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Il rischio delle sostanze chimiche e il regolamento REACH

Stima del rischio chimico:

La tossicologia tradizionale e’ stata finora la principale fonte
di informazione in EU

Nuove opportunita’ per metodi “alternativi”

REACH: Registration, Evaluation and Assessment of
Chemicals

..Metodi alternativi, che includono (Q)SAR, Read-Across e
Categorie chimiche, saranno usati piu’ ampiamente e piu’
sistematicamente che nella regolamentazione precedente...
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QSAR: Quantitative Structure-Activity Relationships

 Read-Across / Analogue approach: colmare | vuoti nei dati.
L’'informazione esistente per una (0 poche) sostanze usata per
predizioni per la sostanza in esame, ritenuta simile chimicamente

« Categoria chimica:

Gruppo di sostanze le cui proprieta’ fisico-chimiche e
tossicologiche sono probabilmente simili, 0 seguono un
andamento regolare come risultato di una similarita’ strutturale
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OECD Principles

To facilitate the consideration of a (Q)SAR model for
regulatory purposes, it should be associated with the
following information:

1) adefined endpoint
2) an unambiguous algorithm
3) adefined domain of applicability

4) appropriate measures of goodness-of—fit, robustness
and predictivity

5) a mechanistic interpretation, if possible
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Un esempio: (Q)SAR per mutageni e cancerogeni

* Teoria piu’ sviluppata che per altre tossicita’ (meccanismi
d’azione)

« Esempio di applicazione di vari metodi
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Basi meccanicistiche della scienza e della
regolamentazione di mutageni e cancerogeni chimici

o Reattivita’ elettrofila dei cancerogeni (Miller)

 Modello in vitro dei meccanismi di cancerogenesi chimica
(test di Ames, Salmonella)

 Modello teorico della cancerogenesi (Allerte Strutturali di
Ashby)
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Collection and Evaluation of (Q)SAR
Models for Mutagenicity and
Carcinogenicity

Romualdo Benigni, Cecilia Bossa, Tatiana Netzeva, Andrew Worth

PUBSY 1D - EUR 22772 BN 2007
RN,
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http://ecb.jrc.it/documents/OSAR/EUR 22772 EN.pdf
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Relazioni Struttura-Attivita’

Applicazione a diversi problemi, con differenti approcci

A grana grossa: Allerte Strutturali

A grana fine: QSAR
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Allerte Strutturali

Gruppi funzionali o sottostrutture chimiche
legati agli

effetti tossici (mutagenesi / cancerogenesi) delle sostanze
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Ashby’s
Poly-carcinogen

Some alerts
accompanied by
detoxifying
(modulating) factors

Ashby (1995) Environ.Mutag. 7: 919-
921
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Allerte Strutturali; varie compilazioni

Ashby J
Environ Mutagen (1985) 7:919-921

Bailey AB, Chanderbhan N, Collazo-Braier N, Cheeseman
MA, Twaroski ML

Regulat Pharmacol Toxicol (2005) 42:225-235

Kazius J, McGuire R, and Bursi R
J Med Chem (2005) 48:312-320

Kazius J, Nijssen S, Kok J, Back T, ljzerman AP
J Chem Inf Model (2006) 46:597-605
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Allerte Strutturali versus dati sperimentali

Banche dati:
- Mutagenesi (Toxnet, Kazius et al. 2005) n=4337
- Canc / Mut (CPDB in DSSTox) n=1189

http://www.epa.gov/ncct/dsstox/index.html

-Canc / Mut (ISSCAN) n=890

http://www.iss.it/ampp/dati/cont.php?id=233&lang=1&tipo=7/
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ROC graph: A simple, graphical way of comparing
predictions with results

True positive rate = (Positives predicted as positive) / (Real positives)

= Sensitivity
False Positive Rate = (Negatives predicted as positive) / (Real negatives)
= 1- Specificity T pgrent
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Quale uso per le Allerte Strutturali ?
Una storia eccellente: priorita’ nella sperimentazione NTP
400 sostanze provate da NCI / NTP:

» 2/3 scelte come sospetti cancerogeni (n=267)
68% cancerogeni (n=187)

» 1/3 scelte per criteri di quantita’ / esposizione (n=133)
20% cancerogene (n=26), 6.8% positive in due specie (n=9)

Fung et al., 1995
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Quale uso per le Allerte Strutturali ?
Strumento per la caratterizzazione a grana grossa delle
sostanze
* Descrizione di gruppi di sostanze
o Caratterizzazione preliminare del rischio

 Formazione di categorie (per regolamentazione, per studi
QSAR)

* Priorita’ (arricchimento del campione)
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Limiti delle Allerte Strutturali
e Solo sostanze con sottostrutture potenzialmente reattive
 Niente predizione di negativi (solo per esclusione)
« Scarsa discriminazione all'interno di una classe chimica
Una generalizzazione piu’ raffinata:

QSAR per classi congeneriche
» Uso di pochi parametri chimico-fisici

e Parametri scalati finemente per descrivere differenze sottili
 Predizioni sia per positivi e negativi
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QSARs of Aromatic amines: mutagenic potency

Mutagenic potency in Salmonella typhimurium TA98 (+ S9)

Hydrophobic Electronic Steric

| | |
logTA98 = 1,08 logP + 1.28 HOMO - 0.73 LUMO + 1.46 |, +7.20

n=88 r=0.898 s=0.860

Mutagenic potency in Salmonella typhimurium TA100 (+ S9)

log TA100=0.92 log P + 1.17 HOMO - 1.18 LUMO + 7.35

n=67,r=0.877,s=0.708 Debnath et al., 1992
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QSARs of Aromatic amines: mutagenic activity
Mutagenic activity in Salmonella typhimurium TA100 (+ S9)

Electronic Steric
v '
ActTA100 = 0.67 HOMO - 0.75 LUMO -0.39 MR, - 0.38 MR, - 0.44 MR,
- 0.62 Idist

n=111(-=47; + = 64) Correct Classification = 87. %

Mutagenic activity in Salmonella typhimurium TA98 (+ S9)

ActTA98 =0.34 HOMO - 0.86 LUMO + 0.28 MR — 0.48 MR- 0.67 Idist

n =111 (- =25; + = 86) Correct Classification = 89. % o
Benigni et al., 2007
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Progetto ISS — ECB

Selezione di QSAR di buona qualita’ per congeneri:

e Interpretabili scientificamente (meccanismi)

 Buona statistica interna

*Provata la predittivita’ esterna

Controllato il dominio di applicabilita’ (gruppi funzionali, intervalli
dei parametri, similarita’ chimica)
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Regression-based QSARs for Potency (positives) :

QSAR

Amm TA98
Amm TA100
Amm mouse
Amm rat
Nitro TA98
Nitro TA100

Amm: aromatic a

Training set:

fit and predictivity

------- training set
rtra q2

.90 78
.88 (4
91 .58

.93 .81
.90 .89
.88 A7
mmines;

.80
73

.06
.06
.25
15
.04
.05

Nitro: nitroarenes

rte

41
.68
.56
48
-.23
.36

.36
Y4
.58
71
43
.32

rtra: corr.coeff.; g2 r? cross-val (LOO); g2 10: g2 L-10-O; lever: mean leverage

Test set:

rte: corr.coeff.; accte: accuracy (within 1 log activity unit)
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Discriminant QSARs for Activity (+/-):
fit and predictivity

-------- training set---------- ----test set-----

QSAR sqcc acctra  accl0 accte
Amm rodent 0.38 0.88 0.75 0.67
Amm rodent 0.50 0.94 0.78 0.70
Amm TA98 0.46 0.89 0.88 0.69
Amm TA100 0.52 0.87 0.87 0.81
Ald  TA100 0.61 1.0 0.85 1.0
Amm: aromatic ammines; Ald: a-p unsaturated aldehyde

Training set: Sqcc: Squared Canonical Corr.; acctra: Accuracy;
accl0: Accuracy L-10%-O;

Test set: Accte: Accuracy
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QSAR per congeneri: sommario

Scientificamente accettabili, buona statistica interna, ma diversi
per predittivita’ esterna

 QSAR per la potenza tossica: 30 — 70 % predittivita’ esterna

* QSAR per l'attivita’ tossica (si/no): 70 -100 % predittivita’ esterna

Stima di intervalli piu’ affidabile della stima di punti
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Quale uso per gli QSAR per congenerici ?

 Predittivita’ esterna dello stesso ordine di grandezza della
variabilita’ sperimentale dei test

Riproducibilita’ sperimentale del test di Ames: 80 — 85 %

Predittivita’ di QSAR per attivita’: 70 — 100 %
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Usare le conoscenze dallo studio ISS — ECB
Toxtree

Strumento informatico sviluppato da ECB, attraverso

ldeaConsult Ltd. e ISS

Stima diverse tossicita’ applicando regole strutturali

Disponibile liberamente da ECB http://ecb.jrc.it/fQSAR
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Il rischio delle sostanze chimiche e il regolamento REACH

Toxtree 1.5 Base di regole per mutageni / cancerogeni

Metodo basato su regole strutturali, con:

 Nuova compilazione (ISS) di Allerte Strutturali

 Tre QSAR per classi congeneriche (ammine aromatiche, aldeidi)

Manuale In: http://ecb.jrc.it/documents/QSAR/EUR 23241 EN.pdf
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Profilo di una banca dati

di cancerogeni via
Toxtree

NOSAS -
Non genotoxic SAS -

Coumarins and Furocoumarins
Aromatic amines

Nitro-aromatic -

Aromatic nitroso

Aliphatic N-nitro group -

Alkyl and aryl N-nitroso groups

Polycyclic Aromatic Hydrocarbons -

Alkyl carbamate and thiocarbamate

Isocyanate and isothiocyanate groups -
Aliphatic azo and azoxy

Hydrazines A

Quinones A

Simple aldehyde
Aliphatic halogens
Epoxides and aziridines
Various alkylating

§®§NN§NWNNN“§M§

o

T
5

T T T T T
10 15 20 25 30

Frequency (%)

35

Romualdo Benigni




Il rischio delle sostanze chimiche e il regolamento REACH

Un’altra classe di modelli: QSAR per non congenerici

Modificazione di QSAR per congenerici

*Modellizzazione simultanea di tutte (??) le classi chimiche
«Sistemi commerciall

*Spesso descrittori non meccanicistici

*Spesso impossibile interpretazione

*Validati per lo piu’ internamente

Romualdo Benigni
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(Q)SAR non sostituiscono larealta’ ma forniscono un aiuto
potente

“...As the drug discovery process is of a very complex nature,
effective drug design requires an entire spectrum of techniques
In which QSAR methods still play an important role. ...

The real power of drug design methods is to extract and
synthesize information from data to obtain hypotheses that
can be put to experimental test. No dramatic overnight
discoveries of wonder drug will result, but an increase in the
chance of success due to indications of promising
directions is a realistic expectation....”

Franke and Gruska, 2003
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Ministero del Lavoro, Salute e
Politiche Sociali

Istituto superiore per la Ricerca e la
Protezione Ambientale

In collaborazione con:
Ministero dell’Ambiente e della Tutela del Territorio e del Mare

Ministero dello Sviluppo Economico
Istituto Superiore di Sanita

(Q)SAR: strumenti
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OECD Toolbox

Programma informatico sviluppato per regolatori, industria
chimica ed altri soggetti interessati per:

Riempire i vuoti nell'informazione (eco)tossicologica per le
sostanze chimiche

e Informazione e strumenti da varie fonti, raccolti in un flusso
logico

 Read-across / analogue approach, categorie chimiche,
(Q)SAR

Disponibile pubblicamente: www.oecd.org/env/existingchemicals/gsar

Romualdo Benigni
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E‘ia QSAR Application Toolbox
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ONCOLOGIC

Sistema esperto dell US EPA per predire i cancerogeni chimici

* Riproduce il ragionamento di esperti umani

« Basato su regole strutturali (allerte + fattori modificanti):
assegna un livello di base di pericolosita’, e considera come |

sostituenti lo modificano

Disponibile pubblicamente:
http://www.epa.gov/oppt/newchems/tools/oncologic.htm
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OncolLogic™V/- A Computer System to Evaluate the
ggenic Potential of Chemicals
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OncolLogic Concern

Definition

Low

Unlikely to be carcinogenic

Marginal

Likely to have equivocal carcinogenic activity

Low — Moderate

Likely to be weakly carcinogenic

Moderate

Likely to be a moderately active carcinogen

Moderate — High

Highly likely to be a moderately active carcinogen

High

Highly likely to be a potent carcinogen
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ORGANIC CLASSES

Acylalim fAyenl=s

Acyl and Benzoyl Halides
Acrylamides

Nnerylates and Helated Compounds
Af latoxins and Hicrobial Toxins
Aldehydes

Aliphatic Azo and Azoxy Compounds
Alkanesulfonoxy Esters
AlkenylbeEnzenes

Alkul Sulfates and Alkyl Alkanesulfonates
Anhydride Compounds

Nromatic Mmincs

Arylazo Compounds

Aryldiazonium Salts

C—Nitroso Compounds and Oximes
Carbamates

Carbamyl Halides

Coumarins

Dicarbonyls

Direcl-Aclim Alkylaling figenls
Direct-Acting Arylating Agents
Epoxides

Ethylensinines

Furocoumarins
alpha-Haloalkylanines
alpha—-beta-Haloethers
Halogenated Aromatic Hydrocarbons
Haluyenaled Cyclualkames and Cyclualkenes

oelect the appropriate class. {Fi1>=Help <Esc>=Exit-!
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fAdd Detail

substituents ~ R-groups
Hotcroaton
L imk
Bond
Ring

ange

0 O

| |
Aryi—5 —0—R1 —0—5—Ary|

| |

0 O

onto tThe Compound

<{Fi1>=Help

{Esec>=Exit
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Compound Display

Justification Report

SURMARY :

CODE NUMBER: chemlZb

SUBSTANCE ID: testl

The final level of carcinogenicity concern for this arylsulfonoxy

ester, when the anticipated route of exposure is inhalation or
injection, i1s LOB-AUDERATE.

The Final level of carcinogenicity concern for this arylsulfonoxy v
{F1>=Help <ESC>=Exit/
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OncolLogic Justification Report

Bifunctional alkanesulfonoxy esters, consisting of an alkyl chain
capped by two alkanesulfonoxy or arylsulfonoxy groups at both ends,
are potential crosslinking agents which may initiate/exert
carcinogenic action by causing DNA-DNA or DNA-protein crosslinks.
The crosslinking activity is dependent on the nature of the

reactive alkane-/aryl-sulfonoxy groups and the distance between the
two reactive functional groups. In general, p-toluenesulfonoxy and
methanesulfonoxy groups are good leaving groups whereas
unmethylated arylsulfonoxy groups are poorer leaving groups.

An intergroup distance of 2 to 6 atoms appears to be the most
favorable range for carcinogenic activity, while the distances

outside this range are less favorable, or may even reduce the level
of concern.

The baseline level of concern for this arylsulfonoxy ester is
MARGINAL.
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The distance of three carbon atoms between the two sulfonoxy groups
IS within the optimum range for crosslinking activity, and is
therefore expected to raise the level of concern.

Therefore, the level of concern is raised to LOW-MODERATE.

In general, inhalation and injection provide the best chance of
delivering the largest possible amount of direct-acting reactive
chemicals to target tissue because of a lesser absorption barrier
and better chance of avoiding detoxification by protective
nucleophiles such as glutathione. Exposure to the compound by
Inhalation is expected to raise the level of concern to MODERATE.

The final level of carcinogenicity concern for this arylsulfonoxy
ester, when the anticipated route of exposure is inhalation, is
MODERATE.
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EPI Suite

Software dell’ US EPA per stimare proprieta’ chimico-fisiche

Disponibile:
http://www.epa.gov/oppt/exposure/pubs/episuited!.htm

Anche in Toolbox
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D5 ENVIROMNMENTAL PROTECTION AGENCY -
Exposure Assessment Tools and Models

Ewcnrd sdore-rry | Seriask de search: OFan gPa (5 This Ares oo |
TOw ™8 =& !.,-1- il il | = chapet Tl ng reg » Pehrhiatisn Frsgram [mterfaoe | LERTH Dete Yeress 10 [ Fatrueny, Z00Y)

= Pryramiy Feeieses & Tex Ifl.l.'l-'l-l e = FESviem Treveckes A Tosm = Esprnary Sasa T Tew's aal Meei

ietateiic et Estimation Program Interface (EPI) 5@

L LAS i it i B

QM Exposre What Does EPL Swite ™~ g ?
e gl - e EF (Estrmateon Programs Interfacel BB Suite™ 5 a Wnrdows ¥ based sute of phymcalidhemical property and
Tprcigired Msnaly srmammental (ate sstematon niodals developed by e ERA s Oilce of Pallubien RPrevanbon Toomos and Syratuse Rassarch
Seared) Tesin Carparation {SECY, B Syire iesen 3 single inpur toomon the fTolliowing osrmoasisn modals: KOWWINS, 20PWINT, HEMNRTWIN™
MPEPWTINTT, B0 TN, Skl WIR, PEEDCWINTT, WSKEDNWWINT, WATERNT . BOPWINT, HYDEOWINT, EOWWEN amd
BEROWINT. and the fate modeis STRWIN™. WVOLWIN™, and LEVIERI™. EP1 Sulte T wWas sreviously called EPIWIN
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Soresrung Lewed ool
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I agpa=rHry Anked L
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- EPI SUMBAHRY {(vi.20) --—- T AF TS
Fhysical PFroperty Inputs:

Water Solubility (mgiL): G2 .04

Uapor Pressare (mw 0g) = Mse

lenry LG {atm md/mole) : z
Log Mow [pctanol watei): .36 m
niling Paint (deq o) = 42 1@

Heltimg Poinl (deg B = =187 . AD

Lo Del.mol=Maler Partilion Goef (SRE):
Log How (KOWHIH w140 estimate) = 1.8
Liv) Kow [(Esper. database matoh) = 2.30

Exper. Eeti Hansch,C et al. (1¥9%)

bolling re, Helting Pr, Uapor Pressure Cstimations (HPEFWIH ol B2):
Oniling Pt (deg C}): T.¥6 (Rdapted Stein & Browm method) ;
Melring Pt (deq G} 133 A% (Mean m Wplghted W)
UP{mm Hig, 25 deg B 6.08F=003  (Hean UF of dnloione & Grain el hods )
e fexp dat abasej: =186 deg ©
AF {exp database): =521 deg G
WP lexp databasel: F.15EU3 e Hg at ¥5 deg B

Water Solubility Estimate From Log Wow (WSHUME »1.%7):
Water Solubility at 2% deg © (mgfL):z J1@.7
log Wow wsed: 2.346 (user entered)
melt pit wsed: 107 .49 deg C
Harer Snl (EEper. darabase maten) = 62 8 Agfl (2% deq G)
Ewpirr . Bef: VOLKIWEKEY 5H & DAHMEFHFFLSFR ,RH {1992}

Waler fnl Fulimalte From Froogeenis:
Wak Wol [w1.0Y esth = T63.7F mgfL
Wak ol (Exper. database match)] = OX. 400
Exper. ReF: YALKUWSHY,5H B DAMMEMFELSER RN (1992}
w
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Pratection Agency’s Cffice of Podiction Pravéalion muTnmu ]
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Print  EPA_upiced  Tews Resuls  Copy  Fleip

e MAlsii s - coe)-ce-n

il FOR: 5 HE 01
o demE WT z BB 1T
. ... <=~ EP1 SUMMARY (v3.20) -—----—-- -
Physical Meopeirty Inputs:
Habtwr Sulubility (eysL)
Uapor Pepccore (ne Ho)
Henry LE {atm-adfmole)
Luy How {vclamnal-saber}
Boiling Mroint (deq T}
Melliony Point (deg C)

Loag Octanel-Water Partition Coed [(SECI:
Loy Huw (KOWMIH v1.467 vubimate) = 1.1%

A4 Builing FL, HelbLing PL, Yapur Pressore Esbimablions (HFEFWIH wi.&Z2):
mnd1ing Fe (deqg C): A@9.7% (Adapten Steln A Browe method)
Melting FE {deg £}: -i6.BE (Hean o Wedghted HF)

WP Wiy, 25 deg C): 8.35% {(Hean UP of fnbloione & Gralo msebhods)
0. {exp database}: TIn deqg C

Water Snlubiliry Estimate from Log Eow (WSHOW ol _&81):
Water Solubility at 2% dey © (malLls .36 Te-UlN
Tog How ored:s 1005 (el imaled)
no-melting pt equation wesed

Water 5n1 Pstimate From Fragoenrs:
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Il rischio delle sostanze chimiche e il regolamento REACH

Toxtree

Sistema esperto dell’ European Chemicals Bureau (ora
Institute for Health and Consumer Protection)

Stima varie tossicita’ in base a regole srutturali

http://ecb.irc.it/QSAR

Anche in Toolbox
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Il rischio delle sostanze chimiche e il regolamento REACH

Cramer rules

- Structure-based approach to the Threshold of Toxicological
Concern (TTC) concept

- Subchronic, chronic and reproductive effects;
carcinogenic or mutagenic endpoints not considered

Three classes:

e Class I: simple chemical structures with efficient modes of
metabolism, suggesting a low order of oral toxicity;

» Class lll: may suggest significant toxicity; reactive functional
groups;

e Class Il: intermediate
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Il rischio delle sostanze chimiche e il regolamento REACH

Verhaar scheme

- Structure-based,; Mode of Action for Aquatic Toxicity
Class 1: non-polar narcosis or baseline toxicity

Class 2: polar narcosis, less inert compounds

Class 3: reactive chemicals (un-selective towards proteins and
other macromolecules)

Class 4. specifically acting chemicals (e.g., towards receptors)

Class 5: No classification possible
(LogP calculated)
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Skin irritation/corrosion rules

- structural rules, plus
- physicochemical properties: MW, LogP, melting point, water
solubllity, lipid solubility and surface tension

(MW, LogP calculated; other data requested)

Categories:

* Not Corrosive

* Not Irritating Or Corrosive
 Not Irritating

e Irritating

» Corrosive

e Irritating Or Corrosive

e Unknown
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Il rischio delle sostanze chimiche e il regolamento REACH

Toxtree 1.5 Base di regole per mutageni / cancerogeni

Metodo basato su regole strutturali, con:

 Nuova compilazione (ISS) di Allerte Strutturali

 Tre QSAR per classi congeneriche (ammine aromatiche, aldeidi)

Manuale In: http://ecb.jrc.it/documents/QSAR/EUR 23241 EN.pdf
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Banche dati per tossicita’ chimica
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