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&Eu roMix

Atiered strateqy for risk assessment of mixtures of multiple chemicals

22 istituti europei

e 10 laboratori

e Esperti di bioinformatica

e Esperti di valutazione del rischio

e Agenzie nazionali di sicurezza alimentare

Fondi europei 8M €
4 anni (2015-2019)

Revisori:

* World Health Organization (WHO)
* US-EPA

* Health Canada

e University of Brasilia
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%Eu roMix

Atiered strategy for risk assessment of mixtures of multiple chemicals

Scopo del progetto

Sviluppare una strategia per valutare gli effetti
delle miscele anche attraverso tecniche
iInnovative.

Sviluppare una strategia per la valutazione del
rischio dell’esposizione a miscele.
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EuroMix testing strategy

priorities bioassay tool box In vivo confirmation
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number of chemicals and chemicals

chemicals mixture experiment

High uncertainty Refine and retain Reduced uncertainty

la modellazione in silico, per raggruppare le sostanze chimiche in gruppi
di valutazione cumulativa in assenza di dati dettagliati sulla tossicita e
per stabilire le priorita dei test.
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EuroMix testing strategy

priorities bioassay tool box In vivo confirmation
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-

saggi in vitro su diverse sostanze (simili/dissimili) per studiare
I'adeguatezza delle ipotesi sul meccanismo d'azione e ricavare la
potenza relativa di ciascuna sostanza chimica in una miscela.
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| risultati dei test in vitro vengono poi confrontati con i dati degli studi
sugli animali
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Miscele: Approccio basato sui componenti della miscela

L'assunzione generale di partenza e
che due o piu sostanze presenti nella
miscela non interagiscano.

Lipotesi dell’additivita puo essere
smentita dall’evidenza di una
interazione che provoca un effetto
superiore(sinergismo) o inferiore
(antagonismo) a quello previsto sotto la
prima ipotesi

L'effetto combinato della miscela puo
quindi esser previsto secondo
I'ipotesi dell’additivita

Antagonismo Sinergismo

A = 10 Effetto additivo
A+B =15 A+B =27

B = 10 A+B=20
cC = 20 A+C= 30
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Grouping

EFSA ha raggruppato le sostanze chimiche in
Cumulative Assessment Groups (CAG)s

Level 1: organ level 6,5%
Level 2: phenomenological endpoints

* Nervous system o
Parathyroid gland x’&\e

Adrenal gland

* Eye
« Gallbladder * Reproductive system
e Liver * Developmental toxicity

Thyroid
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AO P approccio modulare descrive il

procedere dell’effetto avverso a

integrazione dei dati ottenuti a livello prescindere dalla sostanza che
molecolare e cellulare, con gli effetti provoca il MIE (Molecular Initiating
ottenuti in vivo in organi, apparati e Events ) per svilupparsi attraverso i
organismi differenti  (Key Events) ed

arrivare all’AO (Adverse Outcame)

Puo essere utilizzato come base
per raggruppare le sostanze e
contemporaneamente identificare
gli opportuni test in vivo

Gli eventi di cui si compone

devono essere osservabili, 0 Y ( 3
. oy - . [MIE]—» KE > KE —»[KEHKE
misurabili ed essenziali per il { J J

procedere dell’effetto fino all’AO I /'

Rl
k.—.a\"—'J
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Lo studio

valutare, con diversi modelli sperimentali, gli effetti dismorfogenici
(modellati attraverso il software PROAST 62.5 ) di miscele sia di
molecole che condividono lo stesso MIE (ciproconazolo, CYPRO, e
triadimefon, FON) che di molecole con MIE potenzialmente
differente (CYPRO e VPA) e confluenti pero nello stesso AOP.
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incorrect Abnormalities at
NCC facial primordia
migration branchial arches

Per i fungicidi azolici il MIE proposto e
I’inibizione dell’enzima Cyp26
responsabile del catabolismo dell’acido
retinoico (AR).

Il conseguente aumento locale della
concentrazione di AR potrebbe portare ad
una serie di eventi responsabili
dell’insorgenza di malformazioni cranio-
facciali
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i i A Histone acetylation
P(.?I‘.I| .V.PA il MIE.proposto e mmcnpnonal activation) {Gene transcription )
I’inibizione delle istone
deacetilasi con conseguente N

cambiamento conformazionale
della cromatina e aumento

della transcrizione di geni RA , Closed chromatin Open chromatin
dipendenti

Hmom deacetylation
(gene sitencing)
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METODI In vitro (WEC)

Embrioni di ratto espiantati al 9.5° giorno post coitum sono stati esposti in vitro per
48 ore a singoli composti CYPRO, FON, VPA o a miscele binarie di questi.

Femmine di topo CD1 sono state trattate all’8° giorno post coitum con i singoli
composti CYPRO, FON, VPA o con miscele




PROAST

| dati ottenuti dall’esposizione in vivo ed in vitro sono
stati analizzati tramite il software PROAST (versione 65.5)

File Salva cronclogia... Ridimensiona Finestre

=&l

@R R Console [a][@] =]

~

Scrivi 'demo()' per una dimostrazione, ‘'help()' per la guida in linea, o
'help.start()' per l'help navigabile con browser HTML.
Scrivi 'g()' per uscire da R.

National Institute for Public Health
and the Environment
Ministry of Health, Welfare and Sport

> local ({pkg <- select.list (sort(.packages(all.available = TRUE)),graphics=TRUE)
+ if (nchar (pkg)) library(pkg, character.only=TRUE)})

WELCOME to PROAST
version 65.5

For report probl proast@rivm.nl

The Netherlands
any direct, 1IN e Or consequential damages
arising out of the use of or inability to use this software or
documentation. In particular, RIVM is not responsible for any costs
including, but not limited to, those incurred as a result of lost
profits or revenue, loss of the use of software, loss of data, the
costs of recovery of such software or data, the costs of substitute
software or data, claims by third parties or for other similar costs.
Copyright RIVM

ill not be liable for

To start the GUI type g.proast() in this console window

< >




PROAST Il software permette di :

@@ R Console

2: yes
Selection: 1
response:
ANALYSIS WITH EXPONENTIAL MODELS
model converged npar
full 1 14
null- 1 1
Expon. m3- 1 3
Expon. m5- 1 4q

-137.91

selected model: Expon. m3-
using crit diff in AIC of 5

estimate for a- : 1.0S85
estimate for CED- : 195.44
estimate for d- : 4
estimate for th : O
estimate for sigma : 0.25

ATTENTION: the AIC of the best model (minimum AIC) is more than t

Check the following options:

1. the data consist of subgroups not taken into account in the mo
2. the data contain licter effects not taken into account

<

modellare | dati sperimentali ed ottenere le curve dose
risposta secondo la metodica BMD (benchmark dose)

E@ QR 1 PROAST: first plot of quantal models (inactive)

N LVM_Exp: Expon. m3-

logistic model, y = 1/(1+exp(-a-bx))

1.0

B

4 - version: 85.5

COMPOUND CYPRO
factb: COMPOUND
dose seaing: 1




PROAST

calcolare le potenze relative delle sostanze rispetto ad una

sostanza indice

@ R Console

[=lE]=]

~

Scrivi 'demo()' per una dimostrazione, 'help()' per la guida in linea, o
'help.start()' per l'help navigabile con browser HTML.
Scrivi 'q()' per uscire da R.

> local ({pkg <- select.list(sort(.packages(all.available = TRUE)),graphics=TRUE)
+ if (nchar (pkg)) library(pkg, character.only=TRUE)})

WELCOME to PROAST
version 65.5
For report problems or bugs, email proast@rivm.nl

DISCLAIMER: RIVM, Bilthoven, The Netherlands, will not be liable for
any direct, indirect, special, incidental, or consequential damages
arising out of the use of or inability to use this software or
documentation. In particular, RIVM is not responsible for any costs
including, but not limited to, those incurred as a result of lost
profits or revenue, loss of the use of software, loss of data, the
costs of recovery of such software or data, the costs of substitute
software or data, claims by third parties or for other similar costs.
Copyright RIVM

To start the GUI type g.proast() in this console window

<

Il software permette di :

two.stage —

(R 1 PROAST: first plot of quantal models

@ 2 PROAST: quantal models (inactive)

inactive]
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PROAST Il software permette di :

Applicare test statistici per verificare la plausibilita
dell’ipotesi (effetto additivo?)

@ R Consale .

@R 19 PROAST: (ACTIVE)
14: Calculate confidence interval £
15: End session

Selection: 14

1 : a-CYPRO ! L
2 : a-Ra
3 : CED-CYPRO
4 : CED-RA
5 : d-
6 : th
7 : sigma
Give number(s) of the (consecutive
-------- >3
started at: Wed Feb 05 11:30:14 202(
Wed Feb 05 11:30:14 2020
T T T T
2 1 a 1
Check the log-likelihood plot
lag10-DOSE

the confidence intervals are:
[.1] [.2]

CED-CYPRO 12.7 21.2 calculation of confidence interval

Iy e Py}

log10{ RPF-CYPRO )

@ gproast.. [@ [ B ][ ][ @ g proast.. @Tﬁ sproasT... [ & )@ =]

log10-DOSE

calculation of confidence interval

T T T
115 120 125 12 138

lagi CED-CYPRO )




OQIShC moded, ¥ = 14 1+exp(-a-tj)

lJi’

0s

04

[

> £.P(-108.23,-110.36,4)
[1] 0.371%6

@ 19PROAST: (ACTIVE)

e RPF-CYPRO)

=E=]
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0.6

0.4

0.2

0.0

version: 65.5
model B 13
log-lik -93.29
AIC

a- 16632
CED-cy 19.6795
d- 0.9001
RPF-fo 0.870!
th o
sigma_0.25
in(@) 0.509
diype 4

b: -0.03389
conv 1
selected _all

dose scaling: 1

ci
16.3 236
0.669 1.13

0.5 1.0 15 2.0
log10-dose after addition

/

LVM: Expon. m3-

| ‘
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logistic model in terms of BMD

D version: 65.5
model A 26
log-lik  -16.67

i AIC 37.34
a- -5.0858
BMD- 22.1494
dtype 4
b: 0.2296
conv 1
selected
COMPOUND FON
CED = ED50
dose scaling: 1
Cl
14.6 22.3

VN
VN
triadimef
T T T T
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log10-dose
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PROAST (Vitro) singoli componenti

logistic model in terms of BMD

S - A Ab A | version: 65.5 ’
model A 26
log-lik -26.71

4 AIC 57.42

a- -2.9043

[ce) BMD- 18.1007

S dtype 4
b: 0.1605
conv 1
selected
COMPOUND Cy pro
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o dose scaling: 1
Cl
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o
24a
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log10-dose

version: 65.5

model A 26

log-lik  -62.36 ‘

AIC 128.72

a- -1.6999

BMD- 403.759

dtype 4

b: 0.00421

conv 1

selected

COMPOUND VPA
CED = ED50

dose scaling: 1
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logistic model in terms of BMD

Y version: 65.5
model A 26
log-lik -57.69

AIC 119.38
a- -1.6183
BMD- 0.1627
diype 4

b: 9.945

conv 1

selected
COMPOUND RA
CED = ED50
dose scaling: 1

cl

14.6 22.3

l acido

T T T
-2.0 -1.5 -1.0

log10-dose

retinoico
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PROAST (\IiVO) singoli

logistic model, y = 1/(1+exp(-a-bx))

componenti

. log.logist
logistic model, y = 1/(1+exp(-a-bx)) o
version: 65.5 . - version: 65.5
model A 13 version: 65.5 - model A 18
log-lik -41.84 [ model A 13 log-lik -55.02
AIC 87.68 (=} log-lik -31.48 AIC 116.04
a- -3.8814 AIC  66.96 a- 0.0025
b- 0.0163 a- -10.8955
© BMD- 414.1722
dtype 4 9 b- 0.031 S ¢ 41991
conv 1 T dtype 4 N
o dtype 4
selected conv 1 b 414.7
compound cy pro selected - B
fact-b: compound compound fon conv 1
dose scaling: 1 fact-b: compound © selected _all
S dose scaling: 1 s CED = ED50
o dose scaling: 1
cl
S 1 P 373 487
Py ﬁ i |
S
<
o
PN o
- J
S
0 N
3 =}
- S
A
o
T T T T T T T O . A_ A o
0.8 1.0 1.2 1.4 1.6 1.8 2.0 e : : : . S
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PROAST (vitro

E15 in terms of RPFs
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\l 1
T T T
1.0 1.5 2.0
log10-DOSE

version: 62.3

model B 46
log-lik -59.48

a- 2.0778
CED-CYPRO 16.72
RPF-FON 0.9221
c 0

d- 0.5527

th 0

sigma 0.25

In(a) 0.731
dtype 4

conv 1

scaling on x: 1
selected all
fact2: COMPOUND
CED = ED50
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) calcolo RPF

E15 interms of RPFs
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ALy

T T T T
0.5 1.0 15 2.0

log10-dose

version: 65.5

model B 46
log-lik -83.96

AIC 177.92

a- 1.5394
CED-Cypro 18.315
RPF-VPA 0.0508
c 0

d- 0.6122

th 0

sigma 0.25

In(@) 0.431

dtype 4

conv 1

selected all
fact-b: COMPOUND
CED = ED50

dose scaling: 1



PROAST (ViVO) calcolo RPF
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version: 65.5

model B 46

log-lik -77.61

AIC 163.22

a- 4.4817
CED-cypro 219.4748
RPF-fon 0.2617

c 0

d- 0.25

th 0

sigma 0.25
In(a) 1.5
dtype 4
conv 1

selected all
fact-b: compound
CED = ED50
dose scaling: 1
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version: 65.5

model B 46

log-lik -99.3

AIC 208.64

a- 1.8674
CED-cypro 88.4246
RPF-vpa 0.3747

c O

d- 1.1502
th 0O

sigma 0.25
In(@) 0.625
dtype 4
conv 1

selected all
fact-b: compound
addit. risk 0.1
dose scaling: 1
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PROAST (vitro) analisi combinata singoli + miscela
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version: 65.5
model B 13
log-lik -93.29
AIC 194.58
a- 1.6632
CED-cy 19.6795
d- 0.9091
RPF-fo 0.8706
th O

sigma 0.25
In(@) 0.509
dtype 4

b: -0.03389
conv 1
selected all
CED = ED50
dose scaling: 1
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version: 65.5
model B 13
log-lik -114.04
AIC 236.08
a- 1.7936
CED-Cy 10.735!
d- 0.2942
RPF-Vp 0.0323
th 0

sigma 0.25
In(a) 0.584
dtype 4

b: -0.2906
conv 1
selected all
CED = ED50
dose scaling: 1
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0.0173 0.0532

T T T T T
0.0 0.5 1.0 1.5 2.0

logl0-dose after addition

Acido valproico
+ cyproconazolo

2.5




PROAST (ViVO) analisi combinata singoli + miscela
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1 version: 65.5
model B 13
log-lik -171.56
AIC 351.12
a- 1.8663
CED-cy 93.4103
d- 1.1977
RPF-vp 0.3831
th 0

sigma 0.25
In(@) 0.624
dtype 4

b: -0.001363
addit.risk 0.1
conv 1
selected all
addit. risk 0.1
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Conclusioni

I dati ottenuti sono compatibili con I’ipotesi dell’additivita sia per miscele di molecole
che condividono lo stesso MIE (fungicidi azolici) che per miscele di molecole con
MIE differenti.

Inoltre i risultati dello studio suggeriscono come il metodo WEC possa costituire un
metodo in vitro predittivo alternativo applicabile per la valutazione del rischio
dell’esposizione a miscele.
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