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Executive Summary:

The elicitation of a common metabolite is one & theans of establishing similarity between
compounds to allow for read-across. Beta-olefitgolaols provide an excellent example of such
an instance where the primary issue for establgssimilarity for the chemical category and the
key element of uncertainty in accepting read-acpoedictions is rooted in metabolism. This —
read-across case study has been developed fargbatrdose toxicity of short chain primary and
secondary-olefinic alcohols. The pivotal issues in the ajppdyread-across to this proposed
category whether: 1) all tifeolefinic alcohols considered are transformed toaf@lites having
the same mechanism of electrophilic reactivityth#2) metabolic pathway is the same for all
compounds in the category; 3) the rates of transhtion are sufficient so that the reactive
metabolites are the definitive toxicant for the goidt being read across; and 4) the metabolites
are similar in reactive potency. The applicabiigmain for this case study was limited to small
(i.e., carbon (C) atom chain lengths from C3 to @&nary and seconda@+olefinic alcohols.
Mechanistically, thesB-unsaturated alcohols are considered to be readitpbolised by

alcohol dehydrogenase (ADH) to polarise@-unsaturated aldehydes and ketones. These

metabolites are able to react via the Michael alditeaction mechanism with thiol groups in
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proteins resulting in cellular apoptosis and/orrosis. The main route of exposure folefinic
alcohols is oral with direct absorption from thepapgastrointestinal tract. They are distributed
unbound in the blood and are subsequently readityraatically oxidised, especially in the liver,

to form reactive metabolites.

The category considered in this case study wasremhto selected subclassegadlefinic
alcohols from C3 to C6. In addition to the struatlyrunique 2-propen-1-ol (i.e., 1-propen-3-ol;
allyl alcohol), the category included: straight-charimary alcohols (e.g., 2-alken-1-ols),
straight-chain secondary alcohols (e.g., 1-alkats3and 3-alken -2-ols), branched primary
alcohols (e.g., 2-methyl-2-alken-1-ols and 3-me&ndlken-1-ols) and branched secondary
alcohols (e.g., 3-methyl-3-alken-2-ols and 4-meBvdlken-2-ols). There were only 90 day
repeated-dose toxicity test results for 2-propem-dnd 3-methyl-2-buten-1-ol. The reported 90-
day oral repeated dose toxicity No Observed AdvEftect Levels (NOAELS) in rats for 2-
propen-1-ol were 6 mg/kg body weight (bw)/d in nsadb@ased on increase in relative weight of
liver and 25 mg/kg bw/d in femalésised on bile duct hyperplasia and periportal loeyée
hypertrophy in the liver. The 90-day oral repeatede NOAELSs for 3-methyl 2-buten-1-ol in rat
were reported based on the decreased food and ezmtgumption: 65.4 mg/kg bw/day in males

and 82.1 mg/kg bw/day in females.

Compounds representing each of five sub-strucgralps off-olefinic alcohols were tested in
anex vivomodel, the 2-hr rat isolated perfused liver asagg consistent with metabolic
activation to soft electrophiles. Specifically, ested primary and seconddplefinic alcohols
exhibit a dramatic reduction (90-99%) in glutatheq®SH) as compared to contrdls chemico
reactivity data, in the form of the concentratidinigng a 50% reduction in free GSH after 2
hours exposure for selectadf-unsaturated carbonyl compounds (i.e., potentadtree
metabolites of- olefinic alcohols) also support the applicabilitymain of this chemical
category. All olefinica, B-unsaturated carbonyl compounds such as thoseederem hepatic
metabolism of primary and secondary olefitansaturated alcohols readily react with GSH.
Specifically,a, B-unsaturated carbonyl derivatives of straight-cle@ohols:1-alken-3-ols, 2-
alken-1-ols exhibit 2-hour Rigvalues between 0.05 and 0.40 mM, while those afdined
alcohols: 2-methyl-2-alken-1-ols, 3-methyl-2-alkels, 3-methyl-3-alken-2-ols and 4-methyl-
3-alken-2-ols exhibit R values between 12-22 mM.
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A human cell-based hepatic organoidszitro model was used to assess fibrosis of selggted
unsaturated alcohols. 2-propen-1-ol, 2-buten-I-dduten-3-ol, 3-methyl-2-buten-1-ol, as well
as theB3-acetylenic alcohols 2-methyl-3-butyn-2-ol and 2ypm-1-ol were evaluated. Briefly,
MRNA expression of the hepatic stellate cells (H&&ivation markers COL1A1, COL3Al and
LOXL2 were checked in the hepatic organoids upgrosure to the different alcohols. Strong
induce (i.e., >3-4 fold up-regulation) of at leagb out of three HSC markers was observed with

the four olefinic alcohols. This pattern was nosetved with the tw@-acetylenic alcohols.

Thein vivo, ex vivq in vitro andin chemicodata support the read-across premise. Specifjcally
all the category members are highly likely 1) tfansied to metabolites having the same
mechanism of electrophilic reactivity (i.e., Micthaeceptors), 2) metabolized via the same
pathway (i.e., ADH-mediated), and 3) to have rafesansformation sufficient so the reactive
metabolites are the definitive toxicant for repdadese. However, the category members have
metabolites with different reactive potencies (i(&SH RC50 values). In order to reduce the
uncertainty associated with reactivity, the catggsisub-categorised into straight-chained and
branched derivatives. With acceptable uncertathyrat oral 90-day repeated-dose toxicity data
for 2-propen-1-ol may be read across to fill dapgyfor straight-chained analogues and the rat
oral 90-day repeated-dose toxicity data for 3-mle2hlguten-1-ol may be read across to fill data

gaps for branched analogues.

Introduction

The basis for a toxicological read-across are cbalsiwhich are similar in molecular structure,
display similar chemical properties and in so ddiage similar toxicokinetic and toxicodynamic
properties. As a consequence, experimentally-defgwveperties from one compound, the source
chemical, can be read across to fill the data gap second compound, the target chemical,
which has been shown to be similar. This case dtagybeen designed to illustrate specific
issues associated with the read-across approac$tiandate discussion on how to best address

them. It is not intended to be related to any raguy discussions on this group of chemicals.

One of the crucial issues in toxicological readsasris addressing substances that are altered

metabolically to more toxic species (Berggren gt20115).The toxic metabolites of these



90 indirect acting toxicants may be identical or diffiet in structure within a group. In the former
91 case, aftem vivodosing the various organs and systems of the dmire@xposed to the same
92  metabolite, thus toxicodynamic similarity may bswsed. In the latter case, after dosing the
93 various organs and systems are exposed to metbolith minor differences in chemical

94  structure which may or may not elicit the samedaobagical effects. This second situation adds
95 complexity to the read-across justification becaafsthe burden of establishing both

96 toxicokinetic and toxicodynamic similarity.

97 Inthe present study, the “Strategy for Structuang Reporting a Read-Across” (Schultz et al.,
98  2015) was applied to undertake this proof-of-cohstydy. The read-across scenario is chemical
99 similarity as a result of metabolism to the saméctanetabolite. Therefore, the parent

100 compounds are not the ultimate toxicants; rattmer phetabolite(s) which acting by a common

101 mode of toxic action are considered as the defmitbxicants.

102  The present case study is for olefifiicinsaturated alcohols where the read-across based o
103  vivodata was supplemented by appropreateivq in vitro, in chemicoand classic structure-

104  activity relationship information. The goal wasremluce uncertainty associated with im&ivo

105  prediction by the increased weight-of-evidence led by the alternative methods data, which
106 make reduce uncertainty and hence potentially rttak@rediction more acceptable in the

107  regulatory context.

108  Olefinic B-unsaturated alcohols vary in molecular structuith these structural variations

109  impacting on reactivity and toxicity. While all dileic alcohols contain a C=C moiety, they can
110  be sub-divided further according to whether thdimiealcohol is beta-, or non-beta- oriented to
111 the hydroxyl group. Additionally, they can be subded based on whether the hydrocarbon
112 moiety is straight-chain or branched and whetheratlhohol is primary, secondary or tertiary.
113  These subdivisions are important for the toxicife& as the overall structure of the parent
114  alcohol determines the metabolic pathway and tleeiSp metabolite formed. Only primary and
115  secondar-olefinic alcohols can undergo first step oxidatiom, B-unsaturated aldehydesar
116  B-unsaturated ketones, respectively (Bradbury amistensen, 1991; Schwdbel et al., 2011).
117 While all of these oxidative metabolites have thpability to be reactive with biological

118 macromolecules as Michael acceptors, they exhitbérdnt levels of reactivity and toxicity

119  (Mekenyan et al., 1993; Schultz et al., 2007; Yawngh and Schultz, 2008).
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Among the3-olefinic alcohols, 2-propen-1-ol (1-propen-3-dlybalcohol) is the best studied
chemical with the greatest quantity of toxicologidata and information. There is strong
evidence that the mode of toxic action for 2-proefieni involves metabolism via cytosolic
alcohol dehydrogenase (ADH) to acrolein, an elgttile which elicits covalent cellular effects
(Badr et al., 1986). Overall, currently availabdalsuggest that the kidney, liver and lung are
potential targets for 2-propen-1-ol, following reped oral or inhalation exposure. In oral
repeated-dose toxicity testing, exposure to 2-preppel may leads to liver fibrosis (Atzori et al.,
1989; Jung et al., 2000). Liver fibrosis is a revae response to acute or chronic hepatocyte
injury (Bataller and Brenner, 2005; Lee and Friedn2011; Trautwein et al., 2015). The
mechanistigational is that the parent alcohol is relativebnrtoxic however its metabolite
acrolein, aru, f-unsaturated aldehyde, is a Michael-type soft edebile. Such electrophiles
preferentially covalently interact with thiol gragin proteins leading to necrotic or apoptotic
cell death (Strubelt et al., 1999). During thevivoresponse to cell death, stellate cells in the
liver are activated, for example by transformingwth factor beta (TGPB) and connective

tissue is formed (Friedman, 2008).

Historically, the hepatotoxic action of 2-propemilto rodent liver is related to oxidative
metabolism into acrolein, which in turn can bindaently to proteins in periportal hepatocytes
(Reid, 1972; Serafini-Cessi, 1972). The covalentlivig of acrolein to hepatic proteins was also
confirmed by a study on radiolabellédG 2-propen-1-ol and its deuterated derivative (Reite
al., 1983). Two-propen-1-ol exerts a dose-depentaitity on cells, which is inversely related
to cellular glutathione (GSH) (Ohno et al., 198&ier severe depletion of GSH, the reactive
metabolite of 2-propen-1-ol — acrolein - can bioagssential sulfhydryl groups in the cellular
macromolecules, leading to cellular damage (Atebal., 1989). The toxicity of 2-propen-1-ol
can be prevented by inhibitors of ADH and augmebtgthe aldehyde dehydrogenase (ALDH)
inhibitor disulfiram (Ohno et al., 1985).

In vivo oral exposure to 2-propen-1-ol leads to periporégirosis and subsequent connective
tissue development (Badr et al., 1986; Jung e2@00). Histopathological studies of 2-propen-
1-ol exposed to repeatedly dosed rat livers shasigrts of necrosis around the portal triad, with
relatively little damage around the central vemaddition, ductular proliferation, connective
tissue accumulation and cirrhosis are evident.
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3-methyl-2-buten-1-ol is far less studied (ECHA®&tueport 2002; OECD 2003; Mc Ginty et
al., 2010) with fewer toxicological data. In 90-ddiynking water exposed rats, substance-related
effects were seen at the high and mid dose lewe) 5.4 and 243:8g/kg bw/day for male and
21.0, 82.1 and 307.2 mg/kg bw/day for female). Bpadly, in the mid dose groups, decreased
food and water consumption in male rats and redu@dr consumption in female rats was
noted. Body weight was significantly impaired at tiigh dose in both sexes. In the mid and
high dose, the mean absolute liver weights in matlewere significantly decreased, but not the

relative liver weights. No other significant treant related changes were observed.

Read-Across Exercise

1. Statement tar get substance(s) and the regulatory endpoint(s) that isto be read across.
There are nin vivorepeated-dose data for the vast majoritg-ofefinic alcohols. However,
there are strong and consistertvivodata suggesting many of these chemicals are nisabpo
transformed, especially in the liver, to reactileceophilic toxicants which react in a
mechanistically similar manner to acrolein, thectw@ metabolite of 2-propen-1-ol. Hence, an
evaluation was conducted to determine suitabilit®-propen-1-ol [107-18-6] as a read-across

analogue for othgs-olefinic alcohols, especially unbranched compounds

2. Description of the analogues or member s of the category.

2.1. Premise

The hypothesis for this read-across case study is:

* Primary and secondarg-olefinic alcohols of short chain length (i.e., @3C6) are
indirect-acting toxicants (i.e., metabolism is wal factor in toxicity) with the same
covalent mechanism of action (i.e., Michael additsbectrophilicity) and similar
reactive potency.

» Within the C3 to C6 derivatives, C-atom chain Iéngt branching does not significantly
affect oral bioavailability.

* While all short-chairs-olefinic alcohols are rapidly and nearly complgtabsorbed
from the gut; only the primary and secondary aldstave capable of being metabolized,
primarily in the liver, via ADH.

» Oxidative metabolism of primary and secondéylefinic alcohols results in the
correspondingy, f-unsaturated aldehyde of, f-unsaturated ketone.
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* These, f-unsaturated aldehydes ar f-unsaturated ketones are the definitive
electrophilic toxicants and their in vivo potensyrelated to relative thiol reactivity;
thus, onlys-unsaturated alcohols with metabolism similar tprdpen-1-ol and reactive
potency similar to acrolein may be read acrossZqropen-1-ol with reasonable
certainty.

2.2. Justification

In general, toxicological data on 2-propen-1-ol destrate significant toxicity. The oral LD50
for rat is 37 mg/kg for 2-propen-1-ol (Klinger ét,d986), while the rat oral LD50 for the
saturated isomer 1-propanol is 1870 mg/kg (Smy#l.e1954).

Several 90-day oral repeated-dose toxicity evadunatof 2-propen-1-ol have been conducted.
Male and female Long-Evans rats were exposed aally 0.17, 0.94, 7.3, 13.2, 34.0, 43.7, and
67.4 mg/kg bw/d for 13 weeks (females) and 0, 001&2, 5.9, 11.6, 25.5, 41.0, and 72.0 mg/kg
bw/day (male) (Dunlap et al., 1958). The No Obseérdverse Effect Level (NOAEL) of 13.2
mg/kg bw/d (for females) and 11.6 mg/kg bw/d fodenaere reported. This observation was

based on increases in relative kidney (both sex@d)iver weights (males) (Dunlap et al., 1958).

In another study, male and female Wistar rats \wegp®sed orally to 0, 4.8, 8.3, 14.0 and 48.2
mg/kg bw/d (males) and 0, 6.2, 6.9, 17.1, and §&/kg bw/d (females) for 15 weeks
(Carpanini et al., 1978). The reported NOAEL, basedncreases in relative kidney weight and
decrease in water intake and body weight, was@d&a2, mg/kg bw/d for male and female

respectively.

In a third study mixed sexes of F344/N rats and BBLCmice were exposed to 2-propen-1-ol by
gavage to 0, 1.5, 3, 6, 12, or 25 and 0, 3, 62%20r 50 mg/kg bw/d, respectively for 14 weeks
and the clinical chemistries were examined in dé€xi P, 2006). The major toxic response in
both mice and rats occurred in the forestomachtlam®OAEL values derived from this toxic
effect were 3 and 6 mg/kg bw/d for mice and ragspectively. However, the treatment with the
highest evaluated dose, 25 mg/kg, significantlyeased the incidences of bile duct hyperplasia
and periportal hepatocellular hypertrophy in fenraks but not in males. The sex difference in
2-propen-1-ol hepatotoxicity in rats was also régbby Rikans and Moore (1987) and was
explained by the greater alcohol dehydrogenaseityd female rats than in male rats. Also in
mice, females were more responsive than malesinareased incidences of portal cytoplasmic

vacuolization occurred in 12 mg/kg or greater im&es; whereas in males, this lesion was first



212
213
214
215

216
217
218
219

220
221
222
223
224
225
226
227
228
229
230
231
232
233

234
235
236
237
238
239

240
241

observed at 25 mg/kg (NTP, 2006). However, theerdnces in hepatotoxic responses
between male and female rats seem not to be relev#ims case study as they should be
observed for othg-olefinic alcohols. Based on the effects in thedjythe NOAEL values of 6

and 25 mg/kg bw/day in male and female rats, reésmbg, have been established.

The secondg-olefinic alcohol tested in acute toxicity as waslin 90 days repeat dose assay is 3-
methyl-2-buten-1-ol. The LD50 for the rat afterladministration of 3-methyl-2-buten-1-ol is
810 mg/kg with symptoms such as: apathy, dyspnedagss of eyes and ears (Belsito et al.,
2010).

To our knowledge, only one 90-day oral repeatededosicity evaluation of 3-methyl-2-buten-
1-ol has been conducted (see ECHA Study report;ZDBZD 2003; Mc Ginty et al., 2010).
Following OECD test guideline 408, 3-methyl-2-butenl was administered to groups of 10
male and 10 female Wistar rats were exposed wikithg water at concentrations of 14.4, 65.4
and 243.8ng/kg bw/day for male and 21.0, 82.1 and 307.2 ggik/day for female for three
months (ECHA Study report 2002). Substance reletfstts were seen at the high and mid dose
level. In the mid dose groups, decreased food atdrveonsumption in male rats and reduced
water consumption in female rats was noted. Bodghtavas significantly impaired at the high
dose in male and female rats. In the mid and hagedthe mean absolute liver weights in male
rats were significantly decreased, but not thetikeddiver weights. There were no other
treatment related significant changes in clinicaminations. As reduction in food and water
consumption resulted in significant decrease ofybmeight only at the high dose level, the
NOAEL was assessed to be 65.4 mg/kg bw/day in naédeand 82.1 mg/kg bw/day in female
rats.

It is noted that two more sub-acute oral studiasis do not show any other effects of 3-methyl-
2-buten-1-ol. Specifically, a 14-days drinking wagaudy with rats (3/sex/dose) exposed to 250,
500, 750 and 1500 mg/kg bw/d reported acute tdkects at 1500 mg/kg bw/d; reduced food
and water intake was observed at 250 mg/kg bw/tsiBeet al., 2010). So there is good
concordance with 90-day test results. In a 14-dasage test with rats exposed to 250, 500 and
750 mg/kg bw/d no treatment related effects werenked. (ECHA Study report 2003).

In summary, while protocols vary, three studiesehexperimentally evaluated 2-propen-1-ol

and one study evaluated 3-methyl-2-buten-1-ol Hu&@, oral repeated-dose testing schemes.
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Repeated-dose toxicity data on 2-propen-1-ol irtditiger and kidney are the target organs. For
the 3-methyl-2-buten-1-ol, only the reduction imdoand water consumption was observed. The
90-day NOAEL values for oral administration arewrstn 3 and 15 mg/kg bw/d for 2-propen-1-

ol and 60 -85ng/kg bw/d for 3-methyl-2-buten-1-ol. These rangeBIOAEL values are 10-100

times smaller than those reported for saturatedateres.

2.3. Applicability domain

The applicability domain for this read-across wasfimed to subclasses pBfunsaturated
aliphatic alcohols with carbon chain lengths fro@1tG@ C6. Specifically, these included primary
(external hydroxyl group) and secondary (internalrbxyl group) with g3-positioned vinylic
moiety (Table 1). A key structural feature was pinesence of a free H-atom on the hydroxyl-

containing C-atom. Hence, tertiary isomers werecoosidered as members of this category.

2.4. Analogues or category members

Sixteenp-olefinic alcohols were chosen initially to forntategory for the read-across case study
and are listed in Table 1. The additional identdienformation, such as chemical structures and
molecular formulas are available in the Table Ammex 1. The additional chemical, 2-propyn-
1-ol (i.e., propargyl alcohol, 1-propyn-3-ol) repeats thg-acetylenic alcohols. Similar to the
potential source substance, 2-propen -1-ol, ital studied chemical witin vivo andin vitro

data, therefore can serve as “positive controlppsuting the evidence for toxicity §f

unsaturated alcohols. Based on extended strudtagahents, th@-olefinic alcohol category
includes five sub-groups. These sub-groups carmus¢eced into two sub-categories — straight-
chained and branchgdolefinic alcohols.

Table 1. Potential category analoguesfor p-olefinic alcohols.

Name CASNo SMILES  Type of Alcohol
Straight-chained
1) 2-Propen-1-ol

(1-propen-3-ol; allyl alcohol) 107-18-6 occ=C priablylic terminal OH & C=C

5) 2-Buten-1-ol 6117-91-5 occ=CC prim. allylic ten@al OH, internal C=C
6) 2-Penten-1-ol 20273-24 occ=CccC prim. allylic ntaral OH, internal C=C
7) 2-Hexen-1-ol 2305-21-7 OCC=CCCC  prim. allylic  terminal OH, internal C=C
2) 1-Buten-3-ol (3-buten-2-ol) 598-32-3 C=CC(O)C c.sllylic internal OH, terminal C=C
3) 1-Penten-3-ol 616-25-1 C=CC(O)CC sec. allylic teinal OH, terminal C=C
4) 1-Hexen-3-ol 4798-44-1 C=CC(O)CCC sec. allylic nternal OH, terminal C=C
8) 3-Penten-2-ol 1569-50-2 CC(O)C=CC  sec. allylic nteinal OH & C=C

9) 3-Hexen-2-ol 42185-97-7 CC(O)C=CCC sec. allylic internal OH & C=C
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10) 4-Hexen-3-ol 4798-58-7 CCC(O)C=CC sec. allylic internal OH & C=C

Branched-chained

11) 2-Methyl-2-propen-1-ol 513-42-8 OCC(C)=C priaiylic terminal OH & C(C)=C
12) 2-Methyl-2-buten-1-ol 4675-87-0 OCC(C)=CC  pratiylic terminal OH, internal
C(C)=C

13) 2-Methyl-2-penten-1-ol 1610-29-3 OCC(C)=CCC nprallylic terminal OH, internal
C(C)=C

14) 3-Methyl-2-buten-1-ol 556-82-1 OCC=C(C)C  priiylic terminal OH, internal
C=C(C)

15) 3-Methyl-3-penten-2-ol 2747-53-7 CC(O)C(C)=Ce&x sallylic internal OH & C(C)=C
16) 4-Methyl-3-penten-2-ol 4325-82-0 CC(O)C=C(C)z .sallylic internal OH & C=C(C)
B-acetylenic

17) 2-Propyn-1-ol (1-propyn-3-ol) 107-19-7 OCC#C imprpropargylic  terminal OH & C#CC)

2.5. Purity/impurities

The purity/impurity profile for the analogues lidtan 2.4 is unknown. However, since the
category is structurally limited, the potential iagb of any impurities on the endpoint being
considered is very limited. The most likely impia# are other isomers (eds vs.trans

conformations).

3. Data matrices for assessing similarity

The data supporting the similarity argument fordahalogues listed in section 2.4 are reported in
Annex 1.

3.1. Structural similarity

As demonstrated in Table 1 of Annex | all flhelefinic alcohols include in the category are
structurally similar (e.g., C3-C6). Specificalliely: 1) belong to a common chemical cldss,
unsaturated alcohols, 2) the subclgsdefinic alcohols, and 3) possess one of two madéec
scaffoldings, primary with an external hydroxylsacondary with an internal hydroxyl
configuration. Structural similarity is complicatbg the presence or absence of alkyl
substituents (i.e., methyl groups) on the allyliciety. The potential source substance, 2-propen-
1-ol, is a uniqug-olefinic alcohol, one with both a terminal hydrdxand terminal vinyl group.

In contrast, another potential category memberg8gl-2-buten-1-ol, is dissimilar as it has an

alkyl substituent on the olefinic carbon that calnibit the protein binding site of the vinyl group.

3.2. Chemical property similarity
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As demonstrated in Table 2 of Annex I, all fhelefinic alcohols include in the category have
very narrow value ranges for their physico-chempraperties. Specifically, all category
members exhibit molecular weights from 58 to 100aj/ While hydrophobicity (log Kow)
increases with number of C-atoms from 0.17 to 1d@®isity is constant at 0.8 +/- 0.1 gfcm
Vapour pressure and water solubility decrease mitkecular size and therefore vary only
slightly within the category. All category membare liquids over the typical temperature range

as melting points are all well below 0 °C and bwlpoints are all around or above 100 °C.

3.3. Chemical constituent similarity

As demonstrated in Table 3 of Annex I, all fhelefinic alcohols include in the category have
common constituents in the form of: 1) a singleapsubstituent, -OH, 2) &positioned olefin

(C=C) moiety. Other structural fragments are limite -H, -CH and -CH- groups.

3.4. Toxicokinetic similarity

As demonstrated in Table 4 of Annex I, the toxioeiic understanding of primary and
secondar-olefinic alcohols is incomplete. The oxidationpsimary alkanols and primary
olefinic alcoholdo the corresponding aldehydes is catalysed by NANBPH-dependent ADH
(Pietruszko et al., 1973). Olefinic alcohols weedtér substrates for human liver ADH than the
corresponding saturated alcohols. A comparisoh@gtcohol structure with the enzyme binding
affinity of alcohol dehydrogenase indicates that@ased binding (lower Km) occurs with
increasing chain length (C3-C6) of the alcohols #redpresence of unsaturation. Specifically,
binding affinities with human liver ADH were measdin vitro for 2-propen-1-ol, 2-buten-1-ol,
3-methyl-2-buten-1-ol and 2-hexen-1-ol and they @r@5, 0.01, 0.0045 and 0.003 mM,
respectively (Pietruszko et al., 1973). With theeption of 2-propen-1-ol, the Km values of
unsaturated alcohols are 14-20 times lower thathBcorresponding saturated alcohols (Km =
0.10, 0.14, 0.07 and 0.06 for 1-propanol, 1-butaBwhethyl- 1-butanol and 1-hexanol,
respectively) (Pietruszko et al., 1973). The maxmmates of oxidation were essentially constant,
regardless of the alcohol structure, suggestingalecahol-enzyme binding is not the rate-
limiting step for oxidation (Klesov et al., 197 The activity of the enzyme appears to be

dependent on the lipophilic character of the altoho

Fontaine et al. (2002) studied the enzymaticaliynfation of 2-butenal from thig-olefinic
alcohol, 2-buten-1-ol. This is analogous to the negirin which allyl alcohol is convertad vivo
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to its toxic oxidative product, acrolein. In kinestudies it was found that 2-buten-1-ol was
readily oxidized by equine liver ADH, with electpyay-mass spectrometry confirming that 2-
butanal was the main metabolite formed. It was edported that in mouse hepatocytes, 2-buten-
1-ol produced marked time- and concentration-degeinckll killing as well as pronounced
glutathione depletion. Most importantly, both cgbatity and glutathione loss were eliminated
with the addition of the ADH inhibitor 4-methylpyrale, indicating the ADH-mediated pathway
is responsible for producing these effects. In kegpith expectations that Michael addition
adducts would feature prominently during proteindifioation, Fontaine and co-workers (2002)
note that exposure to 2-buten-1-ol resulted in mdudarbonylation of a range of cell proteins.
Damage to a subset of small proteins (e.g., 2933&Da) is closely correlated with the severity
of cell death. This cytotoxicity, as well as glitiane depletion, were eliminated by the addition
of 4-methylpyrazole. Collectively, these resultendastrate that for the modglolefinic alcohol,

2-buten-1-ol, toxicity via Michael addition is acopanied by ADH-mediated metabolism.

Further oxidation of the aldehyde produces theesponding acid. The corresponding
carboxylic acid may enter tiffzoxidation pathway and be subsequently metaboliz&gio, via
the tricarboxylic acid pathway or be glucuronidapeitr to excretion in the urine. However, this

detoxification is not considered to be relevantsjpeated-dose toxicity.

Secondary alcohols are expected to be excretecbumjagation or oxidized to ketones, which
cannot be further oxidized. Additionally, they dagexcreted unchanged or undergo
hydroxylation of the carbon chain, which in turnyngave rise to a metabolite that can be more

readily excreted.

3.5. Metabolic similarity

As demonstrated in Table 5 of Annex I, all of fhelefinic alcohols included in the category are
predicted byin silico tools to be metabolized to the correspondingrunsaturated aldehydes or
a, B-unsaturated ketones. These soft electrophilesegulestly react with GSH and protein thiols
in hepatocytes (Boyland and Chasseaud, 1967; Fangdial., 2002).

From a structural standpoint, only primary and seleoy-olefinic alcohols are able to be
activated by ADH to form polarized B-unsaturated electrophiles (Bradbury and Christense
1991). The availability of H-atoms on the C-atonthanydroxyl OH group is crucial to the

metabolic activations and subsequent expressioglative toxic potency. Primary alcohols have



371 one alkyl-group; thus, two H-atoms are availablenfi@tabolism. Secondary alcohols have two
372 alkyl-groups and one H-atom available for alcorethybirogenase attack. Tertiary alcohols are
373  substituted with three alkyl-groups on trearbon; thus, no H-atoms are available for

374 metabolism. Since at least one H-atom must beyfiailable for cleavage by ADH, tertiary
375 alcohols are not metabolized to Michael acceptectedphilic derivatives by ADH (Veith et al.,
376 1989). It follows that primarg-olefinic alcohols are likely to be more readilyneerted to

377 reactive metabolites than secondary ones.

378 Based on metabolic similarity, the read-acrossgmaieis limited to primary and seconddy

379 olefinic alcohols. The finding of Moridani et aRqQ01) suggests that the primdiyacetylenic

380 alcohol, 2-propyn-1-ol, induces cytotoxicity via taeolic activation by CYP 2E1 to form 2-

381  propynal which in turn causes hepatocyte lysis i@salt of GSH depletion and lipid

382  peroxidation. Specifically, 2-propyn-1-ol-inducegt@oxicity was marked by enhanced CYP
383 2E1l-induced hepatocytes and prevented by variou? ZF1 inhibitors. Moreover, the authors
384 further reported that cytotoxicity of 2-propyn-1weés only slightly affected when ADH was

385 inhibited with 4-methylpyrazole or when liver catsé was inactivated with azide or

386 aminotriazole. However, cytotoxicity was preventdtken lipid peroxidation was inhibited with
387 antioxidantsgdesferoxamine or dithiothreitol. Additionally, thethors found out that hepatocyte
388  GSH depletion preceded cytotoxicity and can behitdd by cytochrome P450 inhibitors but not
389 by liver catalase and ADH inhibitors. Two-propyrell-induced cytotoxicity and reactive

390 oxygen species formation were markedly increaséaiShl-depleted hepatocytes (Moridani et al.,
391 2001).

392  3.6. Toxicophore similarity

393 As demonstrated in Tables 6A and 6B of Annex |gbasnin silico predictions, only the
394 metabolites of-olefinic alcohols and not the parent compoundgyered the OECD protein
395  binding profiler within the OECD QSAR Toolbox v353.The all metabolites ¢#olefinic

396 alcohols, but 4-methyl-3-penten-2-one are assatiatth Michael addition or Schiff base
397 formation mechanisms. Moreovéhng potency of protein binding varies between the §ub-

398  structure groups what can be accounted for sulgcasation off-olefinic alcohols.

399  3.7. Mechanistic plausibility similarity
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Reactivity with biological molecules consists ofaiety of conjugation, substitution, and
addition reactions, which have their foundatiomhe principles of organic reactions (Schwdbel
et al., 2011). As demonstrated in Table 7 of Anhéte p-olefinic alcohols included in the
category are associated via the ADH-induced Michddition mechanism of action. This

mechanism is based on covalent interaction withlsHiSchwdobel et al., 2011).

As noted by Richarz et al. (2013), the over-archogc pathway involves metabolic activation
to soft electrophilic derivatives which prefer twvalently interact with thiol-containing cellular
nucleophiles (e.g., glutathione). Cellular eventdude does-dependent necrosis or

mitochondrial-based apoptosis; whereas liver adddy are the target organs.

Landesmann et al. (2012) reported a preliminaryee®/outcome pathway (AOP) leading from
the molecular initiating event of covalent protbinding to the adverse effect of liver fibrosis.

They noted a number of key intermediate eventsichio:

. Hepatocyte injury and death

. Activation of Kupffer cells (liver macrophages)

. Inflammation

. Oxidative stress

. Activation of TGF-$

. Activation of stellate cells (mesenchymal stemsjell
. Collagen synthesis and accumulation

. Alteration in connective tissue extracellular matri

This AOP was constructed in large part from dat2-@mopen-1-ol and its metabolite - acrolein.
The molecular initiating event of this pathway @alent binding to thiols. More specifically,
upon reaching the liver, the non-reactive parectfadl is converted enzymatically to the
corresponding, B-unsaturated aldehyde @yp-unsaturated ketone. These reactive species, in
turn, bind to thiols such as GSH. Once GSH is dagsd, thex, B-unsaturated substrates react
with other cellular thiols, especially in mitocharad proteins. This denaturing of proteins leads

to apoptosis or necrosis of hepatocytes and subséeguents along the AOP.

The short-term isolated perfused liver represenesxavivomodel which is close to the vivo
condition. The major advantages are that the tbneensional architecture of the liver and the
metabolic capabilities of the hepatocytes are pveske Strubelt et al. (1999) studied acute
toxicity and metabolism in a series of short-chalsohols. Specifically, the effects of 23

alcohols at a single concentration (65.1 mmol/Lisolated rat livers perfused at 60 ml/hr for



432 two hours were examined. The authors demonstratgdfor straight-chain saturated primary
433 alcohols, hepatic cell injury measured by the isteaf three cytosolic enzymes into the

434  perfusate and reduction in oxygen consumption d&setly related to chain length. In most
435  cases, hepatic ATP concentrations decreased mikasmanner to hepatic cell injury and

436  oxygen consumption (Strubelt et al., 1998)vitro toxicity profiles for selecte@-unsaturated

437  alcohols are reported in Table 2.
438

439 Table2. Invitrotoxicity profilesfor g-olefinic alcohols.

440 Name LDH 02 ATP GSH

441 un (umol/g x min) (umol/g) (pumol/g)
442 Control 1109 + 265 1.54 £ 0.07 1.25+0.20 2.5229
443

444 Straight-chained

445 1) 2-Propen-1-ol 27747 +£2756  0.10+0.01 0.0704.0. 0.28+0.12
446  5) 2-Buten-1-ol 10977 +2433  0.47 £ 0.06 0.11 10.0 0.02 +0.01
447 6) 2-Penten-1-ol

448 7 2-Hexen-1-ol

449 2) 1-Buten-3-ol 25756 +1355 0.19+0.04 0.09 £0.00 .03Ct 0.00
450 3) 1-Penten-3-ol

451 4) 1-Hexen-3-ol

452 8) 3-Penten-2-ol

453 9) 3-Hexen-2-ol

454 10) 4-Hexen-3-ol

455

456 Branched-chained

457 11) 2-Methyl-2-propen-1-ol 15552 £+3282 0.45+0.01 0.15+0.01 0.04 £0.02

458 12) 2-Methyl-2-buten-1-ol

459 13) 2-Methyl-2-penten-1-ol

460  14) 3-Methyl-2-buten-1-ol 7738 £1460 0.84 +0.24 0.55+0.22 0.26 £ 0.07
461 15) 3-Methyl-3-penten-2-ol

462 16) 4-Methyl-3-penten-2-ol

463

464 B-acetylenic

465 17) 2-Propyn-1-ol 13743 +2457 0.19 £0.05 0.14320 0.08 £0.05
466

467 Saturated

468  18) 1-Propanol 4731 + 1867 1.66 +0.13 0.98+0.19 3.39+0.45
469 19) 1-Butanol 8946 + 2411 0.98 +0.40 0.88+0.09 3.76 £0.72
470  20) 1-Pentanol 28959 +4142  0.06 +0.01 0.22 80.0 2.82+0.36

471 21) 2-Methyl-1-propanol 11499 +2898 0.88 +£0.10 530+ 0.05 2.38+0.99
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22) 3-Methyl-1-butanol 8680 + 1216 0.22 £0.07 (0#10.01 1.33+0.29
23) 2-Methyl-2-butanol 9353 + 2582 1.13+0.33 20460.23 1.63+0.25
24) 2-Methyl-3-butyn-2-ol 2078 + 1524 1.20+0.20 0.68 +0.07 1.68 +0.33

Testing using isolated perfused liver demonstréttatisaturated alcohols elicited no change in
GSH levels. In contrast, unsaturated straight-cabiohols, including allyl alcohol caused
significant reductions in GSH (Strubelt et al., 209

The major weakness of the Strubelt study is thle ¢dclose-response data. However, the results
of the Strubelt study support the premise thatkéral3-ols, 2-alken-1-ols, and 2-methyl-2-alken-
1-ols are metabolized and give rise to a metabofigmilar potency to 2-propen-1-ol and thus
very likely to cause similar repeated-dose toxicltige data in Table 2 also support the structural
selectivity to the category as tertigiyunsaturated alcohols, as well as alkanols, doathice

GSH (i.e., are not metabolized to reactive elettilep). Moreover, they do not elicit the same
repeated-dose effects. The structural saturatddgueof 2-propen-1-ol — 1-propanol was tested
in rats for four months at the dose of 3000mg/kgdofiillbom et al., 1974). Food consumption,
body weight gain, and liver histopathology were panable to those of the control group.
Additionally, the 90 days oral repeat-dose toxi®QEL for 2-propanol in rat was reported as
870 mg/kg bw/d, based on the relative organ weighliser, kidneys, and adrenals (Pilegaard et
al., 1993).

3.8. Other endpoint similarity

The basic structure-activity relationships for clheahreactivity via Michael additions to thiols

are pivotal for understanding hepatotoxic potenatyhn vitro andin vivo.

Acrolein is unique among thee B-unsaturated carbonyl compounds as it alone isrhe
molecular structure having both a terminal vinydp and a terminal carbonyl group. These
structural feature associated with relative redgtiof polarizeda, -unsaturated molecules,
especially where an olefinic moiety conjugated taebonyl group, toward the model
nucleophile glutathione, have been examined (Szletlal., 2005). Thia, B-unsaturated

structure conveys the capacity to undergo a covaiégraction with the thiol group of cysteine

in the form of Michael addition (Schwdbel et al012). Quantitatively, reactivity of thee, [3-
unsaturated carbonyl compounds with glutathiornreliant upon the specific molecular structure,
with several trends being observed and reportedu|&cet al., 2005; Schwobel et al., 2011h).
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chemicoreactivity data (R values) in the form of the depletion of GSH aft@d-minutes by

selectedy, B-unsaturated carbonyl compounds are reported iteTab

Table 3. In chemico reactivity profilesfor a, p-unsaturated aldehydes and ketones.

Alcohol

Straight-chained

1)
5)
6)
7
2)
3)
4)
8)
9)
10)

2-Propen-1-ol
2-Buten-1-ol
2-Penten-1-ol
2-Hexen-1-ol
1-Buten-3-ol
1-Penten-3-ol
1-Hexen-3-ol
3-Penten-2-ol
3-Hexen-2-ol
4-Hexen-3-ol

Branched-chained

11) 2-Methyl-2-propen-1-ol
12) 2-Methyl-2-buten-1-ol
13) 2-Methyl-2-penten-1-ol
14) 3-Methyl-2-buten-1-ol
15) 3-Methyl-3-penten-2-ol
16) 4-Methyl-3-penten-2-ol
Saturated

17) 1-Propanol

18) 1-Butanol

19) 1-Pentanol

20) 2-Methyl-1-propanol
21) 3-Methyl-1-butanol

22) 2-Methyl-2-butanol

23) 2-Methyl-3-butyn-2-ol
24) 2-Methyl-3-buten-2-ol

M etabolite

2-Propenal (acrolein) 0=CcC=C
2-Butenal (crotonaldehyde) O=CC=CC

trans-2-Pentenal O=CC=CcCC
trans-2-Hexenal O=CC=CcCC
Methyl vinyl ketone C=CC(=0)C
Ethyl vinyl ketone C=CC(=0)CC
Propyl vinyl ketone C=CC(=0)CcCC
3-Penten-2-one CC(=0)C=CC
3-Hexen-2-one CC(=0)C=CC
4-Hexen-4-one CCC(=0)Cc=CC
2-Methyl acrolein O=Cg¢&TC
2-Methyl-2-butenal O=Cg&CC
2-Methyl-2-pentenal o=Cg=CCC
3-Methyl-2-butenal 0=CC«)C

3-Methyl-3-penten-2-on€C(=0)C(C)=CC
4-Methyl-3-penten-2-on€C(=0)C=C(C)C

1-propanal/1-propionic acid
1-butanal/1-butyric acid
1-pentanal/1-pentanoic acid
2-methyl-1-propanal/2-médthypropionic acid
3-methyl-1-butanal/2-methybutyric acid
2-methyl-2-butanone

not metabolized

not metabolized

M etabolite SMILES

GSH RCxy

0.085
0.22
0.35
0.42
0.070
aos
500
0.15
not tested
0.34

not tested
12
21
13
10
26

nottea at 1000 mg/l
not reaetat 1000 mg/I
nattieaat 1000 mg/l
not reactive at 1000 mg/I
not reactive at 1000 mg/I
notateee at 1000 mg/l
not ridae at 500 mg/l
not teacat 500 mg/l

Specifically, it has been reported that édoi3-unsaturated carbonyl compounds, such as those

derived from hepatic oxidative metabolismPeblefinic alcohol: 1) terminal vinyl-substituted

derivatives (HC=C-) were more reactive than the internal vinyleanbstituted ones (-CH=CH-);

2) methyl-substitution on the vinyl carbon atomsigiishes reactivity, 3) methyl-substitution on

the carbon atom farthest from the carbonyl grouE@C=C(C) causes a larger reduction than
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methyl-substitution on the carbon atom nearedteacarbonyl group (C(=0)C(C)=C), and 4)
derivatives with carbon-carbon double bond on thet & the molecule (i.e., vinyl ketones) were
more reactive than ones with the carbon-oxygen lédotind at the end of the molecule (i.e.,

aldehydes).

The results from the thiol reactivity experimerged Table 3) suggest that the abilityof3-
unsaturated carbonyl compounds other than acrfdeit thusp-olefinic alcohol other than 2-
porpen-1-ol) to elicit kidney and liver targeteditaty may be reduced, especially for branched

alcohols with alkyl substitutions on the vinyl carbatoms.

In fish, this mode of toxic action involves metaboi of the parent alcohol to the corresponding
a, B-unsaturated aldehyde or ketone via alcohol delggirase (Lipnick, 1985; Veith et al.,
1989). The conventional thinking is that, while frerent aliphatic alcohols elicit baseline
narcosis toxic action, the metabolites are eletitmptoxicants. Specifically, the metabolites are
polarizeda, B-unsaturated chemicals which undergo a Michael-agubtion to soft nucleophilic
sites in proteins (Schwobel et al., 2011). Bradang Christensen (1991) confirmed the role of
alcohol dehydrogenase activity in metabolic acioraand enhanced toxicity in fish. Specifically,
the alcohol dehydrogenase in the gill epithelidiscmetabolizes the appropriate alcohol to the
corresponding aldehyde (or ketone), which in tearcts with cellular proteins. The end result is
death of the gill epithelia cells, which resultgie loss of the ability to extract oxygen causing
subsequent hypoxia and fish mortality. This mecsranivas described for model electrophiles

by respiratory and cardiovascular responses irt {MdoKim et al., 1987).

Acute toxicity studies with the fathead minndwirhephales promela$ound that primary and
secondary allylic alcohols and primary and secongaspargylic alcohols exhibit potency in
excess of that predicted by saturated alcoholdasdline narcosis QSAR models (Lipnick,
1985; Lipnick et al., 1987). However, tertiary ahéd and tertiary acetylenic alcohols exhibit
fish toxic potency consistent with baseline nareosodels. The enhanced toxicity of acetylenic
alcohols is thought to be due to metabolic actoratd electrophiliar, f-unsaturated propargylic
aldehydes or ketones. For primary and secondaryppoopargylic alcohols, an activation step
involving biotransformation to an allenic electrdphntermediate was proposed (Veith et al.,
1989).
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The results from fish acute toxicity experimentpart the premise that the basic structure-
activity relationships for chemical reactivity Wéichael additions to thiol is key for

understanding mammalian repeated-dose toxic potegynsaturated alcohols.

4. Statement of uncertainty in similarity

Data uncertainty and weight-of-evidence associaféitithe fundamentals of chemical,
transformation/toxicokinetic and toxicological slamity (i.e., toxicokinetic and toxicodynamic
similarity of category members) is low-to-moderdteAnnex I, the assessment of uncertainties
is presented. In terms of chemistry, the complarred fragment of the applicability domain
of this category leads to moderate similarity éalalogues or category members. Specifically,
the key feature, being a primary or secongunsaturated alcohol of short-chain length is
common within the category and relevant to thedibxread across. There are differences
among the category members with respect to 2DtstreicThese differences are related to the
location of hydroxyl group: external (primary alat) and internal (secondary alcohols); the
position of the unsaturated moiety, which can Ibeegiinternal or external and the substitution of
vinyl group with alkyl group (e.g., methyl grougymongst the category members, 2-propen-1-
ol is a structurally uniqup-olefinic alcoholith both a terminal vinyl group and a terminal
hydroxyl. Such structural differences within fhw@lefinic alcohols lead to 1) different likely
metabolite (e.g., aldehyde or ketone), 2) diffeenvitrometabolism (i.e., free GSH levels) and
3) different rates oih chemicareactivity (i.e., GSH reactivity). However, itgsiestionable if

these short-term (i.e., 2-hour) differences areveaait to repeated-dose toxicity.

From a toxicokinetic standpoint, there is low-toeiuen uncertainty. The narrow range of
carbon atoms of the applicability domain limits thgpact of bioavailability. The most likely
metabolic pathway of all analogues is considerdaetmetabolized via ADH oxidation to similar
reactive derivatives eliciting the same mechani§chemical reactivity. This metabolic
activation is supported indirectly by the resultshe liver profusion studies by Strubelt et al.
(1999). However, other metabolic mechanisms, ssdR@S formation or P450 activation,

cannot be completely ruled out.

All analogues or category members are consideredh & toxicodynamic standpoint, to be only

moderately similar. Only two category members: @pein-1-ol and 3-methyl-2-buten-1-ol have
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been evaluated in mammals forvivo repeated-dose effects. For thevivoacute toxicity, nine

of 16 analogues have been tested in mammals.

Primary and secondafyolefinic alcohols are experimentally associatethwhe pro-
electrophilic mode of toxic action. This mode ofiac is well-studied, and molecular
mechanism, soft electrophilic reactivity, is wetiderstood. There is a qualitative adverse
outcome pathway available linking electrophilicataédty via ADH-mediated metabolism to
cellular necrosis and/or apoptosis. It is evidbat bral repeated-dose toxicity of primary and
secondar-olefinic alcohols is related to this molecular macism. However, there is

conflicting evidence as to whether the mode ofoactesults in liver fibrosis.

High qualityin chemicodata exist for 14 of the 16 category members basdtie proposed,
B-unsaturated metabolites and their reactivity V\B®H. These 14 derivatives include more than
one representative of four of the five structutdd-groups (the other group has only a single
analogue). All 14 analogues exhibit GSH reactiaityl there is consistent potency within the
two sub-categories: straight-chained and brancBpécifically, the results showed tlftat

olefinic alcohols with a methyl group substitutedavinyl C-atom are 100 times less reactive
than the non-methyl-substitut@eolefinic alcohol. However, this differenceiimchemico
reactivity between substituted and unsubstitutedhadls is not exhibitedx vivoin liver

profusion tests.

Uncertainty associated with mechanistic relevamcea@mpleteness of the read-across
following the traditional exercise is medium. Bhgfuncertainty associated with this read-across
stems from the facts that: 1) one source substafigkalcohol, is a uniqug-olefinic alcohol

and is metabolized to a unique electrophile, aorpl®) the most likely mode-of-action, liver
fibrosis is not supported by the rat oral repeatese toxic data, and 3) ADH metabolic
activation is central to the hypothesis; howevéeotransformation mechanisms, such as

autooxidation, ROS formation or P450 activatiomroat be overlooked.

5. Reducing uncertainty by using new methods infor mation
The new methods data reported here are not inteiodaelinclusive. Rather they are designed to

demonstrate how new methods data may aid in regucicertainties associated with this read-



632  across case study. Further studies may be requinealidate that the bioactivation in the new

633  methods is part of and similar to what is obsemwederin vivo situations.

634 The aims were to use this new method data to ingptio® description and understanding of
635  toxicodynamic similarity and reduce uncertaintycassted within vivo read-across from 2-
636  propen-1-ol to otheB-olefinic alcohols. Specifically, 2-buten-1-ol, i#len-3-ol, 3-methyl-2-
637  buten-1-ol, as well as tizacetylenic alcohols 2-methyl-3-butyn-2-ol and &gym-1-ol were
638 evaluated. The first three alcohols were expedegivie similar results to 2-propen-1-ol, while
639  2-methyl-3-butyn-2-ol and 2-propyn-1-ol were expgecto have dissimilar results. Since 2-
640 methyl-3-butyn-2-ol is a tertiary unsaturated aldhwas not expected to be metabolically
641 activated via ADH to an electrophilic Michael actmp2-propyn-1-ol which is activated via
642  CYP 2EL1 activity (Moridani et al., 2001) is toxigoktically dissimilar.

643  Aninvitro model was used to assess fibrosis of seld&tedsaturated alcohols. The model

644  consists of hepatic organoids (3D co-culture) ahbn hepatocyte-like cells (HepaRG and

645  primary human hepatic stellate cells (HSC). Thisure model has shown to maintain good
646  hepatocyte functionalities and maintain HSCs iui@scent-like state for 3 weeks (Leite et al.,
647  2015). Furthermore, during this period, the 3D HRPAISC co-culture model has been

648  validated for drug-induced toxicity and fibrosisags using compounds such as methotrexate
649  and allyl alcohol (Leite et al., 2015). Based osults with 2-propen-1-ol, the 3D HepaRG/HSC

650 co-culture model was used to evaluate five ofaensaturated alcohols.

651  Testing was conducted following the protocol ofteest al. (2015). Briefly, HepaRG/HSC co-
652  cultures and 3D HSC control cultures were genernait®® round-bottom wells, 1 spheroid/well.
653  Cultures were maintained for 3 weeks with mediurthexge every second day. The study was
654  conducted with test compounds in single and repdathion. For single dose assays, spheroids
655  were exposed on day 20, while for repeated-dos@egespheroids were exposed on day 8, 10,
656 12,14, 16, 18 and 20. In both cases, on day 24 wefe lysed either for ATP measurements (as
657  a toxicity assessment) or mRNA analysis. For despanse toxicity six different compound

658 concentrations (i.e., 0, 0.064, 0.32, 8, 40 and2@Pwere tested. Six individual spheroids were
659  exposed and lysed separately, for each compoundgntration and exposure setup. For RNA,

660 the analysis focused on one effective concentrgtilGnM), determined previously for 2-propen-
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1-ol. Additionally, six individual spheroids weregled for lysis, RNA extraction and analysis.
The entire suite of assays was performed in duglica

Both single and repeated-dose assays revealedp2ptibol is toxic (i.e., reduction in % control
ATP) at the high concentrations (i.e., 40 and 2B0) with potency increasing for all tested
concentrations upon repeated exposure. Howevee obtine other tested alcohols showed

toxicity for the same concentrations.

The analysis of fibrosis-related gene expression admpted as an easy and accurate way to
screen HSC activatiomn vivo,upon liver injury HSCs respond by activation whigh
accompanied by an increased transcription and ptmhisecretion of extracellular matrix; once
the injury is repeated the described phenotypelealli to the development of fibrosis. The up-
regulation of HSC activation markers such as COL12Q@L3A1 and LOXL2 at the mRNA

level has been established as a way to detect ld®@ton in the current 3D model (Leite et al.,
2015).

Although it is known that hepatotoxicity leaitlsvivoto HSC activation, this is not a mandatory
step and there are hepatocyte-mediated compouectethat also activate HSCs. For this reason
the mRNA expression of the main HSC activation raeskvere checked in the hepatic
organoids upon exposure to @Bl of the different unsaturated alcohols (Table 4).

Table4. Summary of COL1Al, COL3Al and LOXL2 responses tecedp-unsaturated
alcohols. Strong induction indicated by **, whileeak induction is indicated by *.

2-propen- | 1-buten-3- | 2-buten-1- | 3-methyl-2- | 2-propyn- | 2-methyl-3-
1-ol ol ol buten-1-ol | 1-ol butyn-2-ol
COL1A1 * % * % * % * * *
COL3Al ** * % *
LOXL2 * % * % * % *

Bar graphs demonstrating gene induction are predentFigure 1. Specifically, 2-propen-1-ol

strongly induced (i.e., >3-4 fold up-regulationg thxpression of all three tested markers, but

only upon repeated exposure. This pattern (strodgdtion of 3 out of 3 tested markers after

repeated exposure), is also observed for 1-butein-Bae up-regulation of the three genes upon

repeated exposure, although to a lesser extentalsa®bserved for 3-methyl-2-buten-1-ol,
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however this compound also produces an effechiglsiexposure. 2-buten-1-ol up-regulates
two out of the three tested genes (i.e., COL1A11a0¥L2) in repeated exposure. The only
alcohols that do not strongly induce (i.e., >3-l fop-regulation) of at least two out of three
markers are 2-methyl-3-butyn-2-ol and 2-propyn-1Bath of the latter alcohols only induce a
2-3 fold up-regulation of COL1A1 without inductiaf COL3A1 or LOXL2. The triple-bond-
containingB- acetylenic alcohols do not exhibit 2-propen-1id up-regulates of HSC

activation markers.

Figure 1. mRNA levels of LOXL2, COL1Al and COL3A1 in HepaRESC spheroid exposed
to 40puM B-unsaturated alcohols (fold increase with respecontrol, GAPDH mRNA was used

as a reference gene). Single dose responds ingiiglitand repeated-dose responds in dark grey.
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In another new method study, van de Water and atcave evaluated stress response activation
of SRXN1, a target of the transcription factor NR#hich is activated upon oxidative stress,
and stress response activation of p21 and BTGH, thogets of the transcription factor p53,
which is activated upon DNA damage (Wink et al1£20 Briefly, they used the HepG2 BAC-

GFP reporter system after induction with 2-propesi-and five structurally-related analogues.
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The sixB-unsaturated alcohols were screened for a logaiétdose range: 17.7 uM, 31.6 uM,
56.1 uM, 100 uM, 177 uM, 316 uM, 516 uM and 1000. grivaddition, all alcohols with the
exception of 2-methyl-3-butyn-2-ol were screeneti7atO uM while 2-propen-1-ol was also
screened at 3160 uM and 5610 pM. Aflatoxin B1 (AB&s used as a positive control for p53-

mediated DNA damage response.

Stress response activation was evaluated at 244&hds after exposure using Nikon confocal
microscopy. HepG2 cells were cultured in convergi@D monolayer and the 3D hydrogel
based assay, which shows a more differentiated fikenotype (Ramaiahgari et al., 2014).
Green fluorescent protein (GFP) pixel intensity waesasured per single cell for 2D monolayer
data. GFP pixel intensity in 3D was measured pkepd. Error bars were calculated over three

replicates.

Since 2-propen-1-ol causes oxidative stress inggrhuman and rat hepatocytes as well as
underin vivo circumstances initial work focused on the SRXNdorger. After 24-hrs, all tested
B-unsaturated alcohols showed a significant and dependent activation of SRXN1-GFP
expression in both the 2D and 3D assays. Aflat&iralso caused up-regulation of the reporter
activity with the point-of-departure concentratsgtarting at 100 uM. 2D cultures were more
sensitive to pick of the GFP-SRXNL1 reporter acyivifter 48-hrs limited up-regulation of
SRXN1-GFP was seen both in 2D and 3D compared4wr24This is likely due to adaptation of
the system to the oxidative stress. Neverthelesleaa dose dependent effect was observed.
From the 2D experiments, the fraction of cells vettye GFP intensity is higher than two times
DMSO GFP was determined. In both experiments: 8d-48-hrs, more than 50% of the cells
showed a response to all tested alcohols. Simitartiie overall SRXN1-GFP intensity, at 48-hrs

the percentage of cells that demonstrated a respoas less compared to 24-hrs.

The response for p21-GFP induction was also evadudtflatoxin B1 caused an up to 20-fold
up-regulation of p21-GFP, which was already cleédr7a7 uM. Significant up-regulation was

observed for multiple concentrations for the tefethsaturated alcohols. An exception was
noted for 3-methyl-2-buten-1-ol, which exhibitedhivariation between the three replicates.
Similarly, for 3D the up-regulation of p21-GFP waisong for AB1; for the teste8lunsaturated
alcohols a response was observed for 2-propen-2qmippyn-1-ol and 2-methyl-3-butyn-2-ol.
At 48-hrs, AB1 caused an even higher induction2#-@FP reaching over 30-fold induction
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under 2D situations; whereas only a mild signiftagp-regulation of P21-GFP after 48-hrs was
observed for the alcohol analogues, with hardlyiaduction for 2-propen-1-ol and 1-buten-3-ol.
The 3D situation showed significant up-regulationdne concentration of 2-propen-1-ol and 3-
methyl-2-buten-1-ol at 48-hrs. In general, a limifgercentage of cells responded to the tested
analogues, all treatments showed maximal up to 20 e cells reaching the threshold of two
times the negative control (i.e., DMSO) GFP intgndn contrast, almost all cells responded to
AB1.

The response for the BTG2-GFP reporter, which cefla DNA damage response through
activation of p53 was also examined. No signifigadtuction was observed in 2D after 24-hrs of
treatment, except for the positive control, AB1,ethcauses strong DNA damage at 17.7 puM.
Also in 3D spheroids AB1 caused a strong activatibBTG2-GFP reporter activity. While
exposure to some unsaturated alcohols (i.e., 2eprdpol, 2-propyn-1-ol and 2-methyl-3-butyn-
2-0l) resulted in a significant induction of BTGZB; induction was not observed at all
concentrations and the induction was not to therexéxhibited by AB1. After 48-hrs exposure,
the average GFP intensity in 2D cultures showedessignificant up-regulation for 2-propen-1-
ol, 2-buten-1-ol, 2-propyn-1-ol, and 2-methyl-34mH-ol. However, no significant up-
regulation is observed in 3D cultures. For all unssted alcohols, between 25% and 45% of
cells were observed to express GFP intensity hititeer two times DMSO GFP intensity.

Table 5. Summary of SRXN1-GFP, the p21-GFP and BTG2-GEpamrses to select@d
unsaturated alcohols. Significant up-regulatioargt concentration are indicated with an *.

2-propen- | 1-buten-3- | 2-buten-1-ol | 3-methyl-2- 2-propyn-1-ol | 2-methyl-3-
1-ol ol buten-1-ol butyn-2-ol
SRXN1
2D 24h * * * * * *
SRXN1
2D 48h * * * *
SRXN1
3D 24h * * * * * *
SRXN1
3D 48h * *
P21 2D * * * * *
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24h

P21 2D
48h * * * *

P21 3D
24h * * *

P21 3D

BTG2
2D 24h

BTG2
2D 48h * * *

BTG2
3D 24h * * *

BTG2
3D 48h

It can be concluded from these new methods data tha

» Straight chair-olefinic alcohols induce the main HSC activatioarkers (i.e.,
COL1A1, COL3A1l and LOXL); the exception COL3A1 f&buten-1-ol is noted.

* Vinylic methyl-substitute-olefinic alcohols weakly induce the main HSC aation
markers tested.

* [B-acetylenic alcohols typically do not induce themdSC activation markers.

* [B-unsaturated alcohols primarily activate an oxidastress response, but not a DNA
damage response.

* [B-unsaturated alcohols all strongly activate the REANIf2 pathway reporter SRXN1-
GFP.

» SRXN1-GFP activation is strongest at 24 hr expqdikely due to adaptation towards
oxidative stress and therefore reduced activitgtar time points.

* [B-unsaturated alcohols do not effectively activaeep21-GFP and BTG2-GFP reporter
and responses are only generally observed >100 pM.

The premise that the 90-day rat oral repeated-tboseity of primary and secondafyolefinic
alcohols of short chain length (i.e., C3 to C6}iraras indirect-acting toxicants with the same
covalent mechanism of action, is supported by #we methods data reported above. The new
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methods data, while limited, also suggest thatetdn in reactive potency is associated with
HSC activation. While other metabolic mechanismashsas ROS formation or P450 activation,
cannot be completely ruled out, the new methods ala consistent with the ADH pathway of
metabolic activation. Taken collectively, theselfimgs demonstrated how new method data
reduce the uncertainty associated with mechamsigvance and completeness of the read-

across (i.e., uncertainty in the predictions).

6. Statement of conclusions

The applicability domain for this case study isitad to small (C3 to C6) primary and secondary
B-olefinic alcohols. The mechanistic argument issistent with primary and seconddy

olefinic alcohols being readily metabolized by &obdehydrogenase (ADH) to polarized3-
unsaturated aldehydes and ketones, which readlictzael addition interaction with thiols in
proteins resulting in cellular apoptosis and/orrosis. Upon oral repeated-dose exposure, the
latter may, as in the case of 2-propen-1-ol, lead vivotoxicity involving the kidney and liver

or, as in the case of 3-methyl-2-buten-1-ol, taistins in food and water uptake. The main
route of exposure fd@s-olefinic alcohols is oral with immediate absorptivom the upper
gastrointestinal tract. They are distributed unlzbumthe blood and are subsequently readily

enzymatically oxidised, especially in the liveréactive metabolites.

The key element of uncertainty in accepting reatsscpredictions is rooted in metabolism.
Specifically, the pivotal issues for establishirgegory membership include: 1) are fhe

olefinic alcohols transformed to metabolites hawimg same mechanism of electrophilic
reactivity, 2) is the metabolic pathway the samegr@ the rates of transformation sufficient so
the reactive metabolites are the definitive toxidanthe endpoint being read across, and 4) are

the metabolites similar in reactive potency.

Results for selected compounds representing eaitte dive sub-structural groups with tee

vivo model, the 2-hour rat isolated perfused liver,cmesistent with the mechanistic hypothesis
of metabolic activation via ADH to soft electropsl Specifically, all tested primary and
secondar-olefinic alcohols exhibit a dramatic reduction {38%) in glutathione (GSH) as
compared to controlén chemicareactivity data, in the form of the concentratidicieng a 50%

reduction in free GSH after 2 hours exposure fegcteda, 3-unsaturated carbonyl compounds
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(i.e., potential reactive metabolitesfblefinic alcohols) also support the applicabilitgmain

of this chemical category. Aft, B-unsaturated carbonyl compounds such as thosesddriom
hepatic metabolism of primary and secondaglefinic alcohol readily react with GSH.
Specifically,a, B-unsaturated carbonyl derivatives of straight-clteaohols: 1-alken-3-ols and
2-alken-1-ols exhibit 2-hour Rgvalues between 0.05 and 0.40 mM, while those afdined
alcohols: 2-methyl-2-alken-1-ols, 3-methyl-2-alkels, 3-methyl-3-alken-2-ols and 4-methyl-
3-alken-2-ols exhibit R values between 12-22 mM.

The newin vitro method data reveal th@tunsaturated alcohols primarily activate an oxigati
stress response, but not a DNA damage responsée ¥aight chaifs-olefinic alcohols induce
the main HSC activation markers (i.e., COL1A1, C@L3and LOXL), the vinylic methyl-

substitute3-olefinic alcohols only weakly induce these markers

Endpoint specific factors affecting the predictinnlude the uncertainty associated with how
exactly the molecular structure impacts repeatexk doxicity. These uncertainties are
considered low to moderate since the most likelyainaites are well-studied Michael acceptors,
either a3-unsaturated aldehyde ofaunsaturated ketone. Since results from cytotoxibish
toxicity and skin sensitization studies reveal samstructure-activity relationships, no endpoint

non-specific factors affecting the predictions igientified.

Theex vivq in vitro andin chemicodata support the premise that 2-propen-1-ol, @asrbst

potent analogue, can be read-across to other priamat secondary-alkenols.

Thein vitro andin chemicodata, but not thex vivodata support the argument for sub-
categorization. In the sub-categorization schemeopen-1-ol can be read-across to the 1-alken-
3-ols and 2-alken-1-ols and 3-methyl-2-buten-1sakeiad across to 2-methyl-2-alken-1-ols, 3-
methyl-2-alken-1-ols, 3-methyl-3-alken-2-ols andéthyl-3-alken-2-ols.

The net result is the uncertainty as describeddbylfz et al. (2015) for thegkeolefinic alcohols
is low-to-medium. Specifically, the oral 90-day eaped-dose NOAEQf 6 and 25 mg/kg bw/d,
in male and female rats, respectively, reporte®fpropen-1-ol can be read across to untested
straight-chaineg-olefinic alcohols (i.e., 1-alken-3-ols and 2-alkkls) with acceptable

uncertainty for all regulatory decisions includimgk assessment.



828 Read-across from 2-propen-1-ol to untested methysttuted3-olefinic alcohols is a

829  conservative prediction which may estimate lowanthkely repeated-dose potencies. The oral
830 90-day repeated-dose NOAEL values of 65.4 and ®82/kg bw/d in male and female rats,

831  respectively, reported for 3-methyl-2-buten-1-ogynbe read across to untested branghed

832  olefinic alcohols (e.g., 2-methyl-2-alken-1-olsirgthyl-2-alken-1-ols, 3-methyl-3-alken-2-ols

833  and 4-methyl-3-alken-2-ols). However the uncertaisthigher.
834

835 Disclaimer: This case study has been designed to illustrateifspessues associated with read-
836 across and to stimulate discussion on the topis. tiot intended to be related to any currently
837  ongoing regulatory discussions on this group of pounds. The background document has been
838 prepared to facilitate the discussion at the Topaientific Workshop and does not necessarily
839 represent ECHA's position. The papers are not fpablications and are solely intended for the

840  purposes of the Workshop.
841
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Annex | I: Templatefor Assessing Uncertainty for Read-Across

Table 1. Data Uncertainty and Weight-of-Evidence Associated with the Fundamentals of Chemical,
Transformation/Toxicokinetic and Toxicological Similarity

31

Similarity Data Strength of Comment
Parameter Uncertainty 2 Evidence®
(empirical, modelled) (low, medium, high)
(low, medium, high)
Substance Low High All category members are discrete orgamnibstance of
Identification, simple structure. They all have CAS numbers, sinfila
Structure and structure and belong to the same chemical classa@df
Chemical five noted subclasses.
Classifications
Physio-Chem & | Empirical: High All category members are appropriately similéh respect
Molecular low to key physicochemical and molecular propertieeréhs a
Properties Modelled: high degree of consistency between measured andimod
low estimated values.
Substituents, Low to moderate | High Substituents and functionaligs are consistent across all
Functional category members. There is a complex extendedtstalc
Groups, & fragments (see Table 1) which is accounted foubn s
Extended categorisation
Structural
Fragments
Transformation/ | Empirical: Medium Due to the small size range, bioavailabiktyot considered
Toxicokinetics In vivo: none factor in these predictions. Based on high qualéta for two
and Metabolic In vitro: low category members, there is evidence for similaictikinetics
Similarity and metabolic pathways (see Table 2). There ishubta
Simulated: evidence suggesting some methyl-substitution affiée rate
low of metabolitesln vivo data suggests the rate of metabolism
affects chronic toxicity. This can be accountedsial-
categorisation.
Potential Simulated: High Based orin silico metabolic simulations, metabolites from
Metabolic low oxidation are predicted to be produced by the categ
Products members (see Table 3).
Toxicophores Medium High Based om silico profilers, category member contains any
/Mechanistic established toxicophores for protein binding vigabelic
alerts activation. However, the potency of protein bindirzgies
between the five sub-structure groups. Potencemdiffces
can be accounted for sub-categorisation.
Mechanistic Medium High The available AOP hypotkedithe mode of toxic action, o
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Similarity Data Strength of Comment
Par ameter Uncertainty 2 Evidence®
(empirical, modelled) (low, medium, high)
(low, medium, high)
plausibility and all category members is related to oxidative mdtaivoto
AOP-Related correspondin@, B-unsaturated electrophilic aldehydesior
Events B-unsaturated ketones (see Table 3).
other relevantn | Low High Fishin vivo data andn vitro data for cellular effects are in
vivo, in vitro and agreement with the electrophilic reactivity hypatisefor
ex vivo rodent repeated-dose toxicity.
endpoints

Over all chemical similarity is limited by the cotapity of the extended fragment but enhanced bycatbgorisation.
Similarity of chemistry within the category (i.éive structural sub-groups) is low to moderate.Witthe category data
similarity and weight-of-evidence associated with fundamentals of chemical transformation/toxinekic is
moderate to high with uncertainty, mainly relatedrtetabolite reactivity. Within the category dataikrity and
weight-of-evidence associated with toxicodynaméckw to moderate. Uncertainties associated witbhamistic
relevance and completeness of the read-acrosaufigertainty in the predictions) are reduced with-categorization
and the addition of “new methods” data

Summary: Key features of chemistry are similar wnitihe category. Key features of transformatioridokinetics and
metabolism are common within the category. Categueynbers exhibit a Michael addition electrophiéactivity
profile with respect tin chemicoreactivity. Category members are considered mestieally similar; category
members exhibit a Michael addition electrophiliaatvity profile with respect tm vivo, ex vivandin vitro toxicity.

#Uncertainty associated with underlying informatitata used in the exercise
® Consistency within the information/data used topsupthe similarity rational and prediction
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Table 2. Template for Assessing Uncertainty Associated with M echanistic Relevance

and Completeness of the Read-Across

Factor Uncertainty

(low, medium, high)

Comment

The problem and Low to Medium
premise of the read-
across

The endpoint to be read across, @@atlay repeated-dose
toxicity for primary and secondapyolefinic alcohols is not
well-studied. The scenario of the read-across lsinge
metabolic similarity and the formation of electrdha, -
unsaturated aldehydes amdB3-unsaturated ketones which
elicit similar reactive potency leading to hepatid renal
effects related to apoptosis and necrosis.

Invivo dataread
across

Number of analogues in Medium; 2 of 16
the source set

There are only two suitable catggoember (2-propen-1-ol

and 3-methyl-2-buten-1-ol) witim vivo apical endpoint datal.

These source substances represent one each fartiselb-
categories (straight-chained and branched.)

Quiality of thein vivo Medium
apical endpoint data
read across

High quality empirical data for the statedulatory endpoin
exists from multiple studies for 2-propen-1-ol ansingle
study 3-methyl-2-buten-1-ol. These data are incest in
regards to qualitative and quantitative descrigioheffects.
These in consistencies are eliminated by sub-ceszgion.

Severity of the apicah | Low
vivo hazard

Potency data for thia vivo apical endpoint are NOAELSs fo
2-propen-1-ol include 6 mg/kg body weight (bw)/dhiales
based on increase in relative weight of liver, aBdng/kg
bw/d in femalebased on bile duct hyperplasia and peripo|
hepatocyte hypertrophy in the liver. The 90-day ora
repeated dose NOAELSs for 3-methyl 2-buten-1-okiwere
reported based on the decreased food and water
consumption: 65.4 mg/kg bw/d in males and 82.1 mg/k
bw/d in females.

rtal

Evidenceto the
biological argument
for RA

Robustness of analogueLow; ex vivq in vitro andin
data set chemicoendpoints reveal
the same structure-activity
relationships.

The available data fromx vivostudies of category membe
is of high quality but limited to one representattompound
of the five structural sub-groups. The availableadeomin
vitro studies of category members is of high quality but
limited to one representative compound of the §itractural
sub-structural groups. The available data fiorohemico
studies for the category members is robust, reptiesp
multiple chemicals in four of the five structurabsgroups.
All the tests were judged to be reliable and cotetliander

the appropriate conditions.
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Concordance with
regard to the
intermediate and apical
effects and potency
data

Medium; limited by lack of
mechanistic plausibility.

While data is limited, there appears to be gooéement
between the sequences of biochemical and physegalbgi
events leading to tha vivotoxicity. There is consistency
and high specificity for the association betwéenivo
symptoms, and thex vivoandin vitro data as well as the
structural domains of the category. There is gdnera
agreement among the dose-response relationshipe of
tested category members for releviantitro andin chemico
events.

Weight of Evidence

Low to medium

Overall the avaligainformation is consistent with the stat
premise. The variation in structural (i.e., compéexended
fragment) of the initial category weakens the WéHile
the toxicokinetics data is limited, the high quaéi vivo
data (i.e., profused liver) supports metabolisrmgei key
factor to the category and adds to the WoE. Thk iglity
in vitro data (i.e., 3D hepatic organiod) supports the
metabolic-mediated fibrosis premise and adds t&bE&.
The consistency within thia chemicodata and its
consistency with thex vivoandin vitro data adds to the
WOoE. The fact that there is consistent relevamhemico
data for most if not all the category members gfiteens the
WoOE. Sub-categorisation (straight-chained and bredg
adds markedly to the WoE.

[1%

Uncertainty associated with mechanistic relevameecmpleteness of the read-across (i.e., uncgrtainhe
predictions) is reduced with the additionesfvivo, and in chemiceactivity data and sub-categorisation. Uncenyain
associated with mechanistic relevance and commsteof the read-across (i.e., uncertainty in tiediptions) is
further reduced with the addition of “new methodsVitro data. The overall uncertainty associated withréfael-
across predictions is judged to be low to medium.




