NAFTA

TECHNICAL WORKING GROUP
ON PESTICIDES (TWG)

DEVELOPMENTAL NEUROTOXICITY STUDY (DNT)
GUIDANCE DOCUMENT



The Developmental Neurotoxicity study (DNT) assesses behavioural and neurobiological parameters
in order to ascertain the effects of chemicals on the developing animal. When required, the results from
this study play an important role in the determination/identification of toxicological endpoints for
regulatory purposes.

The rodent DNT study paradigm has evolved over time with the most recent test guidelines updated in
2007 with the introduction of OECD guideline 426.! Despite this, there has been a continued interest in
developing additional guidance for evaluators responsible for assessing chemicals that trigger this kind
of an assessment. From a regulatory perspective, such guidance would serve as a tool that could be
referred to when evaluating and interpreting the study results.

As a NAFTA Technical Working Group (TWG) on Pesticides-inspired multi-governmental initiative,
the development of this guidance has involved consultation with both governmental and non-
governmental stakeholders, which includes experts in the area of DNT. The internal guidance
document (IGD) itself is a result of a collaborative effort from an intergovernmental working group
with the following members from the United States Environmental Protection Agency (US EPA) and
Health Canada, respectively:

e Dr. Virginia Moser, Dr. Kathleen Raffaele, Dr. Kevin Crofton, and Dr. Mary Gilbert from US
EPA ; and
e Dr. Wayne Bowers and Mr. Francis Bailey from Health Canada.

The IGD is not meant to be prescriptive; however, it has been developed to provide background and
the identification of design and test details for detailed clinical observations, motor activity, acoustic/
auditory startle response, and learning and memory data. While the underlying goal is to have a DNT
IGD at the disposal of regulatory evaluators (US, Mexico and Canada), the information provided in
this guidance could also be useful in the conduct of other research initiatives, whether retrospective or
prospective, and relevant technical guidelines, such as the recently published OECD Extended 1-
generation reproduction study guideline.

If you are interested in attaining a copy of the DNT IGD, it is available from the NAFTA TWG
on Pesticides website.

This report has been subjected to the U.S. Environmental Protection Agency, Office of Research
and Development’s peer and administrative review process and has been approved for publication.

! http://www.oecd-ilibrary.org/environment/test-no-426-developmental-neurotoxicity-study_9789264067394-
en;jsessionid=7bt5uldknlfjn.x-oecd-live-01
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Developmental neurotoxicity tests: Introduction
Background

The developing nervous system is especially vulnerable to certain chemicals (Bondy and
Campbell, 2005; Rodier, 1995), and exposures may result in altered neural development with
consequences that may be quite unlike the chemical’s effects in an adult nervous system (Barone
et al., 2000). For these reasons, regulatory agencies (OECD, 2007; US EPA, 1998a) have
promulgated testing guidelines for developmental neurotoxicity (DNT). DNT refers to any
adverse effect of exposure to a toxic substance on the normal development of nervous system
structures and/or functions (US EPA, 1998b). The basic purpose of DNT guideline testing is to
act as an initial assessment and screen for the potential of chemicals to cause adverse
neurodevelopmental outcomes.

Experimental Guidelines

The full history of the emergence of regulatory DNT testing can be found in Makris et al. (2009).
Briefly, the basic design and test specifics of the US EPA test guidelines were developed at a
workshop held in 1989, following which the specific guideline (US EPA, 1998a) were developed
and eventually finalized in 1998. The OECD test guideline was based on that of the US EPA,
but included enhancements developed through discussion and international agreement. The final
guideline represents compromises in some areas of the need for and specific conduct of some
tests (OECD, 2007).

Once put into practice there were some aspects of the guidelines that were modified to improve
their sensitivity. The US EPA has issued guidance on specific aspects of testing, although the
1998 guideline has not been formally revised. These changes include: 1) increasing the dosing
period to weaning, given the considerable nervous system development that is occurring up to
that time; 2) increasing the sample size for neuropathology for better quantification; and 3) in
certain cases, including acetylcholinesterase measurements in the dam and pups.

The OECD extended one-generation guideline was most recently developed, with the goal of
allowing neurotoxicological assessments of a subset of offspring (neurotoxicity cohort) as part of
a reproductive toxicity study. The need for including the neurotoxicity group is based on
“existing knowledge” and “needs of various regulatory authorities”, and its inclusion in all
studies is doubtful. Since there are many fewer pups, the number of behavioral tests included is
severely limited. It is not intended to provide a complete assessment of developmental
neurotoxicity or a replacement for more detailed studies (OECD, 2011).



The guideline-specific requirements for each test measure are described in subsequent modules.
The following table presents aspects of general experimental design across these guidelines.

Table 1 — Guideline requirements for DNT and extended one-generation reproduction studies

US EPA OPPTS OECD 426 (2007) OECD 443 (2011)
870.6300 (1998) Neurotoxicity
cohort
Animal selection | Rat, do not use Fischer Rat, justify other species Rat, justify other
344 species

Number of
litters/ animals

20 litters/dose
recommended

At least 20/dose

10 litters/dose out
of 20/litter in larger
study

Testing
assignments

1 male or 1 female from
each of 10 litters/dose for
specific behavioral tests,
allocated such that
testing histories do not
confound subsequent
measures

6/sex/dose for
neuropathology*
*unofficial guidance to
increase to 10/sex/dose

1 male and 1 female from
each of 20 litters/dose for
specific behavioral tests,
allocated such that testing
histories do not confound
subsequent measures

10/sex/dose for
neuropathology

1 male and 1 female
from each of 10
litters/dose, all pups
get all tests

Dosing period

GD6-LD10*
*unofficial guidance to
extend dosing to LD21
GDO0=sperm positive

GD6-LD21
GDO0=sperm positive

2 wk premating, 2
wk during mating,
through LD21

Dose
administration

Oral to dams

Most relevant route,
usually oral, to dams
Consider direct dosing to
pups where warranted

Most relevant route,
usually oral, to
dams

Dose selection

High dose should
produce some toxicity
(decrease weight gain
<20%)

Low dose should not
produce effects

High dose should produce
some toxicity (decrease
weight gain <10%)

Low dose should not
produce effects

Base on TK data

Culling of litters

PND4, aim for 4 male
and 4 female

On or before PND4, aim
for equal number males
and females

PND4, aim for 5
males and 5
females/litter

Age
nomenclature

PNDO=day of birth but
prefer post-coital to
postnatal age




Standard Evaluation Goals

Health Canada and the US EPA developed this document on the review and interpretation of
submitted DNT data to provide guidance on how to evaluate the quality, the conduct, and
resulting data derived from the behavioral methods employed in the OECD and/or EPA DNT
Guidelines. The reviewer may be exposed to data collected under any of the current guidelines
(OECD, 2007; OECD, 2011; US EPA, 1998a), as guideline selection depends on when the
studies were conducted, and whether the study was specific for the US EPA or other international
organizations; this guidance is applicable to all. This guidance is for use by for regulatory
agency scientists reviewing these DNT data, especially those who may not be experts in
neurotoxicity or developmental neurotoxicity. The guidance was generated by an international
collaboration between Health Canada and the US EPA. The overall goal of the guidance is to
foster better and more consistent reviews of DNT behavioral data between these two countries.
This guidance may also be useful for other international regulatory agencies or those interpreting
data generated under the auspices of the OECD or US EPA DNT guidelines.
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MODULE A - INTERPRETATION OF OBSERVATIONS
AND FUNCTIONAL TEST DATA

1. Introduction

The use of observational and functional tests for screening in toxicology assessments gained
popularity after several expert panels and scientists recommended such in the late 1970s and
early 1980s. Their use is based on the premise that behavior represents the integrated sum of
activities mediated by the nervous system, and is a sensitive marker of nervous system
dysfunction. Taken from the Irwin screening battery that is widely used in drug development
(Irwin, 1962, 1968), test batteries for behavioral evaluations in neurotoxicology, broadly known
as functional observational batteries (FOB; Moser, 1989; McDaniel and Moser, 1993), were
developed and validated in subsequent years. Based on the widespread and accepted use of such
test batteries in adult neurotoxicity screening in rodents, observational and functional tests were
included as part of DNT testing to evaluate overall neurological function in both the dam and
offspring. However, FOB testing, per se, is not required in the EPA or OECD (426) DNT
guidelines.

2.  Test Description

When conducted optimally, observational test batteries provide a systematic and detailed
evaluation of the animal’s behavior and function. Measurements of complex movements, e.g.,
gait, reflect multiple neuronal functions, contribute to sensitivity of the approach but suffer with
lack of specificity. On the other hand, tests of simple reflex behaviors, e.g., simple sensory
responses, may be more specific but only be altered by a few neurotoxic agents. In general,
screening batteries are based on noninvasive observations and manipulations, and rely heavily
on careful evaluation of the individual animal. Some tests can include appropriate test devices
(for example, automated motor activity chambers, strain gauges for grip strength) to provide
quantitative, objective data. On the other hand, many measures are often subjective.

There is a range of approaches for these observations, from very simplified to more expanded
clinical observations. These clinical observations vary widely across laboratories and there are no
published protocols or guidelines. A lack of standardization in how and what data are collected
negatively influences the ability to interpret or compare data across laboratories.

More specific screening batteries, such as the FOB, include a broad range of assessments. To
accurately be considered an FOB, the protocol should focus on detailed observations as well as
specific tests of reflexes, responses, and abilities. Using an FOB, several neurological functions
must be assessed, including autonomic, neuromuscular, and sensory, as well as levels of activity
and excitability. Numerous FOB protocols have been published, but even more are unpublished
(e.g., those used in testing laboratories). As with clinical observations, there is a lack of
standardization across laboratories.

3. Guideline requirements

All of the DNT test guidelines require close evaluations of both dams (during gestation and
lactation) and offspring (from an early age to adulthood). The verbiage in the DNT guidelines
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that describe the clinical observations (see Table 1) is, however, lifted from parts of the US
EPA and OECD adult neurotoxicity test guidelines. There is a wide variety of test protocols
being used in testing laboratories that generally fulfill the DNT guideline requirements.

Itis important to understand that the EPA and OECD (426) DNT guidelines do not specify or
even mention the use of the FOB. Unfortunately, many researchers and reviewers do not
understand this distinction. On the other hand, the OECD extended one-generation study (443)
does require observations in the main study, and does actually specify the FOB in the DNT

cohort.

The test requirements are listed in Table 1. It is notable that the most recent guideline (OECD
443) actually has the most explicit description and requirements, whereas the earliest guideline
(US EPA 870.6200) is the least specific.

Table 1. Requirements for observational and functional assessments in DNT test guidelines.

US EPA 870.6300

OECD 426

OECD 443

Test subject and age

Dams at least twice
during the gestational
period, at least twice
during lactation
10/dose group

Dams at least twice
during the gestational
period, at least twice
during lactation

At least 10/dose group

Dams on a weekly
basis

Offspring on PNDs
4,11, 21, 35, 45, 60
10/sex/dose group

Offspring weekly
preweaning, at least
every two weeks in
adolescence and as
adults

At least 1/sex/litter

All F1 animals on a
weekly basis after
weaning

DNT cohort:
10/sex/dose between
PND63-75

Test apparatus

Outside the home
cage

Outside the home cage

Home cage and
observation arena
outside the cage

Specific observations

Observations

Autonomic function:
lacrimation,
salivation,
piloerection,
exophthalmos,
urination, defecation,
pupillary function;
Convulsions,
tremors, abnormal
movements; Posture,
gait abnormalities;
Unusual or abnormal
behaviors

Changes in skin, fur,
eyes, mucous
membranes, secretions,
autonomic activity;
Unusual responses in
body position, activity,
coordination, gait,
posture; Reactivity to
handling, placing,
other stimuli; Clonic
or tonic movements,
convulsions, tremors;
Unusual or abnormal
behaviors

F1: Changes in skin,
fur, eyes, mucous
membranes,
secretions, autonomic
activity; Unusual
responses in gait,
posture; Reactivity to
handling; Clonic or
tonic movements;
Unusual or abnormal
behaviors

DNT cohort:
Requires FOB,
Appendix lists
specific endpoints
under categories of
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home cage and open
field, manipulative,
and physiologic
(taken from several
FOB publications)

Observers Trained technicians, | Trained technicians, Trained technicians,
unaware of unaware of treatment. unaware of treatment.
treatment. Advisable to have Advisable to have
Demonstrate same technician same technician
interobserver throughout throughout
reliability if not same
technician
throughout

Protocols Standardized Standardized Explicit operationally
procedures procedures defined scales and

scoring criteria
Objective quantitative
measures where
possible

4.  Observational Testing Procedures

4.1. Specific Protocols and Tests

There are differences in guideline requirements, but common to all guidelines are assessments of
autonomic (e.g., salivation, lacrimation) and motor function (gait, posture), convulsive
behaviors, as well as a catch-all phrase “unusual or abnormal behaviors”. The OECD 426 adds
mention of sensory responsiveness, and the OECD 443 specifically requires the more extensive
FOB. It is likely, however, that individual testing laboratories use or will use the same protocol

for all DNT studies.

In reality, testing laboratories often have one protocol of clinical observations that is used
regardless of the specific requirements (i.e., for adult and DNT studies). The focus is on
autonomic dysfunction, abnormal posture or movements, and unusual behaviors or appearance.
In some protocols, measures of reactivity in response to handling or removal from cage are
added. Responses to sensory stimuli, specific reflexes, or measures of grip strength are most
often not included, and these clinical observations would not be classified as a valid FOB. Thus,
even if a report states that a FOB was used, that is not the case unless the full battery of tests is
used. The reviewer should understand these differences between clinical observations, which are
most common, and a full FOB, which will likely not be used.

Regardless of which endpoints are included, clear defined protocols are critical to good
experimentation. The sequence of tests should progress from the least (e.g., observations in the
home cage and open field) to the most invasive (e.g., handling assessments) to minimize the
influence of stress on subsequent measures. Since these are often subjective evaluations,
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explicitly defined scores and criteria should be used: anything less is subject to observer bias.
Measures that are ranked provide more information on treatment effects than do binary, or all-or-
nothing, measures. If used, binary measures should include a clear description of what
constitutes “other than normal.” With lethality, for example, “yes” and “no” are easily
distinguished. However, the case for other evaluations such as activity is not so obvious, where
“increased” vs “decreased”, or “normal’” vs “abnormal”, must have associated with them
operational definitions or else the measure is meaningless and large observer differences may
occur. A ranking, or scale, describing different levels of activity would improve consistency
across observers and would allow a reasonable evaluation of the data by the reviewer. The
laboratory’s standard operating procedure (SOP) should provide descriptions of each test
measure, order of testing, and evaluation scales. The reviewer can request this protocol when
necessary to understand better the submitted data.

4.2 Observers

Unlike the many automated and quantitative tests used in a DNT study, the observer is often the
“instrument” collecting the data for these functional and observational measures. The guidelines
highlight the need for trained technicians. Furthermore, the same technician throughout the
study contributes to consistency, and information regarding comparability of technicians (inter-
observer reliability) is required if the same technician is not used. Such information should be
included in the main study report to assure that this was addressed.

Observational procedures are not difficult, but do require a significant level of comprehension
and technique on the part of the observer. It is crucial that the observer be unaware (“blind”) of
the subject's treatment, in order to prevent deliberate or subconscious bias from affecting the
data. The availability of a training video and manual for the FOB (available from US EPA) has
done much to train observers in many types of settings, including academic, government, and
commercial laboratories. The use of positive-control studies is also useful to demonstrate
sensitivity of the protocol as well as expertise of the technicians. If conducted, these positive-
control studies should encompass all test ages (as young as one week of age) with multiple
behavioral outcomes.

4.3  Experimental Control

Good experimental practices of counterbalancing testing procedures, minimizing interfering
factors, etc., are a necessary part of conducting behavioral tests. The response of the whole
animal is measured; therefore, there is a multitude of possible influences from various sources.
Extraneous factors (e.g., noise, light, odors, etc.) must be rigidly controlled as they may have a
significant effect on the behaviors being monitored. Many of the specifics of conducting these
tests have been summarized (Slikker et al., 2005). Since no training of the subject is involved,
there is no explicit control over observed behaviors and variability may be high, suggesting a
need for larger sample size. In general, behaviors that include the subject's innate responses
(e.g., righting reflex, pain response) or a function that is important or critical to its survival (e.g.,
pupil response) tend to be less variable than spontaneous behaviors (e.g., activity, rearing).
Strain and sex of the subjects may also influence the results (e.g., Moser, 1996).
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4.4  Test Subject

The test guidelines include evaluation of both dams and offspring. While a single protocol may
not be appropriate for evaluations at all ages, this seems to be a common practice in many
testing laboratories. Explanations of modifications to adjust for these different situations are
desirable. Such modifications should account for the immature reflexes and motor function of
young animals, especially true at the youngest ages.

Testing pregnant dams requires care and minimal manipulations, especially late in gestation.
Also, testing dams during lactation usually means separating her from the litter. The dams
should only be removed for a short period of time (less than 20-30 min) or else the pups should
be provided some means of thermoregulation. Likewise, when pups are removed for
observations, thermoregulatory controls must be provided if they are away from the dam for
very long. These situations can cause differences in behavior that are not the case for standard
adult rodents, and therefore data may not be easily extrapolated.

The US EPA guidelines require these observations be conducted on at least 10 pups/sex/dose,
and the OECD guidelines state 1 pup/sex/litter (which would provide 10/sex/dose if 20
litters/dose are used). As with all the DNT tests, the assignment of pups to observational testing
should be one male and one female from each litter, or else one male or one female should be
drawn from separate litters. For dams, at least 10/dose should be examined. It is desirable to
use the same subject at each testing time, even though this requires identification of individual
pups. There should be a random selection for which subjects are tested. Specific information
for these issues should be included in the report.

5. Data Reporting

There are many dependent variables in these test batteries, making data summarization a
challenge. At the minimum, tables of summary data across all endpoints should be provided.
Where treatment effects are noted, individual animal data and/or more detailed information
should be provided.

5.1 Data checks

There are specific checks that can be used to evaluate the adequacy of submitted observational
data. Up front, there should be:

e Listing and description of what endpoints were included in the protocol and the scoring
criteria or explicit descriptions used for each endpoint. Simply referencing a standard
operating procedure is not appropriate

e Modifications made to adjust the observations at different stages of the study, including
age of the test subject

e Training of the technician and whether the same technician was used throughout. If more
than one technician was involved, inter-observer reliability should be described

e Procedures for assuring that the technician was unaware of the treatment of each test
subject

Observations A-7



Another data check is to evaluate the degree of variability. While this discussion is mostly
applicable for controls, it should be noted that treatment may produce more or less variability
and such information is also useful. While it may be counterintuitive, for some measures a lack
of variability suggests inappropriate evaluations or scoring criteria. Behavioral measures that are
not under experimenter control, e.g., reactivity or activity, will vary across animals. Scoring
criteria without sufficient resolution to document these differences will not be sensitive to
anything but the most obvious toxicity. In cases where all subjects receive the same score,
across all treatments and test times, it is obvious that the criteria are not adequate. Often, this
includes a phrase such as “normal” that does not explicitly define anything. Simply put, such
evaluations have little value for detecting subtle to moderate behavioral changes. In addition, at
some ages there may be more variability due to differences in the rate of complete nervous
system maturation. Examples of measures for which some variability across animals should be
expected are:

Reactivity to handling, placing

Activity and/or rearing in an open field or test arena
Responses to sensory stimuli

Gait, posture — to the extent that some rodents walk differently
Urination, defecation

On the other hand, some functions are biologically controlled and show little variability. Any
rare occurrence of these signs in control animals should be addressed. For example, lacrimation
or salivation indicate autonomic dysfunction, and should not be seen in control animals.

Reflexes such as the righting response are stereotyped neurological actions and show very little
variability; however, some of these reflexes are developing during the preweaning period and
there could be differences in the subjects during this time. Specific observations reflecting poor
health should not be seen in controls. Note that the wording of some required observations listed
in the guidelines are vague, such as “changes in skin, fur, mucous membranes”, and “unusual
or abnormal behaviors”, but these may be indicators of nonspecific illness. Some of the
endpoints that should not vary in controls are listed below.

Salivation, lacrimation

Pupil response to light

Piloerection, exophthalmos

Convulsions, tremor — although young pups will display very fine “tremors”
Major gait or postural changes

Changes in righting reflex

5.2 Positive control data

Positive control data are useful for determining the range of neurological effects that can be
characterized by the testing laboratory. Often, however, these studies are conducted in adult
rodents with acute, high doses of neurotoxic chemicals that produce overt toxicity. These types
of studies are less useful for assuring that the laboratory can detect subtle neurotoxicity,
especially in very young pups. The DNT guidelines do not require positive control data with
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clinical observations.
6. Data analysis

The use of rating scales or descriptions makes statistical analyses of observational data more
complex, since it is not appropriate to treat such data as continuous, parametric data.
Transformations of the data may be necessary as well as consideration of non-parametric
analyses. In addition, some data may show very low frequencies (e.g., 0, 1, or 2), making both
analysis and interpretation more difficult. Typically, data with high variability should be
examined for outliers or data errors; in such cases, evaluation of individual data is critical. For
example, extreme values may be due to technician or instrument error, differences in individual
sensitivity, or other factor. It is also important to note that numerous measures are collected on
each individual subject. When littermates are tested, this should also be included in the
analyses. Some appropriate approaches for analyzing behavioral data are described by Holson
and colleagues (2008).

7. Interpretation

Interpretation is based on the information from individual endpoints and where possible, the
profile or pattern of effects observed; for example, motor deficits would be evidenced as changes
in gait, posture, righting, or other neuromuscular measures. When evaluating changes in specific
endpoints, it is important to have an understanding of the variability, specificity, and influences
on that measure. There is greater confidence in data collected quantitatively over observational
data. The US EPA has published guidance for the evaluation of neurobehavioral data, including
screening batteries (US EPA, 1998). Neurotoxic adverse effects are defined as any change in the
structure or function of the central and/or peripheral nervous system. This includes alterations in
either direction (i.e., increases or decreases) from baseline or normal conditions as well as effects
that are transient, occur only at specific times during development, or appear as changes in the
ontogeny of developmental processes.

Observed changes in the dams on study indicate acute (or subchronic) toxicity of the chemical
itself. It is important to note the time of testing in relation to chemical administration if it is
given directly. For example, with oral gavage dosing, testing after that day’s dose could be
assessing acute but reversible effects from that dose. Time of testing is less important in studies
where the chemical is administered via feed or water. Given that the dose ranges used in DNT
studies often include a high dose with some systemic toxicity or effects of body weight, some
significant changes might be expected. On the other hand, severe toxicity, e.g., convulsions,
observed in the dam suggest that findings in the pups could be confounded by the maternal
toxicity.

Effects observed in pups during the preweanling period may likewise reflect acute toxicity. This
is especially true in studies where the pup is directly dosed with the test chemical. As with the
dams, considerations regarding time of testing and severity of effects apply. For example,
convulsions in pups indicate highly toxic doses and, if the pups survive, behavioral changes into
adulthood may be expected. This should be considered when evaluating other DNT endpoints.

Most of the observations specified in DNT studies have been shown to be sensitive to direct
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chemical effects following acute or chronic dosing, and it is unlikely that such effects will be
detected in adult offspring since by this age the animals are no longer receiving direct chemical
exposures. For example, direct effects of chemicals that inhibit acetylcholinesterase include
autonomic dysfunction, but this has never been seen in adult offspring that were developmentally
exposed to those chemicals. The types of persistent effects that may occur as a result of
exposure to developmentally neurotoxic chemicals, e.g., changes in reactivity, sensory
responses, or neuromotor function, are mostly not assessed with the current guideline structure:
the sole exception is the neurotoxicity cohort of the recent OECD 443 study. Consequently, the
absence of findings in the adult offspring should not be used to discount effects in the young
animal.
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MODULE B - EVALUATION OF MOTOR ACTIVITY DATA

1. Introduction

Overall study design plays an important role in determining the quality, reliability, and
interpretation of motor activity data in DNT studies. Described herein are factors more
specifically associated with design and conduct of motor activity testing in DNT studies and
considerations in the interpretation of motor activity data. This document is not meant to be
prescriptive but to provide background and the identification of design and test details for motor
activity data that need to be considered in the interpretation of motor activity test data.

2.  Test Description

As defined in the US EPA Test Guidelines (870.6200), motor activity is “any movement of the
experimental animal”. Although this is a very broad definition, motor activity is more typically
considered to be locomotor movements in a horizontal direction (ambulation) as well as other
directions (e.g., vertical, rearing). Smaller, fine movements (e.g., sniffing, grooming) may be
included as motor activity but are not typically considered ambulatory, or locomotor, activity.
Motor activity is an apical behavior that reflects a number of underlying processes including
motor capacity, sensory functioning, emotional processing, non-associative learning
(habituation), and integrative (cognitive) processes (Denenberg, 1969; Kelley, 1993; MacPhail
et al., 1989; Maurissen and Mattsson, 1989; Ross, 2001). Decades of research in psychology,
pharmacology, and toxicology have established the ability of motor activity measurements to
provide insight in normal or altered nervous system function and development.

Motor activity tests are designed primarily to assess locomotor activity although modern
automated test equipment provide a wide array of activity measures including ambulatory
activity (movement between locations), exploratory movements (rearing or vertical movements)
as well as a variety of fine motor movements (e.g., sniffing, scratching, grooming). It is
important to be aware that automated equipment can provide measures of these actions
separately or as an integrated measure of all activity movements (referred to as “total activity” in
this document). An understanding of the measures that are operationally defined by the software
or protocol is necessary to determine precisely what measures are actually reported. Since fine
motor movements such as sniffing, scratching, etc., do not provide a measure of locomotor or
ambulatory activity, care should be taken to ensure that activity test data clearly distinguish
among these various activity measures and clearly indicate the type of the activity measures
reported.

In DNT studies, motor activity measurements serve three main purposes. First, motor activity
levels provide a sensitive measure of apical nervous system function. Second, the ontogeny of
motor activity follows a developmental pattern that reflects the development and maturation of
the nervous system. Third, motor activity studies provide a measure of non-associative learning
(habituation), a basic form of learning essential to adaptive behavior and critical for normal
interaction of animals with their environment. In the case of activity tests, habituation is
normally measured as a decrease in locomotor movements over the course of the test session,
although decreases in total motor activity (all measures of all motor movement) may also be
used to assess habituation.
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The ontogeny of motor function has been well investigated. The development of normal
locomotor capacity in rodents begins around PND13 (Bolles and Woods, 1964; Bronstein, 1972;
Shriner et al., 2009) although the required postural development is not fully developed at this
age. Adult-form locomotion typically occurs after PND15-16 in rats but does not appear to be
fully developed until around PND21 (Altman and Sudarshan, 1975; Muir, 2000). Indeed, both
the neuronal and neuromuscular development required for adult-form locomotion occurs
primarily in the third week of postnatal development in rodents (Clarac et al., 2004; Vinay et al.,
2000, 2002).

Early studies on the development of motor activity show that in pre-weanling rodents, motor
activity increases between PND12-13 to PND16-18 and decreases between PND20 and 23
(Campbell and Mabry, 1972; Moorcroft, 1971; Oakley and Plotkin, 1975; Shaywitz et al., 1979).
In one laboratory, the peak period of spontaneous ambulation in Sprague—Dawley rats was
between 19 and 22 days of age (Shaywitz et al., 1979). There are some results suggesting a role
for environmental novelty in developmental patterns of motor activity. For example, Ruppert et
al. (1985) reported that when the same Long-Evans rat pups tested repeatedly from PND13 to 21
they display an increase in activity from PND14 and 16. When pups were tested only on PND15,
18 or 21 this increase in activity was not observed (Ruppert et al., 1985); however, this study did
not test PND13 and precluded the possibility of detecting the increase between PND13 and
PND15-18. Others have suggested that peak ambulation between PND14 and 16 only occurs
when the test environment is novel (Campbell and Raskin, 1978).

More recently, however, guideline studies from a number of laboratories have shown a pattern of
increased locomotor activity at PND17 compared to PND13, and decreased or similar locomotion
levels at PND21 compared to PND17 (Raffaele et al., 2003). An example of typical patterns of
changing overall activity levels as well as development of habituation with age is shown in
Figure 1. There have been some suggestions that the developmental profiles are relatively flat,
while monotonically increasing patterns may also be evident, depending on the strain of animal,
activity device, frequency of testing, and other experimental conditions; this has not been fully
characterized. The EPA DNT guideline requirements imply that the same animals must be
tested in activity tests in the pre-weaning period, which is important since experimental history
and intra-session habituation which may influence subsequent activity levels. The OECD
guidelines indicate that the same animals must be tested in the pre-weaning period if motor
activity data are used to assess behavioral ontogeny.
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Figure 1. An example of motor activity counts across the sessions for a single group of male
and female rats tested on PND13, 17, 21, and 60. Activity is very low at PND13 and higher at
PND17 but habituation is not evident. At PND21 and 60, habituation is evident and in addition,
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female activity levels are often higher than males at PND60.
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3. Guideline Requirements

While regulatory test requirements for the OECD and the US EPA are comparable for motor

activity testing as part of DNT studies, there are some differences that should be considered.

These are described in the table below. Note that the OECD TG 443 extended one-generation
reproductive toxicity study that includes optional testing for motor activity employs the same
test procedures as described below.

Table 1. Test requirements for OECD and US EPA DNT motor activity tests.

|  USEPAOPPTS870.6300 | OECD 426

1-3 times preweaning, once as young
adults (PND60-70),
Age of

testing PND13, 17, 21, and 60 (2 days)

Use of preweaning motor activity as
measure of behavioral ontogeny
“strongly recommended”®

Duration sufficient to approach
asymptotic activity levels “by the

Test duration last 20% of the session” for Dur_atlor_] suffluent for d(_atectlon of
controls habituation in control animals
All test sessions have same
duration

Data Activity counts collected in .

collection blocks of <10 min No mention

Testing of treatment groups should be counterbalanced over test device,

Study design time of day and each animal tested individually

% Motor activity tests on PND13, 17, 21 fulfills OECD’s requirement for behavioral ontogeny evaluation
4.  Motor Activity Testing Systems
4.1. Test Chambers

Assessment of motor activity can be measured using a variety of techniques and equipment that
will vary between laboratories. The shape, size, movement detection system, and data
processing (software) may all affect the measured level and type of motor activity reported. It is
important to be aware of these influences, especially in comparing motor activity results between
studies and laboratories or even within laboratories when activity test equipment or procedures
are changed. While there is a wide array of potential test arenas for assessing motor activity,
most activity testing is conducted in one of four main types of chambers:

e  Open-field type activity chambers (usually square or rectangular) of various sizes;
e  Shaped chambers, such as figure-8 or doughnut configurations;
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e Home cage activity monitors (usually photocell or toggle switch systems mounted onto
home cages);
e Running wheels, usually in home cages.

4.2. Detection Systems

Both the OECD and the US EPA test guidelines require that motor activity testing be conducted
in automated test chambers. Like the architecture of test chambers, a number of systems have
been developed to automatically record motor activity. Most automated motor activity systems
fall into one of the following categories for movement detection, although the last two types of
systems are rarely, if ever, used in DNT studies:

e  Photocell systems: these systems record the number of photocell beam breaks, with more
complex systems recording the location and timing of photocell beam breaks;

e Video systems: these systems record and digitize the location of animals within the test
arena and use software to characterize movement in the arena;

e Infrared sensors: these systems record changes in temperature associated with animals in
the test arena and use software to characterize movement within the test arena;

e Jiggle or tilt-meters: these systems record the number of contacts of switches that detects
changes in vertical force as animals move in the test arena and provide measures of gross
body movements;

e Contact switches to measure rotations (for running wheels): these systems monitor the
movement of a rotating wheel as animals run within a running wheel and are typically
located in home cages of animals.

Because of these variations in the types of systems used to collect motor activity data, there are a
number of potential motor activity metrics that may be reported. For photocell or contact switch
systems, only counts are directly measured. Other parameters such as ambulatory distance and
time are generated by software algorithms using photocell counts, changes in sequences of
photocell counts, and timing of changes in photocell counts. Measures such as ambulatory
counts, ambulatory distance, ambulatory time, etc., are generated with software algorithms that
incorporate beam breaks, timing of beam breaks and location of beam breaks. For video-based
systems, only distance moved and time in movement are actually detected. Software algorithms
are used to generate measures such as ambulatory distance, time in ambulation, time immobile,
etc. based on changes in location, speed, and nature of changes in location of the animals. In
most automated activity measuring systems, ambulatory counts, ambulatory time and ambulatory
distance are highly correlated. It should be noted that most photocell and video-based systems
employ software settings to eliminate small movements (e.g., grooming, sniffing) from inclusion
in ambulatory time estimates. Jiggle or tilt meters provide less detailed information on
movement and typically provide information only on the number of switch contacts that indicate
the number of gross movements.

4.3. Activity Measurements

Potential motor activity metrics include:

e Ambulatory counts: such as photocell counts, wheel rotations, tilt-meter contacts;
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e Ambulatory distance: such as computed distance moved (e.g., based on software
algorithm or based on number of photocells beams broken);

e Ambulatory time: such as amount of time animal is engaged in ambulatory movement;
may vary depending on algorithm used to detect ambulatory episodes;

e Vertical movements (rearing): photocell based systems that incorporate a second set of
photocell mounted at a height above the normal height of a prone animal will detect
vertical movements of the animals. Video-based systems can also measure vertical
movements based on changes in the size of the video image of the animal as it rears and
thus changes size and shape. Infrared, jiggle or tilt-meters are not effective in measuring
vertical movement of rodents;

e Small or fine motor movements: usually refers to discrete non-ambulatory movements
such as sniffing, grooming, and stereotypy;

e Total activity: typically refers to the sum of all movements of the animal in the test
chamber, and may include ambulatory, vertical (rearing) as well as small non-ambulatory
movements (grooming, sniffing). Total activity should be clearly distinguished from total
session activity which refers to a specific activity measure (e.g., ambulatory counts)
summed or collapsed across the entire session. In this document, the terms total activity
indicates all activity measured incorporated into one measure (e.g., ambulatory, vertical
and small movements added together to generate one single activity measure), while total
session activity refers to a single activity measures totaled over and time blocks in the test
session (e.g., sum of ambulatory counts for all time blocks). The distinction between
these metrics is important, even though some laboratory reports may not be clear on this.

Software settings for defining the type and threshold for activity units can be critical for
computing measures of ambulatory activity. For example, some systems permit the setting of
thresholds of the number of sequential photocell breaks required to trigger an ambulatory count.
Because the size of the animal (e.g., young versus mature animals) and the distance between
photocells will influence thresholds for recording ambulatory counts, it is important that these
software threshold parameters be reported. For example, low thresholds for ambulatory triggers
may result in high sensitivity for fine movements (e.g., twitching, sniffing, scratching, and head
movement) that may be included in ambulatory counts and thus provide an inaccurate measure of
true locomotor movement. Some software can adjust for the size of animals and can provide
options for setting thresholds to trigger locomotor counts. Vertical positioning of photocell
sensors can be critical for detecting vertical (rearing) movements, especially in young rodents
since incorrect vertical location of photocell may preclude the possibility of detecting vertical
movements in small animals. It should also be considered that in photocell systems, because of
constant distance between photocells, breaking 4 photocells in sequence for a small animal (e.g.,
30 gm) reflects greater locomotor distance than the same number of photocell breaks for an adult
animal (e.g., 400 gm). In addition, some chambers may be more suited for specific ages, leading
to the use of completely different systems for young and adult rats. For these many reasons, direct
comparison of measures of activity between young and adult animals should be conducted with
caution.

Similar to photocell-based systems, video-based activity systems also employ key parameters in
software computed measures of ambulation, small movements, etc. Thresholds for both the
amount of movement required as well as the speed of movement are employed in calculations of
ambulatory distance and ambulatory time. As with photocell-based systems, differences in the
size of young and mature animals will affect how these threshold criteria should be set since the
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same criteria parameters will have different sensitivities for detecting ambulatory movements in
small and large animals. In addition, video tracking systems are based on contrast, and are
therefore prone to artifacts caused by reflections and other situations where the tracker does not
accurately follow the rat. Reviewing video files would allow assessment of this problem, but
doing so may not be feasible.

Consideration of measured parameters is also important for infrared systems where the size
(weight) of the animal, distance from the sensor, as well as position relative to the sensor can all
affect the signal. Chamber size may play a more important role in sensitivity for infrared
systems than photocell or video systems.

In order to permit critical evaluation of motor activity data reported in DNT studies, reports
should include sufficient detail to ensure that it is clear how activity data were collected and
computed. This includes:

e Providing details of recording instrumentation (e.g., number and height of photocell
beams, beam locations and distance between beams, or details of recording
procedures for other detection methods such as video systems);

e Providing details on software versions and settings used for computing dependent
variables. For example, photocell systems require software setting of thresholds for
the number of photocell breaks required to trigger an ambulatory count, number of
sequential photocell breaks (determined by size of animals). These settings will
determine when an ambulatory count is recorded and should be set relative to size of
animals. For video-based systems, software parameters for establishing thresholds to
trigger ambulatory counts should be reported.

These settings affect the raw data generated, as well as the software-computed activity measures,
and in turn will impact comparisons across studies and/or laboratories and comparisons across
ages (e.g., preweaning, adult) within a study.

5. Test Procedures

Besides the multitude of environmental factors (e.g., lighting, noise) that may alter behavior in
general (described in Slikker et al., 2005), there are a number of factors that specifically
influence motor activity. Procedures to control these factors should be described in the protocol
or experimental design and/or reported in the results. These include:

e Environmental factors such as sound levels, temperature in test area, lighting conditions,
time of testing relative to light-dark cycle;

e Testing time in relation to daily dosing when either the dam or pup are being directly
dosed (acute effects of dosing);

e Testing of treatment groups should be counterbalanced over test device, time of day and
each animal tested individually;

e Standardized procedures for cleaning activity chambers, including procedures
(chemicals and drying time) used between testing animals and between testing days;

e Identify how animals are loaded into activity chambers and how individual test sessions
are started. If animals are stagger started, then identify precautions used to minimize
disturbance of animals already in the test chambers while other animals are loaded into
test chambers. If started simultaneously, identify procedures used to place animals in test
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chambers and then start activity recording in all animals.
6. Data Reporting
The main results that are of interest from DNT motor activity testing are:

e The effects of chemicals on overall level of motor activity (total session activity);

e Effects of chemicals on habituation in motor activity;

e Effects of chemicals on the ontogeny of motor activity in pre-weaning animals;

o Sex differences in effects of chemicals on motor activity.

In order to evaluate the effects of chemicals on these parameters, it is essential that DNT motor
activity reports provide clear information on study design, the measures (dependent variables),
and the statistical procedures used to evaluate the main results. As noted in section 4, a number of
possible measures can be generated from automated motor activity systems depending on the
specific test equipment and software parameter settings employed. In the reporting and analysis
of motor activity data, it should be clearly stated whether the total of all activity measures have
been aggregated into a single measure (e.g., sum of ambulatory counts, vertical counts, and small
movements). Likewise, if motor activity data are reported as only ambulatory counts, then this
too should be clearly stated.

6.1 Dependent Variables

As described in section 4.2, there are a number of dependent measures that can be used
depending on equipment setup and software parameters, and it is important that the dependent
variables recorded and analyzed are unambiguously described. For most test systems, dependent
measures reported may be one or more of the following:

Ambulatory counts;

Ambulatory distance;

Ambulatory time;

Average speed of movement

Vertical movements (rearing);

Small or fine motor movements;

Total activity (some aggregation of multiple separate activity measures);
Habituation.

Assessment of treatment effects on habituation of motor activity is one of the main results from
DNT activity tests. However, habituation it is not a directly-measured dependent variable; it is
actually an inferred result based on within-session decreases in activity measures.

While habituation can be assessed in a variety of ways, the main characteristic of habituation is a
decrease in a response following repeated exposure to a stimulus that does not involve sensory
adaptation/fatigue or motor fatigue (Grissom and Bhatnagar, 2009; Leussis and Bolivar, 2006;
Rankin et al., 2009; Thompson, 2009; Thompson and Spencer, 1966). In the case of motor
activity tests, habituation to the test environment is measured as a decrease in motor activity over
the course of a single test session. Test sessions should be of sufficient duration that asymptotic
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activity levels in control rats are reached before the end of the session (US EPA guidelines specify
the last 20% of the session); the time necessary for habituation may vary across test arenas. The
precise method used to determine habituation in DNT motor activity study results should clearly
indicate how habituation is calculated. One measure is a calculation of the ratio of activity over
the first and second halves of the test session. Another approach is testing for a significant effect
of decreasing activity level over the time blocks for the duration of the test session (e.g., trend
analysis). Other habituation metrics may also be used (e.qg., first time block relative to the last
time block). Regardless, the specific method to calculate habituation must be clearly described.

Many automated motor activity systems provide more than one measure of motor activity and
may report them separately as well as include all measures in a single aggregated total activity
measure. Since the total activity is correlated with the measures contained within it, these
variables are not independent and therefore cannot be evaluated independently. In some cases,
analyzing only total activity may be appropriate, but in other cases a more detailed analysis of
separate measures (e.g., both horizontally and vertically-directed activity) may provide more
detailed information. For example, it is possible that specific activity measures (e.g., vertical
counts) may be affected by chemical exposure when total activity is not affected by chemical
exposure. Justification for the choice of measures to report and/or analyze should be described.

6.2 Reported Data
In order to evaluate treatment effects, the following level of data detail should be reported:

e Activity measures should be described broken down by dose group, sex and time
blocks at each test age. Note that the US EPA DNT guidelines require that each time
block be no greater than 10 minutes;

e Activity measures should be reported as means + standard deviations for each time block,
treatment group and sex;

e Total session activity (i.e., collapsed across time blocks) should be reported as mean +
standard deviation for each measure of motor activity (e.g., ambulatory counts, vertical
counts). Where total activity (i.e., all separate activity measures aggregated into a single
activity measure) is reported, these should be reported by time block, sex and treatment
group (means = standard deviations) as well as collapsed across time blocks (means +
standard deviations).

Standard errors may also be reported as an estimate of population variability, but note that this
measure may not be appropriate with very different sample sizes across groups.

7.  Data Analysis

Measurement endpoints must be statistically analyzed using statistical methods appropriate for
repeated-measures data. Statistical analyses specific for DNT data are described by Holson and
colleagues (2008). As with all developmental data, the unit of analysis is the litter. Where a
male and female are sampled from the same litter, the activity must be analyzed with sex nested
within the litter, using litter as a random factor, or a hierarchical analysis with sex as a matching
factor. While there are a number of approaches for the analysis of activity data, repeated-
measures ANOVA is the most generally accepted approach. Data analysis should include an
overall ANOVA that includes treatment, sex and time blocks; one-way analyses of each sex can
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only be conducted in the face of significant interactions between sex and treatment. Furthermore,
demonstrating within-session habituation requires repeated-measures analyses in order to show
an effect of time block. Interval-by-interval analysis of dose effects at each time block is
absolutely not appropriate in the absence of a statistically significant interaction between time
and dose group from repeated-measures analyses.

A number of relatively common problems are evident in the presentation and analysis of DNT
data, and these limit the interpretation of study results and may produce misleading results.
These include:

Sex is often not included in the overall data analysis, with results for males and females
analyzed separately. This approach not only precludes direct testing of sex effects and
treatment-by-sex interactions, it also reduces statistical power to detect treatment effects;
Motor activity results are analyzed separately at each time block. This approach precludes
direct testing of a time-block effect, and any interactions associated with time blocks.
Because a significant time-block effect is normally required to support demonstration of
habituation, this approach precludes direct demonstration of habituation, or any treatment
effects on habituation;

Time block is not included in data analysis in cases where motor activity results are
reported only for total session activity (i.e., collapsed across time blocks). Total session
activity data reported as mean values collapsed across time blocks may mask treatment-
related effects, as differences can exist at separate time blocks (i.e., treatment-by-time
interaction).

In some laboratories, motor activity data can be highly variable with coefficients of variation
(CV) ranging from 20-100% or more, depending on age, test conditions and the specific measures
used. Since CV measures can provide an indication of the overall variability (and uncontrolled
variation) associated with the test situation and the inherent variability of the behavior, it is not
appropriate to use a fixed percent change in response (e.g., 20-25% change) in the absence of a
statistically significant difference as an index of a treatment effect. With mixed-effects-modeling,
a covariance matrix that best fits the data can be selected from many available types of covariance
matrices. For analysis of results within a specific age group, factors include sex, dose and time
blocks as the repeated-measure factor, keeping in mind that litter should also be included where
there is more than one animal from each litter. Generally, interactions should be examined first, as
significant interactions indicate that main effects are modified by a second factor. Interactions that
could be examined include treatment-by-time blocks, treatment-by-sex, and treatment-by-dose-
by-sex. Depending on the nature of the interactions (e.g., non-crossed interactions), main effects
may also be examined.

7.1 Statistical Models

Below is a brief description of the types of statistical effects that may be obtained from analyses
