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In Silico Methods to Identify Hazard

Toxicity

Excellent Review: Madden JC et al (2020) ATLA 48: 146-172
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In Silico Tools for Chemical Risk Assessment

?
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Read-Across is Used to Predict (in Vivo) Endpoint Information 

for One Chemical, Using Data from a Similar Chemical

Data 
Rich

Data 
Poor

What is the most appropriate chemical pairing (ACP)? 5



Target: 
Methyl hexyl oxo

cyclopentanone carboxylate 

Source: 
Methyl dihydrojasmonate

Read-Across: Similar Molecules Have Similar Toxicity

Data 
Rich

Data 
Poor

Example from: Api AM et al (2017) Food and Chemical Toxicology 110: S327-S336 6



Target: 
Methyl hexyl oxo

cyclopentanone carboxylate 

Source: 
Methyl dihydrojasmonate

No Toxicity Data Data for: genotoxicity, repeated dose, DART, skin 
and respiratory sensitisation

?

Read-Across: Similar Molecules Have Similar Toxicity
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Stated
Similarities

Read-Across: How are Target and Source 

Molecules Similar?
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Stated
Differences

Read-Across: How are Target and Source 

Molecules Dissmilar?
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Is there justification to read-across

• Genotoxicity
• Repeated Dose
• Devel/Repro

• Skin and respiratory sensitisation

Is Read-Across Justifiable?
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Target: Read-Across Material: 
Methyl dihydrojasmonate

How Does We Assess Read-Acoss?

What Other Information Could We Provide?
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Defining Similarity

• Structural Analogues

• Mechanism of Action

• Mode of Action

• Common Metabolite / 

Degradant

• Similarity Metric

OH

OH

OH

OH
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Defining Similarity

• Structural Analogues

• Mechanism of Action

• Mode of Action

• Common Metabolite / 

Degradant

• Similarity Metric

Hydrolysis

Adapted from: Ball N et al (2014) Regulatory Toxicology and Pharmacology 68: 212-221 15



Defining Similarity

• Structural Analogues

• Mechanism of Action

• Mode of Action

• Common Metabolite / 

Degradant

• Similarity Metric Tanimoto Score1,2 =
𝑐

𝑎 + 𝑏 − 𝑐
16



Which Similar Approach is Best?

• Context, endpoint and compound dependent

• Common functional groups may drive mechanism

• Consider dissimilarities

• Toxicodynamics

• Toxicokinetics

• Case studies will build on structural analogues
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21st Century Read-Across

Data 
Gathering

Lines of 
Evidence

Weight of 
Evidence

Uncertainty 
Assessment

Acceptable 
Uncertainty

Similarity 
Hypothesis
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A Brief History of Read-Across

2013

2015 Schultz TW et al Regul. Toxicol. Pharmacol. 72: 586

Cronin MTD et al RSC Publishers

2015 Berggren E et al Environ. Health Perspect. 123: 1232.

2017 Przybylak KR et al Comput. Toxicol. 1: 22

Schultz TW et al Comput. Toxicol. 9: 1

2017

2019

Schultz TW & Cronin MTD Regul. Toxicol. Pharmacol. 
88: 185

Pestana CB et al Regul. Toxicol. Pharmacol. 
120: e104855

2021

2021 Yang C et al Comput. Toxicol. SubmittedThe COSMOS Next Generation Knowledge Hub
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Widespread Use, 

Acceptance Unknown 

21



Defining Similarity

22Adapted from: Mellor CL et al (2019) Regulatory Toxicology and Pharmacology 101: 121-134



Data Quality: Chemical and Biological

Chemical Structure

• Must be correct

• Defined

• UVCBs

Toxicological

• Data quality must be 

understood

• TG, GLP
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Mechanisms of Action

Need to ensure and demonstrate mechanistic similarity

• Evidence from:

• In silico

• In chemico

• In vitro

• omics
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Toxicokinetics

Do the differences in structure between target and source affect

• Bioavailability

• Clearance

• Significant metabolites
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Assessment: 

ECHA’s RAAF
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Assessment: Twelve Types of Uncertainty

• Context of, and relevance to, 
the regulatory use

• Type of category / group

• Hypothesis

• Mechanistic plausibility

• Similarity in chemistry

• Toxicodynamic similarity

• Toxicokinetic similarity

• Quality of the apical endpoint 
data

• The consistency and 
concordance in the effects and 
their severity

• Strength or robustness of the 
supporting data sets 

• Weight-of-Evidence

• Documentation and written 
evidence

Details in: Schultz TW et al (2019) Computational Toxicology 9: 1-11 27
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A Framework to Reduce Read-Across Uncertainty 

Using New Approach Methodology (NAM) Data

Uncertainty in Read-Across

HIGH

LOW

Structural Similarity Alone

NAM and Existing Data
• In silico – Tanimoto, phys-chem, 

profiles, QSAR
• In vitro / ToxCast
• TK / ADE / Metabolites

Details in: Pestana CB et al (2021) Regul. Toxicol. Pharmacol. 120: e104855 29



Aim of This Session

For read-across of repeated dose toxicity

• Problem formulation

• Demonstrate similarity 

• Select analogues

• Identify uncertainties

• Reduce uncertainties 
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SOT Webinar 

Rules for Establishing an Acceptable Chemical 

Pair (ACP) for Repeated-Dose Toxicity (R-DT) 

Read-Across (RA)

Terry W. Schultz

tschultz@utk.edu

April 14, 2021
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The information and opinions provided here are my own – they 
do not reflect the policy or opinions of any organization.

I am an emeritus professor at the 

University of Tennessee; I serve on the 

expert panel for the assessment of 

safety of fragrance ingredients and as 

a science advisor to the Laboratory of 

Mathematical Chemistry.
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How do I identify a similar 
compound suitable for use as the 

data source to cover the safety  
of a target chemical in a 

chemical category-based read-
across?

You no longer
can rely on searching 
toxicological databases 
by 2D structure using 

a quantitative 
similarity score.

33



Toxicologists and computational chemists work 
together to improve RA.

Emphasis is placed on relevant common features:

❖toxicodynamic-related properties, especially 
chemical mechanisms of action and/or 
biological modes of action.

❖toxicokinetic-related properties, especially, 
metabolism and degradation pathways,

❖physicochemical properties,

And linking them back to 2D molecular structure, 
the currency of RA.

34



1. chemical similarity comparisons are fundamental to 
preparing a RA assessment.

2. the over-arching aim of such comparisons is to 
establishing appropriate chemical pairings (ACP), the 
untested target and tested source analog, so the 
difference between the two is a minimal number of 
localized structural changes.

3. the minimal number of differences and what differences 
are acceptable are endpoint specific.

4. delineating an ACP relies on both multifaceted 
similarity analysis and expert-judgment.

We Contend That

35



Similar core 
structure, 
functional groups, 
prevalence & 
location of 
reactivity-
modifying 
structural features
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structural 
differences

Subtle 
structural 
differences

Major differences in 
physicochemical 
profiles

Major differences in 
physicochemical 
profiles

Divergent 
metabolites

Divergent 
metabolites

Differences in 
toxicological profile

Differences in 
toxicological profile

Similarities

for RA are 

Related to 

Confidence 

and 

Uncertainty
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the verdict on a proposed ACP mainly 
reflects the extent of the chemical 
mechanism and biological mode of toxic 
action knowledge, and the amount of 
relevant data available.

Since this information varies between 
endpoints, assessment of the reliability of a 
RA prediction is endpoint specific.

Our Collective Experience has Revealed

37



Has revealed the merit in using workflows for 
identifying ACPs.

Since endpoints differs with respect to their 
strategic toxicokinetic and toxicodynamic 
parameters, endpoint-specific RA rules should be 
developed.

All efforts must relate to 2D structural similarity.

The endpoint determines the degree and type of 
dissimilarity allowed in an ACP.

Examining >1,500 CPs

38



are designed as workflows to guide users in 
filling a gap by RA from an ACP. 

establish a transparent information trail that 
demonstrates why the ACP is suitable.

While in silico systems allow for the selection 
of potential RA analogs, the final selection 
process still requires a RA argument and 
expert-judgment.

The Schemes

39



is when toxicokinetic and toxicodynamic parameters are 
unknown they are most likely to be the same when there 
is little structural difference between the target and 
source substances.

Structure similarity grouping, in order of importance includes:

1) functional group,

2) bond order,

3) molecular skeleton type,

4) branching, and

5) hydrocarbon chain length.

Basic Hypothesis for Similarity Rules

40



Chemical Categorization

Inventory

Acids Alcohols Esters Aldehydes Ketones
Nitrogen-
containing

Oxygen-
containing

Sulfur-
containing

Etc.

UnsaturatedSaturated

Vinyl Vinylene Aromatic a,b unsaturated Heterocyclic

ConjugatedCyclic Straight 
chain

Branched

Spiro Bicyclo Macrocyclic

Cyclic Straight 
chain

Branched

# C, Log Kow # C, Log Kow

Grouping based on 
functional group

Sub-grouping based on 
chemical properties

Grouping based on 
extended fragment

Adapted from Mihir et al. (2020)

Grouping based on 
bond types

41



that is matching of organic function groups, 
heteroatom configuration, pi-bond configuration, etc. 
are:

less stringent for endpoints that are well-
characterized and well-studied (2D structural 
alerts confirmed) e.g., genotoxicity, skin 
sensitization and phototoxicity.

more rigorous for less-characterized endpoints 
(2D structural alerts limited) e.g., repeated-dose 
and development toxicity.

Enforcement of Structural Similarity Rules

42



is scattered and fragmentary.

Forming a toxicological meaningful category for R-DT is a 
formidable task.

Since exposure is over a long duration (e.g., 28 days or longer), 
the in vivo damage tends to be cumulative.

The reported values (e.g., NOAEL or LOAEL) vary as to 
incidence, target organ, severity, etc.

While results based on 90-day subchronic toxicity protocols 
(i.e., gavage, drinking water, feed) are preferred, other data 
and protocols are often assessed.

R-DT Data

43



reported from standardized test guidelines 
are elaborate, often based on a defined 
vocabulary list of possible symptoms.

While some parameters are quantitative, 
most are qualitative.

In contrast, legacy data is nonstandard - what 
is reported (symptoms, NOEL values, etc.) 
and how they are reported vary.

R-DT Data

44



With exceptions, R-DT is not well-understood 
and data-poor.

Due to a lack of a test-based endpoint definition 
and lack of understanding of the toxicodynamics 
and the toxicokinetics related to R-DT, a 
conservative approach is taken in identifying 
ACPs.

NOEL predictions without LOEL properties for 
the source is not recommended.

General Rules

45



R-DT is Associated with Systemic Effects

or effects observed at locations removed from 

the site of contact and typically, after ADME are 

considered.

It is useful to subdivide RD-T toxic effects into:

organ-specific adverse effects (e.g., irreversible 

histopathological parameters).

adaptive effects, (e.g., weight- and behavior-

related parameters) that are often reversable.

46



(i.e., histopathological-defined effects) follows 
typically 2D chemical structure similarity analysis.

Having the same functional group(s) in both target 
and source is necessary.

High structural similarity between the hydrocarbon 
skeleton of target and source is desired.

Reactivity-related structural features (mechanism(s) 
and rate(s) of reaction) of the source should match 
the reactive features of the target.

Rules for Irreversible Organ-Specific Effects

47



(i.e., chemicals proposed to elicit non-clinical, 
organ weight-related parameters, etc.) follows 
a more elaborate similarity analysis.

Target and source should have similar ADME 
properties. For Example;

Gut and skin absorption should be 
comparable.

Metabolic pathways should be the same.

Rules for Reversible or Adaptive Effects

48



Based on expert judgment, dissimilarity in 
the overall 2D structure may result in a 
rejection of a R-DT RA.

Consistency between in silico predictions 
and in vitro data adds weights-of-evidence 
to and reduced uncertainty in the RA 
prediction.

Other Rules

49



For R-DT RA, ACP selection typically employ a:

Tier I tactic, chemicals within the same category –
between chemical with the same scaffolding but 
different chain lengths (e.g., to γ-octalactone, C8 from 
γ-valerolactone, C5), or a

Tier II tactic, chemicals in adjoining categories –
between chemicals with different scaffoldings and 
chain lengths (e.g., to 3-(3-propan-2-ylphenyl)butanal 
from 3-(4-tert-butylphenyl)-2-methylpropanal).

Tier I and II Types of RA

50



biotic transformation product(s) are used as the 
source.

Specifically, Step-1 or Step-2 Phase I metabolites 
of the target, can be the source.

An exception is when a metabolite very readily 
undergoes covalent protein-binding, Phase II 
conjugation, or both - is less bioavailable or 
more rapidly eliminated than the target.

In a Tier III RA for R-DT
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Benzyl Esters

Carboxylic 
Acid

Benzyl 
Alcohol

Benzoic 
Acid

Benzaldehyde

Benzylmercapturic Acid

Benzoyl 
Glucuronide

Benzolyl 
Coenzyme A

Benzoglycine 
(Hippuric Acid)

Metabolism in a Tier III RA

Documented Metabolic Map for Benzyl Acetate

52



In Summary

Adapted from: Schultz TW et 
al (2019) Computational 

Toxicology 9: 1-11 53



Let’s take a 

break before 

the 

examples!
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Read-Across Case Study 1:

Using High Quality Data

Mark Cronin

Liverpool John Moores University

United Kingdom

e-mail: m.t.cronin@ljmu.ac.uk
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Problem Formulation

• To fill a data gap for the repeated dose subchronic

toxicity for 2-methoxy-4-propylphenol using read-across

– Structurally related analogues

– High quality data

– Low uncertainty

57



Target Molecule: 2-Methoxy-4-propylphenol  

• CAS: 2785-87-7

• SMILES: O(c(c(O)ccc1CCC)c1)C

• Industrial organic substance 

• Associated with personal care 
products

• Data gap for repeated-dose 
subchronic toxicity

58



Similarity Hypothesis

• Relatively simple molecule

• No reactive or other specific MOA related 

functional groups

• Search for analogues with similar / same 

functional and substitution pattern

• Source molecules to have high quality RDT data

59



Target Molecule: 2-Methoxy-4-propylphenol

Functional Groups / Properties  

• MW: 166.2 Da

• Log P: 2.71 (predicted)

• Melting Point: 39.5°C (predicted)
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Most Appropriate Source Molecules

• 4-alkane derivatives of 2-methoxyphenol

• 4-ethyl- and 4-butyl-2-methoxyphenol, 

• 4-methyl- or other short-chain 4-alkane 

derivatives e.g. 2-methoxy-4-isopropylphenol

• However, no appropriate in vivo data

61



Source Molecules With In Vivo Data

4-allyl-2-methoxyphenol (eugenol) 2-methoxy-4-(prop-1-enyl)phenol 

(isoeugenol)
62



Similarities

• MW: 166.2 Da

• Log P: 2.71 

• Melting Point: 39.5°C

Target

• MW: 164.2 Da

• Log P: 2.27 (exp) 

• Melting Point: -9.6°C (exp) 

Source

• MW: 164.2 Da

• Log P: 2.68 

• Melting Point: 11.8°C (exp) 

Source
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Dissimilarities

MW: 166.2 Da

Log P: 2.71 

Melting Point: 39.5°C

Target

MW: 164.2 Da

Log P: 2.27 (exp) 

Melting Point: -9.6°C (exp) 

Source

MW: 164.2 Da

Log P: 2.68 

Melting Point: 11.8°C (exp) 

Source

64



Toxicity (Toxicodynamics) Data Collection

4-allyl-2-methoxyphenol (eugenol)

1. OECD TG 408 (Repeated Dose 90-Day Oral Toxicity in Rodents) 

• Rat (10 / sex / dose) 

• 0, 120, 225, 450, 900 and 2000 mg/kg bw/day for 13 weeks 

• Absence of mortality, gross pathology and histopathology changes in 

both sexes, 

• NOAEL 600 mg/kg bw/day ♂; 1250 mg/kg bw/day ♀ based on slight 

body weight decrease at the higher doses

• https://echa.europa.eu/registration-dossier/-/registered-dossier/13694

65
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Toxicity (Toxicodynamics) Data Collection

4-allyl-2-methoxyphenol (eugenol)

2. OECD TG 408 (Repeated Dose 90-Day Oral Toxicity in Rodents) 

– Mice (10 / sex / dose) 

– 0, 120, 225, 450, 900 mg/kg bw/day for 13 weeks 

– Absence of mortality, body weight change, gross pathology and 

histopathology changes in both sexes, 

– NOAEL 900 mg/kg bw/day ♂; 900 mg/kg bw/day ♀ based on slight body 

weight decrease at the higher doses

– https://echa.europa.eu/registration-dossier/-/registered-dossier/13694

66
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Toxicity (Toxicodynamics) Data Collection
4-allyl-2-methoxyphenol (eugenol)

3. OECD TG 451 (Carcinogenicity Studies) 

– Rats (40 / sex for control and 50 / sex / dose) 

– 0, 600 and 1250 mg/kg bw/day ♀; 0, 300, and 600 mg/kg bw/day ♂, for 103 

weeks

– In the absence of dose-related mortality, gross pathology and histopathology 

changes in both sexes, the NOAEL (reduced body weight) a decrease of body 

weight gain of 10.1% in the highest dose female group, to be 300 mg/kg bw/day.

– Absence of mortality,gross pathology and histopathology changes in both sexes, 

– NOAEL 300 mg/kg bw/day based on reduced body weight up to 15% from 

weeks 51 to 102 of treatment together with a decrease of body weight gain of 

10.1% in the highest dose female group

– https://echa.europa.eu/registration-dossier/-/registered-dossier/13694 67
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Toxicity (Toxicodynamics) Data Collection

4-allyl-2-methoxyphenol (eugenol)

4. OECD TG 451 (Carcinogenicity Studies) 
– Mice (50 / sex / dose) 

– 0, 450 and 900 mg/kg bw/day for 104 weeks

– In the absence of dose-related mortality, gross pathology and histopathology changes in 

both sexes, the NOAEL in rats was determined, based on reduced body weight up to 15% 

from weeks 51 to 102 of treatment together with a decrease of body weight gain of 10.1% 

in the highest dose female group, to be 300 mg/kg bw/day.

– Absence of mortality, gross pathology and histopathology changes in both sexes, 

– NOAEL 450 mg/kg bw/day based on transient bodyweight reduction from week 49 to 104 

and relevant body weight gain decreased in females at the highest dose

– https://echa.europa.eu/registration-dossier/-/registered-dossier/13694
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Toxicity (Toxicodynamics) Data Collection
2-Methoxy-4-(prop 1-enyl)phenol (isoeugenol)

1. OECD TG 408 (Repeated Dose 90-Day Oral Toxicity in Rodents) 

– Rat 

– 0, 37.5, 75, 150, 300 and 600 mg/kg bw/day 5 days per week for 14 

weeks 

– Systemic NOAEL, 150 mg/kg bw/day ♀ based on increased hyperplasia 

in the liver

– Systemic NOAEL, 300 mg/kg bw/day ♂ based on body weight effects

– Local NOAEL, 75 ♂ and 150 ♀ mg/kg bw/day based on the histological 

changes in the olfactory epithelium

– https://echa.europa.eu/registration-dossier/-/registered-dossier/18867
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Toxicity (Toxicodynamics) Data Collection
2-Methoxy-4-(prop 1-enyl)phenol (isoeugenol)

2. OECD TG 408 (Repeated Dose 90-Day Oral Toxicity in Rodents) 

– Mice  (10 / sex / dose)

– 0, 37.5, 75, 150, 300 and 600 mg/kg bw/day 5 days per week for 14 

weeks 

– Systemic NOAEL, 600 mg/kg bw/day ♀ based absence of systemic 

effects

– Systemic NOAEL, 300 mg/kg bw/day ♂ based on body weight effects

– Local NOAEL, 300 ♂ ♀ mg/kg bw/day based on the histological changes 

in the olfactory epithelium

– https://echa.europa.eu/registration-dossier/-/registered-dossier/18867
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Toxicokinetics / ADME

• Toxicokinetic data are similar for eugenol / isoeugenol

– Readily absorbed

– Extensive distribution to extravascular tissues assumed 

– Rapid excretion in the urine 

– Rapidly metabolised, conjugation of free phenolic group primarily via 

Phase II conjugation, to form mainly glucuronide and sulfate 

conjugates

– https://echa.europa.eu/registration-dossier/-/registered-dossier/13694

– https://echa.europa.eu/registration-dossier/-/registered-dossier/18867

71

https://echa.europa.eu/registration-dossier/-/registered-dossier/13694
https://echa.europa.eu/registration-dossier/-/registered-dossier/18867


Toxicokinetics / ADME

• Similar in silico ADME profiles for target and source
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Other Data

• Low quality data for OECD TG 407

• 5 male rats

• NOAEL: 500 mg/kg/day from LOAEL

• https://echa.europa.eu/registration-

dossier/-/registered-dossier/9979• 2-methoxyphenol 
• CAS No. 90-05-1
• SMILES COc1ccccc1O

73
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Summary / Assessment of Uncertainties

• Structural similarity – low uncertainty

• Physico-chemical data – low uncertainty

• Consistency in systemic NOAELs – low uncertainty

• Toxicodynamics – low uncertainty

• Toxicokinetics / ADME – low uncertainty

• Overall there is low uncertainty, no further evidence is 

required
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Conclusions

• With low uncertainty, i.e. equivalent to conducting an 

OECD TG 408 (Repeated Dose 90-Day Oral Toxicity in 

Rodents), a systemic NOAEL of 300 mg/kg bw/day was 

read across to fill the 90-day oral repeated-dose 

endpoint for 4-propyl-2-methoxyphenol.
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This is 

a hypothetical RA 

designed to demonstrate some 

of the different types of 

uncertainty one may encounter 

in trying to establish an 

appropriate chemical

pair.
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I just received a new 
business case that may 

require a chemical 
category-based RA.

Great, I  will 
assemble the team.  
You had better call 

Mark.
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The over-arching aim: establish an appropriate chemical 
pair (ACP), so the difference between the target and 
source is a minimal number of localized structural 
changes.

The hypothesis: when toxicokinetic and toxicodynamic 
parameters are unknown they are most likely the same 
when there is little structural difference between the 
target and source.

For less-characterized endpoints such as R-DT:
matching of organic function groups, etc. are more 
rigorously enforced.

Remember
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The Most 

Acceptable 

Chemical 

Pair is in 

the Green
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Based on the criteria for a Tier I or Tier II RA both the 

target and source must have the same functional group(s), 

and high similarity in the pattern and structure of the 

hydrocarbon skeletons.

The most appropriate source would be an ester with: 1) an 

unsaturated alcohol moiety, preferably with 2) a straight-

chain and a vinylene group not conjugated with the 

hydroxy substituent, and 3) a branched carboxylic acid 

moiety, preferably with 4) a 2-position alkane group.

Data searching revealed no experimental in vivo repeat 

dose test data for any such structurally similar ester.

Tier I or II RA

Target Chemical

3-pentenyl

2-ethylvalerate
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Inventory

Acids Alcohols Esters

Unsaturated AlcoholSaturated Acid

Vinylene

Straight chainBranched

Grouping based on 
functional group

Grouping based on extended fragment

Grouping based on 
bond types

Tier III RA
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The initial step in in vivo metabolism of 

carboxylic acid esters is rapid and complete 

hydrolysis. 

Data searches were conducted for the hydrolysis 

produces, 2-ethylvaleric acid and 3-penten-1-ol.

Searches reveal no in vivo experimental R-DT 

test data.

Subsequently, a successful data search was 

conducted for similar straight-chain primary 

alcohols and similar 2-position branched 

carboxylic acids.

Hydrolysis & R-DT Data
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Experimental RD-T data was found for

cis-3-hexanol. 

Experimental RD-T data was found for 2-

ethylbutyric acid and 2-methylvaleric acid. 
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In a GLP-compliant OECD TG 422 study, cis-hex-3-en-1-ol

was administered via oral gavage to groups of 11 

rats/sex/dose at doses of 0, 100, 300, or 1000 mg/kg/day 

(https://echa.europa.eu/registration-dossier/-/registered-

dossier/12217).

♂ and ♀ rats were treated for a total of 41 and 53 days, 

respectively. No toxicant-related adverse effects were 

reported.

The NOEL for general toxicity was considered to be 1000 

mg/kg/day, the highest dose level tested.

Systemic Effects of cis-Hex-3-en-1-ol
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In a legacy study (similar to OECD TG 408), cis-hex-3-en-1-

ol was administered via drinking water to groups of 15 

rats/sex/dose at doses of ≈ 0, 31, 125, or 500 mg/kg/day 

for 98 days (Gaunt et al., 1969). 

At the 500 mg/kg bw/day the relative kidney weight was 

increased in ♂ but since there were no histological signs of 

renal damage and no indications of abnormal kidney 

function the former observation was not considered 

adverse.

The 90-day oral NOEL was reported as 500 mg/kg/day, the 

highest dose tested.

Systemic Effects of cis-Hex-3-en-1-ol
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In a GLP-compliant OECD TG 422 study, 13 

rats/sex/dose were orally administered highly pure 

2-ethylbutyric acid via gavage at doses of 0, 10, 50, 

and 250 mg/kg/day 

(https://ech.europa.eu/registration-dossier/-

/registered-dossier/24720).

Based on treatment-related adverse effects - kidney 

weight changes, biochemistry, and hematology the 

NOAEL was considered to be 10 mg/kg bw/day in ♂

and 50 mg/kg bw/day in ♀.

Systemic Effects of 2-Ethylbutyric Acid
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In a nonstandard ten day repeated dose study, three to six 

rats/sex/dose were orally administered 2-methylvaleric acid via 

gavage at doses of 0, 150, 300, 600, 900, and 1200 mg/kg/day in 

corn oil (https://echa.europa.eu/registration-dossier/-/registered-

dossier/23844).

While no mortality was observed at 150 and 300 mg/kg/day, high 

mortality within the first 5 days of treatment - 66, 100 and 100% 

was observed at 600, 900 and 1200 mg/kg/day, respectively.

Dyspnea was observed and bodyweight loss was significant at doses 

of 300 mg/kg/day and above.

While no clear NOAEL was derived, we concluded the NOEL will be 

> 150 mg/kg/day.

Systemic Effects of 2-Methylvaleric Acid
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Toxicokinetics of Source Analogs

Available information (https://echa.europa.eu/registration-dossier/-

/registered-dossier/12217) suggests that cis-hex-3-en-1-ol is absorbed 

from the GI tract, distributed systemically; there is no evidence 

suggesting it is metabolized by other than simple oxidation (to the 

aldehyde and then the carboxylic acid derivative).

Simple carboxylic acids are metabolized to CO2 and H20; 2-

methypentanoic acid undergoes ß-oxidation followed by cleavage to yield 

two propionyl CoA fragments (Williams, 1959). Propionyl CoA is 

converted to succinyl CoA which can be completely metabolized (Deuel, 

1957).

2-Ethyl substituent of aliphatic carboxylic acids have the capacity to 

inhibit the β-oxidation and 2-ethylbutyric acid is largely non-

metabolized and excreted in the urine as the glucuronic conjugate 

(https://echa.europa.eu/registration-dossier/-/registered-

dossier/24720).
89



Based on today’s discussion on 

identifying and addressing 

uncertainty in RA we conclude the 

following:

First, the lack of data for an ester 

appropriate for a Tier I or a Tier II RA 

led us to employ a Tier III RA.

The universality of hydrolysis led us 

to assert that nothing more than 

moderate uncertainty is introduced by 

the proposed RA based on hydrolysis 

produces.

Conclusions
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While the inexact match between 

alcohol and acid may warrants 

discussion, we do not think they 

add any meaningful uncertainty.

In other words, cis-3-Hexen-1-ol is 

deemed an appropriate source for 

3-penten-1-ol (only one C-atom 

difference) and 2-ethylbutyric acid 

is deemed an appropriate source 

for 2-ethylvaleric acid (only one C-

atom difference).

Conclusions
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Second, since the in vivo 

toxicodynamic data are not from 

90-day studies, they are less 

than desired; we conclude this 

does not introduce high 

uncertainty.

Third, since the toxicokinetic 

data are incomplete, they are 

less than desired, we conclude 

this does not introduce high 

uncertainty.

Conclusions
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Based on the worst-possible-

scenario the NOAEL for 2-

ethylbutyric acid (10 mg/kg 

bw/day in male and 50 

mg/kg bw/day in female 

rats) is deemed appropriate 

to fill the data gap for the 

target, 3-pentenyl 2-

ethylvalerate.

Finally
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That concludes our 

presentations.

We are ready for your 

questions.
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