Reg. Toxicol. Pharmacol., 2023; 141:

Editorial Board
Article 105420
View PDF

Review article

Challenges in the classification of chemical respiratory allergens based on
human data: Case studies of 2-hydroxyethylmethacrylate (HEMA) and 2-
hydroxypropylmethacrylate (HPMA)

Mark A. Pemberton, Knut Kreuzer, Ian Kimber

Article 105404

View PDF

EEYPEOERBTLILTOADBISREICER T 2BERRETEETRBETHD, LENEDOTRE
BAEMBEZRET 500D, [E{ZIT AN TS, HAHNIEXITHKRIESNEET LGN, ZDF=0. B
RRENSBONEFDT—RITKEUKELTLD, LHL, BREIEIC, COLILGREEHESEHED
P OCREHRBEOAIRELTEEETHSHA ., REAVNETHIBBSNOHEDILEYELHEICRET S
CEFTELL, CRIZIEVK OO DEALH D FRRFAED—IREL TERSNSHEDRARRL, BE—
METIIHERTREMERAVTERINSIEN LV L, OEL 40 STEL 2B X 5REE TR AREBRAE
BENBIENHY . RIFICEDEENBERSNIAEEENHLH L, MERHRIEDETEN S RERIBDRS
S#RETHIENTELRNILLEENZTDEHTH D, 512, IERA weight of evidence §Fliz 51+ TUL VA
WRY. B REMEELLTIREEINTOS IV AMIEHENTOEYEIT OV TIETESBETH D, _C
TlE ERBTFLIILTELT 2-EFAF L IFILAZYYL—MHEMA) BT/ FF 2-ERFOFSTRE L
AF9YL—K(HPMA) ZRE T 2EERRDIEFIAREZSBLENS, RE LOSBESLVERREDENT
BETHOATVSERKABTORRICOVTHRET 5,

Occupational asthma resulting from workplace exposure to chemical respiratory
allergens is an important disease. No widely accepted or formally validated tests for the
1dentification of chemical respiratory sensitizers. Consequently, there is a heavy reliance
on human data from clinical examinations. Unfortunately, however, although such
investigations are critical for the diagnosis of occupational asthma, and in guiding
remedial actions, they do not reliably identify specific chemicals within the workplace
that are the causative agents. There are several reasons for this, including the fact that

specific inhalation tests conducted as part of clinical investigations are frequently


https://www.sciencedirect.com/science/article/pii/S0273230023000880
https://www.sciencedirect.com/science/article/pii/S0273230023000880/pdfft?md5=cdcddd78f346aa4f2377c817e8442815&pid=1-s2.0-S0273230023000880-main.pdf
https://www.sciencedirect.com/science/article/pii/S0273230023000727
https://www.sciencedirect.com/science/article/pii/S0273230023000727
https://www.sciencedirect.com/science/article/pii/S0273230023000727
https://www.sciencedirect.com/science/article/pii/S0273230023000727/pdfft?md5=ee8e586b66cbbf1444780c7ad3d3b57f&pid=1-s2.0-S0273230023000727-main.pdf

performed with complex mixtures rather than single substances, that sometimes
inhalation challenges are conducted at concentrations above the OEL and STEL, where
effects may be confounded by irritation, and that involvement of immune mechanisms
cannot be assumed from the observation of late asthmatic reactions. Further, caution
should be taken when implicating substances on lists of "recognised" asthmagens unless
they have undergone a formal weight of evidence assessment. Here the limitations of
clinical investigations as currently performed for the purposes of regulatory
classification and decision making are explored by reference to previously published case
studies that implicate  2-hydroxyethylmethacrylate =~ (HEMA) and/or 2-
hydroxypropylmethacrylate (HPMA) as respiratory allergens.
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The Lower Olefins and Aromatics (LOA) REACH Consortium, which includes toluene
registrants in the EU, established a Working Group (WG) to conduct a review of the
occupational exposure limit (OEL) for toluene. The review focussed on CNS and neuro-
behavioural toxicity, ototoxicity, effects on colour vision, reproductive and developmental
effects, as safety signals for these effects were identified. The WG also examined the need
for a skin notation and/or a short-term exposure limit (STEL). The WG critically
reviewed and discussed the strengths and weaknesses of the available published
information describing the effects of toluene in animals and humans, to assess its
adequacy as a potential point of departure for the establishment of an OEL for toluene

and to derive an OEL. As a result, the WG recommendation for a toluene OEL is 20 ppm
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8-h TWA, with a 15-min STEL of 100 ppm and a skin notation.
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Mutagenic impurities in pharmaceuticals: A critical assessment of the cohort of
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The TTC (Threshold of Toxicological Concern; set at 1.5 pg/day for pharmaceuticals)
defines an acceptable patient intake for any unstudied chemical posing a negligible risk
of carcinogenicity or other toxic effects. A group of high potency mutagenic carcinogens,
defined solely by the presence of particular structural alerts, are referred to as the
“cohort of concern” (CoC); aflatoxin-like-, N-nitroso-, and alkyl-azoxy compounds are
considered to pose a significant carcinogenic risk at intakes below the TTC. Kroes et al.
(2004) derived values for the TTC and CoC in the context of food components, employing
a non-transparent dataset never placed in the public domain. Using a reconstructed all-
carcinogen dataset from relevant publications, it is now clear that there are exceptions
for all three CoC structural classes. N-Nitrosamines represent 62% of the N-nitroso
class in the reconstructed dataset. Employing a contemporary dataset, 20% are negative
in rodent carcinogenicity bioassays with less than 50% of all N-nitrosamines estimated
to fall into the highest risk category. It is recommended that CoC nitrosamines are
identified by compound-specific data rather than structural alerts. Thus, it should be

possible to distinguish CoC from non-CoC N-nitrosamines in the context of mutagenic
impurities described in ICH M7 (R1).
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The concentration of chemicals in drinking water may transiently and accidently exceed
the Drinking Water Quality Standard (DWQS). If the level of a contaminant is not
expected to cause adverse effects for a limited period of exposure, immediate suspension
of the water supply may not be necessary. Assessments should be conducted using
subacute guidance values (SGVs). In this study, we assessed 26 chemicals for the DWQS
to establish the SGVs. Principally, a key study was selected from subacute studies to
derive a Subacute Reference Dose (saRfD). The SGV was calculated from the saRfD for
adults (drinking water intakes: 40 mL/kg/day) and children (drinking water intakes: 150
mL/kg/day). No allocation factor was applied to derive the SGV. We established the SGV
for 20 chemicals, which were 2—38 times higher than the corresponding DWQS. However,
SGVs for six chemicals were the same as the corresponding DWQS. Therefore,
immediate action will be required for these six accidental contaminants. Our established

SGVs are useful for assessing accidental contamination.

Research article
Identification of molecular initiating events (MIE) using chemical database
analysis and nuclear receptor activity assays for screening potential inhalation
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An adverse outcome pathway (AOP) framework can facilitate the use of alternative
assays in chemical regulations by providing scientific evidence. Previously, an AOP,
peroxisome proliferative-activating receptor gamma (PPARy) antagonism that leads to
pulmonary fibrosis, was developed. Based on a literature search, PPARy inactivation has
been proposed as a molecular initiating event (MIE). In addition, a list of candidate
chemicals that could be used in the experimental validation was proposed using toxicity
database and deep learning models. In this study, the screening of environmental
chemicals for MIE was conducted using IN SiliCO and IN VItro tests to maximize the
applicability of this AOP for screening inhalation toxicants. Initially, potential inhalation
exposure chemicals that are active in three or more key events were selected, and in
SiliCO molecular docking was performed. Among the chemicals with low binding energy
to PPARy, nine chemicals were selected for validation of the AOP using in
Vitro PPARYy activity assay. As a result, rotenone, triorthocresyl phosphate, and castor
oil were proposed as PPARy antagonists and stressor chemicals of the AOP. Overall, the
proposed tiered approach of the database-1N SIICO-IN VItroO can help identify the
regulatory applicability and assist in the development and experimental validation of
AOP.
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Toxicology analyses are built around dose-response modeling, and increasingly these
methodologies utilize Bayesian estimation techniques. Bayesian estimation is unique
because it includes prior distributional information in the analysis, which may impact
the dose-response estimate meaningfully. As such analyses are often used for human
health risk assessment, the practitioner must understand the impact of adding prior
information to the dose-response study. One proposal in the literature is the use of the
flat uniform prior distribution, which places a uniform prior probability over the dose-
response model's parameters for a chosen range of values. Though the motivation of such
a prior distribution is laudable in that it is most like maximum likelihood estimation
seeking unbiased estimates of the dose-response, one can show that such priors add
information and may introduce unexpected biases into the analysis. This manuscript
shows through numerous empirical examples why prior distributions that are non-
informative across all endpoints of interest do not exist for dose-response models; that is,
other quantities of interest will be informed by choosing one inferential quantity not

informed.
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Authorisation of ready to use plant protection products (PPPs) usually relies on the
testing of acute and local toxicity only. This is in stark contrast to the situation for active
substances where the mandatory data set comprises a most comprehensive set of studies.
While the combination of certain active ingredients and co-formulants may nevertheless
result in increased toxicity of the final product such combinations have never been
evaluated systematically for complex and long-term toxicological endpoints. We
therefore investigated the effect of three frequently used co-formulants on the
toxicokinetic and toxicodynamic of the representative active substance combination of
tebuconazol (Teb) and prothioconazol (Pro) or of cypermethrin (Cpm) and piperonyl
butoxide (Pip), respectively. With all four active substances being potential liver
steatogens, cytotoxicity and triglyceride accumulation in HepaRG were used as primary
endpoints. Concomitantly transcriptomics and biochemical studies were applied to
interrogate for effects on gene expression or inhibition of CYP3A4 as key enzyme for
functionalization. Some of the tested combinations clearly showed more than additive
effects, partly due to CYP3A4 enzyme inhibition. Other effects comprised the modulation
of the expression and activity of steatosis-related nuclear key receptors. Altogether, the
findings highlight the need for a more systematic consideration of toxicodynamic and

toxicokinetic mixture effects during assessment of PPPs.
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The local lymph node assay (LLNA) has provided a large dataset against which
performance of non-animal approaches for prediction of skin sensitisation potential and
potency can be assessed. However, a recent comparison of LLNA results with human
data has argued that LLNA specificity is low, with many human non-sensitisers,
particularly hydrophobic chemicals, being false positives. It has been suggested that
such putative false positives result from hydrophobic chemicals causing cytotoxicity,
which induces irritancy, in turn driving non-specific lymphocyte proliferation. This paper
finds that the apparent reduced specificity of the LLNA largely reflects differences in
definitions of the boundaries between weak skin sensitisers and non-sensitisers. A small
number of LLNA false positives may be due to lymphocyte proliferation without skin
sensitisation, but most alleged ‘false’ positives are in fact very weak sensitisers
predictable from structure-activity considerations. The evidence does not support the
hypothesis for hydrophobicity-induced false positives. Moreover, the mechanistic basis is
untenable. Sound LLNA data, appropriately interpreted, remain a good measure of
sensitisation potency, applicable across a wide hydrophilicity-hydrophobicity range. The
standard data interpretation protocol enables detection of very low levels of sensitisation,

irrespective of regulatory significance, but there is scope to interpret the data to give
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focus on regulatory significance.
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Non-clinical rodent safety studies are essential in the development of new medicines to
assess for potential adverse effects. Typically, toxicokinetic samples are collected from a
satellite group. AstraZeneca implemented repeated microsampling of main study
animals as standard in the one-month small molecule regulatory toxicology studies. A
retrospective analysis of the clinical chemistry and haematology data collected in 52
independent studies from the adult rat controls explored the impact of micro and macro
sampling of main study animals. For the majority of variables, the blood sampling
technique had no significant impact on the mean or range. For microsampling, a few
variables had statistically significant effects on the mean signal but these were
considered to have limited biological relevance and would therefore not introduce a
meaningful bias to any toxicological evaluation. The macrosampling had the expected
effects on the red cell parameters of haemoglobin, haematocrit and red blood count due
to the larger blood volume draw. In contrast, microsampling showed no such changes. In
conclusion, this large-scale retrospective analysis supports the use of microsampling, for

toxicokinetics, of main study animals and enables us to conduct rodent toxicology studies
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without satellite animals and further reduce the number of animals used in toxicological

assessments.
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The non-clinical safety profile of the small molecule hepatitis B virus viral expression
inhibitor RG7834 was studied in a package consisting of safety pharmacology,
genotoxicity, repeat dose toxicity and reproductive toxicity studies. The chronic monkey
toxicity study identified dose- and time-dependent symptoms of polyneuropathy, with
correlating nerve conduction velocity reductions and axonal degeneration in peripheral
nerves and spinal cord, in all compound treatment groups with no evidence of
reversibility after approximately 3 months of treatment cessation. Similar
histopathological findings were observed in the chronic rat toxicity study. Subsequent in
vitro neurotoxicity investigations and ion channel electrophysiology did not elucidate a
potential mechanism for the late toxicity. However, based on similar findings observed
with a structurally different molecule, an inhibition of their common pharmacological
targets, PAPD5 & PAPD 7, was considered as a possible mechanism of toxicity. In
conclusion, the marked neuropathies, only observed after chronic dosing, did not support
further clinical development of RG7834 because of its foreseen clinical treatment

duration of up to 48 weeks in chronic HBV patients.
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Here we investigate the suitability of IN VItro models to assess the skin and eye
irritation potential of six microbial strains. Acute skin irritation was tested according to
the unmodified and modified OECD test guideline (OECD TG) 439, while acute eye
irritation was examined using the OECD TG 491 and 492. The OECD TG 439 guideline,
modified to introduce 8-10 pg/mL of streptomycin during the recovery phase and use of
test items containing 100% microbial product instead of finished formulae, was found to
be suitable for skin irritation evaluation. On the other hand, the OECD TG 491
procedure was the most appropriate for evaluating eye irritation. None of the six
microbial strains, namely, Lactiplantibacillus plantarum (IMI 507026, IMI 507027, IMI
507028), Lacticaseibacillus rhamnosus (IMI 507023), and Pediococcus pentosaceus (IMI
507024, IMI 507025), tested in this study caused skin or eye irritation under the study

condition.
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Extraction testing is critical for biocompatibility evaluation of medical devices, whether
to generate samples for biological testing or form the basis for toxicological risk
assessment. However, it is not always clear how to compare extraction testing between
different extraction conditions and sample geometries. We employ a physics-based model
to elucidate the theoretical impact of extraction conditions, sample geometry and
material properties on extraction efficiency (M/M9) and extract concentration (C/C0) for
single—step and iterative/exhaustive extraction test methods. The model is specified by
three parameters: thermodynamic contributions (W), kinetic contributions (1), and
number of extraction iterations (N). We find that over the range of typical parameters
for single—step extractions, M/M?only approaches one (complete exhaustion) for
relatively large values of W (>10) and 7 (=1). Further, the model suggests that test
article geometry and solvent volume can have a dramatic and sometimes opposing effect
on M/MP9 and C/CO. Our results imply that iterative extractions can be approximated as
a single-step extraction with scaled parameters W' =WN and 7 = 7N. The model
provides a framework to reduce the biocompatibility evaluation test burden by
optimizing test article and extraction condition selection and guiding development of

new test protocols.
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This work aimed to determine the levels of toxic elements (As, Cd, Hg, and Pb) and their
risks in children's multivitamin-multimineral (CMVM) supplements. An inductively
coupled plasma-mass spectrometer (ICP-MS) was used to quantify the studied elements.
The mean concentrations and ranges (ng/kg) of the toxic elements in the CMVM products
were as follows: As (32.4, 5.3-90); Cd (58.2, 6-129); Hg (42.2, 6—108); and Pb (231,8.6—
541). The estimated oral daily intakes (EODI) were determined to be in the range of
0.01-0.31 pg/day, 0.01-0.64 pg/day, 0.02—0.53 pg/day, and 0.01-2.36pg/day for As, Cd,
Hg, and Pb, respectively. All the EODI values were below the tolerable intake limits set
for each element. The chronic non-cancer risks associated with oral exposure to studied
elements were evaluated using the target hazard quotient (THQ) and the hazard index
(HI). The THQ and HI values were below 1, indicating that these products were safe for
consumption by children. The potential cancer risks associated with exposure to As and
Pb through the consumption of CMVM products were determined using the Incremental
Lifetime Cancer Risk (ILCR) and the total cancer risks (TCR). The ILCR and TCR values
were below the threshold value of 1 X 104, indicating that the risk of developing cancer

was very low and ignorable.
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Exposure to skin sensitizers is common and regulated in many industry sectors. For
cosmetics, a risk-based approach has been implemented, focused on preventing the
induction of sensitization. First, a No Expected Sensitization Induction Level (NESIL) is
derived, then modified by Sensitization Assessment Factors (SAFs) to derive an
Acceptable Exposure Level (AEL). The AEL is used in risk assessment, being compared
with an estimated exposure dose, specific to the exposure scenario. Since in Europe there
1s increased concern regarding exposure towards potentially sensitizing pesticides via
spray drift, we explore how existing practice can be modified to allow Quantitative Risk
Assessment (QRA) of pesticides for bystanders and residents. NESIL derivation by the
Local Lymph Node Assay (LLNA), the globally required INn Vivo assay for this endpoint,
1s reviewed alongside consideration of appropriate SAFs. Using a case study, the
principle that the NESIL in pg/cm? can be derived by multiplying LLNA EC3% figure by
a factor of 250 is adopted. The NESIL is then reduced by an overall SAF of 25 to establish
an exposure level below which there is minimal bystander and resident risk. Whilst this
paper focuses on European risk assessment and management, the approach is generic

and universally applicable.
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Propranolol is a widely used B-blocker that can generate a nitrosated derivative, N-
nitroso propranolol (NNP). NNP has been reported to be negative in the bacterial reverse
mutation test (the Ames test) but genotoxic in other in vitro assays. In the current study,
we systematically examined the in vitro mutagenicity and genotoxicity of NNP using
several modifications of the Ames test known to affect the mutagenicity of nitrosamines,
as well as a battery of genotoxicity tests using human cells. We found that NNP induced
concentration-dependent mutations in the Ames test, both in two tester strains that
detect base pair substitutions, TA1535 and TA100, as well as in the TA98 frameshift-
detector strain. Although positive results were seen with rat liver S9, the hamster liver
S9 fraction was more effective in bio-transforming NNP into a reactive mutagen. NNP
also induced micronuclei and gene mutations in human lymphoblastoid TK6 cells in the
presence of hamster liver S9. Using a panel of TK6 cell lines that each expresses a
different human cytochrome P450 (CYP), CYP2C19 was identified as the most active
enzyme in the bioactivation of NNP to a genotoxicant among those tested. NNP also
induced concentration-dependent DNA strand breakage in metabolically competent 2-
dimensional (2D) and 3D cultures of human HepaRG cells. This study indicates that
NNP is genotoxic in a variety of bacterial and mammalian systems. Thus, NNP is a

mutagenic and genotoxic nitrosamine and a potential human carcinogen.
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