Avencos en les 3Rs: Metodes in vitro
per a avaluar i estudiar la fototoxicitat
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Que tractarem?

= Llum solar i efectes biologics
= Consumidors i seguretat
= Fototoxicitat

* Assajos in vivo

* Assajos in chemico

* Assajos in vitro

= Perspectives

%‘ [UNIVERSITATbe
=1 Seminaris de R 5d bre, 2019
TI"H BARCELONA eminaris de rRecerca, — € novemore,



Efectes biologics de la llum solar

Sintesi Vit. D Calor Envelliment
Visio <= » Cancer
Ritmes biologics l Fotodermatosis

Fototerapia — fotoquimioterapia
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Llum solar: radiacio electromagnetica

A Atmosphere

Frequency (Hz) Wavelength (m)

=
P
5 >
B Skin
Stratum corneum

Epidermis

E = Energy

h = Plank's constant
f =frequency

¢ = speed of light

—

Dermis

Radio, TV

E=hf=hic/A) — =
where f=c/h 7 = = —

Maverakis et al., J. Autoimmun, 34: J247-J257, 2010
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Resposta a I'agressi

https://www.medicinenet.com/image-collection/phytophotodermatitis_with_blisters_picture/picture.htm
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Riscos pels consumidors

Medicaments Cosmetics Productos d’us quotidia
Topics - Sistemics Detergents -desinfectants
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Normativa aplicable: Guies ICH

ICH

harmonisation for better health

"

= Qualitat

1. 2. 3.
Etapa de Investigacion Investigacién - S e g u reta t
m:tllgaclén preclinica clinica
EL CICLO = Eficacia del medicament
DEL MEDICAMENTO m agencia espafiola de
— Etapas — @ rl-l'tlltlj::.lnl::.::lltl'lnf
5. 4.
Vigilancia continua Autorizacién

poscomercializacién
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de comercializacién

= @Garanties de seguretat |
informacio al consumidor

= Composicio producte
cosmetic

= Avaluacio de la seguretat:
informe

Seminaris de Recerca, — 5 de novembre, 2019



Avaluacio de la fotoseguretat: ICH S10 (2013)

A. Sunburn Cells

3

Chemokines ‘ TNF-a
(]

Fotosensibilitzant

\i l UV/visible
_ Intermedi fotoreactiu

v

Efecte fotobiologic

Lipids i proteines de membrana

Fototoxicitat

Proteines:

Oxidacio * Fotoadductes
Desnaturalitzacio

v
Foto al-lergia

fotoirritacio
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B.

Photoallergic
Topical or Systemic
Medication, O

Protein

luv light

2

Photoantigen

Oxidacio
Fotoadductes

Fotogenotoxicitat
Fotocarcinogenesi

Seminaris de Recerca, — 5 de novembre, 2019



Avaluacio de la seguretat: Estudis preclinics

= Font de llum: distribucio espectral, dosi i irradiacio

= Dosi d’irradiacid: 5-20 J/cm?

v v v
Assajos in chemico Assajos in vitro Assajos in vivo
ROS assay 3T3NRU-PT Adm. Sistemica
| RHE Adm. Topica
No validats

ICH S10 (2013)
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Exemple estrategia: via dermica i sistemica

Initial Assessment of Phototoxic Potential

UV-vis spectrum
in methanol

{280— 700 nm)
/

- MEC
< 1000Lmal! em!

MEC

> 1000Lmol' em?

opticnal

othamisa_*_ .

Experimental Evaluation of Phototoxicity
Options for collecting additional data in biological systems

ICH S10 (2013)

| 4
in vitro
phototoxicity
test

Distribution in vivo
to light- preclinical
exposed phototoxicity
tissues ¥ test
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Determine adequate risk

otherwise*

minimization measures to prevent
adverse events in humans
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>
Chemical = e
ph e negative .
assay
no
further
phototoxicity
testing
no
light
protective
measures
in clinical
trials
Clinical
evaluation *
4 “negative”
>

clinical > inviva> invitro®
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Metodes in vivo per a avaluar fotoirritacid

Model Tipus
Animal d’exposicié Lampada Dosi (J/cm?)
Ratoli Intraperitoneal Llum negra, fluorescents 51,8
Epidermica Vapor de mercuri 136
Oral Xeno 2
Halur metal-lic 5-40
Diverses 6-30
Conill Epidermica Hanovia 3,6-5,4
Huma 7,2
Rata Epidermica Monocromatica 10,8
Oral
Cobai Epidermica Diverses 10

Spielman et al., ATLA, 22: 314-348, 1994
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Assaig de deteccio de ROS

= Fotoreactivitat directa del producte: anid superoxid (SA) i oxigen

singlet (SO)
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Multiwell plate
/ Teflon sheet
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24 mm

v
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127 mm

Recommended thickness of quartz plate: ca. 3 mm.

OECD TG 495, 2019

o] B [UNIVERSITAToe

T.HJ BARCELONA

SO SA
20mM NaPB 480 pL | |20 mM NaPB 855 uL
Imidazole 250 uLb NBT 125 plb
RNO 250 uL Chemical 20 uL
Chemical 20 uL

A4 A4

| Mix (Vortex and sonication for 5 to 10 min) |

N

| Add 200 uL of mixture to each well (11=3]|1 |

N

y

| Check solubility using a microscope at 100x” and coloration® |

\

y

| Pre-read Abs at 440 and 560 nm after shaking for 5 sec |

N
| Light exposure for 1 hr' |

N

y

| Read Ay and Asg after shakin

g for 1 min and check coloration |
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Assaig de deteccio de ROS

Kim et al., Toxicol. Res 2015
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Photoreactive
chemical

UV irradiation .
— Excited state

Fluorescence

Indirect mode

Direct mode

i

Energy Free radical
transfer generation

Photobinding of

‘ _] endogeneous
molecules
Singlet ;
Oxidation of
drug or DNA
U N

Phototoxicity
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3T3 NRU PT

Assaig de fototoxicitat
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Lampades:

Simulador solar
irradiance (mW/cm? ) x 60

Filtre UVB
irradiation dose (J/cm?)x 1000

t (min)

Rentats; DMEM
\ 4

Overnight
37°C; 5% CO,

OECD TG 432, 2019
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3T3 NRU PT: avaluacio citotoxicitat

= Observacio microscopica

= Assaig del roig neutre: IC, irradiacio i no irradiacio

= Factor de fotoirritacio

|C., FOscor
PIF = —=2

> ©

ICqy UV
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Live cells %o

1m0 +

80 +

60 +

40 4

20 +

-20

* PIF<2 No fototoxic
PIF>2i<5 Ambigu

e PIF>5 Fototoxic

# CIAIPCcS 2 withoutirradiation
# ClAIPCS2 with irradiabion (25 Jjcmz)
4 ClAIPCcS 3 without irradiabon
& ClalPcS3 with irradiabon (25 Jjcmz)

Concentration {pgml)
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Limitacions de I'assaig 3T3 NRU PT

100

" Productes insolubles i formulacions

80

* |nfluencia de la funcid de barrera

60 4

" Falsos positius (>50%)

Hipersensibilitat i sobreprediccio

% Pos/Equivocal

0

@ﬁ S éﬂ @ﬁ PP R
s od‘°fa

W h O rs h O p E CVA M - E F P I AI 20 1 2 Lynch and Wilcox, (2011) Exp. Tox. Path.

!

= Maxima [] a assajar 100 pg/mL.
= Resultats negatius si PIF <5
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Estrategies per solucionar limitacions

=  Utilitzar modificacions o altres linies cel-lulars.
= Models d’epidermis reconstituida (3D).

= Altres metodes bastats en els mecanismes de la fototoxicitat.
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Modificacions i altres linies

= Toyodaetal., 2017: 3T3 NRU PT i DMSO com a solvent

= Queratinocits:
e Cel-lula majoritaria epidermis
*  Nombrosos estudis per citotoxicitat
* Més reproductibilitat

* Avantatges tecnics

e UVB
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Epidermis reconstituida: avantatges

= Estrat corni EpiDerm

Stratum Corneum —

=  Funcio de barrera
Epidermis— 2

= Aplicacié topica

=  Metabolisme

= Assaig de segon nivell

= Assajos prevalidacié: Epiderm™

Cell Culture
Insert
Mormal SMi Cells
Microporous.
Medium Membrane

Culture medium is fed through micorporous membrane.
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Exemple de protocol

Aplicacio Irradiacio Viabilitat Prediccio
Producte Cel-lular

[] no citotox 10 J/cm?- 50 MTT - Fotoirritant
PBS J/em? + 2h MTT e IL1-a e VC<70%
3h-2h Medi fresc e VC<75%

* IL1-00240 pg/ml

" EpidermTM (SOP procedure, 2006)
= EpiSkin*M (Leliévre et al., Toxicol. In vitro, 2007): EPA
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Fotohemolisi: membrana i proteina @CW

= Assaig de fotohemolisi i oxidacié de I’hemoglobina

:é/_ 5 J/cm? @\30 minuts

VAT

W oo

Hemolisi
525 nm

U

Acceptat per JaCVaM, 2010

v

Trito X 0,1% Oxidacio hemoglobina
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Criteris de clasificacio del RBC PT
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° ‘ o _oves
' 10 100
Micrograms/m| de CPZ
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Ef [JNIVERSITAT o

il BARCELONA

540 nm 372 hm

N
o

=
o

Absorbancia

0,0
400 nm Y 700 nm

AAbs= [Abs(+)-Blanc] — [Abs(-)-Blanc]
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Avantatges i limitacions

= Facil obtencio i manipulacio de les cel-lules
* Cribratge
= Mecanisme

= |nformacio sobre reaccions
fotodinamiques (li ll)

= Rapid | facil

= Resistenciaa UVB

= Assaig valid

= Només informacio a nivell de membrana
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Photo hen’s egg test (Neuman et al., 1997)

Control Table 2. Photo hen's egg test. Classification of membrane discoloration
and haemorrhage

Level O (no) No visible membrane discoloration/
haemorrhage

Level 1 (slight) Just visible membrane discoloration/
haemorrhage

Level 2 (moderate)  Visible membrane discoloration/haemorrhage,
structures are covered partially
. Level 3 (severe) Visible membrane discoloration/haemorrhage.
Prometazina structures are covered totally

5J/cmZUVA
24 h

8-Metoxypsoralen

Neuman et al., B. J. Dermatol., (1997).
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Perspectives

* Models 3D amb tots els tipus cel-lulars

= Utilitzacio de noves tecniques

Cells

@ Keratinocytes

@ Melanocytes
e Skinona chip s

* Impressio 3D

Epidermal cells
Porous membrane

@) ' l
Ag/AgCl wire /(H Ay
' Densely-packed " " i o A T
Apical Chambe A | Fabrication of e : S
‘ /‘\ biomimetic dermal T " T colmgn
' region Loosely-packed | = %% T S A= = Thinner callagan
matrls | S % W e fibars

Optimal ecllular

Basolateral Chamber d“;u\- and ratio

Immune assay Patterning of
chamber keratinocytes and
Immune cells melanocytes
Ineraasing cell donzitv
Ramadan Q Ting Lab on a Chip, 16: 18991908, 2016 Wei Long Ng et al, Biofabrication 10 025005, 2018
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Gracies por |'atenciod

lly hgppy for these progresses!
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