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Introduccio

Cerca a PubMaed: 'zebrafish'
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- biologia del desenvolupament § > | ‘ ‘
- genética. o cewenn
...des d’aleshores... 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
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Perque esta tenint tant exit?

Genéticament és més similar a I'especie humana que la mosca del vinagre (Drosophila melanogaster) %ﬁ
el cuc (Caenorhabditis elegans)

Es mas facil de manipular, mantenir y criar que els ratolins o rates. GRET
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PEIX ZEBRA vs RATOLI

I nt rOd u cc i 6 Cost mitja per assaig

Peix Zebra Danio rerio

Similitud genética amb humans

Peix tropical d’aigua dol¢a

~ 30 anys inici Us com a model de recerca Quantitat de compost

- biologia del desenvolupament
- genetica.

Temps per assaig

+ Desenvolupament extrauteri
I For': Zebrdfish:
+ Transparéncia dels embrions Fecundacié
. Fase embrionaria Fase larvaria Fase juvenil Fase adulta
+ 200-300 embrions per posta ’

+ Segueix els principis de les 3R'’s
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TOXIC

Avaluacid de la toxicitat — Toxicitat aguda

OECD Test.236

- Guideline per a I'avaluacio de compostos quimics: Test n°236

Exposure times
. . . . . 24 hrs 48 hrs 72 hrs 96 hrs
Objectiu - determiner la toxicitat aguda de Coagulated embryos N N N
compostos quimics en estadis embrionaris de peix Lack of somite formation + + + +
Non-detachment of the tail + + + +
Lack of heartbeat + + +

OECD Guidelines for the Testing of Chemicals, Section 2

Effects on Biotic Systems

Enaglish Also available in French

http:fidx.doi.orgM 077207

45761
] o GRET. Arteaga., 2017
i Test No. 236: Fish Embryo Acute Toxicity (FET) Test
gEEEﬂIIUE English
'LircTﬁé’f,'{.‘Eq.q- Click to A . g & res Iy
Saction 3. | -iCKloAccess: @ POF & READ Fecundacié
on Biot OECD
on Botic . \ . A . . .
Systems . Fase embrionaria Fase larvaria Fase juvenil Fase adulta
@) Pages: 22 90
ISBN; 9739264203709 (FDF) I >
http://dx doi.org/10.1787/9789264203700-en
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Avaluacio de la toxicitat — Embriotoxicitat

TOXIC

OECD Test.236

+ Desenvolupament de ['ull Exposure times
M . 24 hrs 48 hrs 72 hrs 96 hrs
* oviment Coagulated embryos + + + +
+ CerU|aC|O SangUInla Lack of somite formation + + + +
+ Pigmentacié Non-detachment of the tail - + + +
+ Al etes Lack of heartbeat + + +
+ Mandibula
Fecundacio
l Fase embrionaria Fase larvaria Fase juvenil Fase adulta
6h 90
i >
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TOXIC

Avaluacio de la toxicitat — Embriotoxicitat

+ Desenvolupament de |ull
+ Moviment

+ Circulacié sanguinia

+ Pigmentacié

+ Aletes

+ Mandibula

ePlay

Fecundacio

GRET. Teixido 2013

l Fase embrionaria Fase larvaria Fase juvenil Fase adulta
6h
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Embriotoxicitat

TOXIC

Exemple resultat amb un
inductor d’estrés oxidatiu: tBOOH
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Freqliencia de I'efecte (%)

0.0 0.2 0.4 0.6
tBOOH log concentracié (mM)

GRET. Boix., 2015
- |Letalitat

=@+ Anormalitats morfoldgiques
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Exemples

Reference in case of

retardation

Beekhuijzen et al., 2015 7 12 17

GRET. Boix., 2015

Control

Retard en el
desenvolupament

' Edema cardiac

Disminuci6 de la
pigmentacio
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Embriotoxicitat

TOXIC 1000
Subproductes derivats de desinfectants d’aigua
/ Teixido et al., 2015. Journal of Water and Health

GRET - Compostos coneguts embriotoxics/teratogénics

Grup de Recerca Teixido et al., 2013. Toxicology in vitro.
T . I i H ) 7 . .
o Toxicologta \ Compostos inductors d’estrés oxidatiu.

Vallverdu-Queralt et al., 2015. Food Chemistry
Boix et al., in preparation

100

in vivo relevant
concentrations
in humans

—

Compostos antiparasitaris.

TCBZSO concentration [uM]
>

Boix et al., 2015. PlosOne 2
©PLOS | o .
2 Publish | About Browse
TENTH ANNIVERSARY GIDO GD 2 G[|)4 GD 9.5 GD 11.5

preWEC postWEC
2 hpf 26 hpf 50 hpf

{3 OPEN ACCESS B PEER-REVIEWED ZFET
Triclabendazole Sulfoxide Causes Stage-Dependent Inter-species c_omparative
Embryolethality in Zebrafish and Mouse In Vitro developmental timeline [GD/hpf]

Nuria Boix, Elisabet Teixido, Marta Vila-Cejudo, Pedro Ortiz, Elena |bafiez, Juan M. Llobet, Marta Barenys

2 compostos antiparasitaris i els seus 1 metabolits
e NI - Albendazol - Albendazol sulfoxid GRET

NIVERSITATox - Triclabendazol - Triclabendazol sulfoxid Gru
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Embriotoxicitat

TOXIC

Survival rate

Figure 1 a) Mean (n=20) concentrations in plasma, log-linear
0 1 2 3 4 5 6 7 8 9 10 11 12 13 scale, for TCBZ (Fasting: 4, Fed, &), TCBZ-50 (Fasting: =,
Fed: [1) and TCBZ-502 (Fasting: O, Fed: +), b) AUC (0,48 h)
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TOXIC

Embriotoxicitat — Mecanisme?

Altres compostos de la familia
Nocodazole
Desestabilitza microtubuls

Atura divisio cel-lular per alteracio del fus acromatic
lkegami et al. 1997

ePlay

Triclabendazol sulfoxid afecta
el periode de segmentacio?

https://www.youtube.com/watch?v=ahljLzyioWM

cleavage 0.75 —2h #—x  [fal L]

&

v r 4
\ ,-)l / \ 4 l"'\_ /
‘\__‘__'_,,-'“ S / N S /

ozn s e iz Commons.wikimedia.org
| B « Divisions cel-lulars rapides:
ARy GNERYy AN mitosi cada 15 minuts
. < { } I ! { ) GRET. Hoechst — tincid de nuclis
‘1‘ % ,-/’ - .// \ .f/‘ II.\-‘_ ., . N .
e "" T - « Segmentacio parcial o meroblastica GRET
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it BARCELONA ° P

Kimmel et al.,1995 en Toxicologia



n
L .
)
=
o
(O]
n
[
Res
2
2
(]

TOXIC

0,5

Cleavage period development

0,75 1 1,25 1,5 1,75
hpf

Teoric Control Colquicina 10 uM 30 uM

100uM

Triclabendazol sulfoxid

! UNIVERSITAT ox
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2,25

mean time percell division

(minutes)

Embriotoxicitat — Mecanisme?

Control Triclabendazol Colquicina Nocodazol
sulfoxid 100 uM  Farmac antimitotic 0.83 uM

T

Teoric Control Colquicina 10 puM 30 M 100uM
Triclabendazol sulfoxid

GRET
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TOXIC

Altres compostos de la familia
Nocodazole
Desestabilitza microtubuls

Atura la progressio de 'epibolia 'kegamietal. 1997

Triclabendazol sulfoxid afecta
la progressio de I'epibolia?

Dinamicade |
microtubuls

Epiboly progression \
4.3 -9h G,
.\\. _,-’/
IIi UNIVERSITATo: dome 30% 50%
II"—I— BARCELONA epiboly epiboly

Embriotoxicitat — Mecanisme?

ePlay

https://www.youtube.com/watch?v=ahljLzyioWM

Epiboly
progression
https://www.q

uora.com/Wha
t-is-an-epiboly

shield 75% 90%
epiboly epiboly  wimmel et al. 1995
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Embriotoxicitat — Mecanisme?

Ted Triclabendazol sulfoxid

Epiboly 80% EEEE EEREER
progression

— 70%

L 4 60%

50% 11 11

Chuetal., 2012 20% 11 11

. 30% 11 1k
Stréhle and Jesuthasan, 1993

20% 1 s e

No inici/progressié de 10% I” I r I

6 7 8 9 5 6 7 8 9 5 6 7 8 9 5 6 7 8 9

moviments epibolia

RELATIVE AMOUNT OF EMBRYOS

EXPOSURE TIME (H): 5

L. L. Control 1uM TCBZ-SO 10 uM TCBZ-SO 30 uM TCBZ-SO
ZTFormacio sincici

dome 30% M50% Mshield m75% m90% M dead

P T o~ R =
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\_/.-/ — e Tl

dome 30% 50% shield 75% 90% G RET

‘ epiboly  epiboly epiboly epiboly
> Nocodazol Grup de Recerca
0.33 uM Kimmel et al.,1995 en Toxicologia
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' Cardiotoxicitat
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Cardiotoxicitat
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Cardiotoxicitat t

ePlay
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Maximum Minimum
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‘@ BARCELONA OControl @Terfenadine 5 uM  GRET,

BTerfenadine 10 uM @lsoprenaline 1 mM Teixido., 2013




Organisme sencer «
Comportament

Neurotoxicitat

Touch-evoked response Locomotor response

i
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GRET. Teixido., 2013

Distancia total recorreguda (%)
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IUF. Barenys et al., 2017
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Fecundacié
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Eclosid,

Inici de la natacié
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Antioxidants
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Inductors d'estrés oxidatiu
(tBOOH, TCHQ, LPS)

—

Freqiiéncia de letalitat (%

0 Prevencio d’efectes toxics

1001 g 1004 e o
s
30' TE 3‘2
Se
60- - €3
K=
X T o
40 ol &2
204 %_ £
o
i)Y T il " [I'8

0.0 0.2 0.4 0.6
tBOOH log concentracio (mM) tBOOH log concentracio (mM)
tBOOH -8 Peonidina 3-glucosid 20uM +tBOOH -9+ Malvidina 3-glucosid 20pM + tBOOH

-¥- Quercetina 3-3-D-glucosid 25uM +tBOOH -  Kaempferol 3-glucdsid 5uM + tBOOH

GRET. Boix., 2015
Quercetina 3-B-D-glucosid

Malvidina 3-glucosid
Peonidina 3-glucosid

Kaempferol 3-glucosid

Col-laboracié Grup de Recerca en Polifenols — Dra. Lamuela



run("Images to Stack”, "name=Stack title=[] use"),
run("Z Project...”, "projection=[Min Intensity]");

Larves de 96 hpf un(nvert') g
run("Window/Level.."); (‘.“'é;',‘ ‘
run("Enhance Confrast", "saturated=0.35"), w‘"_-; :

== run("Apply LUT"): ;E
run("Exp"); s

run("Minimum...", "radius=1");
setAutoThreshold("Default dark");
/frun("Threshold ")
setOption("BlackBackground", false);
run("Convert to Mask");

run("Line Width...", "line=400");

Pre-exposicié a compostos
anti-imflamatoris 1h

Adaptacio metode GRET. Arteaga., 2017

Cordero et al, 2013 nducgo niamacio | Migracié de neutrofils Anélisis de Imagen
+LPS Salmonella Tinci6 de cél-lules (Imaged)
mieoloperoxidases

derence et al' 2002 G RET
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Polifenols P4 | Carotenoids

Combinacions

% migracion de neutréfilos
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= S
0- 0
Nar  Ole Rut Cia Ac.Cl Api Lic pC Ast
Nar (20 pM) — Naringenina Lic (20 uM) — Licopé
Ole (150 uM) — Oleuropeina BC (25 uM) — beta-caroté
Rut (20 pM) — Rutina Ast (20 uM) — Astaxantina
Cia (20 uM) — Cianidina
Ac.Cl (20 uM) — Acid clorogénic
Api (20 uM) — Apigenina
UNIVERSITATDE
! BARCELONA

. GRET. Art ., 2017
Lic-Nar (10 uMm) reeaga

Lic-Ac.ClI (10 pM)
Sofregit (0.03 uM BC+ 0.10 Lic pM)

GRET
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Leeetal.,, 2013 4_'a_r.‘f¢.s /po u

Compost d’estudiﬁ
Glucosa quoresceEt XAXRXXKAXX

1) Larvae preparation 2) Sample treatment 3) Add glucose probe

__t 72 hpf: place 4
| > larvae/well in 96 well
plate

Fish mating; Spawn
0.2 mM PTU treatment
Chorion removal (at 48-60hpf)

Water change;
600 uM 2-NBDG for 3h

Col-laboracié Grup de
%= UNIVERSITAT.. Recercaen Polifenols -
il BARCELONA Dra. Lamuela

ﬁ $ ol

Resultats preliminars

[fold change]
2 =
o o

=
=

Whole embryo fluorescence intensity

E=]
ha

=

Control 2NBDG

Control

1

Mi pi
Croscopi de ﬂuorescéncia

4) Image analysis

Wash off 2.NBDG;
Anesthetize with tricaine;
Place in chamber slide
forimaging

- GRET

. c 2y _1te Grup de Recerca
Polifenols — oli d’oliva en Toxicologia



Resum

El model de peix zebra ens permet avaluar in vitro:

/Toxicitat aguda
<

. Embriotoxicitat

" — Cardiotoxicitat
— Neurotoxicitat

!e — Prevencio d’efectes adversos:

( embriotoxicitat

inflamacio

0@‘*’" — Efectivitat de compostos insulinomimetics

IIi UNIVERSITAT s
i+ BARCELONA

Amb la finalitat de...

e Classificar les molecules segons la seva toxicitat
relativa

e Seleccionar els millors candidats per a fer estudis in
vivo

e Estudiar mecanismes de toxicitat

e Descobrir compostos presents a la dieta amb efectes

protectors
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