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® <100 unique
chemicals
assessed for
developmental
neurotoxicity in
ToxRef DB!
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Source: Tsuji and Crofton. 2012. PMID: 22925212.




Motivation: How can we build confidence in zebrafish behavior tests for the
detection of neurotoxicity?

« Alternative system

* Translational model

* Inexpensive

» Fast

« Easy to assess neurodevelopment
* Metabolically competent

« 3R compliant
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State of the science
Light-dark transition test under review by OECD-DNT-Expert group

N. Kliver

Goal

Determine the added
value of the zebrafish
behavioral assay

for DNT
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Discussion
Potential incorporation of Zebrafish behavioral assays into the IVB or tiered testing for DNT

OECD-DNT-Expert group| 11-03-2022 / iy .
www.urz.de




State of the science

Light-dark transition test
N. Kluver
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Rat OECD TG426

Roadmap for zebrafish assay design —O =

Rat offspring endpoint Larval State of the test

zebrafish test

Motor activity Light-dark OECD working group;
transitiontest  NIEHS SEAZIT Evaluation
VAMR PARC

Motor and sensory function VAMR PARC

Learning and memory VAMR PARC

Brain weight NA NA

Histopathological evaluation  NA NA

Morphometric (quantitative) Fish Inspector, Developed, v2 release
analysis of the brain post-behavior 2021

PARC (European Partnership for the Assessment of Risks from Chemicals); SEAZIT (Systematic Evaluation
of the Application of Zebrafish in Toxicology); VAMR (Visual and Acoustic Motor Response NAM)

/ www.ufz.de




Roadmap for zebrafish developmental and acute neurotoxicity testing

Human in vitro developmental neurotoxicity test battery

Non-mammalian models

~ o (e.g., GABA, VGlut1, TH, etc.)

3 hiPSC-derived neuronal and glial models

: Apoptosis (e.g., cleaved
1 caspase3, caspase 9, PARP,

Neurite outgrowth Synaptogenesis N

Neurite length and branching (e.g.,
HCI analysis of length and number

\
\
|
|
|
|
|
{
Q H of neurites, number of branch points
|
|
- 1
|
{
|
|
|

Pre- and post-synaptic markers
(e.g., HCI analysis of SYP, SYN1,
PSD95, gephyrin, etc. and their co-
localization)

Generic neuronal markers (e.g., B-

Behavioural studies (e.g., with lII-Tubulin, MAP2, NF68, NF200, etc.

ZF embryos, or other non-

/ sub-types

mammalian species) /

Neuronal
differentiation

Differentiation into mixed Advanced neuronal network

NPC proliferation culture of neurons/glia formation and function
T |

Analysis of electrical activity
(e.g., MFR, burst analysis by MEA,
| patch clamp, etc.)

Analysis of neurotransmitter
release (e.g., GABA, glutamately

I

I

i dopami Icholi

{ 5 ﬁ : lopamine, acetylcholine, etc.)
I £

| Analysis of PSC Analysis of Analysis of NPC ] NPC n}lgraﬂon (eg.,

| markers (e.g., Oct4, neuroectodermal markers (e.g., nestin, ar!alys,s of NPC radial

! Nanog, Sox2, etc.) markers (e.g., Sox2, Pax6) migration from Glial

‘ Sox1, Pax, nestin, NPC proliferation (e.g., eliioepheies) differentiation

SRR, _ ete) Ki67, BrdU incorporation)

Microglia markers (e.g., Ibat,
CD68, TMEM119, etc.) w

\
{
{
{
!
1 Astrocyte markers (e.g.
] GFAP, S100B, etc.) TN
{
{
{
{
{
{
|
{

%Ollgodendrocytle markers (e.g. //I
04, GalC, MBP, CNPase, efc.) y
Myelination (@.g, MPB, myelin Y
sheets analysis by EM, etc.) o
e.g., QSAR, read-across, IVIVE, T —s
computational modelling, etc. /,’
“In silico models Source: https://doi.org/10.1016/j.taap.2018.02.008 /

www.ufz.de
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Roadmap for zebrafish developmental and acute neurotoxicity testing
Y T

e

poptosis (e.g., cleaved
aspase3, caspase 9, PARP,

Neurite outgrowth

Neurite length and branching (e.g., Siliaicgeniests !

\

|

|

|

{ HCI analysis of length and number
H of neurites, number of branch points)]
|
|
{
|
{
|
|
|

Pre- and post-synaptic markers

Generic neuronal markers (e.g., B- (e.g., HCI analysis of SYP, SYN1,

Bel ural studies (e.J%th llI-Tubulin, MAP2, NF68, NF200, etc. PSD95, gephyrin, etc. and their co-
\ ZF :;n'gzgﬁ.azrs oteh;; ;\)cm- / sub-types di - localization)
. i S (e.g., GABA, VGlut1, TH, etc.)

Neuronal
differentiation

Differentiation into mixed Advanced neuronal network

NPC proliferation culture of neurons/glia formation and function

Analysis of electrical activity
(e.g., MFR, burst analysis by MEA,
patch clamp, etc.)

Analysis of neurotransmitter
release (e.g., GABA, glutamat*l
dopamine, acetylcholine, etc.)

Analysis o PSC

Analysis of Analysis of NPC NPC migration (e.g.,

markers (e.g., Octd, neuroectodermal markers (e.g., nestin, analysis of NPC radial
Nanog, Sox2, etc.) markers (e.g., Sox2, Pax6) migration from Glial
Sox1, Pax6, nestin, NPC proliferation (e.g., eliioepheies) differentiation
. I _ ete) Ki67, BrdU incorporation)

\
{

{ Microglia markers (e.g., Ibat,

{ CD68, TMEM119, etc.) %

{

{ Astrocyte markers (e.g.

! GFAP, 51008, etc.) Ay

| : /
{

{

|

{

{

%Ollgodendrocyte markers (e.g. 7

04, GalC, MBP, CNPase, etc.) 4
wmyellmﬂon (e.g., MPB, myelin ,
heets analysi M, etc.)

e}
CE

e.g., QSAR, read-across, IVIVE, I
\\ computational modelling, etc. /

"In silico models Source: https://doi.org/10.1016/j.taap.2018.02.008 /
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Roadmap for zebrafish developmental and acute neurotoxicity testing
Y T

y

on-mammalian models . . ;
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Synaptogenesis \

Neurite length and branching (e.g.,
HCI analysis of length and number
of neurites, number of branch points);

‘ Extend functional analysis

Pre- and post-synaptic markers

Generic neuronal markers (e.g., B- (e.g., HCI analysis of SYP, SYN1,

culture of neurons/glia
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= Learning and memory
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i ¥ Analysis of neurotransmitter Tuag my
! release (e.g., GABA, glutamat“l
! dopamine, acetylcholine, etc.)
| Analysi: PSC Analysis Analysis of NPC NPC migration (e.g.,
| markers (e.g., Oct4, neuroectodermal markers (e.g., nestin, analysis of NPC radial
‘ Nanog, Sox2, etc.) markers (e.g., Sox2, Pax6) migration from Glial
‘ Sox1, Pax6, nestin, NPC proliferation (e.g., eliioepheies) differentiation
. JOESOESRsaITeenIe ) Ki67, BrdU incorporation)
/ —~ \
I \: = ! 2 ;.
H o o e —— { Microglia markers (e.g., Ibat,
! o= .0 (66 ! CD68, TMEM119, etc.)w
H s @ @ ‘o * 1 Astrocyte markers (e.g. §
| Qgi® L ) ! GFAP, S1008, etc.) ) & ;
I {
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Case study: Expansion to a battery of visual and acoustic stimuli
Visual and Acoustic Motor Response (VAMR) New Approach Method (NAM)

David Leuthold

; 7B |‘0
g a p T |‘))) é )
g . . i L. ) . .
L4 : : o L . = Vehicle (n=440)
g i Stimulus
2 — IR light
2?2 : : Visual light
[&] . . ' .
E : : : Low acoustic
S ; ; == High acoustic
(@] 0 .
= ' ] : Ll —

 ———————————

BSL VSR1 VMR1 VSR2 VMR2 | VMR3 = ASR1 —!—% 100 s

BSL (Baseline); VSR (Visual Startle Response), VMR (Visual Motor Response);
ASR (Acoustic Startle Response); ASH (Acoustic Startle Habituation)

/ www.ufz.de 13




Added novel endpoints
Visual startle response

David Leuthold

w
2 : : :
b %, C 4 : d, €,

P : : :

g2 2. : 2

= :

©
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'g 4 T f .
: PR ; : . == Vehicle (n=440)
S o i Stimulus
= — IR light
E ? Visual light
© Low acoustic
i) — High acoustic
20
=

' : ' TETET
———— T Z g E ’ —
BSL VSRA1 VMR1 VSR2 a_ ASR1 ~ ASR2  ASH1-5 100 s

BSL (Baseline); VSR (Visual Startle Response), VMR (Visual Motor Response);
ASR (Acoustic Startle Response); ASH (Acoustic Startle Habituation)

/ www.ufz.de 14




Added novel endpoints
Acoustic startle response

David Leuthold

I
(o]
I

Motor activity (1072 px/s)
o (3% ]
o [a*]

| = Vehicle (n=440)
i Stimulus

— IR light
Visual light
Low acoustic

= High acoustic

' : ' TETET
———— T Z g E ’ —
BSL VSRA1 VMR1 VSR2 -i_ ASR1 ~ ASR2  ASH1-5 100 s

BSL (Baseline); VSR (Visual Startle Response), VMR (Visual Motor Response);
ASR (Acoustic Startle Response); ASH (Acoustic Startle Habituation)

S
=
—
-
—

o

Motor activity (1072 px/s)
[p%]
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Added novel endpoints
Non-associative habituation learning

David Leuthold

Low acoustic

h 2 I gs_o <0.001
o 2.5
220 Direction
. z15 — Up (n=152)
£1.0 Down (n=287)
©
0 5 0.5
110 20 30 2 0.0
Stimulus no. [WASH1" ASH5
- ASH1
z :
a4 : : - == Vehicle (n=440)
) | o | Stimulus
= : — IR light
v; 2 . .
£ Visual light
©
S
(o]
=

= High acoustic

o

' : ' TETET
———— T Z g E ’ —
BSL VSRA1 VMR1 VSR2 _i_ ASR1 ~ ASR2  ASH1-5 100 s

BSL (Baseline); VSR (Visual Startle Response), VMR (Visual Motor Response);
ASR (Acoustic Startle Response); ASH (Acoustic Startle Habituation)
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10 criteria to demonstrate habituation
Non-associative habituation learning

David Leuthold

4
» Repeated application results in a decrease in
response (i.e. habituation) )
0 —r—r—
110 20 30
Stimulus no.
D B 1 = Vehicle (1=440)
: : | : ' | Stimulus
| : : — IR light
5 - . : Visual light
E J \ | Low acoustic
S ; ; == High acoustic
o 0 .
= ' ] : Ll —
— Q"""ﬁ
BSL VSR1 VMR1 VSR2  VMR2 UVMR3™" ASR1  ASR2 = ASH15 100's

Source: Rankin et al. 2009. doi: 10.1016/j.nIm.2008.09.012. S "y
www.ufz.de 17




10 criteria to demonstrate habituation
Non-associative habituation learning

David Leuthold §

o . . %30 0,001

» Repeated application results in a decrease in X 2'5

response (i.e. habituation) p 2'0 ——

. | . . 215 — Up(n=

= With repeated series of habituation training and > 6 gg&: (:15;22)87)

recovery, decrease in response is more rapid or § 0'5

pronounced (i.e. potentiation of habituation) = 0'0

2 .
"ASH1  ASH5

S

| = Vehicle (n=440)
i Stimulus

— IR light
Visual light
Low acoustic

= High acoustic

' : i ‘|||||!...1 :::”
———— | e —
BSL VSR1 VMR1 VSR2 =~ VMR2 [ VMR3 = ASR1 = ASR2 = ASH1-5 100's

Source: Rankin et al. 2009. doi: 10.1016/j.nIm.2008.09.012.

Motor activity (1072 px/s)
[p%]

o
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10 criteria to demonstrate habituation
Non-associative habituation learning

David Leuthold

» Repeated application results in a decrease in
response (i.e. habituation)

= With repeated series of habituation training and
recovery, decrease in response is more rapid or
pronounced (i.e. potentiation of habituation)

= More rapid the frequency of the stimulus, the more
rapid and/or pronounced is the habituation

Source: Rankin et al. 2009. doi: 10.1016/j.nIm.2008.09.012.

Relative responsiveness

0.0-

Stimulus no.

/ www.ufz.de 19




Added novel endpoints
Memory retention

David Leuthold

I Low acoustic

= High acoustic

o

> <0.001
g 12
« 10
)
c 8 . Direction
z 6 — Up (n=161)
§ 4 Down (n=278)
s 2
2 o0
'ASR2 [ASR3!
_-- |
- I
2 - S .
a4 : ;’- Vehicle (n=440)
) | Btimulus
> I— IR light
s 2 . .
5 I~ Visual light
©
s}
o
=

' : ' TETET
———— T Z g E ’ —
BSL VSRA1 VMR1 VSR2 _i_ ASR1 ~ ASR2  ASH1-5 100 s

BSL (Baseline); VSR (Visual Startle Response), VMR (Visual Motor Response);
ASR (Acoustic Startle Response); ASH (Acoustic Startle Habituation)
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Multiple potential adverse outcomes
Exposure paradigm hacks

Acute
neurotoxicity
(ANT)

o Acute exposure (1 h)

0 5 dpf

Receptor-mediated
interactions

Developmental
neurotoxicity
(DNT)

€@ Developmental (0.25-4 dpf)

o @) —=
0.25 4 5 dpf

Receptor-mediated
Interactions that cause
persistent structural OR

functional effects
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Build confidence: Replicate rat data
NMDA receptor antagonism (MK-801) blocks learning

David Leuthold

A ZTs.  [MK-801], uM
b © = 0(n=64)
o, : s © = 21.5(n=32)
‘_: | Stimulus
z,: ' : — IR light
& 7 Visual light
s : I | Low acoustic
° - ' — High ti
s 0 ;——==:_____________ ‘.u' igh acoustic

BSL VSR1 VMR1 %ﬁ ASR1 % # 100 s
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Build confidence: Replicate rat data
NMDA receptor antagonism (MK-801) blocks learning

David Leuthold
A ZTs.  [MK-801], uM
b - = 0(n=64)
Sy : s = 215 (n=32)
> | Stimulus
z,: ' : — IR light
& 7 Visual light
s I | l Low acoustic
° - — High ti
s 0 7__==:::__—___—— ‘au' igh acoustic
BSL VSR1 VMR1 }ﬁ ASR1 % # 100 s
B. &6 C.
o
o
=3 [MK-801], uM
= ~ 0 (n=64)
22 — 21.5(n=32)
W
S
EO O —r—
1 10 20 30
Stimulus no.
- ASH1
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Build confidence: Replicate rat data
NMDA receptor antagonism (MK-801) blocks learning

David Leuthold

A ZTs.  [MK-801], uM
a - = 0(n=64)
o4 ; s = 21.5(n=32)
‘_‘; | Stimulus
2, ' : — IR light
& 7 Visual light
§ : I | l Low acoustic
° Q- — High ti
s 0 ;——==:_____________ ‘.u' igh acoustic

BSL VSR1 VMR1 %ﬁ ASR1 % # 100 s
B. 25 C [MK-801], 1M
- R . 0175 0142 0827 0.046 0036 0.046 0.032 0.032 0.142 0.102
o 1.0 . . 0 (n=64)
o - : . . _ : ¢ 0.1 (n=32)
24 [MK-801], uM 3 5 : : 0.2 (n=32)
= = 0(n=64) £ 05 . ) . ' . : []0.5(n=32)
-% 2 = 21.5(n=32) 5 I ¢ : s i . ! ; : H 1 (n=32)
© § ' e : e I 54 :. B ié ..... - - e ] i i 5 22([]:32)
5 £ 00 T/0 )1 | = Al Ml 4.6 (n=32)
S 0T/ £ ' : : ' : : o ” 10 (n=32)
110 20 30 ) ’ ’ : B 215 (n=32)
Stimulus no. -0.5

46.4 (n=32)

- ASHT I 100 (n=32)
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Build confidence: Replicate rat data
NMDA receptor antagonism (APV) blocks learning

David Leuthold

A.

[APV], uM
. = 0(n=24)
. 1000 (n=24)
. Stimulus
- IR light
Visual light

Low acoustic
~ High acoustic

e T

533 O 756 O 193 O 170 0.010 0.010 0.006

10 z . [APV], uM
APV], uM ' : : “ 0 (n=24
[— (\)/](,n124) 05 i v : 1(;:'2n=21f)
= 1000(n=24) ’ ..t ...... :. ...... - .. .E LR :.. . 215(n=24)
2 S o0 ! ; ! i | 46.4 (n=23)

»

N

'Eﬁﬁfﬁﬁﬁﬁﬁﬁffﬁﬁﬁﬁ

N

Motor activity (1 02 px/s)

BSL VSR1 VMR1 VSR2

C.

»

H

100 (n=24)

0.5 215.4 (n=24)
o 5 o . 464.2 (n=24)
Stimulus no. -1.0 . 1000 (n=24)

Motor activity (1 02 px/s)

Habituation index
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MK-801 vs APV

Two NMDA receptor antagonists yield different behavior patterns

David Leuthold §

MK-801

APV

L6
o
24 [MK-801], uM
= = 0(n=64)
= _
2, — 10 (n=32)
[4¥]
S
g 0 ——
1 10 20 30
Stimulus no.
- ASH1
24
o
2 4 [APV], uM
> — 0(n=24)
-;-; > = 1000 (n=24)
@
S
§ 0 r—r—
110 20 30
Stimulus no.
| ASH1

D

- [MK-801], uM

. = 0(n=64)
- = 10 (n=32)

Stimulus
. — IR light

w "!” i Visual light
I

VMR1 | 100

~

M

Motor activity (10_2 px/s)

o
~

[=3]

| [APV], M

. = 0(n=24)

i = 1000 (n=24)
Stimulus

= IR light
Visual light

i Y

o

o]

Motor activity (1072 px/s)

' 100s

~—

VMR1

v 6. .
ERE © [MK-801], uM
P 4 . = 0(n=64)
T 4 © = 10 (n=32)
g i - Stimulus
3 2] - — IR light
S : Visual light
S o
= : :
| |
VMR2 VMRS 100s

w

6 - .
- [APV]. uM
NID 4 | . 0 (n=24)
= " = 1000 (n=24)
= .
s - Stimulus
g 2 . — IR light
S : Visual light
=3
=




How can we build confidence in NAMs?
Anchored to AOPs, NAMs are the building blocks of Integrated Approaches to Testing

and Assessment

KER1 KER: KER3 KERy Adverse
e ] e

Tiered testing
strategy Assay: Assay: Assays Assaya
Integrated testing strategy
MIE: Molecular Initiating Effect
? KE: Key Event
Assay, + Assay, + Assay; + Assay, > OECD rat DNT test KER: Key Event Relationship

AO: Adverse Outcome
AOP: Adverse Outcome Pathway

/ www.ufz.de 27




Key event essentiality represents a novel strategy to build confidence in
NAMs

KER1 KER: KER3 KERy Adverse
- e e

Tiered testing
strategy Assay: Assay: Assays Assaya
Integrated testing strategy
1. Isthere a causal link between exposure, key MIE: Molecular Initiating Effect
events, and adverse outcomes? KE: Key Event
2. Are key events conserved in humans? KER: Key Event Relationship

AO: Adverse Outcome
AOP: Adverse Outcome Pathway
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Key event essentiality case study
Can we identify novel disruptors of habituation learning?

Besnnﬁrodil —»
ol M h—953 . NIV
¢ AC50_NVS_LGIC_rGIuNMDA_Agonist oreRoSne - |
e AC50_NVS_LGIC_rGIUNMDA_MK801_Agonist ME‘{%E’S&%Q#{;&QA‘?&%E . .
® Cytotoxicity limit Bisphenol A -
* LCED 1 Dishenhvd 5 ir;nclﬁln:tcge "o
- iphenhydramine rochloride . *
LC50 2 phemy ¥ Bisphenol B o oe
Bisphenol AF o i
qurn?zalil J '3
pmm— Metiram
_ PharmaGSID_48511 b
Chlorpromazine hydrochloride *—ne
— . 6 Mibemectin o
— X . D0decylbenzenesulf&ggra%g It
= — S VESG —e
_—s UK-337312 o o
SR Ao e —
Comp_Tox E?( vIvo N.MI.DAR Cytotoxicity-, Pentamidine isethionate >~ *
Chemicals ligand binding LC50;,-based SB236057A e
i Emamectin benzoate -~
Dashboard assays selection . Manakh PR I 1 R
Sodium dodecylbenzenesulfonate =
Mancozeb *r—% =
01 1.0 100 1000 10000

Concentration (M)
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Unpredicted effects following exposure to clorophene

Multiple mechanisms?

Nadia Herold
David Leuthold

A.

_ [Clorophene], uM

- = 0(n=32)
- = 6.8(n=32)

Stimulus

= IR light
Visual light
Low acoustic

— High acoustic

:g 6 - ; :

s : :

24 S

> :

S

g%

s

20¢ ww——

" BsL VSR1 VMR1 %ﬁ ASR1 w 100

& g. : : . [Clorophene], uM

| o~ . [ .

2 4 [Clorophene], M o 4 © = 0(n=32)

2 ~ 0(n=32) =, - 68 (n=32)

Z 5 ~ 6.8 (n=32) £ | - Stimulus

N 3 < . - — IR light

g 5 ! : Visual light

= "4 1020 30 8- ' :
= : :

Stimulus no. I . I 1—
~ ASH1 TUVMR2: EEVMRGE 100 s
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GABAg receptor agonism (CGP13501) modulates dark

phase hyperactivity Gabriel de
Macedo
CGP13501 CGP13501 CGP13501 CGP13501

0.5 0.5 0.5 0.5
5 5 n 0
£o0.4] £ 0.4 £0.4] 20.4
5 § 5 §
o T
$ 0.3 £ 0.3 § 0.3- § 0.3
Q o o o
€ £ £ g l
o 0.2 @ 0.2 o 0.2 o 0.2
g 3 2 0. 2 0.
s & 5 5
(] [] - e -
2o Zoa 501 G

0.0- 0.0- 0.0-

1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500
Time (s) Time (s) Time (s) Time (s)
CGP13501 © 0.43 © 0.4% DMSO CGP13501 ® 1.37 & 0.4% DMSO CGP13501 ® 0.77 © 0.4% DMSO CGP13501 ® 245 © 0.4% DMSO
(uM) (1n) (uM) (uM)
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GABA, receptor antagonism (picrotoxin) causes dark

phase hyperactivity Gabriel de
Macedo
Picrotoxin Picrotoxin Picrotoxin Picrotoxin
0.5 0.5 0.5 0.5 : i
_— _— TIT _— = i . . L}
‘E0.4- %0.4' s ‘g 0.41 %0_4_ UL =) <[Lisk e e
= S, 2 S . o bR || o v i
3 ot B AU
30-3' -§0.3- $ NI s 20'3- -§03‘ e T 1 '-:. 4 -‘.'10"::“-'.. -h"f:
£ o g 3 T T iy T S
E 1 £ 1] IS ‘:. 020" ,..T ':#R. o0 60-»0“[
g 0.2 0.2 g02 ©0.24 ui RSy
c o c Q
8 S g 5
0.1 B 0.14 20.11 B 0.14
Al 201 a 201
0.0 00d 0.0 0.0-
1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500 RN TS0 IAE, S SD S 1000 1500 2000 2500 3000 3500
Time (s) Time (s) Time (s) Time (s)
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Does clorophene exposure trigger GABA receptor-
dependent VMR hypoactivity?
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Agonism of GABA receptor by clorophene causes VMR hypoactivity

Mode of action 1

David Leuthold
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Clorophene impairs learning

Mode of action 2
David Leuthold
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Clorophene impairs learning

Multiple modes-of-action
David Leuthold
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Novel AOPs for acute neurotoxicity

Nadia Herold
David Leuthold
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Looking ahead: Acute neurotoxicity fingerprints

Classify hits and identify potential mode of action Nadia Herold " "W
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What about developmental neurotoxicity?

Chemical washout revealed distinct behavior phenotypes Sebastian Gutsfeld
Ifeoluwa Omoyeni

A 5 dpf 6 dpf 7 dpf 8 dpf

D1 D1 D1 D1

=0

n——
—T
n——
e ]
-t
M——
n——

—OH

[}

§ 604 60- }, 60 60

Dark'phase Egdﬂ- A 40 /J\ ‘ \ I 40 X /A 40 | A\

hyperactivity 24 A /B / N / ‘
Ev ] | % ) 1 \u‘ [ \\

N
ah
/ 20

be a b b

PrAN
N

T
T
-]

o
(1]
(2]
o
o
(1]

Visual startle
response
hyperactivity

PFOS [E3 0.4% DMSO, n=43 E5 2.48, n=37 PFOS 0.4% DMSO, n=43 E5 2.48, n=42 PFOS 0.4% DMSO, n=43 E5 2.48, n=40 PFOS 0.4% DMSO, n=43 B 2.48, n=39
M) & 4.4,n=36 786, n=22 (M 5 44,n=40 M 7s6,n=32 (M g 44 n=38 M 786,n=30 (M) 5 4.4,n=34 B 7.86, n=23

/ www.ufz.de 39




What about developmental neurotoxicity?

Chemical washout revealed distinct behavior phenotypes Sebastian Gutsfeld
Ifeoluwa Omoyeni

FFFFFFFFO A 5dpf def 7dpf 8dpf
P O R L
FEELL L o b o
80- 801 80+ 80+
g . 60- }, 60 60
Eg |
Dark-phase E;m— £ 40 /J\ ‘ \ I 40 \ 404 \
hyperactivity S a1 \ / \
Egzn- / \ A BN 201 \‘/ 201 \ \ 20- /
H / S \/ I \ /
0 \ \/ 0+ T 04 \( 0 \/ M
a b [ a b bc a b
B
VSR2 VSR2 VSR2 VSR2
. | | .
Visual startle 22, 5 5 I ;) .
response Lo 21 ‘b 2 /\ ‘ ) 2 %
hyperactivity 55‘1 | iS /é\) g : 1|/ g \
|8 & o- A 1V Y
a a [ a a b

PFOS [E 0.4% DMSO, n=43 E5 2.48, n=37

M) & 4.4, n=36

i 7.86, n=23

PFOS 0.4% DMSO, n=43 2.48, n=42

M) & 4.4, n=40

W 7.86,n=32

PFOS [ 0.4% DMSO, n=43 [& 2.48, n=40
(M) E 4.4,n=38

W 7.86, n=30

pros B9 0.4% DMSO, n=43 E5 2.48, n=39
(uM)  E§ 4.4, n=34 [ 7.86,n=23

/ www.ufz.de

40




Exposure to structurally similar PFAS elicit same

two phenotypes Sebastian Gutsfeld
Ifeoluwa Omoyeni
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Novel AOP for developmental neurotoxicity
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Summary
Building confidence in zebrafish DNT/ANT NAMs

= Built an inexpensive screening tool in a translational model, relevant for human
and ecological safety assessments

= Our work builds confidence in zebrafish NAM to identify chemicals with the
potential to harm the developing nervous system:

1.
2.

3.

Expands functionality aligns with OECD TG 426 endpoints

Enhances phenotypic resolution to identify putative mode-of-action
(conserved in humans)

Applies pharmacological manipulation and gene editing to demonstrate causal
relationships between key events and adverse outcomes
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