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a b s t r a c t

Although an internationally-adopted in vitro dermal absorption test guideline is available (OECD Test
Guideline 428), the replacement of the in vivo approach in North America for pesticide formulations has
not occurred due to concern over the reliability and consistency of the in vitro results. A 2012 workshop
convened a panel of experts in the conduct of in vitro studies used for pesticide risk assessment, together
with North American regulators, to examine techniques for in vitro dermal absorption testing. Discus-
sions led to the recommended “best practices” for the conduct of in vitro dermal absorption studies
provided herein. The workshop participants also developed recommendations for reporting study results
in order to improve the quality and consistency of the data submitted to regulatory agencies in North
America. Finally, a case study is presented that illustrates the use of the “triple-pack” approach; the
studies, conducted for the registration of sulfoxaflor, follow the standardized recommendations provided
at the workshop. In addressing the concerns of these regulators and of the regulated community, and
providing harmonized recommendations to facilitate comparative data analyses, it is anticipated that
wider acceptance of in vitro dermal absorption studies alone can be achieved for pesticide risk
assessment.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

The assessment of exposures and the dermal absorption

potential of regulated products, including, for example, pharma-
ceuticals, personal care products, and pesticides, is an important
consideration for toxicologists and risk assessors. For scientific and
animal welfare reasons, the assessment of dermal absorption
in vitro, using human or animal skin sources, has become more
common, and in some sectors, such as for cosmetics and personal
care, in vivo dermal absorption studies have been completely
replaced by in vitro methods. However, due to the potential toxic
effects of some pesticides (e.g., cholinesterase inhibitors) and the
fact that exposure can occur unintentionally (e.g., drift), there is
compelling interest in ensuring that pesticide dermal absorption
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values are not underestimated, in order to be protective of human
health.

The use of excised skin preparations for the purpose of esti-
mating dermal absorption via in vitro methods capitalizes on the
understanding that the process of passive diffusion of substances
through the stratum corneum does not require a metabolically
active in vitro test system. It has been established that human
stratum corneum is a much more effective barrier to absorption
compared to rat skin for most chemicals examined in these models
(Aggarwal et al., 2014, 2015; Dumont et al., 2015; Fasano et al.,
2005). Indeed, literature reviews and prospective studies found
that the dermal absorption potential of pesticides, industrial
chemicals, and cosmetic ingredients was higher in rat skin than
human skin, usually by factors ranging from 5 to 100-fold and in
some cases up to 500-fold (Bartek et al., 1972; Jung and Maibach,
2015; Ross et al., 2001; van Ravenzwaay and Leibold, 2004).
OECD Test Guideline 428 (OECD, 2004c) provides a protocol for
using excised human or rat skin for the purpose of assessing the
dermal absorption of chemicals and formulated products and/or
dilutions. However, as is the case with most OECD test guidelines,
this test guideline and its accompanying guidance, Guidance
Document No. 28 (OECD, 2004a), were written for general use, and
generally do not include sector- or chemical property-specific
protocol recommendations.

Since that time, a number of organizations, including the OECD,
have published guidance documents on the conduct and inter-
pretation of in vitro dermal absorption studies (OECD, 2011). The
WHO International Programme on Chemical Safety recommenda-
tions state that human skin should be the “gold standard” in human
health risk assessment for all chemical classes (WHO, 2006), and
recommends the development of “consistent and well controlled
studies with human skin in order to predict dermal absorption in
humans.” More recently, the EFSA has published guidance for the
conduct and interpretation of dermal absorption studies and also
state that in vitro studies performed with human skin are preferred
(EFSA, 2012). This EFSA guidance document is used for the regis-
tration of pesticide-containing products in the European Union,
and is currently under revision. A recent review by Dumont and co-
worker summarizes some of the similarities and differences in
these guidance documents (Dumont et al., 2015).

While data from in vitro studies alone are fully accepted by
European pesticide regulators, in North America an in vivo study,
usually conducted using rats, continues to be required by the US
EPA, CDPR, and PMRA to determine dermal absorption values for
pesticides. In 2008, the NAFTA Dermal Absorption Working Group
(EPA, PMRA and CDPR) (NAFTA, 2008) issued a policy statement
outlining the triple pack approach, which was recommended as the
preferred testing method(s) for new pesticidal active ingredients
that are submitted for registration to regulatory authorities in
North America. In this approach, three studiesdan in vitro rat, an
in vivo rat, and an in vitro humandmay be submitted together in
order to set a DAF for use in human health risk assessments for
pesticides (NAFTA, 2008). The purposes of this recommended
approach were: 1) to help improve/standardize the quality of
in vitro studies both in terms of conduct and reporting to the NAFTA
regulatory agencies and 2) to allow the assembly of a comparative
database (with existing and new data), which is critical to deter-
mining whether the in vitro human skin method is predictive of
in vivo dermal absorption, with the ultimate goal being the
acceptance of in vitro studies alone.

A workshop held on May 1e2, 2012 in Gaithersburg, Maryland,
USA, convened a small international panel of academic and in-
dustry experts in the field of dermal absorption, together with
North American pesticide regulators and non-governmental rep-
resentatives, to determine the barriers to acceptance of stand-alone

in vitro dermal absorption studies. An expected outcome of the
workshop was to build consensus around best practices for the
conduct and reporting of in vitro dermal absorption studies for
pesticide risk assessment and to increase comparability of in vitro
studies across different laboratories. Steps outlined as part of this
Workshop are captured herein with the aim of evaluating the
predictive power of the in vitromethod in typical in-use conditions,
and to help North American regulatory agencies define the criteria
by which in vitro study values can be used in future risk assess-
ments. To help illustrate the type of data that is contained within a
triple pack and its use in deriving values for risk assessments in
North America, a brief review of a triple pack of studies with the
pesticidal active ingredient sulfoxaflor is provided as a case study.

2. Regulatory agency considerations

For pesticides to be approved in North America, regulatory
agencies are required to ensure there are no human health (or
environmental) risks of concern when used according to the label
directions. Dermal absorption values are used in estimating sys-
temic exposure via the dermal route in order to facilitate compar-
ison with critical effect levels derived from oral toxicological
studies. Chemical-specific dermal absorption studies are used to
determine the DAF, where possible.

Currently, in vitro dermal absorption studies on pesticides are
not accepted in the absence of an in vivo dermal absorption study in
North America for regulatory decisions, but can be accepted as part
of a triple pack, as mentioned previously. North American regula-
tors state that differences in test protocols have led to variable re-
sults such that a range of in vitro dermal absorption values would be
obtained for the same test substance depending on the study
methodology. This results in a lack of confidence in using in vitro
data as standalone. Incomplete test reports or data dossiers also
contribute to this uncertainty.

During the workshop all three North American regulatory
agencies reported that a major barrier to acceptance of the in vitro
dermal absorption method is the high degree of flexibility in the
test protocol parameters that are described in established test
guidelines and guidance (OECD, 2004a; OECD, 2004c; OECD, 2011).
This prevents comparison between laboratories and studies, and
creates uncertainty when reviewing individual study submissions,
including the extent to which such variations may affect the study
outcome. Some of the variable protocol elements identified
include:

� Skin used, source, thickness, separation procedures
� Receptor fluid choice
� Barrier function testing method and criteria for exclusion of a
skin sample

� Tape stripping methods and other post-exposure activities
� Numbers of individual donors, and samples per donor per test

US EPA described the in vivo dermal absorption rat study pro-
tocol, which uses fourmale rats per dose per time point (EPA,1998).
Studies usually contain at least three dose levels and four to six
exposure times, using 80e120 rats, though reduced protocols are
also accepted. The OECD in vivo dermal absorption test guideline
(TG 427) is also accepted (OECD, 2004b). As the conditions for
in vivo dermal absorption studies are somewhat standardized and
reproducible, confidence in the use of in vivo dermal absorption
studies for pesticide regulatory purposes is higher. However,
in vitro dermal absorption studies using human skin offer several
advantages, such as the use of skin from the relevant species of
interest (i.e., human vs. rat) while avoiding human testing, the
ability to better capture volatile chemicals, enhanced control over
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