroidogenesis

The two year chronic carcinogenicity
bicassay uses the F3444M rat and the
BECIFIM mouse, These strains are
notintended as models For the
demonstration of mammary
carcinogenesis, The F344M rat shows
& high background incidence of
resticular and other tumaours, the
BEC3F I mouse suffers from a high
Spontaneous rate of liver tumours.
The ACIrat, seem to be valuable tools
for the identification of mammary
turmours induced by estrogenic agents.

Mo model is able to re-capitulate the
key Features of the disease inmen,
which are 1] androgen dependence, 2]
developing androgen-independence at
more advanced stages, 3] slow growth,
with lang latency periods, and 4] ability
o metastasize, The Moble ratizs a
good madel For studying hormone-
induced prostate cancers, but
metastases are rare in this strain,
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Human
health
endpoint

ED MoA
Good cokerent evidence for Mod
Some evidence for one or

more MoAs

Hypothetical MoAs

—

Critical window(s] of
exposure

Good evidence
Some evidence

Limited evidence

(=) [

Endpoints used in validated assays and scientific peer-reviewed literature

Evidence of ED Mof Evidence of effect
Endpzint inzluded in OECDO conceptual Framework, quidance

Fielated endpoint included in guidance or endpoint in CRORP but limited or no guidance

Endoint niot included in CECDO Conceptual Framewaork guidance

Relevance of

endpointimodality for
human disease

Relewant

Some relevance

Mo or unknown relevance

ANNEXES

Comments on relevance for
human disease

Testis cancer

Thyroid cancer

In=ufficient androgen action in fetal
lite, estrogens

TSH, estrogens

Fetal life

Fetal life

Az i
Germ cell atypia in rabbits
Leydig cell nodulesthyperplazia in the rat.

A st
estrogen recephar agonist
androgen recepbor 3Qonist or antagonisk
steroidogenesis induction or inhibition

A i

radent two-step carcinogenesis models
Thyraid histopathalogy

serum T3, T4 and TSH

Thyraid weight

A it
estrogen recephor agonizt

Thyroid Function

Testis cancer
Testis cancer

estiogenic response

disruption of andragen

zignalling

steroidogenssis

Thyraoid cancer
Thyroid cancer

Thyraid disruption

Thyroid disruption

estrogenic response

Thyroid disruption

Germ cell tumaurs are only very rarely
observed in rodents. “germ cell atypia™
in the rabbit i= a lesion that has
similarities with CIZ cellz in humans.
Howewer, it is nat known whether this
lesion will develop into germ cell
tumiours. Leydig cell
nodulesthyperplasia in the rat are
considered a surrogate marker for
germ cell tumaurs, but suitable animal
models for TGCT do not exist.

There are also differences in the
niormal physiclogical thyroid hormone
processes between rats and humans.
Inrats, 405 of T3 iz secreted directly
from the thyroid, compared to 205 in
humans and the structure of the
deiodinase enzyme in rats is different
from that of humans. In humans,
circulating thyroid hormones are
primarily bound o thyrozine-binding
globulin [TEIG], with smaller amounts
bound ta albumin and transthyretin, In
deweloping rats, TEBG is not present in
the cirzulation between manths two
and sewen and adult rat thyroid
hormiones are primarily bound to
transthyretin, and, 1o a lesser extent,
albumin. These proteins have a lower
affinity For thyroid harmones than TEG
resulting in a sharter half-live of thyroid
hormones in adult rats.
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TabngO. Hormonal Cancers OECD Cogceptual

Critical window(s] of

Framework

Endpoints used in validated assays and scientific peer-reviewed literature

QECD Conceptual Framewark

ANNEXES

ED MoA
Human exposure Evidence of ED MoA Evidence of effect Included in gquidance Limited quidance Mo guidance Level MNowvel aszagslendpoints
health Good coherent evidence For Maod, Good evidence Endpoint included in JECD conceptual Framewark, quidance expozure during critical window of sensitivity DRPF
endpaint Some evidence for one or
more MoAs Some evidence Fielated endpoint included in guidance or endpoint in CEAORP bt limited or no guidance exposure during critical window of sensitivity only if triggered
Hypothetical MofAs Limited evidence Endoint not included in OECO Conceptual Framework guidance no expasure during critical window of sensitivity Modality
Hormonal ‘
cancers
A sl
ko e ar rodent chronic carcinogenicity bioassay
AClrat
Hiztopathologic changes in
mammary gland in Fepeated
doge 30-day togicity study (TG
histopathologic changes inmammary gland 408 and Combined chronic
optional endpoint in Repeated Oose 28-day tos (TG towicitytcar cinogenicity [TG
mammary gland development miammiary gland development 407) 451-3] 4
histopathologic changes inmammary gland in
B (e T, Diring deuelopfment inthe  mammary gland development mammary gland development extended T-gen TG 443] 5
Breast cancer F—— womb and during puberty  Serum witamin O lzwelz Witamin O signalling
[riursing=] Changesz in exprezzion of vitamin O-
rESponsive genes Yitamnin O signalling
A e
ICF 7 profiferation azsay Frolifer ation-based sereenz H
EStOEn recephor agonist ER binding as=ay (USEFPA) 2
ERSTTA (TG 455) 2
YES 2
androgen recephor agonist oF antagonist AF Binding As=zay (USEFPA) 2
AR STTA [draft) 2
A5 2
steroidogenesis induction or inhibition H295F [TG 46E), Aromatase A=say (USEPA) 2
FP&Ry binding assay FF ARs signalling
FPARY tranzsactivation aszay FFAR:s zignalling
A e
hoble rat Moble rat
Increase in weight in wentral prostate Hershberger assay [TG 441) 3
Male Pubertal assay [USEFS), Repeated dose 28-  Adult Male A=ssay, Fepeated 4
Extended 1-gen [TG 443], 2-0en study [TG 4$16) i}
Hiztopathologic changes in prostate Fiepeated dose 28-days tozicity aszay [TG 407) Adult Male Azzay, Repeated 4
In humans, prostate Extended 1-gen [TG 443, 2-gen study [T(5 416] 5
Prostate Androgens, estragens [progesterone m:?&ig;;e:;:;ﬁ:[;: :::::: ;IEZTIH D_ SerUm Ie\.fels { vitamin O- '\l'!tam!n o s!gnall!ng
cancer and retinoids7), epigenstics ! ‘ . it ez in expression of vikamin O ) Witamin O signalling
trimester [in perinatal life in A it
rodents). estrogen receptor agonizk ER binding as=ay [USEFA] 2
ERSTTA [TG 455) 2
YES 2
androgen receptor agonist of antagonist AF Binding A==zay [USEFPA) H
AR STTA (draft) z
AT 2
steroidogenesis induction or inhibiticon HE36F [TG 4561, Aromatase Assay [USEFA] z
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ED MoA
Human :
Giood coherent evidence For Mo
health 2
endpoint Some evidence For one or

more Mofs

Hypothetical MoAs

Critical window(s] of
exposure

Good evidence

Some evidence

Limited evidence

Inzufficient andragen action in fetal

Testis cancer "
life, estrogens

Thyroid cancer TSH, estrogens

Fetal life

Fetal life

Endpoints used in validated assays and scientific peer-reviewed literature

OECD Conceptual Framewark

ANNEXES

Evidence of ED MoA Evidence of effect Included in guidance Limited guidance Mo guidance Lewvel Movel assayslendpoints
Endpaint included in OECD conceptual Framework. guidance exposure during critical window of sensitivity DRP
Fielated endpaint included in guidance ar endpoint in CF/ORF but limited or no quidance exposure during critical window of sensitivity only i triggered
Endoint not included in OECD Conceptual Framework guidance no esposure during critical window of sensitivity Modality
e
Germ cell abypiain rabbits
Leydig cell nodulesfhuperplazia in the rat. Hiztapathologic changes in testes in Repeated Hiztapathalogic changes in 4
Hiztopathologic changes in testes in 2-gen study 5
Ay
estrogen receptor agonist ER binding as=ay (USEFPA) 2
ER STTA TG 455) 2
YES 2
androngen recephor agonist o antagonist AF Binding A==ay [USEFPA] z
AR STTA [draft) z
As -4
steroidogenesis induction or inhibition H295R [T 45E), Aromataze Aszay [USEFPA) 2
A e
rodent bwo-step carcinogenesis models
Thyroid histopathalogy Prenatal developmental tawicity
optional in Hershberger Aszay [T 441) 3 (TG 414
optional in Repeated Dose 28-day tosicity study
(TG 407) 4
Adult Male Azzay, Repeated
dose A0-days boxicity study
TG 408), Combined chronic
kowicikytc arcinogenicity [T
451-3], Combined repeated
dose 28-days tozicityfrepro
Male pubertal aszay [USERA] ITG 422) 4
2-gen study [TG 416), Extended 1-gen [TG $43) ]
semum T3, T4 and TSH Frenatal developmental togicity
optional in Hershberger Assay [T 441) 3 (TG 414)
optional in Repeated Dose 28-day tosicity study optional in Repeated dose 90-
(TG 407) days tosicity (TG 403] 4
Female pubertal az=zay [USEPA] Adult Male Azzay 4
Extended 1-gen study [TE 443) ]
Thyroid weight optional in Fepeated dose 28-day tovicity study [TE Fepeated dose 30-days Frenatal developmental toxicity
407) tawicity (TG 408) 4 (TG 414)
Adult Male Azzay, Combined
chranic
rowicitylcarcinogenicity (TG
Female pubertal as=ay (USEFPA) 451-3] 4
2-gen study [TG 416), Extended 1-gen [TG $43) ]
Ay
estrogen receptor agonist EF binding as=ay (USEFPA) 2
ER STTA [TG 455) -4
Thyraid function Thyraid functian 2
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Tabngl. Hormonal CancersCurrent Regul_atory Testing Requirefnents under REACH and PPPR

Critical window(s] of

Endpoints used in validated assays and scientific peer-reviewed literature

ANNEXES

Regulatory Testing Requirements

ED Moh
exposure - -
Human Evidence of ED MoA Evidence of effect REACH PPPR
health Good soherent evidence far Mo, Giood evidence Endpoint inzluded in JECD conceptual Framework guidance STOT-RE Carcinogeni Reproductive and developmental
endpoint Some evidence for one or Annex Annex
more Mofs Some evidence Fielated endpoint included in guidance or endpaint in CFAORF but limited or no guidance | WL 1= Annex X Annez X Annez ¥lll Annex X Annex X
(100 (= 1000 [= 1000
Hypothetical MofAs Limited evidence Endoint not included in OECD Conceptual Framework, guidance [= 10 tly] thy) tly) [z 1000 tly) [=10ty]) [= 100 tiy]) tiy)
Harmional ‘
cancers
e
two year rodent chronic carcinogenicity bioassay
ACIrat
mammary gland development mammary gland development et TG40 TG 402 TG 408 and TG 461-3
Estrogen, progesterone, prolactin, During deueloprment inthe  mammary gland development mammary gland development
BEireast cancer womb and during puberty Sarum vitamin O levels
testasterans .
[nursingz] Changes in expression of vitamin O-
[ESpONSive genes
L
MCF 7 proliferation as=ay
estrogen receptor agonist
androgen receplor agonist or antagonist
steroidogenesis induction or inhibition
FFAFRy binding aszay
FFARy transactivation assay
e
Foble rat Rloble rat
Inzrease inweight in ventral prostate
TiE 407 TE40E TG 402 TG 403
Freloy TG HE TG 4E
Histopathologic changes in prostate TG 407 TE40E TG 408 TG 421422 TG421-422  TGE421-422 TG 408 and TG 451-3
In humans, prostate el TG 416 TG 416
Prostate Androgens, estrogens (progesterons E:ﬁ&age;@:l;g;z:r;: i:lt::: Uilietmlo D.serum Ie-.:els A
cancer and retinoids?), epigenstics . d " X o Changes in expression of vitamin O -
trimester (in perinatal life in st

rodents).

estrogen receptor agonisk

androgen receptor agonist or antagonist

steroidagenssis industion or inhibition
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ANNEXES

- ) — o = = 1 " \ ™ I = '
ED Mo Critical window[s] of Endpoints used in validated assays and scientific peer-reviewed literature Fiegulatory Testing Requirements
exposure R -
Human Evidence of ED MoA Evidence of effect REACH PFFPR
health Good coherent evidence for Mo, Good evidence Endpoint included in OECD conceptual Framework guidance STOT-RE Carcinogeni  Reproductive and developmental
endpoint Some evidence for one or Annex Annex
more MoAs Some evidence Fielated endpoint included in guidance or endpoint in CRIORP but limited or no guidance | W IX Annex ¥ Annez X Annez ¥lll Annez X Annez ¥
[z 100 (= 1000 [= 1000
Hypothetical MofAs Limited evidence Endaint not insluded in OECO Conceptual Framework gquidance [= 1D tiy) tly) tiy) [=1000¢kly] (=10tly] (=100 'y} tly)
A e
Germ cell atypia in rabbits
Leydig cell nodulesthyperplaziain the rat. TG 407 TG40 TG 402 TG 40% and TS 451-3
A
| - A .
Testis cancer nsuFFlclent.androgen action in fetal Fetal lfe estrogen receptar agonist
lite, estrogens
androgen receptar agonisk ar antagonist
steraidogenssis industion ar inhibition
A A
radent bwo-skep carcinogenssiz models
Thyroid histopathalogy
Fidar TG40 TG 402 TG 421422 TG421-422  TG421-422 TG 408 and TG 451-2
Fisdis TG 41E TG 416
=erum T3, T4 and TSH
Thyroid zancer T5H, estragens Fetallife
T FIFART | TG FiFdaT
Thyroid weight
Fidar TG40 TG 402 TG 408
TG 451-3
T TG 416 TG 41E
A s
estrogen recepbor agonist
Thyroid functicon
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ANNEXES

1.4 DEVELOPMENTAL NEUROTOXICITY
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Tabl«lsl22.

Human
health
endpoint

Developmental Neurotoxicity, Summary of scientific results of regutary relevance

Critical window(s] of
exposure

ED MoA

Good coherent evidence for Mob,
Some evidence for one or
more MoAs

Giood evidence
Some evidence

Hypothetical MoAs Limited evidence

Endpoints used in validated assays and scientific peer-reviewed literature

Evidence of ED MoA

Evidence of effect

Endpoint inzluded in OECD conceptual Framework quidance

Figlated endpoint included in guidance or endpoint in CFYORP but limited or no guidance

Endaoint not included in OECD Conceptual Framework quidanee

Relevance of
endpointimodality For
human disease
Fielevant

Some relevance

Mo or unknown relewance

Comments on relevance For
human disease

Meurokogicity |

Early pregnancy

Seually dimorphic nuzleus of the
Serum sex hormone levels

Fruit Ay model

Serum vitamin O levels
Changes in expression of vitamin O-
responsive genes

A paer

Animal models of ADHD and autism

Riearing

Adverse effects on cognitive Functions
Meuropsychological kests to azsess early
cognitive damage

Meurotransmission, [ang term potentiation
Electrophysiologizal endpoints

Pinna detachment

BAT OpEning

incizor eruptian

hair gramth

ElE Opening

Eirain weight

brain weight

neuropathalogy

neurchistopathology

brain histopathology

brain histopathology

Erain zexual dimorphizm
disruption of estrogen or
androgens

ADHD and autism

Autonomic function

abnormal brain
development
abnaormal brain

deyelopment

Comparizon of animal and human
data suggest that animal tests
underestimate human risk of
developmental neurotogicity by 2-4
orders of magnitude. Thyroid:
Environmental chemicals have been
observed to particularly compete with
TTR, which iz the main TR inrodents,
bt ot with thyroid binding globulin
[TEG], whizh i the main human TR,
TTR is the main TP in human brain
and may be invalved in T4 delivery
across the blood-brain barrier and
acrozs the placenta, Amphibian
metamaorphasiz has been proposed
as a model bor the study of
denelopmental effects of endocrine
dizruptionin higher wertebrates, such
az humans, due to the conzerved
importance of thyroid hormones in
development across species.

ANNEXES
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ED MoA
:::::: Giood coherent evidence for Mo,
- Some evidence For one or
endpoint

more MofAs

Hypothetical Mofs

1] inkerference with neuroendocrine
[hypothalamus-pituitary) function, key to
reproductive and sexually dimarphic
behaviour and 2] interference with
<irculating hermenes, including thyrcid
hormones and estragen and androgens,
wehich all central neuredevelopment.
Thyroid disraption could aceur at the
Fellawing targets; iodide uptake, thyroxine

B9 AUEM, 55 3 wifoda-Lethyrenine (T3]
AENMON  thesiz, zodium-iedide symperter [HIS),
deficit thyraperoxidiss (TPO], thyroid-

Critical window(s] of
exposure

Giood evidence
Some evidence

Limited evidence

Endpoints used in validated assays and scientific peer-reviewed literature

Evidence of ED MoA Evidence of effect
Endpaoint included in CECD conceptual Framework. guidance

Fielated endpoint included in guidance or endpoint in CFIORF but limited or no guidance

Endaint not included in OECD Conceptual Framework guidance

Tharoid disruption
amphibian metamarphosis
Short-term Henopus sereening
Specific gene expreszion changes
Tranzgenic reported animals
thyrotropin releasing hormone [TRH]
challenge
perchlorate discharge test
measure of indathyronine deiodinase
activity of the three tizzue specific
EnZYmes
measure of the rate of thyroid hormone
qlucuronidation
serum T3, T4 and TSH

retinoid levels

FPre and post weaning behavioural testing

negative geotagis
cliff avoidance
righting refles

landing Foot splay

forelimb grip strength

hindlimb grip strength
Homing behaviour

Audikory responze

Gait abnormalities

Relevance of
endpointimodality for
human disease
Fielewvant

Some relevance

Mo or unknown relevance

Comments on relevance for
human disease

thyriid disruption
Thyraid disruption
Thyroid disruption
thyroid disruption

HFT auis
iodide uptake

thyroid disruption

thyroid disruption
Thyraid disruption

brain dewelopment

muscle lower mokor neuron,

spinocerebellar function

sensony function

muscle lower mator neuron,
spinocerebellar function

Hearing, emotionality

lower motor neuron and
spinocerebellar function
mokor coordination &

ANNEXES
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Human
health
endpoint

ED MoA
Good coherent evidence for Mo,
Some evidence For one or

more Mofs

Hypothetical MoAs

Critical window(s] of

eIposure

Good evidence

Some evidence

Limited evidence

Evidence of ED MoA
Endpoint inchuded in OECD conceptual Framework guidance

Endpoints used in validated assays and scientific peer-reviewed literature

Evidence of effect

Fielated endpaint included in guidance ar endpaint in CFIDRP but limited or no guidance

Endaint not included in OECD Conceptual Framework, guidance

Felevance of
endpointimodality for
human disease
Relevant

Some relevance

Mo or unknown relevance

Comments on relevance for
human disease

gehizit
dizorder,
cerebral palsy,
nieural tube
defects...

thyroperaxidase [TPIO), thyraid-
stimulating hormane [TEH), deiadinases,
tranzpert proteins (TR, including

tranzsthyretin [TTR), cellular receptors, e.g.

TZH recephor, thyroid hormane receptors,
thyroid hormane karget genes.
Developmental expozure ko
arplhydrocarbon receptor (AR
ligands could affect the sexual
differentiation of neureendocring through
crozztalk of the AhR pathway with the
eskrogen, proges androgen,
icoid and thyroid
hkormone receptor pathways.

rotarod

locomatar activity in an open feld

Falpebral closure

=alivationflacrimation

wocalizations

touch response

arouzal

piloerection

tail pinch response
sudden silence test

Srains

Fespiratory abnormalitie s

Eaze of remowalthandling

Fu=cle tone

miakor coordination &
balance

emotion, muscle Function &
bualance

sensory function

senzary function

emotion

autonomic function

autonomic function

sensory function

sensitivity to pain
attention

ANNEXES
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Human
health
endpoint

Critical window(s] of
ezposure

ED MoA

Giood coherent evidence for Mod - Good evidence
Some evidence For one of

more MoAs Some evidence

Endpoints used in validated assags and scientific peer-reviewed
literature
Evidence of ED MoA Evidence of effect
Endpaint inchided in OECD conceprual Framework, guidance
Fielated endpaint included in guidance or endpoint in CFORP but limited or no
quidance

Endoint ot included in CECD Conceptual Framework guidance

Relevance of
endpoint’fmodality
for human disease

Felewant

Some relevance

o or unknown relevance

Comments on relevance for
human diseasze

approach respanse

pupil =ize

pupil responze

[ovel object rest

Plarris water maze, radial arm maze and

pazsive aucidance

Eehavioural [mokor] response bo an

amphetamine challenge dose

Stress response- SerUMm corticosterone
Neurobehavioural testing

open field behaviour
active and pazsive avoidance

catalepsy

Stereatypy
Spatial learning and memary
circadian rythms
social interaction
A it
studies in eulture of effects on neuronal
praliferation, viability and nearive outgrawth
TF BEinding affinity
THF tran=activation
GHZ el proliferation assay
quantification of thyroid perotidase
thyroid hormone competitive binding
assays to quantify maternal serum-
binding proteins
iodide uptake assay
Dlendritic: arborisation
Meurite extension
Thuyroid explant assays
Tadpale tail tip regression assay

Thyroid function

BhE reporter as=say

RAR agonistsfantagonists reporter
FiaF agonistsdantagonists reporker

sensary Function

=ensory function
exploration and memary

AnHiety

aniety

autism?

direct neurokoicitg®
Thyraid disrupticn

THR

local tissue effect of T2
iodide organification

hypothyroidism

iodide uptake
thyroid-mediated neuronal
development

TH synthesis
T3-agoniststantagonists,
potentiation

Thyroid disruption
Fietinoid depletion

newural tube defects

brain development -

ANNEXES
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ANNEXES

Table23. Developmental Neurotoxicit, OECD Conceptual Framework

Endpoints used in validated assays and scientific peer-reviewed

Critical window[=] of OECD Conceptual Framework

ED MoA ezposure literature
Human Evidence of ED MoA Evidence of effect Included in guidance Limited guidance No guidance Level MNovel assagslendpoints
health Good coherent evidence for Mo Good evidence Endpaint inzluded in OECO conceptual Framework. guidance expasure during critical window of sensitivity
endpoint Some evidence For one or Fielated endpaoint included in guidance or endpaint in CFIORP but limited ar no
more MoAs Some evidence quidance enposure during critical window of sensitivity anly i triggered
Hypothetical MoAs Limited evidence Endoint not ingluded in DECO Conceptual Framework guidance no exposure during critical window of sensitivity Modality
Peurctosizity [ [ |
Early pregnancy A
Sexually dimorphic nucleus of the
Serum sex hormone levels optionalin Hershberger Aszay [TG 441) 3

Adult Male Assay, optional

[ale Pubertal Assay [USEFA), optional in in Repeated dose 0-days
Fepeated dose 28-days toxicity [T 407) toicity (TG 408] 4

Animal models of A0HD and autizm
Fruit Fly mode|
Extended one-gen
neurotox module [TG
443] and Developmental
Fiearing Fleurckosicity [TE 426] 4.5
Adverse effects on cognitive functions
Meuropsychological kests to assess early
cognitive damage
Fleuratransmission, long kerm potentiation
Electrophysiological endpoints
Finna detachment
2ar opening
inzisor eruption
Extended one-gen
neurctoy module (TG
44 3] and Developmental
hair growth Reurctosicity (TS 428) 4.5
Extended one-gen
neurctoy module (TG
44 3] and Developmental
Elje Opening Fleurctosicity (TS 426) 4.5
Fepeated dose 30-days
Erain weight Fepeated dose 28-days toxicity [T 407) toicity (TG 408] 4
Extended one-gen
neurotox module [TG
443] and Developmental
brain weight Fleurckosicity [TE 426] 4.5
Extended one-gen
neurotox module [TG
443] and Developmental
neuropathalogy Fleurckosicity [TE 426] 4.5
Eztended one-gen
neurotox module [TG
443] and Developmental
neurchishopathology Fleurckosicity [TE 426] 4.5
FRepeated dose 30-days
brain histopathology Repeated dose 28-days rogicity [T 407) roicity [T 408) 4
Eztended one-gen
neurotox module [TG
443] and Developmental

brain histopathology Mleurokowicity [TE 426] 4-5
Serum witamin O levels ‘Witamin O zignalling
Changes in expression of vitamin O-
TesSpOnsive genss ‘itamin D =ignalling
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Human
health
endpoint

Hypothetical MoAs

e.q. Autism,
attention
deficit

ED Moa Critical window(s) of

Some evidence for one or
more MofAs

Endpoints used in validated assays and scientific peer-reviewed
literature

OECD Conceptual Framework

ANNEXES

erposure Evidence of ED MoA Evidence of effect Included in guidance Limited guidance Mo guidance Level Mowvel assagsfendpoints
Good cokerent evidence for Maod Good evidence Endpoint included in OECD conceptual Framework guidance enposure during critical window of sensitiviny DRP
Fielated endpoint included in guidance or endpaint in CF{ORP but limited or no
Some evidence guidance erpozure during critical window of sensitivity only i triggered
Limited evidence Endoint not included in DECO Conceptual Framework quidance no exposure during critical window of sensitivity Modality
Thyroid disruption
amphibian metamorphosis Amphibian metamorphosis [TG 231) 3
Short-term Henopus screening Thyroid disruption
Specific gene expression changes Thyroid disruption
Tranzgenic reported animals Thyroid disruption
thyrotropin releasing hormone [TRH]
challenge
perchlorate discharge test
measure of isdothyronine deiodinaze
activity of the three tizzue specific
ENZYMES Thyroid disruption
measure of the rate af thyroid
hormone glucuronidation Thyroid disruption
=erum T3, T4 and TEH Frenatal developmental toxicity
optional in Hershberger Assay (TG 441) 3 (TG 414
optional in Repeated Dose 28-day kozicity optional in Fepeated Doze
study (TG 407) A0-day togicity study (TG 4
Female pubertal assay [USEPA] Adult Male Assay 4
Extended f-gen study [TG 443) 5

Adinterference uith neurnendocrine

[hrpathalamur-pituitary ] Functi

Wkex ko
ropradustive andraually dimarghi

=

behavinur and ZX interference ith
sirculating harmaner, inluding thraid
harmaner and crtraqen and androgenr,
whizh all santral neuradevelapment.
Th
fallavinataraotr,

m zould nzzur akthe

dide uptake, tharoxine

retingid levels

Pre and post weaning behavioural testing

negative geotagis
cliff avoidance
righting refle:

landing fook splay

forelimb grip strength

hindlimb grip strength
Haming behaviour

Auditory response

Gait abnormalities

Fietincid signalling - thyroid
hormine deficiency via RER:TH,
endpoint could be added 1o
Uterctrophic assay (TG 440),
Herberger assay [T 441], 2-gen

Fiepeated dose 90-days
Fiepeated dose 28-days toxicity assay (TG $07) rowicity (TG $085)

Fiepeated dose S0-days
Fiepeated dose 28-days togicity assay [TE $07] togicity [T 408]

Fiepeated dose S0-days
Fiepeated dose 28-days togicity assay (TG $07] togicity (TG 408)

Fepeated dose 90-days
Fiepeated dose 28-days togicity assay (TG $07] togicity (TG 408]

Extended one-gen
Extended one-gen
neurobos: module [TE
443) and Developmental
Meuratomicity [TG 426]
Ettended one-gen
reurobas module [TGE
443 and Developmental
Meuratomicitg [TE 428)
Extended one-gen
nenrobas madule (TG
443] and Developmental
Meurotomicity [TE 428)

Extended one-gen
reurobas module [TGE
443] and Developmental
Meurotomicity [TE 428)
Extended one-gen
nenrobos module (TG
443 and Developmental
Fleurotomicity [TE $28)

45

4-5

4-5

45

repro (TG 416)
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- Endpoi used in i d assays and scientific p: i d F
ED MoA Cr :L':)nsd“‘::[s] of literature endpointimodality
Human P Evidence of ED MoA Evidence of effect For human disease
health Good coherent evidence for Mod, Good evidence Endpoint included in OECD conceptual Framework. guidance Fielevant
endpoint Some evidence for one or Fielated endpoint included in guidance or endpoint in CFIORP but limited ar no
more Mofs Some evidence quidance Some relevance
Hypothetical MoAs Limited evidence Endaint not included in OECD Conceptual Framework guidance Mo or unknown relevance
disorder, thyroperosidase [TPO), thyroid- motar coordination &
cerebral stimulating harmaone [TSH], ratarad balance
palzy, neural | deiodinases, transport proteins emotion, muscle function
tube [TP). including transthyretin [TTR), locomotor activity in an open Feld & balance
defects... cellular receptors, e.g. TSH

receptor, thyroid hormone
receptors, thyroid hormone target
genes. Developmental exposure
to arylhydrocarbon receptor
[AhR] ligands could affect the
sexual differentiation of
neurcendocrine through crosstalk
of the AhR pathway with the
estrogen, progestin,
androgen, glucocorticoid
and thyroid hormone
receptor pathways.

of

Comments on relevance for
human disease

OECD Conceptual Framework

Included in guidance Limited guidance
expozure during critical window of sensitivity

No guidance

expozure during critical window of sensitivity only if triggered

nio exposure during critical window of sensitivity

Falpebral closure

salivationflacrimation

vocalizations

touch response

arousal

piloerection

tail pinch responze
sudden silence test

Stains

Fiespiratory abnormalities

Ease of remaovalthandling

Musele tane

=sensony function

sensorny function

emaotion

autonomic function

autonomic function

=sensony function

sensitivity to pain
attention

ANNEXES

Level

Novel assaysiendpoints

Modality

Fiepeated doze 30-days
Fiepeated doze 28-days toxicity assay (TG 407] roxicity (TG 408]

Fiepeated doze 30-days
Fiepeated doze 28-days toxicity assay (TG 407] roxicity (TG 408]

Fiepeated doze 30-days
FRepeated doze 28-days toxicity assay (TG 407) toxicity (TG 408)

Fiepeated doze 30-days
Fiepeated doze 28-days toxicity assay (TG 407] roxicity (TG 408]

Fiepeated doze 30-days
Fiepeated doze 28-days toxicity assay (TG 407] roxicity (TG 408]

Fiepeated doze 30-days
Fiepeated doze 28-days toxicity assay (TG 407] roxicity (TG 408]

Extended one-gen
neurotoy module [TG
443) and Developmental
Meurotogicity [TE 426]
Extended one-gen
neurotoy module [TG
443) and Developmental
Meuratozicity (TG 426)
Extended one-gen
neurotoy module [TG
443) and Developmental
Meurotogicity [TE 426]
Extended one-gen
neurotoy module [TG
443) and Developmental
Meurotogicity [TE 426]
Extended one-gen
neurotoy module [TG
443) and Developmental
Meurotogicity [TE 426]
Extended one-gen
neurotoy module [TG
443) and Developmental
Meurotogicity [TE 426]
Extended one-gen
neurotoy module [TG
443) and Developmental
Meurotogicity [TE 426]

Extended one-gen
neurotoy module [TG
443) and Developmental
Meurotogicity [TE 426]
Extended one-gen
neurotoy module [TG
443) and Developmental
Meurotogicity [TE 426]
Extended one-gen
neurotoy module [TG
443) and Developmental
Meurotogicity [TE 426]
Extended one-gen
neurotoy module [TG
443) and Developmental
Meurotogicity [TE 426]

45

45

45

45

45

45

45

45
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ED Mo Critical window(s) of
ezposure
Human
health Giood coherent evidence for Mof | Good evidence
endpoint S9me evidence For one or

more MoAs Some evidence

Hypothetical MoAs Limited evidence

End used in validated assays and scientific p: d Rel of
literature endpointimodality
Evidence of ED MoA Evidence of effect for human disease

Endpaint included in DECD canceptual Framewark guidance
Fielated endpaint included in quidance or endpaint in CFORP but limited or no
quidance

Endaint not included in OECD Conceptual Framework quidance

Fielevant

Some relevance

Mo or unknown relevance.

Comments on relevance for
human disease

DECD Conceptual Framework

Included in guidance Limited guidance
eipasure during sritizal window of sensitivity

ANNEXES

No guidance Level Novel assagstendpoints

exposure during eritical window of sensitivity only if tiggered

no exposure during critical window of senzitivity

approach respanse

pupil size

pupil response

Mowel object test

Marris water maze, radial arm maze and

passive avoidance

BEehavioural [motor] response to an

amphetamine challenge dose

Stress rezponze- Serum corticosterans
Meurobehavioural testing

open field behaviour
active and passive avoidance

catalepsy

Stereotypy
Spatial learning and memary
circadian rythms
social interaction
A 2t
studies in culture of effects on neuronal
praliferation, viability and neurite cutgrowth
TF: Binding affinity
THF transactivation
GH3 cell proliferation assay
quantification of thyroid perozidase
thyroid hormone competitive binding
assays ko quantify maternal senm-
binding proteins
iodide uptake assay
Diendritic arborization
Meurite extension
Thyroid explant assays
Tadpole tail tipregression assay

Thyroid function

AhF reporter assay

RAR agonistsiantagonists reporter
FiFi agoniststantagonists reporter

sensary function

sensary function
cuplaration and memary

aniety

angiety

autism?

direct neurctosicity?
Thyreid disruption

THR:

lcal tizsue effect of T3
iodide organification

hypothyroidism
iodide uptake
thyroid-mediated neurcnal
development

TH synthesis
T3-agoniststantagonists,
piotentiation

Thyroid disruption
Rietinoid depletion

neural tube defects

brain development -

Modality

Fepeated dase 90-days
Fiepeated dose 26-days touicity as=ay [TG 407) tosicity (T 408]

Fepeated dose 30-days
Repeated dose 28-days toxicity assay [TG 407) toxicity [TG 408)

Flepeated dase 90-days
Fiepeated dose 26-tays tosicity assay (TG 407) tosicity (TG 408)

Fepeated dose 90-days
Fepeated doze 28-days toxicity assay (TG 407) toxicity [TG 408)

Extended one-gen
neurotox module (TG
443) and Developmental
Meurctosicity [TG 428]
Extended one-gen
neurotos: module (TG
443] and Developmental
Meurotogicity [TG 426]
Extended one-gen
neurotox module (TG
443) and Developmental
Meurctosicity [TG 428]

4.5

45

4.5

HPA axis

Bizarre hehaviour
included in Extended one-
gen neurctos madule (TG
443) and Developmental
Meurotosicity (TG 428] 4.5
Pasture included in
Extended one-gen
neurotox module (TG
443) and Developmental
Meurctosicity [TG 428]
Extended one-gen
neurotos module (TG
443] and Developmental
Meurotomicity (TG 426)

4.5

45

TFi binding z
Thyroid disruption
Thyroid disruption
Thyroid disruption

Throid disruption
Thyraid disruption
Thyreid disruption
Thyroid disruption
Thyroid disruption

Thyroid disruption
zebrafish larva bioazsay
Fietincid signalling
Fietinid signalling
Fetinoid signalling

o

Thyroid function
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Table24. Developmental neurotoxicity Current Regulatory Testing Requirements under REACH and PPPR

- Human
- health
endpoint

ED MoA Critical window[s] of

Good coherent evidence for Mol Good evidence
Some evidence for one or
more MoAs

Endpoints used in validated assays and scientific peer-reviewed
literature

Regulatory Testing Requirements

expasure Evidence of ED Mo, Evidence of effect REACH PPPR
Endpaint inzluded in OECO conceptual Framewark. guidance STOT-RE Carcinogen Reproductive and
Fielated endpaoint included in guidance ar endpaint in CFIORP but limited or o | Annes Annez Annez
Some evidence guidance ¥l 1= Annex X Annex X ¥ill Annez IX Annexr ¥
[z 100 [z 1000 [z 100 [z 1000
Endaoint not incuded in DECO Conceptual Framework quidance [z 10 tiy) tiy) tiy) [z 1000 tiy] [= 10 ty) b tiy]
[ I [ I [
Early pregriancy A e
Senually dimarphic nusleus of the
Serum sex hormone levels
Firdl® | FFd0e | Rydor TFIaE

Animal models of ADOHD and autizm

Fruit fly model
Rearing TiF 4
Adverse effects on cognitive functions
Mewropsychological tests to assess early
cognitive damage
Rleurotransmis=zion, long term potentiation
Electrophysialogical endpaints
Finna detachment
©al OpEning
incizor eruption
hair gramth i 475
ele Opening TiF dAm
Erain weight TG 407 TG 408 TG 408 TG 408
brain weight i 475
neuropathalogy TiF dAm
neurohistopathology T 455
brain histopathology TG 407 TGE40E TG 408 TG 408
brain histopathology TiF dAm

Serum vitamin O level=
Changes in expression of vitamin O-
responsive genes

ANNEXES
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Critical window(s]) of

Endpoints used in validated assags and scientific peer-reviewed

ANNEXES

Regulatory Testing Requirements

ED MoA literature
Humnan exposure Evidence of ED MoA Evidence of effect REACH PPPR
health Giood coherent evidence for Mof Good evidence Endpoint included in OECD coneeptual Framewark, guidance STOT-RE Carcinogen Reproductive and
endpoint Some evidence For one or Related endpoint included in guidance or endpoint in CFAORF but limited or no Annez Annez Annez
more Mofhs Some evidence quidance ¥il 1= Annex X Annex X ¥il Annez X Annex X
[z 100 [z 1000 [z 100 [z 1000
Hypothetical MofAs Limited evidence Endaint nat included in OECD Conceptual Framewaork guidance [z 10 tiy]) tiy) tiy) [= 1000 tiy) [z 10 tiy] tiy) tiy]
Thyroid disruption
amphibian metamorphosis
Short-term Henopus sereening
Specific gene expression changes
Tranzgenic reported animals
thyrotropin releasing hormone [TRH)
challenge
perchlorate discharge test
meazure of iodothyronine deiodinase
activity of thee thres tiszue specific
ENZYMES
meazure of the rate of thyroid
hormone glucuronidation
=serum T3, T4 and TSH
FFAET | FiFdGE | FEdeT TiF AT
retinoid levels
Pre and post weaning behavioural testing
negative geotatis
cliff awoidance
righting refles Ti7 58
landing Foot zplay T
1] interference with . .
neursendacrine (hupothalamusz- tarelimb grip strength TG 407 TGE408 TG 408 i 58 TiE 408
pituitary] function, key ba
reproductive and sexually
dimarphiz behaviour and 2] . .
interference with circulating hlndll!'nb arip st_rength TG 407 TG 408 TG 403 TiF g TG 402
harmones, including thyroid Haming behavicur
hormones and estrogen and
androgens, which all contral
neuradevelopment. Thyroid
disruption could occur at the Auditory response TG 407 TE402 TG 402 Ti7 58 TiE 402
following targets; iodide uptake,
e, Autizm, | thyrotine [T4] and 2.5,37 triicdo-L-
attention  thyronine (T3] synthesis, sodiom-
deficit iodide sumporter (NS, Gait abnormalities TG 407 TG 402 TG402 TiFdss TG 402
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Critical window[s] of

Endpoints used in validated assays and scientific peer-reviewed

ANNEXES

Fegulatory Testing Requirements

ED MoA literature
Human exposure Evidence of ED MoA Evidence of effect REACH FPPR
health Good coherent evidence for Mod  Good evidence Endpaint inzluded in OECD conceptual Framewark quidance STOT-RE Carcinogen Reproductive and
endpoint Some evidence For one or Related endpioint included in guidance or endpaint in CF/DRF but limited orno. | Annex Annex Annex
more MoAs Some evidence quidanze ¥ 1= Annez X Anner X ¥ Annex X  Annex X
[z 100 [z 1000 [z 100 [z 1000
Hypothetical Mofs Limited evidence Endoint not inzluded in OECO Conceptual Framework guidance [= 10 tiy] tiy) tiy) [z 1000 tiy) [= 10 tiy) tiy] tiy]
dizorder, thyroperaridase [TPO]), thyraid-
cerebral stimulating hormone [TSH], rotarod
palsy, neural - deiodinases, transport proteins
tube [TP, including transthyretin (TTR), locomotor activity in an open field TG 407 TGE402 TG 408 TG 402
defects.. cellular receptors, e.g. TSH
receptor, thyroid hormaone
receptors, thyroid hormone target
genes. Developmental expasure Falpebral closure TG 407 TE40E TG 408 FiT L5 TiE 408
to arglhydrocarbon receptor
[AhR] ligands could affect the
senual differentiation of
neuroendacrine through crosstalk, salivationflacrimation TG 407 TGE40% TG 408 iz 58 TG 403
of the AhF pathway with the
estrogen, progestin,
androgen. glucocorticoid
and thyroid hormone vocalizations Fer A58
receptor pathways.
touch response FiF 58
arousal FEF S
piloerection TG 407 TG40 TG 408 T L5 TG 402
tail pinch response Tz 458
sudden zilence best
Stains FiT L5
Fespiratony abnormalities TG 407 TGE40% TG 408 iz 58 TG 403
Eaze of remawalthandling TG 407 TG40% TG 408 FiF 58 TG 403

Muscle tone

FiFde
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Critical window(s]) of
exposune

ED MoA

Endpoints used in validated assays and scientific peer-reviewed
literature

Regulatory Testing Requirements

ANNEXES

Human Evidence of ED MoA Evidence of effect REACH PFPPR
health Good cokerent evidence for Mod  Good evidence Endpaint inzluded in OECO conceptual Framework guidance STOT-RE Carcinogen Reproductive and
endpoint Some evidence for one or Fielated endpoint included in guidance or endpoint in CFIORP but limited or no - | Annez Annez Annez
more MoAs Some evidence quidance ¥l Ix Annex ¥ Annex ¥ ¥l Annez IX  Annex X
[= 100 (= 1000 [= 100 [= 1000
Hypothetical MoAs Limited evidence Endaint nat included in CECD Conceptual Framewark guidance [z 10 tiy) tiy) tiy) [z 1000 tty] (= 10 tly) tiy) tiy)
approach response TG 407 TG40% TG 408 TeF s TG 408
pupil size TG 407 TG40E TG 403 Fidas TG 408
pupil response Tir g
Plovel object test
Porris water maze, radial arm maze and
passive avoidance
Behavioural [mator] response b an
amphetamine challenge dose
Stress response- serum corticosterone
Meurobehavioural testing

open field behaviour TG 407 TG402 TG 408 T 478 TiG 408
active and passive avoidance
catalepsy Tir g
Stereatypy TG 407 TG402 TG 408 T 478 TiG 408

Spatial learning and memory
circzadian rythms
social interaction
P
studies in culture of effects on neuronal
proliferation, viability and neurite oukgrowth
TR Binding affinity
THR transactivation
GH3 cell proliferation assay
quantification of thyroid perozidase
thyroid hormone competitive binding
a55als bo quantify maternal serum-
binding proteinz
iodide uptake assay
Diendritic: arborization
Meurite extension
Thyroid explant assays
Tadpaole tail tip regression assay

Thyraid function

AhF reporker assay

FAF agonistsfantagonists reparter
RF agonistsfantagonists reparter

|
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ANNEXES

1.5 METABOLIC SYNDROME
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Table25. Metabolic syndromeg Summary of scientific results of regulatory relevance

Critical window[=] of

Endpoints used in validated assags and scientific peer-reviewed

Relevance of

ANNEXES

ED MoA . literature endpointimodality
Human Evidence of ED MoA Evidence of effect for human disease
health Good coherent eyvidence for Mo#f, Good evidence Endpoint included in OECD conceptual Framework quidance Fielevant Comments on [eleuanne for
endpoint Some evidence for one or Fielated endpaoint included in guidance or endpaint in CFIORF but imited or no human disease
more MoAs Some evidence quidance Some relevance
Hypothetical MoAs Limited evidence Endoint not included in OECD Conceptual Framework guidance Mo or unknown relevance
et abolic
i | syndrome
i Az 2 Sofar, animal studies have not had
esposure in rodents, sheep and any effect antreatment or
H primates prevention of the metabolic
i plasma levels ar hepatic expression increazed body Fat, syndrame. There is no direct
1 lipid lewelz lipid metabolism relation between Fat depots in
retinoid levels lipid metabalism rodents and inhurmans. Larger
¥ A e species [sheep, pigs] are better
3 estrogen recephal agonist estrogenic respons e suited bo studies requiring fetal
1 examination, and pigs may be the
3 better model of human metabolism
b androgen receptor agonist or disruption of androgen as pigs and humans shaw a similar
? antagonist zignalling postnatal lack of brown adipose
3 tizzue, Species that retain
E=trogens, androgens, thyroid HPA disruption of postnatal brown Fat ane likely to be
1 Obesity, harmones, &hF, FFARs, Tizsue differentiationin - GF binding metabalism poor madels of the human
diabetes glucocarticoid receptor, PER, fetal life HF £ disrupticn of situation.
1 CAR, epigenetics CRHF binding metabolism
Arginine W asopressin Receptor HF &, disruption of
binding metabolism
HF & disrupticn of
8 ATCH receptor binding metabolism
metabolic action of GC= in adipose HF&, disruption of
i cells or liver cells metabalism
3 AhE reporter as=ay Fietinoid depletion
3 Fi#F agonistsdantagonists reporker lipid homeostasis
i FF&Fy binding as=ay lipid homeostasis
r

FFARY transactivation as=ay

Adipocyte differentiation as=ay
Fouse fibroblast cell lines

lipid homeostazis
promokicn of
adipogenesis
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ANNEXES

Tabl«ls.26. Metabolic §yndrome; OECD gonceptual Framev!ork

— Critical window(s] of Endpoints used in ualldaled“at:'s:lgus':nd scientific peer-reviewed OECD Conceptual Framework
Human erposure Evidence of ED Mo#A Evidence of effect Included in guidance Limited guidance No guidance Level Novel assayslendpoints
health Giood cohkerent evidence for Maob,  Good evidenoe Endpaint included in OECO conceptual Framework quidanoe enposure during critical window of sensitivity
endpoint Some evidence for one or Fielated endpoint included in quidance or endpoint in CFIDRF but limited or no
more MoAs Some evidence guidance enposure during critical window of sensitivity only if triggered
Hypothetical MoAs Limited evidence Endoint not included in OECO Conceptual Framework guidance no expozure during critical window of sensitivity Modality
Fetabolic
syndrome
X _ A
exposure in rodents, sheep and
primates
plasma levels or hepatic expression Somatatropic aiis
lipid levels Chalesteral and triglyzerides [optional] in Chalesteral and Fietinaoid signalling, PFPARS
retinoid levels Rietinoid signalling, endpaint
A e
eslrOgen recephor agonist EF binding as=ay (USEFPA) 2
ERSTTA (TG 455) 2
YES 2
andragen receptar agonisk or AR Binding Assay [USEFPA] 2
antagonist AR STTA [draft) 2
TAS 2
Estragens, andragens, thyroid
Obesity, harmones, AhF, FRARs, Tissue differentistion in - GR binding HP&, ais
diabetes gluzocorticoid receptor, FER, fetal life
CAR, epigenetics CRHR binding HP4 axis
Arginine Vasopressin Receptar
binding HF&, anis
ATCH receptor binding HF & aniz
metabolic action of GCs= in adipose
cellz ar liver cells HP& axiz
AhF reporter as=say Fietinoid signalling
FieF agonists!antagonists reparker Fietinaid signalling
FF&Fy binding as=ay FPF&R= signalling
FF &Ry transactivation assay FFARs signalling
Rietinoid signalling, FFRARS
Adipocyte differentiation as=zay =ignalling
Mousze fibroblazt cell lines
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Table27. Metabolic Syndrome Current Regulatory Testing Requirements under REACH and PPPR

Critical window(s] of
ezposure

ED MoA

Human
health
endpoint

Good coherent evidence for Maof Good evidene
Some evidence for one or
more MoAs Some evidence

Hypothetical MoAs Limited evidence

Endpoints used in validated assays and scientific peer-reviewed
literature
Evidence of ED Mof Evidence of effect
Endpoint included in DECD conceptual Framework quidance
Felated endpoint included in guidance or endpoint in CEORP but limited or no
guidance

Endaint not included in OECD Conceptual Framework. quidance

ANNEXES

Requlatory Testiﬁg Requirements

REACH
Careinogen Reproductive and
Annex
¥l

PPPR
STOT-RE
Annex Annex
¥l [}
[z 100
[= 10 tiy] tiy)

Annexz IX Annex X
[z 100 [z 1000
[= 1000 t'y) [= 10 tiy] tiy) tiy)

Annex X Annex X
[z 1000
tiy]

IWletabolic
3 | syndrome

i

ML A A R | |

Estrogens, androgens, thyroid
3 Obesity, hormones, AR, PPARs,
diabetez glucocorticoid receptor, PRR,
i CAHR, epigenetics

Tiz=ue differentiation in
fetal lite

"o

mpua L

; _ A it
erposure in rodents, sheep and
primates
plazma levels or hepatic expression
lipid lewel=
retinoid levels

Ar e

estrogen recephor agonist

androgen receptor agonisk or
antagaonist

GF binding

CRHR binding
Arginine Wazopressin Receptor
binding

ATCH receptor binding

metabolic action of GCs in adipose
cells or liver cells

AhF reporter aszay

F=F agonists!antagonists reporter
FF ARy binding aszay

FF ARy transactivation assay

Adipocyte differentiation assay
MMouse fibroblast cell lines

T 4T Firdar T daT FiF e
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ANNEXES

2 WILDLIFE ENDPOINTS
2.1 INVERTEBRATES
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Table28. Invertebrates, Reproductiorg Summary of scientific results of regulatory importance

Wildlife &5 sivo
endpoint

Critical window([s] of exposure

Good evidence
Some evidence
Limited or no evidence

Endpoints used in scient
Evidence of ED MoA

ic validates assays and peer-reviewed literature
Evidence of effect

Endpiint inchuded in OECD conceptual Framework, guidance
Endpaint in CF{ORF but limited or no quidance
Endoint niotinzluded in OECD Conceptual Framewaork.

Relevance of
endpoint!modality For
Fielewant
Some relevance
Mo of unknown relewvance

ANNEXES

Comments on
relevance for
populationfecosyst
em effects

Inwertebrates

Reproduction

eqq production and viabilitg [tomato moth .

Response ba testoterone

percent spawning [2ebra mussel L Soderre Beproductive success
Ferzent fertilization [zebra mus=el £ Sody Beproductive success

male ovotestis

enlarged oocytes

Masculinized ovaries and induction of
spermatogenesis in females [Japanese
giant abalone Alsdois madsts |
number of shelled and unshelled embrycs,
numiber of DoCyYLes [ ST
SR |

Seu ratio, hermphrodite adulks [Pacific
ayster £ Gaigas |

Hatzhing success and survivarship of
hatehlings [ £. Sragmads ]

Eqg production of the F1 generation [ Af
T

Senual maturity

Tirme tafirst and gecond brood release
Erood =ize

Steroid metabolism [testosterane]

Witellogenin

Cytochrome F450 enzymes

Sedratio

[ating success

‘iable affspring

Emergence, kime bo emergence
number of eqg ropes

fertility of eqg ropes

Sl ratio

number of living offspring per parent

Tirme ta production of frst brood

Fesponse to TET or estrogens
[peppeny furrow shell 5. Flana)
Fesponse to TET

sensitive to TET, TPT,
methyltestosterone, BFA, EE2)
senzitive to MP and TET

populaticn growth rake

FReproductive success

ecdysteroids

ecdysteroids

Compared vithwertebrarer,
litkle ir knoun about
invartebrate endozrinology,
srpecially inrpesior other than
inrestr, aquakic arkhropodr and
mallurzr, Arthrmpmdr:
Copepadr(atype af minuke
crurbazean] livingnear alang-
reareuagenukfallin
Inverkeithing, Szotland, uers
Found ko have higher than
cxpecked raker of inkerrex.
Terticular nozyter and interrex
hauealrobeen reporkedin
ropulationr of lobrterr living
nearreuaqe autfalle, andrkeue:
rexrakinr and an early onret of
the aukumnal brecding hiatur ha
beondoreribedin papulationr af
khe riparian amphipad
crurkazean Gammarur forrariom
reargukfalle, Likkle ir knoon
abaukpapulation leuel cFfectrar
kerrcrtrialrpecicor. Mmllwrer:
Theindustion afimpare:in
Female marine and Frochuater
aquaticmallurer by trikbutyltin
uaroneof the carlicrt and bort
documenkedincidencer of
population leucl offeckr ariring
Fram enviranmental cxparure ko
EDCr.Follouingthe gilrgill fram
the Frostiqe pilkankerin 2002,
populationr of Medikerransan
marrelr (Mykilur
qallapravinzalirl uers Found tn
have high provalenze of inkerras
(2] andrensrs noeyks akroria.
Endazrine related phenamena
have alro Fre quently beon Faund
inFrerhuater murrelrpe sier
nearreuage kreatmentplant
outfallr and other urban
warteuater dircharqeriter.
Increared vitellogeneric
o<curred in bokh male and
Female zebramunrelr (Dreinrena
palymorphal caged For 30 and
Mz dayr dounrtream of gutletr
dirzharqingrertiary troated
sFflusnt Fram munizipalrouage
warkr.
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ANNEXES

Table29. Invertebrates, Reproductioq OECD Conceptual Framework

- _ Endpoints used in scientific validates assays and peer-reviewed literature DECD Conceptual Framework
ED MoA Critical window([s] of exposure = = = — —— _ - MNovel
wildlife s pive Evidence of ED MoA Evidence of effect Included in guidance Limited guidance No guidance Level assagsiendpoints
endpaint Good coherent evidence for Mo Giood evidence Endpoint included in DECD conceptual Framework guidance exposure during critical window of zenzitivity
Some evidence For one or more | Some evidence Endpoint in CF{ORF but limited or no guidance exposure during critical window of sensitivity only i riggerned
Hypothetical MoAs Limited or no evidence Endoint not included in DECD Conceptual Framewark, no exposure during critical window of zensitivity Modality
Inwertebrates | I [ | |
Arthropod reproduction can be I |
affected by the experimental application eqq produstion and viability [fomata math
of vertebrate bype steroids. Molluscs: percent spawning [zebra mussel L3 S Molluse partial lifecycle as: 4
Studies conducted using female Percent Fertilis ation [zebra mussel £ Sy Mollusc partial lifecycle as: 4
prosobranch snails and wertebrate-type male owotestis Molluse partial lifecycle as: 4
sew steroids demonstrated that enlarged oocytes Mollusc partial lifecycle as: 4
euposure to androgens or estradiol, Masculinised ovaries and induction of PMalluse partial lifecycle az: 4
mduce_d imposex. The effect of . spermatogenesis in females [Japanese
esltradloll Was t!'\ought tcl\ be due to it giant abalone Aabatic macata |
::;r:gl‘:tr:nogu:I:::::sznlpnl'::idrogen number of shelled and unshelled embryos, Molluze partial lifecyele as: +
titer, probably wia the inhibition of r:lﬁr;l:‘e?;:;;c]tgtes L7 A
CRERITE D denng . Sen ratio, hermphradite adults [P acific Inuertebrate lifecycle and
aromatase a_ctlf.-.ltg.Spe_rmat.ogel.'uess S (& | multigeneration assays 5
and sperm wiability was impaired in . - . . .
it 2 dese A T Hatch!ng SUCCESE and.suwworshlp of |n‘-'9f.t9bfat9 !lfecgcle and
Similar effects have been observed in (hethlligs [‘F' ST . multlgenelatlpn iy 5
other molluses, Stercid mediated Eaa P'°dF'°‘_'°” ot e P gt item (4 Inuer.tebrate !lfecgcle i
endocrine disruption can also be ENM@'ME_] mult!ge.nelatlon as.s.ags 5
induced in invertebrates by ngual rnfatuntg Mgs!d I!Fecgcle tox!c!tg ]
administering compounds affecting the Time o _fllst and second brood releaze Mgs!d I!Fecgcle tox!c!tg ]
enzymes inwalved in steroid synthesis : § Erood size Puzid lifecycle tosicity 5
el Steroid metabolism [testosterone] Plyzid liFecycle toxicity
Fieproduction ) ; [optl.on.al endpolnt.] ; ]
Witellogenin Plyzid lifecyche towicity
[opticonal endpoint] ]
Cytachrome P450 enzymes Fyzid lifecycle bawicity
[opticonal endpoint] ]
Sy ratio Copepod reproduction
and development ]
Mating success Copepod reproduction
and development ]
Yiable offspring Copepod reproduction
and development ]
Emergence, lime to emergence Chironomid lifecycle [TG
233 5
number of egg ropes Chironomid lifecycle [TG
233) ]
Fertility of egg ropes Chironomid lifecycle [TG
233 ]
ey ratio Chironomid lifecycle [TG
233), optional in Daphnia
reproduction [ TG 211) ]
number of living offspring per parent Daphnia Reproduction
[TE2N) 5
Time to production of first brood Diaphnia Reproduction
(TG 21 5§
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Table30. Invertebrates, Reproductiorg Current regulatory testing requirements under REACH and PPPR

Endpoints used in scientific validates assays and peer-reviewed literature

Wildlife s 2ivc
endpoint

ED MoA

Good coherent evidence For Mo b,

Critical window[s] of exposure

Good evidence

Some evidence for one or more | Some evidence

Hypothetical MoAs

Limited or no evidence

Evidence of ED MoA

Evidence of effect

Endpaint inzluded in OECO conceptual Framework. guidance
Endpoint in CFIORF but limited or no guidance
Endaint nat included in OECD Conceptual Framework

ANNEXES

Requlatory Testing Requirements
REACH PPFR
Environmental tozxicity
Annez ¥lll Annez I Annez ¥
[z 10 tiy) [z 100 tiy) [= 1000 tiy]

Inuertebrates

FReproduction

Arthropod reproduction can be
affected by the experimental application

of wertebrate type steroids. Molluses:

Studies conducted using female
prozobranch snails and vertebrate-type
st steroids demonstrated that
exposure b androgens or estradicl,
induced imposer. The effect of
estradiol was thought to be due ro it
stimulating an increase in the
endogencous haemolymph androgen
titer, probably via the inhibition of
cytochrome P450 dependent
aromatase activity, Spermatogenesis
and sperm viability was impaired in
maleszin a dose dependent manner.
Similar effects have been obzerved in
other maolluses. Steroid mediated
endocrine disruption ¢an also be
induced in inwertebrates by
adminiztering compounds affecting the
enzymes involved in steroid synthesis
or metabolism.

Steroid metabolizm [testosterone]
Witellogenin

Cytochrome P450 enzymes

eqq production and viability [bomato maoth
perzent spawning (2ebra mussel OF Sl
Fercent Fertilization [zebra mussel £F Sy
male owotestis

enlarged oocytes

Fazculinised ovaries and induction of
spermatagenesis in females [Japanese
qiant abalone Asdicdis meacats |

number of shelled and unshelled embryos,
number of cocytes [ SEraTrTmns
|

Sex ratio, hermphrodite adults [P acific
oyster O dRigas |

Hatzhing success and survivorship of
hatzhlings [ £. Stagsads |

Eqq production of the F1generation [ A8
e REN |

Sexual maturity

Time to first and second brood releaze
Erood size

Sex ratio

Ilating success

Wiable off=pring

Emergence, time ko emergence
number of qg ropes

Fertility of egg ropes

ey ratio

number of living offspring per parent

Time o production of first brood

FErsH FiTsH
TGEN TG21
TGzN TGE2N
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Table31. Invertebrates, Growth and development & BehaviogiSummary of scientific results of regulatory relevance

Endpoints used in scientific validates assays and peer-reviewed literature

Wildlife 45 sive
endpoint

ED MoA

Good coherent evidence for Mod,

Critical window(s]) of ezposure

Giood evidence

Some evidence for one or more | Some evidence

Hypothetical MoAs

Limited or no evidence

Evidence of ED MoA

Evidence of effect

Endpoint included in CECD conceptual Framework. guidance
Endpaint in CF/ORF but limited ar no quidance
Endaint not included in JECD Conceptual Framework

Relevance of
endpointimodality For
Felevant
Some relevance
o or unknown relevance

ANNEXES

Comments on
relevance for
populationfecosyst
em effects

Growth and development

Growth and dewelopment

Eehaviour

Exposure of insects and crustaceans bo
JH analogues and ecdysteroid
antagoniststagonists causes
developmental and reproductive
impairments in many species.

A primitive homologue of the
hypathalamic-pituitary-adrenal azis
etizts in molluscs. The corticotrophin-
releasing [CRH] hormone precursor
proopiomelanocaortin is found in the
molluscan nervous system, and both
CRH and adrenocaorticatropin are
produced by the haemocytes and can
be found in the haemocytes and
haemolymph along with
catchecolamines including serotonin
and daopamine. Their induction initiates
the release of cortisol in response to
Stress.

A b

Metabolic disroption [0:h ratios]

Blood gluzose lewvels

Ecdyzone [20HE] lewels

reduced ar abnormal growth [pepperny
furrom =hell 5. Plana)

Growth [length or dry weight of arganizsms)
larwal zhell development [red abalone &
e in 48-h oxicing bests]
Chironomid emergence and development
rate

Larwal survival and weight

embryonic and lareal development [Facific
oyster & GEigss |

eqgq development, embryanic
development [European freshwater znail
inhibition af shell growth [European
freshwater znail £, Stageads |

malting frequency

maulting

developmental rake

body length

A st

F®R agoniststantagonists reparter as55ay

Burrowing behaviour [ Sz mdans
adultz in 21-d sediment toxicity bests]

Fesponze to TET or estrogens

Fiesponze to MFin F1

population growth rate

population gromwth rake

ecdysteroids

crustacean hyperglycemic hormone
prioduced in the sinus gland

The =imilarity of the
crustacean harmaone
methyl Farnesoate to the
juvenile hormones of
inzects renders them
vulnerable to the effects
of jusenile hormone
mimics as well as
ecdysteraid agonists and
disruphors. An extensive
body of likerature exists
detailing population lewvel
effects in bath insects
and crustacea.

Fietinoids - FXF:EcR developmental processes in arthropods
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Table32. Invertebrates, Growth and development & BehaviogrOECD Conceptual Framework

Wil

life Jo pive
endpoint

ED MoA

Good coherent evidence for Mod,

Critical window(s) of exposure

Giood evidence

Some evidence for one or more | Some evidence

Hypothetical MoAs

Growth and development

Growth and development

BErehaviour

Exposure of ingects and crustaceans to
JH analogues and ecdysteroid
antagonists!agonists causes
dewvelopmental and reproductive
impairments in many species.

A, primitive homalogue of the

hypothal amic-pituitary-adrenal azis
etists in molluscs. The corticotrophin-
releasing [CRH] hormone precursor
proopiomelanocortin iz Found in the
molluscan nervous system, and both
CFRH and adrenocorticotropin are
produced by the haemocytes and can
be Foundin the haemocytes and
haemolymph along with
catchecolamines including seratanin
and dopamine. Their induction initiate s
the releaze of cortizal in response ko
shress.

Limited or no evidence

Endpoints used in scientific validates assays and peer-reviewed literature

ANNEXES

OECD Conceptual Framework

Evidence of ED MofA Evidence of effect Included in guidance Limited guidance No guidance Level assag::::::minls
Endpoint included in OECD conceptual Framework. guidance expozure during critical window of sensitivity DRP
Endpaint in CF/ORF but limited or no guidance exposure during critical window of sensitivity only if triggered
Endaint not included in OECD Conceptual Framewark, R enposure during ritical window of sensitivicy Muodality
A s
reduced or abnormal growth [peppery
Furrow shell 5. Plana) Mollusc partial lifecycle as: 4
Growth [length ar dry weight of organisms] Flys=id lifecycle toxicity 5
larval shell development fred abalone &
Aufescems in 48-h bowicity testz] Mollusc partial lifecycle 3= 4
Chironomid emergence and development
rate Chiroromid bogicity best [T 4
Larval survival and weight Chironomid togicity test [T 4
embryonic and larval development [Facific Inwertebrate lifecycle and
oyster O (imas | multigeneration aszays 5
&gy development, embryonic Invertebrate lifecycle and
development [Eurcpean Freshw ater 2nail multigensration assays g
inhibition of shell growth [European Inwertebrate lifecycle and
Frechwater snail £, Stageadic | multigeneration aszays 3
molting frequency Ilysid lifecycle toxicity =]
Pletabolic disruption (O:h ratios] lysid lifecycle toxicity
[optional endpoint] 5
Elood glucose levels Flyzid lifecycle toxicity
[optional endpoint] 5
Copepod reproduction
moulting and development g
Copepod reproduction
developmental rate and development =]
and development,
Diaphnia reproduction [TG
body length 211
Copepod reproduction
Ecdysone [20HE] levelz and development g
Az aitre
FiF agoniztsfantagonizts reporter assay FixFireporter assays
Eurrawing behaviour [ Seredicwias s Molluss partial lifecycls 4
adults in 21-d sediment togicity tests) assays
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ANNEXES

Table33. Invertebrates, Reproductior Current regulatory testing requirements under REACH and the PPPR

" . - - L - L - . .
Endpoints used in scientific validates assays and peer-reviewed literature Requlatory Testing Hequirements

1 vidite in sive ED MoA Critical window(s) of exposure Evidence of ED MoA Evidence of effect REACH FPPR
] endpoint Good coherent evidence for Mo, Good evidence Endpoint included in OECO conceptual Framework guidance Environmental tozicity
] Some evidence for one or more | Some evidence Endpoint in CF{ORF but limited or no guidance Annez ¥lll Annez X  Annez X
Endaoint not included in DECD Conceptual Framewark. [= 10 tiy) [= 100 viy] [z 1000 tiy]
| Growth and development A e

Exposure of insects and crustaceans to
JH analogues and ecdysteroid
antagoniststagonists causes
developmental and reproductive
impairments in many species.

reduced or abnormal growth [pepperny
furraw shell 5. Plana)

Growth [length or dry weight of organisms]
lareal shell dewvelopment [red abalone A
Arreseems in48-h todicity tesis)
Chironomid emergence and development
rate

Larwal survival and weight

embryonic and lareal development [Facific
oyster £ faias |

&g development, embryonic
dewelopment [European freshwater snail
inhibition of shell growth [European
freshwater snail £, Srageads |

maolting frequency

- Growth and development
P letabolic disruption [O:M ratios)

Elood glucose levels

moulting

dewelopmental rake

body length TEEN TEEN

Ecdyzone [20HE] levels
A e
FFR agoniststantagonists reporter assay

Burrowing behaviour [ Sicdirodanis miaes
adultz in 21-d sediment tozicity testz)

Behaviour
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ANNEXES

2.2 FISH
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Table34. Fish, Reproductioq Summary of scientific results of regulatory relevance
ED Moa Critical window(s} of exposure

Wildlife in wivo endpoint Good coherent evidence for MoA

Endpoints used in scientific validates assays and peer-reviewed literature

Evidence of ED Mok Evidence of effect

ANNEXES

Relevance of endpoint/madality for
population/ecesytem effacts

Comments on relevance

Good evidence Endpoint included in OECD conceptual Framework guidance Relevant for population/ecosystem
Some evidence for ene or more Mo Some evidence Endpoint in CF/DRP but limited or no guidance Some relevance effects
Hypothetical MoAs Limited or no evidence Endoint not included in OECD Conceptual Framewaork No or unknown relevance

Fich [

Itiz well know that estrogensz induce VTG The early period of gonadal differentiation is much
production and feminisation of sex ratics maore sensitive than the adult stage, however, ED'
effectz can be induced in adults, indicating that

they =till have = bipatentizl gonad.

infizh. Anti-androgens, sromataze
inhibitors.

Reproduction

VTG induction or depression in males and females
VTG induction or depression in males and females
VTG induction or depr

on in males and females

secondary sexusl characteristics

econdary sexual characteristics

opathology

stradiol and/or (ke

zltered levels of estradicl =nd/or [ketojtestosterone

Fecundity depression

Fecundity depression

Fecundity depression
Spigsin induction or depression

Intersex

Sexratio

Sexratio

Hatching success
Gonado-somatic index

Fertilization success

genotypic and phenotypic sex

Sexual behaviours [aggression and courtship)

gene exprazzion changes [zebrafizh)

sex hormone disruption
sex hormone disruption
sex hormone disruption
Estrogenicity, andragenicity,
Estrogenicity, andragenicity,
estrogenicity, androgenicity,

anti-andro:
anti-andro:
anti-andro:
estrogenicity, androgenicity, anti-andro:
estrogenicity, androgenicity, anti-andro:
estrogenicity, androgenicity, anti-andro:
estrogenicity or androgenicity
estrogenicity or androgenicity
Reproductive success

Reproductive success

Reproductive success
androgenicity/anti-androgenicity
Reproductive success

Reproductive success

Reproductive success

Reproductive success

Reproductive success

Reproductive success

Population dynamics

Some fish are viviparous, while
others are oviparous, and sex
determination can be via
genetic of environmental
mechanisms, such as
temperature. Fish can be
gonochorigitic or
hermaphroditic species, sither
sequential or simultaneous.
EDin hermaphroditic species
iz not known. The gonadal
differentiation strategy may
affect the plazsticity of the
species and the reversibility of
gonadal abnormalities after
remowval of the contaminant.
There iz no evidence that
increased ¥TG is associated
with reproductive
impairmentthistopathalogical
effects, The effects of ¥TG
induction andfor gonadal
abnormalities on reproductive
c:apability, and thus
populations, remain unknown,
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Table35. Fish, Reproductioq OECD Conceptual Framework
ED MoA Critical window([s) of exposure
Yildlife in vive . 5
endpoint Good cohe_renteuldence For Mo, Good euld?nce
Some evidence for one or more Mc Some evidence

Hapothetical MoAs Limited or no evidence

Endpoints used in scientific validates assays and peer-reviewed literature
Evidence of ED MoA Evidence of effect
Endpoint included in DECD conceptual Framework. guidance
Endpoint in CFORF but limited or no guidance
Endoint not included in OECD Conceptual Framework.

DECD Conceptual Framework
Included in guidance Limited guidance No guidance
expozure during critical window of sensitivity
expozure during critical window of sensitivity only if triggered
no esposure during critical window of sensitivity

ANNEXES

Novel
assagslendpoints DRP

Level

Modality

Fish | | |

Iti= well know that estrogens induce YTG  The early period of gonadal
production and Feminisation of sex ratios  differentiation is much mare
in figh. Anti-androgens, aromatase sensitive than the adult stage,
inhibitors. howewer, ED effects can be induced
in adults, indicating that they still
hawe a bipatential gonad.

Reproduction

WT0GE induction or depression in males and females
WTG induction or depression in males and females
WT G induction or depression in males and females
zecondary sexual characteriztics
secondany sexual characteristics
=econdany sexual characteristics
Gonad histopathalogy
Gionad histopathology
Gonad histopathology
altered levels of estradiol andfor [keto]testasterone
altered lewels of estradiol andfor [keto]testostenone
Fecundity deprezsion
Fecundity deprezsion
Fecundity depression
Spiggin induction or depression
Interses
Ses ratio
Sew ratio
Hatching success
Gonadao-somatic indes
Fertilization success
genotypic and phenotypic zex

Setual behaviours [agaression and courtship

gene expression changes [zebratizh]

Fizh Short Term Reproduction [TG 229), 21-days Fish Aszay (TG 220)
Fish Sesual Development [draft TG 234), Fish Lifecycle T Fish reproduction partial life
Medak.a multi-generation tesk [draft]
Fizh Short Term Reproduction [TG 229), 21-days Fish Aszay (TG 220)
Fish reproduction partial life:
Medak.a multi-generation tesk [draft]
Fizh Short Term Feproduction [TG 229), 21-days Fish Aszay (TG 230)
Fish Sesual Development [draft TG 234)
Medak.a multi-generation tesk [draft]
Figh reproduction partial life:
Fish Lifecycle kogicity Test [LISEF &)
Fizh Short Term Reproduction [TG 223)
Figh reproduction partial life:
Fish Lifecycle kogicity Tes Medaka multi-generation test [draft]
Androgenised Female Stickleback Sereen [draft)
Fizh Senual Development [draft TG 234)
Fish Sesual Development [draft TG 234)
Fizh Lifecycle kogicity Tes Medaka multi-generation test [draft)
Fizh Lifecycle kogicity Tes Medaka multi-generation test [draft]
Fish Lifecycle kogicity Test [LUSEF &)
Fizh Lifecycle kogicity Tes Medaka multi-generation test [draft)
Fish reproduction partial
lifecycle [embryonic ar
larval expozure through to
gonadal differentiation)
denelopment]

e O EM O M e e L3 EM e 0D M e OM e 43 EM e LD M e b3
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Table36. Fish, Reproductioq Curent regulatory testing requirement under REACH and PPPR

Endpoints used in scientific validates assags and peer-reviewed literature

ANNEXES

Regulatory Testing Requirements

ED MoA Critical window(s]) of exposure R ~
Wildlife i sive Evidence of ED MoA Evidence of effect Novel REACH FFFPR
endpoint Good coherent evidence for Mof, Good evidence Endpaint included in DECD conceptual Framework. guidance assaysfendpoints DRF Environmental tozicity
Some evidence for one or more Mc Some evidence Endpaoint in CFAORF but limited or no guidanee Annex ¥l  AnnexzlX Annex X
Hypothetical MoAs Limited or no evidence Endoint notincluded in OECD Conceptual Framework, Modality [= 10 tiy) [= 100 tiy] [= 1000 tiy)
Fish [ | [ | | | |
Itiz well kriowe that estrogens induce VTG The early period of gonadal WTG induction ar depression in males and females
praduction and feminisation of sex ratios  differentiation is much mare WTG induction ar depression in males and females i e el Pty
in fish. Anti-androgens, aromatase sensitive than the adult stage, TG induction or depression in males and females
inhibitors. however, ED effects can be induced  secondary sexual characteristics
in adults, indicating that they stil secondary sexual characteristics
hawe a bipotential gonad. secondary sexual characteristics
Gonad histopathology
Gionad histopathology
Gonad histopathology
altered levels of estradiol andfor (keta)testosterone
altered levels of estradiol andfor (keta)testosterone Fhink e evode fowininy
Fecundity deprezsion
Fecundity deprezzion
. Fecundity depression i e el Pty
Reproduction L . .
Spigain induction or depression
Iriterses
Seqratio
Se ratio i e codte foareity
Hatching success Sk e cpede foarily
Gonado-somatic index: Sk e cpede foarily
Fertilization success Sk e cpede foaity

genotypic and phenotypic ez

Sexual behaviours [aggression and courtship

gene expression changes [zebrafish)
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Table37. Fish, Growth and Development & BehaviogiSummary of scientific results of regulatory relevance
Endpoints used in scientific validates assays and peer-reviewed literature

Yildlife # 2o
endpoint

ED MoA

Giood coherent evidence for Mod

Critical window[=] of exposure

Giood evidence

Some evidence for one or more Mc Some evidence

Hypothetical MoAs

Limited or no evidence

Evidence of ED MoA

Evidence of effect

Endpoint included in DECD conceptual Framework guidance
Endpaint in CFAORP but limited or no guidance
Endoint not included in OECO Conceptual Framework

ANNEXES

Relevance of
endpoint!fmodality For
Felewant
Some relevance
Mo or unknown relevance

Comments on
relevance For
populationfecosyste
m effects

Growth and development

Behaviour

Little is known about the the effects of
pollutants on GHilgfs.

Stress is characterised by stimulation of
the hypathalamus-pituitary-adrenal axis
[HP &) and releaze of corticoids into
plazsma. Increazed stress can result in loss
of reproductive capability, weight loss,
elevated levels of glusocorticoids and
immune sUppressian.

The wast majority of studies have
been done with adult fish, so
poszible early stage sensitivity is nok
knawn.

Lewels of thyroid levels

Retinoid levels
T4 levels

Growth development hormaone content

Hiztopathology

gene exprezzion changes [zebrafish)

Fi#F agonistsiantagonists reporter assay

CRH positive neuronz

hypertrophied adrencocortical cells
Stress response - cortizal levels

liver cells in witro

GHF binding

Rainbomw trout adrenal cells

& vive
Length and weight
Length and weight
Girowth
Grozs morphology
Fultiple Organ histopathology
Time bo maturity [first spawn)

Fetamorphosiz from lareal to juvenile form

fn pitre
Az sk

Eehaviour
Eehaviour

A atns

GirowthtSuruival
GirowthtSuruival
GirowthtSuruival
Dievelopment
Dievelopment
Dievelopment
Somatatropic azis

deformities, blood vessels, bone
development

deformities, blood vesselz, bone dewelc

Eehavioural endpoints
hawe great potential a=
biomarkers of EO, due to
the pozsibility of
ME3suring non-
destructive and
reproductively important
endpointz. Reported
effects on behavioural
endpoints have not been
shown to be especially
sensitive compared to
morphological endpoints,
however, to date there are
nio kransgenerational
behavioural studies in
order to assess actual
fitness of offspring.

HP & axiz
HP & axiz
HP & axiz

HP & axiz

HP & axiz

HFA, atis
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Table38. Fish, Growth and development & BehaviogtOECD Conceptual Framework

ED MoA
Wildlife & wivc

endpaint Good coherent evidence For Raod,

Critic al window(s] of exposure

Good evidence

Some evidence For one or more Mc Some evidence

Hypothetical MoAs

Little iz known about the the effects of
pollutants on GHflgks.

Growth and development

Stress iz characterized by stimulation of
the hypothalamus-pituitary-adrenal axis
[HFA] and release of corticoids into
plasma. Increased stress can result in loss
of reproductive capability, weight lozs,
elevated levels of glucocorticoids and
immune suppression.

Behaviour

Limited or no evidence

Endpoints used in scientific validates assays and peer-reviewed literature
Evidence of ED MoA Evidence of effect
Endpoint included in OECD conceptual Framewaork quidanes
Endpoint in CF/ORF but limited or no guidance
Endoint not included in OECD Conceptual Framework

DECD Conceptual Framework
Included in guidance Limited guidance No guidance
expozune during eritical window of zensitivity
eposure during critical window of sensitivity only i triggered
N exposure during critical window of sensitivity

The vast majority of studies have
been done with adult fish, o
pozsible early stage sensitivity is not
kncwn,

A vive

Length and weight

Length and weight

Growth

Gross morphology

[lultiple CQrgan hiztopathology

Time bo maturity [First spawn)
Lewels of thyroid levels

Fietingid levels
T4 lenels
Metamorphosis from Larsal to jusenile form
Girowth development hormone content
Hiztopathology
gene expreszion changes [2ebrafish)

fn pitre
FiF agonistzfantagonists reporter as=ay
Az g
Eehaviour
Eehaviour
CRH pozitive neuronz
kwpertrophied adrenocartical cells
Stress response - cortisol levels
s anitre

liver cells invitra

GF binding

Fiainbow trout adrenal cells

ANNEXES

Movel
assaysliendpoints DRP

Level

Modality

Fizh Shart Term Repraduction (TG 229), 21-days Fish Aszay [TG 230]
Fizh Sewual Development [draft TG 234)
Mledak.a multi-generation test [draft]
Fizh Lifecycle togicity Test [USEFA]
Fizh Lifgeycle tosicity Tes Medaka multi-generation test [draf)
Fizh Lifecycle togicity Test [USEFA)
Fish Lifecycle tozicity Test [USEPA)

Fizh Shart Term Repraduction (TG 229), 21-days Fish Aszay [TG 220]
Fizh Lifecucle Tovicity ([USEFA)

O m e e b

could be measuredin Fish
repro sereening (TG 229),
Fish sereening (TG 230,
androgenised fermale
stickleback, medak.a multi-
qeneration test

Fish 2-gen

larval fizh aszay

larval fish as=say

larval fizh aszay

Thyraid disruption

FiwF reporter aszays

HPA
HPA
HF A

liver cell in vitra

I5R binding

Fiainbow trout adrenal cells
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Table39. Fish, Growth and development & BehaviogiCurrent regulatory requirements under REACH and PPPR

ANNEXES

E Yildlife #s wive
B endpoint

Growth and development

Erehaviour

ED Moh Critical window[s) of exposure

Good coherent evidence For Mod Good evidence

Some evidence for one or more Mc Some evidence

Endpoints used in scientific validates assays and peer-reviewed literature

Fegulatory Testing Requirements

Evidence of ED MoA Evidence of effect REACH PPFR
Endpoint included in OECDO conceptual Framework guidance Environmental tozicity
Endpzint in CFYORF but limited or no guidance Annez ¥l Annexz X Annezx X
Enduoint not included in OECO Conceptual Framework [= 10 tiy] [= 100 tdy] [= 1000 tiy]
8w
Length and weight
Length and weight
Girowth
Gross morphology Sk e owede foaoity
Iultiple Organ histopathology Sl fife el ooy
Tirme ba maturity [First spawn] Sl fife el ooy
Lewels of thyroid lewels Fiak e el foavaity
Fetinoid levels
T4 levels
Metamorphosis from lareal bo jusenile form
Growth development hormone content
Hiztopathaology
gene efpression changes [zebrafish)
i vitre
Fi#F agoniststantagonists reporter assay
A st
Eehaviour
Behaviour Sl fife el ooy
CRH positive neurons
hypertrophied adrenocartical cells
Stress response - cortizol levels
A e

liver cells in witro

GF binding

Rainbow trout adrenal cells

Page64 of 75



ANNEXES

2.3 AMPHIBIANS AND REPTILES
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Table40. Amphibians and reptileg Summary of scientific results of regulatory relevance

Wildlife fo pive
endpoint

ED Moh

Good coherent evidence for Mof,
Some evidence for one or more Some evidence

Hypothetical MoAs

ritical window([s) of exposm Evidence of ED MoA

Good evidence

Limited or no evidence

ndpoints used in scientific validates assays and peer-reviewed literatus

Endpaint included in OECO conceptual Framework, guidance
Endpaint in CF{ORF but limited or no guidance
Endaint not included in OECO Conceptual Framework.

Evidence of effect

Relevance of
endpointimodality for
Fielewant
Some relevance
Mo ar unknown relevance

ANNEXES

Comments on
relevance for
populationfecosys
tem effects

Amphibian

Feproduction

Growth and development

E=trogens, anti-estrogens, anti-

androgens, aromatase inhibitors, G-

reductaze inkibitors

Thuyroid disruption, estrogens
[mechanism unknown)

The critical period of gonadal
differentiation is during the
developmental lareal stage.

sey steroid levels (plasma or kestes)

Gonad histopathology

‘itellogenin

Thyraid gland histopathology

Thyraid gland histapathology
Thyraid gland histopathology

THTEH levels

circulating TH concentrations, and thyroidal TH and associated iodo-compounds

Fetinoid levels

Tail resorplion
gqene eXpression changes

Behaviour

Corticosterons

Corticosterone levels

fn pitre
F#R agonistslantagonists reporker assay

gonadosomatic indes

Spermatogenesisitesticular developmer
Fecundity

=econdary sex characteristics [nuptial pal

Genetic and phenotypic sex ratios
i wive
Dewelopmental stage, hind limb length, =q

Time-to-metamarphosis

Growth

Limb malformations

Impaired lens regeneration

Senual behaviour

Disruption of HPG axis
Disruption of HPG axis
Disruption of HPG axis
Disruption of HPG axis

Thuyroid disruption
HPT axis

HPT axis
HPT axis
HPT axis

HPT axis

Fetinoids

Fetinoid=

Retinoids

Thyraid disruption

The basic biology of the
wast majority of species
is poarly understood,
leading to uncertainty in
the relewance of the
effects obzerved.
De=pite this, interses
was often assaciated
with pollutants bath in
field and laboratary
studies. Establishing a
link. between intersen
and Fertility endpaints in
sesually mature frogs is
an urgent research
rized. In addition, whilst
Many conkaminants can
delay metamorphosis in
the laborakary, only
perchlorate, and ko a
lesser entent estrogens,
have been veritied by
delaying
metamarphosis and
altering thyroid
histology in the Field
enwircnment.

Feptiles

Feproduction

estrogens, aromatase inhibitors

A o

Ratio of the precloacal length bothe posteriarn lobe [freshwater turkles)

seit hormone levels

gonadal histology

Growth and development

T3TH levels

Sen ratio

gonadal abnormalities, phallus size

it iz imperative to eskablizh
the natural variation in
sexually dimorphic
endpoints, such az phallus
siae and teskosterons
levels, in order to assess
what real effecks are
occurring and to ensure
these are distinct from the
“normal' rangs Far
populations.
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Table41. Amphibiars and reptilesg OECD Conceptual Framework

ndpoints used in scientific validates assays and peer-reviewed literatu

OECD Coﬁceptual Framework

ANNEXES

Wildlife in pive ED MoA writical window(s) of ezposu Evidence of ED MoA Evidence of effect Included in guidance  Limited guidance No guidance Level assag::‘::::minls
endpoint Good coherent evidence for Mog Good evidence Endpoint included in OECD conceptual Framework guidance exposure during critical window of sensitivity DRP
Some evidence for one or more Some evidence Endpaint in CFIORF but limited or no guidance exposure during critical window of sensitivity only if tiggered
Hapothetical MoAs Limited or no evidence Endaint not included in DECD Conceptual Framewaork, no esposure during critical window of sensitivity Modality
Amphibian [ [ I | |
Estrogens, anti-estrogens, anti- The critical period of gonadal gonadoomatic indey
androgens, aromatase inhibitors, Se- differentiation is during the =ey steroid levels [plazma or testes)
reductase inhibitors developmental larval stage. Spermatogenesisftesticular developmen
. Fecundity
Repraductian Gionad histopathology larval amphibian growth development [draft) 4
secondany sex characteristics [nuptial pal larval amphibian growth development [draft) 4
Witellagenin larwal amphibian grawth development [draft) 4
Genetic and phenotypic e ratios larwal amphibian grawth development [draft) 4
In vive
Thyraid disruption, estrogens Dievelopmental stage, hind imb length, s Amphibian metamorphosis (TG 231) 3 TG 231 could be walidated
[mechanism unknown) Thyroid gland hiztopathalogy Amphibian metamorphosis (TG 23) 3
Amphibian growth and
Thyraid gland hizstopathalogy Aemoets embryo thyroid 3 reproduction test
Thyraid gland hiztopathalogy laral amphibian growth developrment [draft) 4
Time-to-metamorphosis laral amphibian growth developrment [draft) 4
THTEH lewels larval amphibian growth development [draft) 4
circulating TH concentrations, and thyroidal TH and associated iodo-compounds Aemoeees embryo thyroid 3
Gtk larval amphibian growth development [draft) 4

Growth and development

Eehaviour Cortizosterone

Limb malformations

Impaired lens regeneration

Retinoid leuels

Tail resarption
gene expression changes

in witre
Fi¥R agonistsfantagonists reporter azsay

Corticosterone levels
Senual behaviour

could be added in Kenopus
embryo thyroid signalling,
amphibian metamorphosis
[TGE221)

could be added in Kenopus
embrya thyraid signalling,
amphibian metamarphosis
(TG 231)

could be added in H¥enopus
embryo thyroid signalling,
amphibian metamorphiosis
[T 231)

Short-kerm Henopus
Soreening assay

Thyraid dizrupticn

FixR reporter assays

Feptiles [

estrogens, aromatase inhibitors

Fieprodusction

oo

Growth and development

Senratio
Fatio of the precloacal length to the posterior lobe [freshwater turtles)
=g hormone levels
qonadal abnormalities, phallus size

gonadal hiztalogy

T3HTS levels
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Table42. Amphibians and reptileg Current regulatory testing requirements under PPPR and REACH

ED MoA ritical window(s] of Hpusmndpuinls u_sed in scientific validates assays and_ peer-reviewed literatu Requlatory Testing Requirements
ildlife & e Evidence of ED MoA Evidence of effect REACH FPPFPR
endpoint Good cokerent evidence For Mo, Giood evidence Endpaint included in OECDO conceptual Framework, guidance Environmental tozicity
Some evidence for one or more Some evidence Endpaint in CF/ORP but limited ar no quidance Annez ¥lll Annez IX Annex X
Hypothetical MoAs Limited or no evidence Endaoint not included in OECO Conceptual Framework [= 10 tiy) [z 100 vy} [= 1000 tiy)
Amphibian I I I I I I I
Estrogens, anti-estrogens, anti- The critical period of gonadal gonadosomatic inde:
andragens, aromatase inhibitors, Bo- differentiation is during the zen sheroid levels [plasma or testes]
reductase inhibitors developmental larval stage. Spermatogenesisftesticular developmen
Fecundity

R ducti
EproduUGTIan Gonad histopathology

secondan sex characteristics [nuptial paj

Witellogenin
Genetic and phenotypic sex ratios
fn vive
Thyraid disruption, estrogens Dewvelopmental stage, hind imkb length, =
[mechanizm unknown) Thyrazid gland histopathalogy

Thyroid gland histopathology

Thyrazid gland histopathalogy
Time-ka-metamarphosis

THTEH levels

cirzulating TH concentrations, and thyroidal TH and as=sociated iodo-compounds
Girowth

Growth and development Limb malformations

Impaired lens regensration

Fietinoid levels

Tail resarption
gene exprezsion changes

fn vitrer
FRixF agonistsfantagonists reporter assay

Behaviour Corticoskerane Corticosterone levels
Sexual behaviour

Fieptiles [ [

eztrogens, aromatase inhibitors A A Sexratio
Fiatio of the precloacal length to the posterior lobe [freshwater turtles)
zek hormone levels

Reproduction . .
P gonadal abnormalities, phallus size

gonadal histalogy

Growth and development T3T4 levels
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Table43. Birds, reproductiong Summary of scientific results of regulatory relevance

ED MoA

‘Wildlife in vive endpaint Good coherent evidence for MoA
Some evidence for one or more Mok

Hypothetical MoAs

Critical window{s) of exposure

Good evidence
Some evidence

Limited or no

Endpoints used in scientific validates assays and peer-reviewed literature

Evidence of ED MoA

Evidence of effect

Endpoint included in OECD conceptual Framewaork guidance

-

Endpeint in CF/DRP but limited or ne guidance
Endeoint not included in OECD Conceptual Framework

Relevance of endpoint/modality for
population/ecosytem effects
Relevant
Zome relevance

No or unknown relevance

ANNEXES

Comments on relevance
for population,/ecosystem
effects

Birds, [

Est

ogens, sndrog;

Reproduction

inovo?

Weight of testes, oviduct, cloacal gland
Histology of gonads
Tes

cular spermatid count and morphology

Cloacal gland zize, 1st appearance of foam

Faecalfurate steroid hormane titres
Eggsteroid content

Vitellogenin

Gonadotropin releasing hormone

Flasma E2 levels

Esg production

£E production
Cracked egss
Shell cracking
Ezzzhell thickness
Eggshell thickne
Egg viability
Embryocviability
Hatchability
Hatchability

gross anomalies of genital tract
featherdimorphizm

Time tofirst egg laid

Fertility, number of offspring
Sexratio of F1 offspring

Timing of puberty

retention of ovulated yolks in females
brood patch formation

chick survival

Fledgling success

rEsponse to estrogens

response to estrogens

Sex hormone disruption
Sex hormone disruption

HPG axis

Sex hormone disruption

Sex hormone disruption
Estrogens

There sre zsversl
examples of population
effectz in the field linked
to organochlerines such as
DDT, PCBs, dioxins, =
irreversible. Mot all EDCs

ome

reported to possibly affect
wild birds are man-made,
and the effects they may
hsve sre not nec
harmful.

rily
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Table44. Birds, reproductiong OECD Conceptual Framework

Wil

ife in pive
endpoint

ED MoA

Good coherent evidence for Mof

Some evidence for one or more Mc Some evidence
Limited or no evidence

Hypothetical MoAs

Birds

Critical windows) of exposure

Endpoints used in scientific validates assays and peer-reviewed literature

Evidence of ED MoA

Evidence of effect

Endpaoint included in DOECD conceptual Framework guidance
Endpaint in CFIORF but limited or no guidance
Endoint not included in DECO Conceptual Framework.

DECD Conceptual Framework
Included in guidance Limited guidance
exposure during critical window of sensitivity
enposure during critical window of sensitivity only if triggered
no exposure during critical window of sensitivity

ANNEXES

Level Novel
assaysfendpoints DRP

Modality

Feproduction

Eztrogens, androgens, anti-estrogens

‘Weight of testes, owiduct, cloacal gland
Histology of gonads
Testicular spermatid count and morphalogy

Cloacal gland size, 15t appearance of Foam
Faecallurate steraid hormone titres
Egg steroid content

Witellogenin
Gonadotropin releazing hormone

Plazma E2 lewels

Egg production

Eigg production

Cracked eqgs

Shell cracking

Eggshell thickness
Eqggshell thicknessiztrength
Eqqg viability

Embryo wiability
Hatchability

Hatchability

qross anomalies of genital tract
feather dimorphism

Time to first egg laid

Fertility, number of offspring
Siex ratio of F1 offzpring

Timing of puberty

retention of ouulated yolks in females
brood pateh Formation

chick survival

Fledqling success

Awian reproduction (TG 206)
Awian 2-gen [draft)
Auian reproduction (TG 206)
Awian 2-gen [draft]
Auian reproduction (TG 206)
Awian 2-gen [draft)
Auian reproduction (TG 206)
Awian 2-gen [draft)
Auian reproduction (TG 206)
Auian 2-gen [draft)
BAuian 2-gen [draft)
BAuian 2-gen [draft)
BAuian 2-gen [draft)
BAuian 2-gen [draft)
Auian 2-gen [draft]
Auian 2-gen [draft]
Auian 2-gen [draft]
Auian 2-gen [draft]
Auian 2-gen [draft]
Auian 2-gen [draft]
Auian 2-gen [draft]
Awian 2-gen [draft)
Awian 2-gen [draft)

NN N EN N EN N CN N E KN O K N e N O e O b T e
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Table45. Birds, reproductiong Current regulatory testing requgments under REACH and PPPR

Endpoints used in scientific validates assays and peer-reviewed literature

ANNEXES

Requlatory Testing Requirements

ED MoA Critical window[=] of ezposure - =
ildlife i sive Evidence of ED MoA Evidence of effect REACH PPFPR
endpoint Giood coherent evidence for Mof, Giood evidence Endpaint included in OECD conceptual Framework guidance Environmental tozxicity
Some evidence For one or more Mc Some evidence Endpaint in CFIORF but limited o no quidance Annex ¥lll  Annez I Annex X
Hypothetical Mohs Limited or no evidence Endaint not included in OECO Conceptual Framework. [= 10 tly) [= 100 tiy] [= 1000 tiy])
Eirds I I I I I
Estrogens, androgens, anti-estrogens in owo? Eqg production FiF e TG 206
Egg production
Cracked eggs e TiE 206
Shell cracking
Eggzhell thickness FiTSe TG 208
Eqggshell thicknessistrength
Egq wiability Frersa) TG 206
Embryo viability
Hatehability prerse) TG 206
Hatzhabilivy

‘w'eight of testes, oviduct, cloacal gland
Histaology of gonads
Testicular spermatid count and morphology
gros= anomalies of genital tract
Feproduction feather dimarphism
Cloacal gland size, 1st appearance of foam
Time to first eqq laid
Faecallurate skeroid hormone titres
Eqg stercid content
Witellogenin
Gonadotropin releasing harmaone
Fertility, numbeer of offspring
Sexratio of F1offspring
Flazma E2 levels
Timing of puberty
retention of ovulated yolks in Females
brood patch Farmation
chick survival
Fledygling success
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Table46. Birds, Growth and development & BehaviogrSummary of scientific results of regulatory relevance
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