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Interest in botanicals, particularly as dietary supplement ingredients, is growing
steadily. This growth, and the marketing of new ingredients and combination products
as botanical dietary supplements, underscores the public health need for a better
understanding of potential toxicities associated with use of these products. This article
and accompanying template outline the resources to collect literature and relevant
information to support the design of botanical toxicity studies. These resources provide
critical information related to botanical identification, characterization, pre-clinical and
clinical data, including adverse effects and interactions with pharmaceuticals.
Toxicologists using these resources should collaborate with pharmacognosists and/or

analytical chemists to enhance knowledge of the botanical material being tested. Overall,
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this guide and resource list is meant to help locate relevant information that can be
leveraged to inform on decisions related to toxicity testing of botanicals, including the

design of higher quality toxicological studies.
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Propylene dichloride (PDC) is a chlorinated substance used primarily as an intermediate
in basic organic chemical manufacturing. The United States Environmental Protection
Agency (EPA) is currently evaluating PDC as a high-priority substance under the Toxic
Substances Control Act (TSCA). We conducted a systematic review of the non-cancer and
cancer hazards of PDC using the EPA TSCA and Integrated Risk Information System
(IRIS) frameworks. We identified 12 epidemiological, 16 toxicokinetic, 34 experimental
animal, and 49 mechanistic studies. Point-of-contact respiratory effects are the most
sensitive non-cancer effects after inhalation exposure, and PDC is neither a reproductive
nor a developmental toxicant. PDC is not mutagenic in vivo, and while in vitro evidence
is mixed, DNA strand breaks consistently occur. Nasal tumors in rats and lung tumors
in mice occurred after lifetime high-level inhalation exposure. Cholangiocarcinoma
(CCA) was observed in Japanese print workers exposed to high concentrations of PDC.

However, co-exposures, as well as liver parasites, hepatitis, and other risk factors, may


https://www.sciencedirect.com/science/article/pii/S0273230023001368
https://www.sciencedirect.com/science/article/pii/S0273230023001368/pdfft?md5=9508afb7152b4a22e90db1f19686962e&pid=1-s2.0-S0273230023001368-main.pdf

also have contributed. The cancer mode of action (MOA) analysis revealed that PDC may
act through multiple biological pathways occurring sequentially and/or simultaneously,
although chronic tissue damage and inflammation likely dominate. Critically, health
benchmarks protective of non-cancer effects are expected to protect against cancer in

humans.
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To better understand endocrine disruption, the U.S. Environmental Protection Agency's
(USEPA) Endocrine Disruptor Screening Program (EDSP) utilizes a two-tiered approach
to investigate the potential of a chemical to interact with the estrogen, androgen, or
thyroid systems. Asin vivo testing lacks the throughput to address data gaps on
endocrine bioactivity for thousands of chemicals, in vitro high-throughput screening
(HTS) methods are being developed to screen larger chemical libraries. The primary
objective of this work was to investigate for how many of the 52 chemicals with weight-
of-evidence (WoE) determinations from EDSP Tier 1 screening there are available in
vitro HTS data supporting a thyroid impact. HTS data from the USEPA ToxCast
program and the EDSP WoE were collected for this analysis. Considering the complexity
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of endocrine disruption and interpreting HTS data, concordance between in vitro activity
and invivo effects ranges from 58 to 78%. Based on this evaluation, we conclude that the
current suite of HTS assays is beneficial for prioritizing chemicals for further inquiry;
however, without a more detailed analysis, one cannot conclude whether HTS results are
the primary mode-of-action. Furthermore, development of in vitro assays for additional
thyroid-relevant molecular initiating events is required to effectively predictin

vivo thyroid impacts.
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Electronic cigarette is often promoted and perceived as an ‘healthy’ alternative compared
to conventional cigarettes. However, growing body of evidence indicate the possible
adverse health effect associated with e-cigarette. Here we reviewed the literature with a
focus on metal exposure in relation to e-cigarette use and related toxicity endpoints.
Twenty-nine studies were identified for full text screening after applying the screening
criteria of which 5 in vitro studies and 11 epidemiological studies were included for data
extraction. Cr, Cu, Ni, Sn are the most found metal in all studies. In vitro, metal from e-
cigarette (liquid or aerosols) induced cytotoxicity, oxidative stress, genotoxicity and pro-

inflammatory responses. It was observed that the presence of nicotine can influence
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metal-induced in vitro toxicity. Based on epidemiological studies, the metal burden in e-
cigarette users showed to be elevated in different populations (including e.g. NHANES).
However, most often such studies were limited by the missing user characteristics, and
information of other potential sources of metal exposure. In general, metals from e-
cigarette use can be associated with toxicity endpoints but to uncover the metal related
hazard of e-cigarette in users, more detailed data on metals in vapors and e-liquids; user

habits and user demographics are needed.
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Polymers are a very large class of chemicals comprising often complex molecules with
multiple functions used in everyday products. The EU Commission is seeking to develop
environmental and human health standard information requirements (SIRs) for man-
made polymers requiring registration (PRR) under a revised Registration, Evaluation,

Authorisation and Restriction of Chemicals (REACH) Regulation. Conventional risk
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assessment approaches currently used for small molecules may not apply to most
polymers. Therefore, we propose a conceptual three-tiered regulatory approach for data
generation to assess individual and groups of polymers requiring registration (PRR). A
key element is the grouping of polymers according to chemistry, physico-chemical
properties and hazard similarity. The limited bioavailability of many polymers is a
prominent difference to many small molecules and is a key consideration of the proposed
approach. Methods assessing potential for systemic bioavailability are integral to Tier 1.
Decisions for further studies are based on considerations of properties and effects,
combined with systemic bioavailability and use and exposure considerations. For many
PRRs, Tier 1 data on hazard, use and exposure will likely be sufficient for achieving the
protection goals of REACH. Vertebrate animal studies in Tiers 2 and 3 can be limited to
targeted testing. The outlined approach aims to make use of current best scientific
evidence and to reduce animal testing whilst providing data for an adequate level of

protection.
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Gardenia blue powder was administered at 0.5%, 2.5%, or 5.0% in feed to male and
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female Sprague Dawley rats in an Extended One-Generation Reproductive Toxicity
Study (OECD Test Guideline 443). The dosed diet began 14 days before mating and was
continued at the same concentration level for the entire study for all parental animals
(Po) and offspring (F1). At weaning, offspring were allocated into one of 5 cohorts for
different endpoints. Po and F; animals had blue urine, blue or black feces, and blue
discolorations in gastrointestinal organs, mesenteric lymph nodes, and kidneys. This
treatment-related finding was not considered adverse as there were no histopathologic
correlates. There was a dose-related increase in sperm concentration in Po and F; males.
There were dose-related increases in heart weights of F: postnatal day (PND) 21 males,
male and female thyroid weights, and female TSH levels of PND 91 F: offspring, with no
histopathological correlate. There were no consistent treatment-related adverse effects
on any other parameters evaluated for general toxicity, reproductive toxicity,
developmental neurotoxicity, or developmental immunotoxicity. The highest dietary
concentration (5.0%) of gardenia blue powder was the no observed adverse effect level

(NOAEL) for male and female rats at all life stages evaluated.
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The Ames assay is required by the regulatory agencies worldwide to assess the
mutagenic potential risk of consumer products. As well as thisin vitro assay, in
silico approaches have been widely used to predict Ames test results as outlined in the
International Council for Harmonization (ICH) guidelines. Building on this in
silico approach, here we describe DeepAmes, a high performance and robust model
developed with a novel deep learning (DL) approach for potential utility in regulatory
science. DeepAmes was developed with a large and consistent Ames dataset (>10,000
compounds) and was compared with other five standard Machine Learning (ML)
methods. Using a test set of 1,543 compounds, DeepAmes was the best performer in
predicting the outcome of Ames assay. In addition, DeepAmes yielded the best and most
stable performance up to when compounds were >30% outside of the applicability domain
(AD). Regarding the potential for regulatory application, a revised version of DeepAmes
with a much-improved sensitivity of 0.87 from 0.47. In conclusion, DeepAmes provides a
DL-powered Ames test predictive model for predicting the results of Ames tests; with its
defined AD and clear context of use, DeepAmes has potential for utility in regulatory

application.
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The U.S. Food and Drug Administration (FDA) developed an oral toxicological reference
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value (TRV) for characterizing potential health concerns from dietary exposure to
cadmium (Cd). The development of the TRV leveraged the FDA's previously published
research including (1) a systematic review for adverse health effects associated with oral
Cd exposure and (2) a human physiological based pharmacokinetic (PBPK) model
adapted from Kjellstrom and Nordberg (1978) for use in reverse dosimetry applied to the
U.S. population. Adverse effects of Cd on the bone and kidney are associated with similar
points of departure (PODs) of approximately 0.50 png Cd/g creatinine for females aged
50-60 based on available epidemiologic data. We also used the upper bound estimate of
the renal cortical concentration (50 pg/g Cd) occurring in the U.S. population at 50 years
of age as a POD. Based on the output from our reverse dosimetry PBPK Model, a range
of 0.21-0.36 png/kg bw/day was developed for the TRV. The animal data used for the
animal TRV derivation (0.63—1.8 pg/kg bw/day) confirms biological plausibility for both
the bone and kidney endpoints.
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One of the most widely used herbicides worldwide, glyphosate is registered for use in
many agricultural and non-agricultural settings. Accordingly, regulatory authorities
develop toxicology reference values (TRVs) to conduct risk assessments for potential
exposures. Exposures to glyphosate are typically biomonitored via measures of

glyphosate in urine. However, measured concentrations of glyphosate in urine, with
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units mg/L urine, cannot be directly interpreted using the available TRVs as they are
presented in terms of daily intake levels (e.g. mg/kg-bw per day). In this evaluation, we
review available health-based risk assessments and TRVs for glyphosate and derive
Biomonitoring Equivalent (BE) values for interpretation of population biomonitoring
data. Biomonitoring Equivalents (BEs) are defined as the concentration or range of
concentrations of a chemical or its metabolite in a biological medium (blood, urine,
human milk, etc.) that is consistent with an existing health-based TRVs such as a
reference dose (RfD) or tolerable daily intake (TDI). The BE values derived in this
manuscript are screening values that can help public health officials and regulators

interpret glyphosate biomonitoring data.
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In dietary risk assessment of plant protection products, residues of active ingredients
and their metabolites need to be evaluated for their genotoxic potential. The European
Food Safety Authority recommend a tiered approach focussing assessment and testing
on classes of similar chemicals. To characterise similarity, in terms of metabolism, a
metabolic similarity profiling scheme has been developed from an analysis of 46

chemicals of strobilurin fungicides and their metabolites for which either Ames,
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chromosomal aberration or micronucleus test results are publicly available. This
profiling scheme consists of a set of ten sub-structures, each linked to a key metabolic
transformation present in the strobilurin metabolic space. This metabolic similarity
profiling scheme was combined with covalent chemistry profiling and physico-chemistry
properties to develop chemical categories suitable for chemical prioritisation via read-
across. The method is a robust and reproducible approach to such read-across predictions,
with the potential to reduce unnecessary testing. The key challenge in the approach was
identified as being the need for metabolism data and individual groups of plant

protection products as the basis for the development of such profiling schemes.

Research article

On the development of physiologically based toxicokinetic (PBTK) models for
cardiovascular implants

Matheos Giakoumi, Pavlos S. Stephanou, Konstantinos Kapnisis, Andreas Anayiotos
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Local and systemic contamination caused by metal ions leaching from medical device
materials is a significant and continuing health problem. The increasing need for
verification and validation, and the imposition of stringent government regulations to
ensure that the products comply with the quality, safety, and performance standards,
have led regulatory bodies worldwide to strongly recommend the use of modeling and
simulation tools to support medical device submissions. A previously published

physiologically based toxicokinetic (PBTK) model, is here expanded and enriched by an
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additional separate tissue compartment to better resemble normal physiology and by the
introduction of time-dependent functions to describe all biokinetic parameters. The new
model is exercised in conjunction with state-of-the-art probabilistic, Monte Carlo
methodology to calculate the predictions' confidence intervals and incorporate variability
associated with toxicological biodistribution studies. The quantitative consistency of the
model-derived predictions is validated against reported data following the implantation
of nickel-containing cardiovascular devices in humans and minipigs. Finally, a new
methodology for compartmental toxicological risk assessment is presented that can be
used for forward or reverse dosimetry. Our work is aimed at providing a computational
tool to optimize the device design characteristics and safeguard that the substances

released do not exceed permissible exposure limits.

Research article

Assessing the utility of common arguments used in expert review ofin
silico predictions as part of ICH M7 assessments

Alex N. Cayley, Robert S. Foster, Alessandro Brigo, Wolfgang Muster, ... Susanne
Glowienke
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Expert review of two predictions, made by complementary (quantitative) structure-
activity relationship models, to an overall conclusion is a key component of using in
silico tools to assess the mutagenic potential of impurities as part of the ICH M7
guideline. In lieu of a specified protocol, numerous publications have presented best
practise guides, often indicating the occurrence of common prediction scenarios and the

evidence required to resolve them. A semi-automated expert review tool has been
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implemented in Lhasa Limited's Nexus platform following collation of these common
arguments and assignment to the associated prediction scenarios made by Derek Nexus
and Sarah Nexus. Using datasets primarily donated by pharmaceutical companies, an
automated analysis of the frequency these prediction scenarios occur, and the likelihood
of the associated arguments assigning the correct resolution, could then be conducted.
This article highlights that a relatively small number of common arguments may be used
to accurately resolve many prediction scenarios to a single conclusion. The use of a
standardised method of argumentation and assessment of evidence for a given impurity
is proposed to improve the efficiency and consistency of expert review as part of an ICH

M7 submaission.

Research article

Biosimilars approvals by thirteen regulatory authorities: A cross-national
comparison

Fernanda Lacerda da Silva Machado, Martin Canas, Svetlana V. Doubova, Martin A.
Urtasun, ... Luciane Cruz Lopes
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Biosimilars are biological medicines highly similar to a previously licensed reference
product and their licensing is expected to improve access to biological therapies. This
study aims to present an overview of biosimilars approval by thirteen regulatory

authorities (RA). The study is a cross-national comparison of regulatory decisions


https://www.sciencedirect.com/science/article/pii/S0273230023001538
https://www.sciencedirect.com/science/article/pii/S0273230023001538

involving biosimilars in Argentina, Australia, Brazil, Chile, Canada, Colombia, Europe,
Hungary, Guatemala, Italy, Mexico, Peru and United States. We examined publicly
available documents containing information regarding the approval of biosimilars and
investigated the publication of public assessment reports for registration applications,
guidelines for biosimilars licensing, and products approved. Data extraction was
conducted by a network of researchers and regulatory experts. All the RA had issued
guidance documents establishing the requirements for the licensing of biosimilars.
However, only three RA had published public assessment reports for registration
applications. In total, the investigated jurisdictions had from 19 to 78 biosimilars
approved, most of them licensed from 2018 to 2020. In spite of the advance in the number
of products in recent years, some challenges still persist. Limited access to information
regarding the assessment of biosimilars by RA can affect confidence, which may

ultimately impact adoption of these products in practice.

Research article

The acute vapour inhalation toxicity of 2-butoxyethanol. Points considered when
designing and conducting a study in Guinea pigs and evaluating existing
inhalation toxicity data on low volatility solvents

Jeffrey R. Kelsey, Rainer Otter, Emma Rogers, Tunga Salthammer
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This publication reports the outcome of an acute inhalation toxicity study with guinea
pigs by nose-only exposure to the substance 2-butoxyethanol at exposures close to the

maximum attainable saturation vapour concentration. We describe the methods used to
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ensure exposure only to saturation vapour at a level as high as could be practically
achieved whilst avoiding aerosol formation. We consider the practical difficulties and
implications of testing substances at or close to their saturation vapour concentration
and the criteria that should be used to critically assess such studies, especially with
reference to the GHS (Globally Harmonised System) for classification and labelling,
where a clear differentiation between gases, vapours and dust and mists applies. Guinea
pigs showed no adverse effects when exposed for 4 h to the maximum attainable
concentration of pure 2-butoxyethanol vapour. If guinea pigs are regarded as the most
appropriate species to assess short term toxicity to humans from exposure to 2-
butoxyethanol, because they are like humans not sensitive to haemolysis of red blood
cells caused by exposure to the substance, then the data from this study shows that 2-

butoxyethanol presents a low acute inhalation toxicity hazard.

Research article

Cannabidiol safety considerations: Development of a potential acceptable daily
intake value and recommended upper intake limits for dietary supplement use
Rayetta G. Henderson, Melissa Vincent, Brianna N. Rivera, Marcel O. Bonn-Miller,
Candace Doepker
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Consumer use of hemp-derived products continues to rise, underscoring the need to

establish evidence-based safety guidance. The present study sought to develop
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recommendations for oral upper intake limits of cannabidiol (CBD) isolate. Sufficiently
robust and reliable data for this purpose were identified from published human clinical
trials and guideline-compliant toxicity studies in animal models. Based on the metrics
used in this assessment, a potential Acceptable Daily Intake (ADI) value of 0.43 mg/kg-
bw/d (e.g., 30 mg/d for 70-kg adult) was determined for the general population based on
liver effects in human studies. This value applies to the most sensitive subpopulations,
including children, over a lifetime of exposure and from all sources, including food. For
dietary supplements with adequate product labeling intended for use by healthy adults
only, a potential Upper Intake Limit (UL) of 70 mg/d was determined based on
reproductive effects in animals. For healthy adults, except those trying to conceive, or
currently pregnant or lactating, a conservative dietary supplement UL of 100 mg/d was
identified based on liver effects; however, as the target population excludes individuals
at risk for liver injury, an alternative dietary supplement UL of 160 mg/d for this

population can also be considered.

Research article

Subchronic oral toxicity assessment of a cannabis extract
Mark J. Tallon, Robert Child
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Cannabidiol (CBD) is present in Cannabis Sativa L. and has been used in medicines and
foods to deliver beneficial health effects. Despite this, research on CBD safety utilising

modern testing methods is lacking. Therefore three separate safety experiments were
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performed on a CBD isolate. Sprague-Dawley rats were used to investigate prenatal
development, a 14-day toxicity sighting study, and an OECD compliant 90-day
subchronic oral toxicity trial, with 35-day off-dose recovery. The prenatal screening study
demonstrated reduced body weights and food consumption in the highest dose group, but
no substance-related changes in pregnancy rate, maternal or placental gross
abnormalities, or premature deliveries. The 14-day study indicated tolerance up to
460 mg/kg bw/d of CBD isolate. Based on these findings, a 90-day repeated dose oral
toxicity study was performed at doses of 0, 30, 115, 230, and 460 mg/kg bw/d of CBD,
followed by a 35-day off-dose recovery period. In the 90-day study, some non-adverse
organ and tissue changes were observed. With the exception of the high dose group, these
fully reversed during the recovery period. Based on these findings, sub-chronic
consumption of highly purified isolate results in a CBD NOAEL of 460 mg/kg bw/d for
males and 230 mg/kg bw/d for females.

Short communication

Exposure considerations in human safety assessment: Report from an EPAA
Partners’ Forum

Mark T.D. Cronin, Nicholas Ball, Sonja Beken, Hans Bender, ... Gavin Maxwell
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Understanding and estimating the exposure to a substance is one of the fundamental
requirements for safe manufacture and use. Many approaches are taken to determine
exposure to substances, mainly driven by potential use and regulatory need. There are
many opportunities to improve and optimise the use of exposure information for chemical

safety. The European Partnership for Alternative Approaches to Animal Testing (EPAA)
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therefore convened a Partners’ Forum (PF) to explore exposure considerations in human
safety assessment of industrial products to agree key conclusions for the regulatory
acceptance of exposure assessment approaches and priority areas for further research
investment. The PF recognised the widescale use of exposure information across
industrial sectors with the possibilities of creating synergies between different sectors.
Further, the PF acknowledged that the EPAA could make a significant contribution to
promote the use of exposure data in human safety assessment, with an aim to address
specific regulatory needs. To achieve this, research needs, as well as synergies and areas

for potential collaboration across sectors, were identified.

Short communication

Quantitative risk assessment of skin sensitising pesticides: Clinical and
toxicological considerations

Olivier Sanvido, David A. Basketter, Aurélie Berthet, Denise Bloch, ... Martin F. Wilks
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Like many other consumer and occupational products, pesticide formulations may
contain active ingredients or co-formulants which have the potential to cause skin
sensitisation. Currently, there is little evidence they do, but that could just reflect lack
of clinical investigation. Consequently, it is necessary to carry out a safety evaluation
process, quantifying risks so that they can be properly managed. A workshop on this

topic in 2022 discussed how best to undertake quantitative risk assessment (QRA) for
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pesticide products, including learning from the experience of industries, notably
cosmetics, that already undertake such a process routinely. It also addressed ways to
remedy the matter of clinical investigation, even if only to demonstrate the absence of a
problem. Workshop participants concluded that QRA for skin sensitisers in pesticide
formulations was possible, but required careful justification of any safety factors applied,
as well as improvements to the estimation of skin exposure. The need for regulations to
stay abreast of the science was also noted. Ultimately, the success of any risk
assessment/management for skin sensitisers must be judged by the clinical picture.
Accordingly, the workshop participants encouraged the development of more active skin

health monitoring amongst groups most exposed to the products.
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