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10.1. General Guidelines for Conducting Neurobehavioral Studies

Behavioral testing is a critical tool in assessing nervous system disorders. There are many well-
established tests for evaluating various behavioral test results; however, details of how these tests
are conducted and how environmental and experimental design factors are controlled are critical
to providing reproducible data (Graham et al. 2018; Mandillo et al. 2008; Wahlsten 2011).

It is also known that different outcomes can arise from laboratory conditions extraneous to the
test protocol (Crabbe et al. 1999; Harry et al. 2022; Kafkafi et al. 2005; Kafkafi et al. 2018;
Lewejohann et al. 2006; Mandillo et al. 2008). These factors have been discussed in various
publications and provide the basis for many of the details of the current guidelines (Genzel 2021;
Hanell and Marklund 2014; Saré et al. 2021). To address the issue of test quality and
consistency, a number of guidance documents, protocol publications, and data analysis papers
have been published over the years (Bailey et al. 2006; Hanell and Marklund 2014; IPCS 1986;
Moser 2011; NAFTA-TWG 2016; Saré et al. 2021; Slikker et al. 2005; VVorhees and Williams
2021).

Specific aspects of the handling of rodents during mating, pregnancy, and lactation are provided
in Chapter 6 of the Specifications (Laboratory Animal Medicine and Toxicology). Specific
timing for clinical observation assessments will be provided in a protocol outline directly to the
contractor. Neuropathology requirements are described in Chapter 8 of the Specifications
(Anatomic Pathology).

10.1.1. Housing

e During periods of gestation and lactation, crinkled Kraft paper shall be used in cages
of rat dams. At each cage change occurring between time of birth to time of weaning,
new cage bedding will be enhanced with a sampling (approximately one-fourth cup)
of the original litter bedding to provide home-cage olfactory cues to minimize stress
associated with cage change. This practice is specific to neurobehavioral studies and
differs from standard Laboratory Animal Medicine and Toxicology practices of
removing enrichment between GD 19 and PND 4 (Section 6.2.13, Environmental
Enrichment).

¢ All animals at the age of weaning and older shall be group housed (by sex and dose
group) per cage size guidelines and study needs. Male and female animals shall be
housed similarly. Individual housing of mice shall be considered in the presence of
aggressive behavior. If an animal is single housed, new cage bedding shall be
enhanced with a sampling (approximately one-fourth cup) of the original litter, and a
form of cage enrichment shall be used to minimize the stress of isolation. Scientific
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justification for deviation from group housing shall be provided by the Contracting
Officer’s Representative (COR).

10.1.2. Animal Identification and Selection

If a study design requires individual identification of preweanling pups, a temporary
marking (e.g., paw tattoo, tail marking) shall be implemented in a manner to not
cause damage that can compromise behavior (e.g., toe/paw damage that may
compromise strength or motor-dependent behaviors). Temporary markings shall be
replaced by a more permanent marking system upon weaning. If damage occurs (as
confirmed by veterinary staff), the animal should be excluded from behavioral
assessments due to possible effect on performance.

For developmental exposure, litters shall be standardized on postnatal day (PND) 4 to
8-10 pups with specific sex distribution determined by the study protocol.

Unless specifically noted for identified endpoints, for gestational and/or lactational
exposure, one animal/sex/litter shall be randomly selected for any specific cohort for
a specific behavioral test or sequence of behavioral testing.

One animal can undergo more than one type of assessment according to a testing
schedule ensuring no confounding across tests (e.g., tests are spaced at adequate
intervals [days]; tests involving aversive stimuli [e.g., shock] shall be conducted at
the end of the testing sequence).

As determined by the study protocol, more than one cohort of animals can be used for
behavioral testing if the testing history is consistent within a cohort (e.g., all animals
assessed for any one endpoint will have had identical testing history in that all will
have experienced the same test sequence).

If, for any reason, an animal is removed from study due to health issues, it may be
replaced with a matched animal from that same litter and dose group, per agreement
of the COR.

A process shall be put in place to ensure experimenter blinding of animal exposure
status while running studies.

10.1.3. Randomization and Counterbalancing

Animals shall be randomly selected for assignment to the behavioral testing cohort(s).

All testing shall be counterbalanced for dose across testing apparatus and order of
testing. If the same animal is to be tested multiple times for an activity, it shall be
placed within the same apparatus for each test session.

Males and females shall be tested at separate times within any single day. If the study
design requires counterbalancing for sex, that information will be provided by the
COR.

If it is necessary for multiple technicians to perform any one task, the assignment of
technicians shall be counterbalanced across dose groups to ensure an equal
distribution of dose groups across technicians. For any observational endpoints, this
requires technicians with a priori demonstrated >80% interrater reliability as
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statistically determined from the ratings of two or more technicians on a specific test.
For endpoints that can be significantly influenced by the technician (e.g., grip
strength, rotarod), consistency of >80% inter-experimenter reliability across the
actual technicians to conduct the study shall be demonstrated prior to the study

(<1 year).

If an animal is terminated prior to testing, a secondary animal may be identified as a
replacement and noted as such. The decision shall be made in consultation with the
COR.

10.1.4. Animal Clinical Observations

Body weights shall be recorded as specified in the study protocol.

Formal (out-of-cage) clinical observations (characterized as “routine” or “clinical
observations” in NTP Provantis) for clinical signs of toxicity will be recorded as
specified in the study protocol. Clinical observations considered related to chemical
exposure and observed at times other than scheduled observations will also be
recorded in NTP Provantis.

Additional nonexposure-related observations, outside of clinical observations, which
may affect behavioral testing, shall be recorded in NTP Provantis. Examples include,
but are not limited to, loss of toenail, injury to limb and/or tail, dropped to floor, or
seizure during testing. Observations should be recorded in such a manner as to easily
reflect testing days during review. Animals may continue in behavioral testing if their
injury does not affect their overall well-being. The COR shall be notified of such
conditions as they may influence study outcomes.

10.1.5. Selection of Testing Equipment and Procedures

Commercially available equipment that is based on well-established methods for
assessing the various neurobehavioral endpoints as demonstrated by published
literature shall be used.

Documentation shall be provided indicating that each test, as conducted by the testing
facility (animal handling, environment, testing procedures and conditions), generates
data reflecting a normal expected (per published literature) pattern of behavior of
naive age-, sex-, and species-specific animals relevant to the study. This
documentation can be provided within the form of historical control data captured on
the equipment within the last 5 years. If data are not available, then prior to initiating
testing of any study animals, a pilot study shall be run to confirm assay setup and
laboratory proficiency. A cohort of five naive males (and five females, if females are
to be assessed in the study) shall undergo each behavioral test at the defined ages.

If there is a requirement to test for an acute (not developmental) effect on a specific
behavior, a study using a positive control may be required to be performed prior to
approval of the test paradigm. The specific experiments required prior to study
initiation will be at the direction of the COR.

Expected results shall have been demonstrated in control animals (species, strain, and
sex) within approximately 1 year from the start of the study.
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Historical data, basic response, and positive control data for the most recent 5 years
shall be available to the COR.

All equipment and testing paradigms shall be approved by the COR prior to the start
of the study.

Detailed physical descriptions of the test equipment shall be reported (and can be
provided via the commercial source manual). Details shall be supplied from each
commercial supplier regarding definition of terms, recommended calculations of data
(e.g., ambulatory activity), and calibration. Methods of calibration of each testing
apparatus and identification of when and how often calibration is conducted shall be
provided.

10.1.6. Handling for Specific Behavioral Tests

Before behavioral testing, animals shall be acclimated with handling to ensure they
do not undergo undue stress. Proper handling of rats consists of scooping up the
animal with one hand under the chest and supporting the bottom with the other hand
(UNC Basic Rat Handling and Technique Guide!). Mouse handling is improved by
either nonaversive tunnel or cupping methods (Gouveia and Hurst 2017; Marcotte et
al. 2021; Sensini et al. 2020). If tail handling is required, it must occur at the base of
the tail. Tail handling is stressful to animals, so it should be used minimally.

Further acclimation to any specific type of handling required for a behavioral test
(e.g., grip strength, startle restraint) shall occur prior to testing to minimize handling
stress at time of testing. This handling can be accomplished by acclimation to unique
handling required for placing the animal in the restrainer used in the startle apparatus
or on strain gauges for grip strength analysis.

Consistency shall be maintained across animals within any specific test in terms of
technicians’ handling of the animal, placing of the animal within a test apparatus,
removal of the animal from an apparatus, and returning the animal to its home cage.

10.1.7. Minimizing Olfactory Stimuli

To minimize the influence of olfactory cues, the test environment shall be devoid of
all specific odors to the extent possible, including, but not limited to, odors from
chamber cleaning solutions and from the experimenter (e.g., perfumes, tobacco
smoke, hand sanitizer, food).

Animal-specific odors as they relate to stress, urine trail, or sex require minimization.
Between animals (of the same sex) test arenas or restraints shall be wiped clean using
a mild fragrant-free detergent with a disinfectant (e.g., Nolvasan [chlorhexidine
diacetate] followed by a distilled water rinse). At completion of all testing for the day,
any portion of the test apparatus that was in contact with the animal shall be cleaned
with an excess of a mild fragrant-free detergent with a disinfectant, allowing the
solution to remain on the apparatus for approximately 1 minute before wiping with
distilled water, and wiped dry. For the Morris water maze (MWM), disturbance of the
water between animals will minimize any urine trail.

thttps://research.unc.edu/wp-content/uploads/sites/61/2020/12/rat-handling-and-techniques.pdf
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The influence of sex-specific odors (e.g., urine) on behavior shall be minimized.
Unless otherwise requested that the experimental design include full counterbalancing
for sex, testing each sex on either separate days or separate times of day with
enhanced cleaning between sexes can minimize the influence of sex-related odors.
Before handling animals of different sexes for behavioral testing, the experimenter
shall change gloves and change or wipe down protective body coveralls to remove
any traces of influencing odors.

10.1.8. Behavioral Testing Environment

Outside of the home-cage room, lack of access to drinking water and food during the
daytime shall not be >6 hours. Maintaining dosing via food or drinking water over the
period outside of the home cage shall be determined by the study protocol.

Ambient noise level shall be minimized in the testing facility. Testing rooms shall be
maintained with white noise. A random examination shall confirm that the white
noise (62—70 dB) is consistent across test units closest to and furthest from the white-
noise speaker. Any occurrence of a loud noise during testing shall be recorded.

If animals are tested in a sound-attenuating chamber with an individual background
noise generator (e.g., startle apparatus) and the testing room is within a quiet area of
the laboratory, considerations of not having full white noise for the room will be
made by the COR.

Conversation between experimenters within testing rooms shall be kept at a
minimum.

Quiet shall be maintained when placing animals into a test apparatus and during a test
session.

The testing units shall be stabilized to minimize any vibration, as applicable.
Assessment of vibration of the testing room due to mechanical activity shall be
conducted and confirmed absent or within a specific time of day/week for adjustment.

Only the test cohort undergoing assessment shall be in the test room at any one time
(e.g., animals not within the startle apparatus during a test session shall not be within
the test room; animals not being tested for motor activity on that specific day shall not
be within the test room). An exemption can be made for long-term learning and
memory tests, such as the MWM.

10.1.9. Time of Testing

All scheduled behavioral testing shall be conducted at an interval within 1 hour of a
standard 12-hour light/dark cycle. Thus, testing will not commence until 1 hour after
lights are turned on and will end by 1 hour before lights are turned off. The time of
day of testing for each animal will be recorded. This time restriction does not apply to
transport of animals to/from the testing room.

Any shorter time interval required due to study design requires approval by the COR.

Time of testing shall be counterbalanced across exposure group (for each sex per
study design). Any alternative specific order for each test shall require COR approval.
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Any endpoints of repeated measures shall be conducted at approximately the same
time of day for each animal.

The effects of a direct dosing of a compound on the behavioral performance shall be
considered, and the schedule of dosing to testing shall be coordinated to minimize
confounding of such effects.

Determination of the time of testing relative to the time of last dose will be made by
the COR.

When possible, behavioral testing shall be conducted before any direct dosing (e.qg.,
gavage, injection, dermal application, inhalation) for that day unless study design is
targeted to examine acute effects of chemical delivery or examine the peak time of
effect.

The timing of cage changes shall be controlled to ensure animals have a minimum of
24 hours post-cage change prior to testing.

10.1.10. Transport and Location of Animals for Pretest Holding

Animals shall be transferred from their home-cage room and placed in a quiet holding
area close to the testing room and outside of any high-traffic areas. Before the first
behavioral test (open field), the animals will have become familiar with cage rack
movement (down the hall or in the home room).

Animals shall be transported and held in the holding area for a minimum of

30 minutes prior to initiating the first test of the day and for a minimum of 10 minutes
if sequentially transported to a separate room for testing. Transport of animals is not
restricted by the 1-hour lights-on/lights-off time interval required for behavioral
assessments.

Animals shall not be held within the testing room for tests that include a stimulus
(e.g., startle), as nonspecific exposure would occur to animals outside of the test
chamber.

Animals shall not be held within the testing room for tests in which light level is a
factor (i.e., open-field activity).

Animals can be held within the testing room for the MWM, per conditions stated in
the MWM description.

10.1.11. Retrieval of Animals after Test

Animals shall remain in the test apparatus (e.g., activity chamber, startle apparatus,
rotarod) until the test session times out for all animals to minimize disturbance and
distraction.

For the MWM, animals shall be gently wiped off upon removal from the water tank.
Care shall be taken to not subject wet animals to air drafts and to minimize the
potential for hypothermia.

Animals shall be removed from the test apparatus and placed in the transport cage
prior to returning to the home cage. If animals are transported in the home cage, they
can be returned to that cage (without any requirement of a specific transport cage).
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e The “tested” animals shall not be returned to a cage containing animals that have not
been tested but shall be placed in a holding cage until all animals in the cage have
been tested for the day.

10.1.12. Order of Behavioral Assessments

The initial assessments will acclimate the animal to handling, and assessments in the open field
for motor activity will allow the animal to experience a novel environment and allow for
detection of any severe motor deficits that may compromise subsequent behavioral assessments.
Grip strength and rotarod training assess motor strength and coordination as well as learning.
They are noninvasive and can be conducted in sequence prior to or after the startle response,
depending on study design. The startle response is primarily a reflex response; however, there
are different types of habituation (intrasession and across sessions) that require consideration if
more than one testing session is conducted. Different tests for learning and memory can be
integrated at different ages and is often the final test of the sequence. The inclusion of additional
tests will require consideration of testing history and possible interference across tests.

e In general, excluding clinical observations, only one specific test will occur in any
single day.

e Tests should be performed within a short time window to minimize variability
associated with age or time from dosing.

e Behavioral assessments shall be performed in a sequential manner that shall not
interfere with performance on subsequent tests (e.g., any test involving aversive
stimuli, such as shock, shall be conducted at the end of the testing sequence or in a
separate set of animals).

e Time intervals between tests shall be consistent across animals.

10.1.13. Age of Behavioral Assessments

Comprehensive evaluation for potential neurotoxicity includes assessments performed prior to
weaning, and during the adolescent and adult life phases. A critical determination regarding the
actual age of testing for a young animal is the time of weaning. All recommendations are to
refrain from behavioral testing within 24 hours postweaning. The below age ranges for juvenile
animals are based on the Division of Translational Toxicology practice of weaning at PND 28.

e Assessment of animals <60 days of age requires a very small window of age for
testing to account and control for the developmental process of neural circuitry
controlling such behavior. Assessment of animals as adults allows for a broader range
in age but should be within 65-80 days of age, or 80-90 days of age and
counterbalanced across groups.

e Assessment of preweaning behaviors, such as motor activity, requires age-appropriate
testing apparatus to provide sufficient sampling of the behavior.

e Assessment of startle and prepulse startle inhibition (PPI) shall adhere to the
developmental ontogeny of the associated neural circuitry and use equipment
appropriate for the size and weight of the animal.
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e Motor activity shall be measured in juveniles at PND 31 (2) (rats)/PND 24 (£2)
(mice) and adults PND 60 (£3) (rats/mice).

e Startle response and PPI shall be conducted at PND 32 (x3) (rats)/PND 25 (£3)
(mice), and during adulthood PND 62 (x3) (rats/mice).

e MWM shall be conducted at PND 68 (+4) (rats/mice).
e Additional behavioral testing, if required by the study protocol:

o Forelimb/hindlimb (FL/HL) grip strength shall be conducted in juveniles at
PND 32 (x2) (rats)/PND 25 (£3) (mice) and/or adults at PND 60 (£3)
(rats/mice).

o Rotarod shall be conducted in juveniles at PND 32 (£3) (rats)/PND 25 (£3)
(mice) and/or adults at PND 60 (£3) (rats/mice).

e Itis recommended that the additional observational endpoints listed be included in the
standard observational assessments taken over the course of the study.

o Note: The above time frames are assuming animals are weaned at PND 28
(rats)/PND 21 (mice); relative adjustments shall be made if weaning occurs at
a different time point.

10.2. Data Collection and Transmittal

e Data sheets shall include individual animal identifiers: litter (dam) number, sire
number, pup number, dose group, sex, age, test date, apparatus identifier, and
experimenter identifier. Dose group shall be coded in a manner to maintain
experimenter blinding.

e For all computer-assisted tests, software-generated files describing the configuration
of the test will be provided (these will include all parameters and units of measures
and any time intervals and intensities used).

e For all computer-assisted tests, individual animal raw data files of all endpoints shall
be submitted. These include arena maps, endpoints, and pathway tracking data.

e Video-capture images and/or pathway tracking and associated software files shall be
provided in a format accessible by NIEHS.

e For each endpoint, all original raw data shall be provided in addition to the Excel or
CSV files of specific endpoints.

10.3. Data and Statistical Requirements

¢ All information related to data processing, analysis, and outputs described in this
section shall be provided in an electronic format; however, the specific disposition
can be discussed with the COR on a study-specific basis. Examples of specific files
include, but are not limited to, outlier analyses and justification for removed data, as
well as graphical approaches for assessing normality (e.g., model residual plots,
boxplots).

e Procedures for outlier identification/removal should be clearly described.
e The final statistical procedures used for all analyses should be clearly described.
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10.3.1. One Measurement per Animal

e Account for censoring using time-to-event/survival models such as Cox proportional
hazards modeling. Time-to-event modeling should be used for the rotarod and MWM
analyses. (Do not remove censored values from the analysis.)

e Account for deviations from normality and heteroscedasticity across groups using the
proper modeling approach (nonparametric Kruskal Wallis analysis of variance
[ANOVA], data transformation and parametric ANOVA, or generalized linear
modeling).

o If the data are approximately normally distributed and the variances are
similar between different groups, parametric ANOVA is recommended.

o If parametric assumptions are not reasonable, use a nonparametric approach.
Since the nonparametric Kruskal Wallis ANOVA assumes that the
distributions of the different groups have a similar form, this assumption
should be investigated by plotting the raw data distributions.

o For count data, a Kruskal Wallis test may be sufficient, but a generalized
linear model may be needed if the distributions from different groups are very
different from one another. See below for more details on assessing
distributional assumptions.

e Use the Shapiro-Wilk (SW) test to test for departures from normality and use
Levene’s test to test for heteroscedasticity. Graphical approaches using raw data
should also be used to help inform whether to use a nonparametric statistical analysis
approach. There is no need to rely solely on the SW test or Levene’s test to assess
parametric assumptions. Expert judgment may be used about the distributional
assumptions based on the plots and the SW test and Levene’s test results (Holson et
al. 2008). Some examples related to determination of normality:

o Graphical methods should be used to check for substantial deviations from
normality and heteroscedasticity (e.g., model residual plots, normal quantile-
quantile plots, and boxplots) because the SW test and Levene’s test can be
restrictively conservative or liberal for determining suitability of the data for
ANOVA.

o Itis not necessary to account for unequal variance between groups in
modeling if variance in the group with the smallest variance and variance in
the group with the largest variance is within a factor of four of each other. A
fourfold difference between variances is a general rule, not an absolute
criterion, and should be considered part of expert judgment (Moore and
McCabe 2001).

o If there are very large differences in variance between treatment groups and
the distributions seem to be very different from one another based on visual
plots, then statistical methods should also account for heteroscedasticity as
well as departures from normality (e.g., generalized linear model).

e Display data as mean/standard error of the mean (SEM), as well as plots of raw data
with boxplots. The boxplots should help determine whether the distributions have a
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similar form, find large deviations from normality (e.g., censoring or heavy skew), or
indicate whether there is very large heteroscedasticity.

10.3.2. Multiple Measurements per Animal

Similar to the above, account for censoring by using time-to-event modeling.

All study designs should be appropriately counterbalanced during conduct, which
should be either stated or described in the statistical analysis methods summary.

Account for deviations from normality or heteroscedasticity. If the data distributions
are very different from normal or if there is a large amount of heteroscedasticity, log
transformation of the data should be considered before applying repeated measures
ANOVA (RMANOVA). Assuming the study design is appropriately
counterbalanced, the nonparametric Friedman test for continuous data can be used for
nonnormal data. If the Friedman test is not appropriate, then generalized linear
modeling can be used for count data.

Use the SW test, Levene’s test, *and* graphical methods to look at data distributions
and help make decisions about whether to use RMANOVA or nonparametric
Friedman (or another approach). It is acceptable to emphasize the plots for assessing
the distributional assumptions and not rely solely on the SW test or Levene’s test
results.

Display data as mean/SEM *and* boxplots to help determine whether the
distributions are dissimilar between groups, are not normal, or have substantial
heteroscedasticity. These plots can be placed in an appendix or delivered using
another electronic format (see above).

10.3.3. Analyses for Sex Effects

The study design must be appropriately counterbalanced during conduct.
Counterbalance time of testing across dose levels and sex to avoid confounding.
Counterbalancing is needed to include separate factors in statistical modeling.

Present the data separately for each sex in data plots. To test for sex effects, use the
two approaches described below. Each question compares the larger model to the
smaller model using the likelihood ratio test. For each likelihood ratio test result (for
each question), the value of the test statistic, the degrees of freedom for the test, and
the p value should be presented. No additional statistical analysis or investigation is
needed, even if the full model is shown to be more appropriate.

Question 1
Effect of SEX: Compare the Full to Simple Model (get a p value for likelihood ratio test).

Full Model: R = dose + time + sex + dose:time + time:sex + dose:sex + dose:time:sex + ~litter

Simple Model: R = dose + time + dose:time + ~litter

Question 2
Effect of INTERACTIONS: Compare the Full to Simple Model (get a p value for likelihood

ratio test).
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Full Model: R = dose + time + sex + dose:time + time:sex + dose:sex + dose:time:sex + ~litter

Simple Model: R = dose + time + sex + ~litter
10.4. Observational Assessments

10.4.1. Cage-side Observations in Juvenile Pups

Rodent juvenile activity accounts for many critical features of nervous system integration,
including motor function, strength, and social behavior (Vanderschuren et al. 2016). Rats begin
to play toward the end of the third week of life, peaking during the fourth and fifth weeks and
then decreasing with sexual maturity (Pellis and Pellis 1990). Play by juvenile rats is often
considered a potential indictor of good animal welfare (Oliveira et al. 2010) and has been
demonstrated to be associated with the development of sociocognitive skills (Baarendse et al.
2013; Stark and Pellis 2020). It has been used as a model for analyzing neurodevelopmental
disorders (Burke et al. 2017; Pellis et al. 2022). Play behavior can be scored as it occurs naturally
in a litter (Lampe et al. 2019); however, this limits the level of detail that can be obtained. Yet, if
allowed multiple opportunities for observation, home-cage assessments can effectively detect the
presence/absence of play behavior but not the subtle differences in such behavior.

10.4.2. Scoring Juvenile Social Behavior

During normal scheduled clinical observations, juvenile social behaviors will be evaluated in
group-housed animals over a 1-week period from PND 35 to PND 42. Pinning and pouncing are
considered the main indices of social play behavior in rats because they strongly co-vary with
other playful social behaviors, such as following and wrestling (Panksepp and Beatty 1980;
Pellis et al. 2022; VanRyzin et al. 2020).

Play behavior will be assessed using a rating scale depicting the absence (1) or presence (2) of
the specific behavior occurring within the home cage:

e Pinning behavior (without associated vocalizations)
e Pinning behavior (with associated vocalizations)

e Pouncing behavior

e Aggressive behavior (e.g., biting)

10.5. Locomotor Activity

An assessment of motor function by locomotor activity provides an indication not only of the
activity level of the animal but, if decreased, an indication of concern for either general health or
motor strength that could compromise subsequent behavioral evaluations. As an assessment of
motor function, locomotor activity captured by automated photocell or video-capture detection
systems allows for the evaluation of general motor activity; in addition, by using the stimulus of
novelty, free exploration in the arena can be used to examine curiosity and exploration (Pisula
and Modlinska 2020). Motor activity devices (photocell or video tracking) shall be capable of
evaluating ambulatory motor activity in a two-dimensional manner (X, y planes) and rearing (z
plane) in a time-interval manner and will be appropriate for the age and size of the animal. The
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system shall be capable of measuring thigmotaxis and regional preference within the arena and
of providing information on the ambulatory activity path length.

10.5.1. Configuration

Spontaneous locomotor activity shall be assessed within a defined arena using a commercially
available system with documentation of usage and demonstration of biological response from
positive control agents. The configuration of the system shall allow for data collection of activity
within the entire arena, immediately along the perimeter at the chamber wall (margin zone), and
within a defined smaller center area (center zone).

Photocell open-field arena apparatus example: approximately 40 cm x 40 cm x 20 cm
photocell device using a two-dimensional sensor array configuration (photocells at 1-
inch intervals). Zones: margin (outermost infrared beam on each sensor, which would
represent 1-inch margin at the wall of the arena) and center (5 x 5 inch) square.
Video-capture systems would configure a similar arena and arena map for data
capture. In addition, contrast distinction and lighting will be sufficient for uniform
camera detection (e.g., white animal on a dark background).

For photocell devices, the height placement of the photocell banks for horizontal
measures shall be set to detect the midpoint of the body trunk as appropriate for the
age and species of animal under study.

For rearing behavior, the detection limit (photocell height, video recording height)
will be at a height equivalent to at least three-quarters of the full rearing height of the
animal to ensure accurate detection of full hindlimb rearing, exclusive of raising of
the head, back, or slight rear, not requiring full weight to be placed on hindlimbs.
(This height location shall be empirically determined for each species, strain, age,
sex, and size of animal under study by confirmation of experimenter-observer counts
compared with photocell detection).

Parameters of the testing apparatus (height location of the photocells for ambulatory
activity, empirically determined height location of photocell bank for rearing, arena
zone definitions) shall be documented in the study file.

At the beginning of each test session, each apparatus shall be calibrated for photocell
alignment and function as instructed in the manufacturer’s manual. In addition, each
unit shall be tested to ensure accurate tracking by moving either the experimenter’s
hand or a controlled moving item (e.g., plastic ball) within the chamber and following
the tracking pathway on the computer screen. The instrument shall provide a
software diagnostic feature to be run prior to each session.

Tests of motor activity shall be conducted under lighting conditions that maintain the
normal home-cage room light/dark cycle. The lighting level within the front section
of the home cage will be measured using a Lux meter. Standardization of lighting for
each motor activity arena shall be similar to the level measured for the home cage. In
configuration of the test room and apparatus placement, the uniformity of luminance
shall be confirmed. The luminance shall be similar across each full arena to ensure no
area of the arena is within shadows. Meeting these specifications may require
modification of the actual luminance of the room lighting. The actual luminance of
the room and in each of the arenas shall be tested using a Lux meter and recorded.
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10.5.2. Initiation and Duration of Testing

Animals shall be placed in the center of the activity arena. Each apparatus shall be
programmed for the software to automatically start the test session with the detection
of first movement within the chamber. If this is not possible, then the computer test
session shall be started manually by the experimenter upon entry of animal into the
chamber and clearance of the experimenter’s hand.

Standard Test: Measurements shall be collected in 5-minute epochs for a total of
30 minutes (preweanling/weanling <35 days of age) or 45 minutes (>45 days of age).

Endpoints for Collection

For the entire arena, data shall be collected in 5-minute epochs for total activity,
ambulatory activity (as defined by manufacture), fine movements, distance traveled,
stationary time, rearing events, and time spent rearing.

For the full arena, total session data shall be calculated for total activity, ambulatory
activity, distance traveled, rearing events, and time spent rearing.

In defined zones, data shall be collected in 5-minute epochs for ambulatory activity,
distance traveled, time spent within defined zones (margin time [thigmotaxis]; center
arena), and entries into zones.

For the full arena, a pathway track or heat map for each animal shall be recorded for
the entire session.

Commercial supplier information defining how each endpoint is captured/determined
and description of any calculations necessary for endpoint determination shall be
provided in the study file.

10.5.3. Endpoints for Analysis

Total Session

Epochs

Full Arena: Total activity, ambulatory activity (as defined by manufacture), distance
traveled, rearing events, and time spent rearing.

Zones: Ambulatory activity, distance traveled, time in zone, and entries into zone.

Full Arena: Total activity, ambulatory activity, distance traveled, rearing events, and
time spent rearing.

Zones: Ambulatory activity.

10.5.4. Statistical Analysis

Data will be examined for homogeneity of variance.

Data transformations, such as logarithms, shall be considered for analysis over
epochs, if necessary, to meet model assumptions.

Data obtained across the full session, either in the full arena or in epochs, shall be
analyzed with ANOVA, with dose as a factor.
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Data collected in 5-minute epochs shall be analyzed with RMANOVA, with dose and
time as factors.

10.6. Forelimb and Hindlimb Grip Strength

To detect alterations within the peripheral nervous system or the spinal cord that would
compromise limb strength or motor behavior, grip strength of the forelimbs and hindlimbs shall
be assessed using a digital force gauge (Maurissen et al. 2003; Meyer et al. 1979; Takeshita et al.

2017).2

10.6.1. Configuration of Grip Strength Apparatus

Animals shall be assessed for fore- and hindlimb grip strength using a strain-gauge
system appropriate for the species and age of animal (screen, bar, overall length of
platform, gauge strength size [kg]). Preference is given to equipment configuration
that allows assessment of fore- and hindlimb grip strength in one pass and provides
physical support for the animal.

The apparatus shall be placed on a stable surface, away from drafts or vents that could
disturb the measurement by the sensor.

A bar shall be used for assessing fore- and hindlimb strength in adult rats. It is
recommended that a screen grid not be used with adult rats due to the nature of the
procedure and to prevent the error of the animal not being able to rapidly release the
grid, thus altering the grip score.

For juvenile rats and all mice, a screen grid or T-bar, sized appropriately, shall be
used to assess fore- and hindlimb strength.

Control animals should measure within the midrange of the meter, and the settings
shall allow for detection of an increase or decrease in strength.

10.6.2. Grip Strength Protocol

Confirm that the forelimb gauge is set to PULL mode and the hindlimb gauge is set to
PUSH mode and that both gauges have been reset to zero.

Place the animal on the center platform of the apparatus, facing the forelimb gauge.
Set the forepaws on the screen (juvenile rats and mice) or bar (adult rats), attached to
a strain gauge. Alternately, hold the animal by the “neck scruff” or base of the tail so
only its front paws grip the grid platform/bar (handling method to be standardized
across all animals in the test).

Contact with the forelimb apparatus shall require all four digits of both limbs.

Once a successful grip is observed, hold the animal by the base of the tail and gently
pull horizontally and quickly with an even force in one continuous motion until its
grip is released down the complete length of the grid/bar. The propensity is that the
animal will cling onto the grid/bar until it can no longer resist the increasing force
before it is released. Immediately following this and within the one smooth,

2https://www.mousephenotype.org/impress/Procedurelnfo?action=list&proclD=1130; https://treat-nmd.org/wp-

content/uploads/2016/08/MDX-DMD M.2.2.001.pdf
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continuous pulling motion for the forelimb assessment, the hindlimbs are allowed to
grasp a bar (or grid) as the animal’s body is quickly but smoothly pulled away. A
slight pause may be necessary before beginning the pulling motion to assure the rat’s
digits are properly curled around the bar and the paws are not crossed.

Do not allow the front feet to touch the hindlimb screen or bar.
Do not allow the experimenter’s hand to touch the screen or bar.

Do not allow the toenails to catch in the mesh as this can result in a strong jerk
motion and invalidate the reading.

Three sequential trials shall be performed with an approximate minimum intertrial
interval (ITI) of 10 seconds. Juvenile rats and mice may require a longer ITI to
minimize fatigue, if more than three trials are required (to be determined by pilot
study).

The digital readouts on the gauge shall be recorded and the gauges reset.
If necessary, two additional trials can be run to obtain three valid trials for averaging.
If any animal fails more than two trials, that shall be noted.

Unacceptable trials include: (a) the animal is aggressive and cannot be properly
handled; (b) the animal fails to grip the mesh grid or T-bar with two paws; (c) the
animal reacts in such a manner that the grid mesh or T-bar is released before the
technician pulls the animal away from the gripping surface; (d) for some reason, the
force gauge is accidentally activated by contact unrelated to the appropriate
experimental procedure; and (e) the technician pulls the animal too strongly to mask
animal response.

10.6.3. Endpoints for Collection

Each individual gauge reading for forelimb grip strength
Each individual gauge reading for hindlimb grip strength
Average of three valid gauge readings for forelimb grip strength
Average of three valid gauge readings for hindlimb grip strength

If fewer than three valid readings, average of two valid trials can be calculated and
the failed trials noted.

10.6.4. Endpoints for Analysis

Mean forelimb grip strength for three valid trials
Mean hindlimb grip strength for three valid trials

10.6.5. Statistical Analysis

Data will be examined for homogeneity of variance.
Data transformations shall be considered for analysis.
Considerations of body weight difference as an influencing factor shall be made.
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Data obtained shall be analyzed with ANOVA, with dose as a factor.

10.7. Accelerating Rotarod (Motor Coordination)

The rotarod apparatus/protocol can be used to measure motor function, motor learning,
coordination, and equilibrium in both rats and mice (Chapillon et al. 1998; Crawley 1999; Rustay
et al. 2003a; 2003b). Assessment of motor coordination using the rotarod requires the animal to
learn the novel task. To ensure all subjects have learned the task to the same degree, thus
enabling experimenters to accurately measure differences in motor coordination and equilibrium,
2 weeks of training with three daily sessions of three trials per week are normally required in rats

and mice.

10.7.1. Configuration of Rotarod Apparatus

The automated apparatus shall be equipped with a rotating rod of a diameter
appropriate for the size of animals tested. The rod will be grooved to allow for
gripping by the animal.

An apparatus that automatically records latency to fall and rotational speed (rpm) of
the rod at time of fall under an accelerating or fixed speed is recommended.

Before study initiation, data obtained within the previous year will be available to
confirm the appropriate acceleration rate for the species, strain, sex, and age of the
animal and the proficiency of the laboratory. The rate shall allow control animals to
improve performance over trials without demonstrating a ceiling effect; the rate will
not be so aggressive as to prevent control animals from adequately performing.

Modifications to the apparatus can be employed to provide better traction/grip for the
animal, with coarse rubber, Velcro, or fine grit (320 grit) sandpaper (this has been
found to be helpful with mice or young rats) (Bohlen et al. 2009).

The apparatus shall have partitions between animals and an enclosure to prevent
animals from escaping after a safe landing.

Calibration of rotational acceleration will be conducted within a year of study and
data provided in the study report (Bohlen et al. 2009).

10.7.2. Rotarod Protocol

Rats and mice may be placed on the rod by gripping the tail and/or by grasping the
animal around the body. The limbs should be restrained as much as possible to
minimize the animal grasping peripheral structures. An animal is placed on the rod,
facing away from the direction of rotation, so it has to walk forward to stay upright.
In mice, holding the animal by the tail at an angle of 40° below horizontal works
well. On a multi-animal apparatus, animals are quickly placed on the rod, facing in
the correct direction, and are in stable position at the start of timing.

The first exposure to the rotarod serves as an initial training trial and is not included
in the performance data analysis. With this first trial on the first day, the animal learns
to balance on the stationary rod and then to maintain balance on the rotating rod. This
first trial can be either (1) a rod constantly rotating at approximately 10 rpm for

1 minute or (2) on rotation parameters consistent with the testing trials. For the
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training trial, the animals are placed on the low-speed rotating rod. If the animal falls
off in less than a minute, it is immediately placed back on the rod until it stays on the
rod for a full minute. The animal is allowed a 10-minute rest interval before the next
trial.

e Onday 1, the first exposure trial is followed by three trials. To ensure all subjects
have learned the task to the same degree, thus enabling experimenters to accurately
measure differences in motor coordination and equilibrium, 2 weeks of training with
three daily sessions are normally required. Three trials shall be run per day, three
times per week for 2 weeks, with a minimum ITI (rat: 10 minutes; mouse:

15 minutes) to minimize fatigue.

e ITI will be maintained across all animals. The rod will be rotating at 2 to 4 rpm
(warm-up speeds). Any subject that falls or jumps from the rod during the first
approximately 10 seconds of testing can be replaced, and the lane timer can be
restarted.

e Overall test confounders include animals that cling to the rod but do not fall (passive
rotations), animals that refuse the test and simply fall without any real evidence of
altered muscle strength (exclude as outliers), and weight and size of animals—heavier
and larger animals perform less well on the rotarod and fatigue with progressively
longer latencies (confirm with fixed speed tests).

10.7.3. Endpoints for Collection

e Latency to fall

e Record the occurrence of jumping or passive rotations with speed or time of
occurrence

e Record a latency of maximum cut-off for animals that did not fall off within the test
interval

10.7.4. Endpoints for Analysis

e Latency to fall: individual trials and mean per day (excluding initial training trial)

10.7.5. Statistical Analysis

e The mean response of day 1 and day 2 shall be analyzed with ANOVA, with dose as
a factor.

e Data across trials on each day shall be conducted with RMANOVA, with dose and
trial as factors.

e The data across trials on each day shall be analyzed for pairwise comparison and
trend across dose for each trial, using the F-test ANOVA.

e The mean response on day 1 and day 2 shall be analyzed by RMANOVA.

e If the data represent censored observations, the amount of censoring shall be reported
and an appropriate analysis (e.g., time-to-event modeling) shall be considered.
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10.8. Acoustic Startle Reactivity and Prepulse Startle Inhibition

The startle response is an unconditional reflex, characterized by the rapid contraction of skeletal
muscles, in response to a sudden and intense startling stimulus (e.g., noise burst, air puff, light
flash). In rodents, the acoustic startle response (ASR) can be used to study habituation,
sensitization, classical conditioning, fear, and anxiety. Habituation to the startle response is a
form of nonassociative learning and can also be viewed as a sensory filtering process as it
decreases an organism’s response to a nonthreatening stimulus. Habituation can be examined
within a test session (short-term habituation) or across sessions (long-term habituation). Within a
session, habituation normally occurs within the first 10 trials and over 4-5 days for across
sessions (Pilz and Schnitzler 1996; Pilz et al. 2014; Valsamis and Schmid 2011). PPI describes
the phenomenon in which a weak initial stimulus (prepulse) inhibits the startle response that is
elicited by a strong stimulus. The level to which the prepulse stimuli inhibits the startle response
increases with prepulse intensity. Animals shall undergo testing for startle response and PPI
using a computer-assisted automated startle/PPI system. This system shall allow for the ability to
view the continuous individual waveform responses and to examine the data post hoc based on
shifting the millisecond time interval for recording a response. Recent articles on procedural
methods and optimization considerations for ASR and PPI are available (Hormigo et al. 2019;
Miller et al. 2021; Shoji and Miyakawa 2018; Valsamis and Schmid 2011).

10.8.1. Testing Units and Calibration

e All testing units shall be housed in individual sound-attenuated chambers within a
testing room under normal animal facility environmental conditions.

e Calibration: Calibration of the sound (sound meter) and the movement (e.g.,
oscillation calibration device) sensors is critical for obtaining valid test results. A set
background decibel level is essential when conducting experiments examining PPI as
the prepulse levels are set relative to background. Thus, calibration shall be to a
specific level and not to a range. This may require an extended time period to
optimize calibration. It is recommended that the full calibration of each unit be
scheduled to allow for adequate time prior to the start of any specific experiment.
Once calibrated for offset (gain) and sound, the units should remain relatively
consistent over time. If a unit is identified to drift over time, exclusion of that unit
should be considered until recalibration from the commercial supplier. Confirmation
of calibration shall be conducted within 24 hours prior to the start and 24 hours
following cessation of a specific testing time for an experimental set of animals.
Adjustments to sound or gain may be required based on species, strain, age, or animal
tested.

o Each sensing plate/unit shall be calibrated for mechanical and circuit offsets
or gain using an oscillation calibration device following detailed instructions
provided by the commercial supplier. The gain shall be set for each
age/weight of the animal species and strain tested. Uniform readings (actual
and not range) across units shall be confirmed. The actual value shall be
recorded for each unit.

o Using a sound meter, each unit shall be calibrated to the set background
decibel level. The preferred level is 65 dB. Given the increase in fan noise
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with aging equipment, if experimenters are unable to lower units to this level,
then they will set the lowest level between 65 and 70 dB and record the
background level. Set all units to the same background decibel. If, for any
reason, a unit is unable to be set at the same background sound level, there can
be a variability of £1 dB for background across units (note how this will alter
settings for prepulse decibels).

o The prepulse stimuli decibel levels will be set relative to the background
decibel level for each unit. Using a sound meter, confirm the decibel level for
each prepulse stimulus and for the 120-dB startle stimulus during the
calibration stage. If calibration is required, balance the calibration for that unit
across all decibel levels (background, prepulse, startle). Record any deviation.

10.8.2. Adaptation to Handling and Holding

e The startle apparatus requires that the animal be restricted for movement during the
test session. The animal’s species, age, and weight determine the appropriate size of
the enclosure to restrict mobility as recommended by the manufacturer. The holding
enclosure represents a novel environment for the animal and can alter an initial startle
response. Unique handling is required to place the animal into the holder to minimize
stress and allow for acclimation. For a tube type holder, the handling sequence
involves gently squeezing the forepaws together so they cross on the underside of the
animal, holding the hindquarters to prevent perambulation, introducing the animal
into the holder or other suitable facsimile, and holding it there for 3 minutes (Geyer
and Swerdlow 1998). In general, this procedure shall be conducted two times within
the week prior to first startle test. For an open holding chamber, the animals can be
placed into the holder and held for 3 minutes for one session within the week prior to
the first startle.

10.8.3. Confirmation of Startle Decibel and Prepulse Intensities

e Before examination of animals on study, within 1 year of study initiation, the
following will be conducted in animals (five/sex) for specific test ages, species, and
strain to establish and confirm optimal intensities and absence of drift. Once
established, these settings shall be confirmed on an annual basis prior to initiating
testing on study animals.

o An input/output function test shall be conducted. After a 5-minute acclimation
period under constant background white noise of 65 dB, startle stimuli
(20 milliseconds) shall be delivered on an ITI of 20 seconds. Startle stimuli
events shall start at approximately 75 dB and increase by 5-dB increments
until reaching 120-125 dB. Startle magnitudes shall be sampled each
millisecond for 200 milliseconds beginning at the onset of the startle stimulus.
These data shall be used to determine the maximum startle response (largest
response within 200 milliseconds), provide information on the waveform, and
average the response over the entire response window.

o PPI stimulus intensities shall be identified to elicit intermediate levels of PPI
to allow for treatment-induced increases or decreases in PPI to be observed.
Maximum startle response to each of the individual PPI intensities shall be
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determined. The required number and interval of PPI intensities shall be
determined for the species, strain, and age of the animal.

10.8.4. Paradigm Configuration

Background level: 65 dB
PPI intensities set at 3, 6, 12, and 15 dB above background

10.8.5. Prepulse Auditory Startle Inhibition (PPI) Protocol

Each session shall start with a 5-minute period of acclimation to the restrainer and
chamber with continuous background noise (65 dB).

Delivery of startle trials shall be under a fast rise time (<2 milliseconds) burst of noise
presented for a 40-millisecond duration at an intensity of 120 dB.

Trials will be delivered according to a variable ITI of 15 seconds, with a range of 7—
23 seconds.

The delivery of stimuli shall follow the sequence outlined in Table 10-1 that includes
six initial 120-dB pulse-only trials followed by two “blocks” of trials that represent
each of the paired prepulse intensities with a 120-dB trial five times each, five of the
120-dB pulse trials, and one to two no-stimulus trials presented in a
pseudorandomized manner. These two blocks shall be followed by 10 of the 120-dB
pulse trials.

The full collection window shall be set at 500 milliseconds: (1) a sampling of

250 milliseconds preceding the 120-dB startle elicitation to confirm confounding with
baseline activity and/or confirm absence of startle response elicited by the prepulse
intensities followed by (2) a sampling of 100 milliseconds to collect the maximum
startle response. Data for determining PPI will be obtained from the 100-millisecond
sampling window measured from startle stimulus onset. The sampling during the 250
milliseconds preceding the 120-dB startle stimulus, but following the prepulse
stimulus, shall be collected and examined to determine any group differences in
response to each prepulse intensity.

Prepulse stimuli (3, 6, 12, 15 dB above threshold unless empirically changed on the
basis of the pilot study results) shall be presented for a 20-millisecond duration with
an interstimulus interval of 65 milliseconds (mice) and 80 milliseconds (rats) before
the onset of the 120-dB startle stimulus.

Peak response magnitude (i.e., Vimax) on no-stimulus (NOSTIM) trials shall be
recorded and reported as a sampling of excessive activity of the animal within the
chamber.
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Table 10-1. PPI Protocol for Stimuli Delivery

Trial No. Block No. Trial Name Prepulse Level (dB)
1 0 P120 -
2 1 P120 -
3 1 P120 -
4 1 P120 -
5 1 P120 -
6 1 P120 -
7 2 NOSTIM -
8 2 PP77P120 77
9 2 PP68P120 68
10 2 PP80P120 80
11 2 P120 -
12 2 PP71P120 71
13 2 PP71P120 71
14 2 PP80P120 80
15 2 PP77P120 77
17 2 PP68P120 68
18 2 P120 -
19 2 P120 -
20 2 PP77P120 77
21 2 PP71P120 71
22 2 PP68P120 68
23 2 NOSTIM -
24 2 PP80P120 80
25 2 PP80P120 80
26 2 P120 -
27 2 PP77P120 77
28 2 PP71P120 71
29 2 PP68P120 68
30 2 PP77P120 77
31 2 PP68P120 68
32 2 PP80P120 80
33 2 P120 -
35 2 PP71P120 71
36 3 P120 -
37 3 PP77P120 77
38 3 PP80P120 80
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Trial No. Block No. Trial Name Prepulse Level (dB)
39 3 PP68P120 68
40 3 PP71P120 71
41 3 P120 -
42 3 PP80P120 80
43 3 PP71P120 71
44 3 NOSTIM -
45 3 PP77P120 77
46 3 PP68P120 68
47 3 PP77P120 77
48 3 PP71P120 71
49 3 PP80P120 80
50 3 PP68P120 68
51 3 P120 -
52 3 NOSTIM -
53 3 PP71P120 71
54 3 PP80P120 80
55 3 P120 -
56 3 PP68P120 68
57 3 PP77P120 77
58 3 PP77P120 77
59 3 P120 -
60 3 PP68P120 68
61 3 PP71P120 71
62 3 PP80P120 80
63 4 P120 -
64 4 P120 -
65 4 P120 -
66 4 P120 -
67 4 P120 -
68 5 P120 -
69 5 P120 -
70 5 NOSTIM -
71 5 P120 -
72 5 P120 -
73 5 P120 -

NOSTIM = no stimulus.
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10.8.6. Endpoints for Collection

For startle and prepulse startle inhibition, the schedule of the stimulus presentations
shall adhere to Table 10-1, and documentation will be provided.

Peak response amplitude (i.e., Vmax) for each startle trial.

Peak response amplitude for each prepulse stimulus intensity during the 250-
millisecond sampling interval to determine whether there is an alteration in the
prepulse threshold or a significant movement response that may affect the ASR.

Time to maximum response (i.e., Tmax) for each trial, excluding NOSTIM.

If available: latency to onset of response, rise time of response as identified by the
manufacturer's instructions.

10.8.7. Endpoints for Analysis

First 120-dB trial: Peak response amplitude — representative of naive startle response.
Peak response amplitude for individual animals and each 120-dB-only trial.

The measured startle response is typically lognormally distributed across pulse types
(Csomor et al. 2008) and often the median response over a block is more robust than
the mean. Therefore, where applicable, both mean and median response will be
calculated.

Median peak response amplitude of 120 dB only occurring in the “blocks” of trials
inclusive of prepulse stimulus intensities (Blocks 2 and 3) for each animal. This will
be considered the “120-dB peak response” in calculating percent prepulse inhibition
(% PPI) for that individual animal.

Mean and median peak response amplitude for each prepulse intensity stimulus for
each animal.

PPI: For each individual animal and each PPI trial, the % PPI shall be calculated as
[(120-dB peak response — prepulse peak response)/120-dB peak response] x 100. For
each animal and each prepulse stimulus intensity, the average % PPI is calculated
across all matched trials for the entire test session.

Habituation: Calculated as the change in peak response amplitude over trials.
Percentage change is calculated as a change of peak response of the last 120-dB trial
compared with peak response of the first 120-dB trial for each individual animal.

Data shall be represented as the actual metric recorded—e.g., Newtons (Amplitude
[N]), static weights (Amplitude [g]), or volts (Amplitude [v])—per manufacturer’s
instructions.

10.8.8. Statistical Analysis

Data shall be evaluated for assumptions of ANOVA (homogeneity of variance and
normally distributed observations). Nonparametric methods should be considered if
these assumptions are violated.

Peak response amplitude of the first 120-dB ASR trial shall be analyzed using a one-
way ANOVA.
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e Peak response amplitude of 120 dB across trials shall be analyzed using RMANOVA
(dose and trial as factors).

e Peak response amplitude for paired prepulse intensity per 120-dB trial for each
prepulse intensity shall be analyzed by one-way ANOVA (dose as factor).

e Negative PPI values shall be set to 0 (the incidence of negative PPI values will be
recorded).

e Calculated % PPI for each prepulse intensity shall be analyzed by one-way ANOVA
(dose as factor).

e Calculated % habituation shall be analyzed with one-way ANOVA (dose as factor).

10.9. Morris Water Maze

Learning and memory will be assessed in the MWM using commercially available video
tracking equipment and software that has demonstrated use in the published literature. Animals
will undergo a sequence of training tests to evaluate performance in an MWM. On days 1 and 2,
animals shall be familiarized to the tank, water, and swimming requirements of the test and
assessed for nonspatial cued learning. This shall be followed by acquisition of a spatial hidden
platform task (three training trials/day for 7 consecutive days). Twenty-four hours after
completion of the hidden platform task, spatial reference memory shall be assessed in a probe
trial. Forty-eight hours after completion of the probe trial, performance on a spatial reversal
acquisition task shall be assessed (three trials/day for 3 days) (Gallagher et al. 1993; Gerlai 2001;
Maei et al. 2009; Vorhees and Williams 2006).

10.9.1. Testing Environment

e Performance is dependent upon maze configuration. The use of multiple tanks
requires uniformity of tank configuration and dimensional details of the room, a
spatial-defined area, and spatial cues as they relate to the visual field of the animal.
All specific details of physical properties of the tank configuration and cue placement
shall be documented and provided in the study report. The tank shall be properly
sized. The final report shall include all variables and detailed physical descriptions of
the tank, platform, platform placement, and visual cues.

10.9.2. Tank and Platform

Tank
e The interior diameter of the standard circular tank shall be approximately 180 cm
(6 ft.) (adult rats) or 130-150 cm (4-5 ft.) (immature rats and adult mice) with
nonreflective interior surfaces. A large tank can be modified to the smaller size by the
insertion of a circular ring to decrease diameter.

e When filled with water, the depth shall be sufficient to prevent the animal from
touching the bottom (e.g., approximately 28-35 cm for a 70-day-old rat; 15-20 cm
for mice) and with a surface-to-tank-lip distance of approximately 10-12 cm to
prevent the animal from jumping out of the tank but allowing for line of sight to
visual cues.
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The water temperature shall be equilibrated to the ambient room temperature
(approximately 22°C). During training and testing, the water temperature shall be
recorded at the start and end of each test day to confirm it is within this range.

The tank shall have no prominent interior features that might provide proximal cues,
such as markings inside the tank (e.g., welded seams shall be smoothed and painted to
blend with the surrounding walls). The sides of the tank shall be smooth to minimize
animals’ attempts at climbing walls and should be a nonreflective matte finish.
Location markers shall be placed on the exterior of the tank and will line up with
markers on the floor to ensure identical location placement of the tank across
trials/sessions.

For albino (or light-coated) rodents, the tank shall be dark, and the platform shall be
dark or clear to prevent visualization from the surface of the water. For pigmented
rodents, a light-colored tank with a similarly colored or clear platform shall be used.
If necessary, for animals with a dark coat, a white nontoxic water coloring (e.g.,
Crayola watercolor paint, tempera paint) can be used with a clear platform.

The maze shall be designated into four equal quadrants (randomly identified as
Northwest, Northeast, Southwest, and Southeast).

The tank shall have the capability for using a hidden platform and a visible platform.
The goal platform shall be approximately 10 cm in diameter for rats and 8 cm in
diameter for mice. The platform shall be covered by a nonreflective textured material
to allow for gripping by the animal to facilitate escape from the water.

The platform shall be positioned in the respective quadrant (cued learning: NW;
hidden platform: NE; reversal learning: SW), located approximately 36 cm (rat) or
30 cm (mice) from the interior wall of the tank (to minimize the chance of finding the
platform simply by swimming along the tank wall), yet at a distance from the center.
The platform shall remain within that quadrant for all animals during cued (visual)
and hidden platform acquisition trials.

Height of platform: For cued learning, the visible platform shall be at a height of
approximately 1.5 cm above the surface of the water with a visible projection (10—

12 cm? “flag”) attached and rising approximately 13 cm above the visible platform.
For spatial learning and reversal learning, the hidden platform shall be submerged
below the surface of the water (approximately 1 cm for rats; approximately 0.5 cm for
mice).

The platform will be immobilized within the tank to prevent any shift over the day’s
testing.

Cleaning of Tank

After each animal test, floating feces shall be removed and water dispersed to
minimize urine scent near the platform or prior platform location.

At a minimum, the tank shall be drained and rinsed clean at the end of each 5-day
period, refilled, and allowed to equilibrate to ambient temperature. (Changing of the
tank water can be conducted more often but must occur at least every 5 days.) Partial
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changing of the tank water can be conducted within the 5-day period, if needed. The
schedule of cleaning shall be constant across all test cohorts. If, for any reason, any
one tank becomes soiled outside of the normal schedule and requires cleaning, this
activity can be done without draining and cleaning the other tanks.

Upon refilling of the tank, it shall be placed in its original position, and the camera
shall be recalibrated to its original settings.

10.9.3. Experimental Environmental Cues

Visible Platform

For nonspatial cued learning, minimizing visual spatial cues within the testing arena
(enclosure) is critical to reduce the animal’s access to visual cues that may be used to
spatially navigate and to ensure the animal focuses on the platform as the cue.

The tank shall be encircled by a curtained wall devoid of spatial cues.

The experimenter shall remain at the start position during the trial to minimize
movement or exit to the outside of the curtained wall.

Spatial Hidden Platform

Visual cues within the testing room or within an enclosure are a major defining factor
in the ability of an animal to learn the location of the platform via spatial processing.

All tanks shall have an identical cue profile. If multiple testing areas are to be used,
the environment shall be as identical as possible with regards to defined cues and
architectural features.

One specific cue set profile shall be used across all animals and shall be maintained
over the entire course of the study.

The rack of test animals within the test room is an odor and auditory cue. It can serve
as a visual spatial cue, as well; thus, localization shall be standardized across test
sessions and test rooms as dictated by room configuration. Location markers shall be
employed as needed to ensure uniform rack placement across sessions.

Room configuration. The room and walls shall be devoid of extraneous visual cues as
much as possible, and any items remaining shall be considered part of the cue profile
and thus, remain stationary across the study.

Within a room, the background walls are light in color and, as an example, cues can
consist of (1) two dark vertical lines from floor to ceiling (each line being 20 cm wide
with a space of approximately 15 cm between them), (2) a large dark circle
approximately 32 cm in diameter, and (3) a long dark horizontal line (20 cm in width)
from the wall edge.

Within-curtain enclosure. Curtains can be placed as walls around the tank to define a
test enclosure. Curtains shall be placed a minimum of 2 ft. and a maximum of 3 ft.
from the inner wall of the tank. The curtains shall be smooth and securely hung in a
manner to minimize disturbance by testing room airflow. The curtains shall be at a
sufficient distance from the tank to allow for experimenter mobility without
movement of the curtain and disruption of the spatial cues. A permanent opening
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shall be maintained for the experimenter to enter and exit and/or to remain (serving as
a cue) during the trial to minimize any movement of the curtain and disruption of the
spatial cues placed on curtain walls.

The experimenter serves as a cue; thus, a mark on the floor shall be provided to
indicate the exact location where the experimenter should remain after placing the
animal into the water maze. The cues shall be placed within the animal’s line of sight
as it is swimming in the maze.

A schematic of the room configuration or curtain dimensions and cues shall be
included in the testing protocol (Figure 10-1).

179 inches

171 inches

95 inches

57 inches 59 inches

18 inches

Figure 10-1. A Representative Example of Room Dimensions Relative to Water Tank

Lighting

The nature of lighting is critical to maximize accuracy of video tracking.

Lighting shall be bright enough to allow for visualization of spatial cues.

Lighting shall be bright enough to allow the video camera to track the animal.
Lighting shall be arranged to prevent reflection on the water or in the video image
(reflections can compromise video tracking as the software may confuse those with
the animal).

Lighting shall be arranged to prevent a shadow being cast into the tank interior from
any surrounding structure, including the experimenter.

Lighting shall be even, such as that obtained with a diffuse light source like a shaded
fluorescent tube or globe-type incandescent bulb. Spotlights or uneven lighting shall
not be used.

Lighting shall be indirect and not in the direct line of sight of the camera. (One way
this can be accomplished is by placing four to six globe bulbs around the pool, below
the level of the water surface, outside of the line of sight of the camera lens.)
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10.9.4. Configuration of Camera and Software

The camera shall be positioned above the tank, perpendicular to the water surface.
This position will be fixed and anchored above the tank. If this requires a stationary
arm attached to the tank, that arm will be considered one of the visual spatial cues and
thus, will be maintained in one position. Any wiring for the camera shall also be
considered a spatial cue and be treated as such and included in the configuration
schematic.

The camera zoom setting shall be adjusted and the lens focused to display the entire
experimental arena (in focus) on the computer screen.

All camera automatic settings shall be disengaged.
The camera aperture shall be adjusted for maximal contrast of the image.

The entire setup shall be anchored during testing. The position of the arena, camera,
and illumination shall be secured, relative to each other. If moved for tank cleaning,
the system shall be recalibrated to its original position prior to testing.

The camera zoom, focus control, and aperture setting shall be locked.

Confirmation of the settings and quality of detection shall be conducted each day
prior to the testing of the animals.

The camera shall have a polarizing lens filter to minimize reflection.

The visual field and lack of interference with capturing animals within that field (e.g.,
reflection) shall be confirmed each day prior to the start of the test session.

Camera settings to capture the arena and animals shall be confirmed for alignment at
the start of each test day.

An automated video tracking system shall be used to capture MWM performance.
The software algorithms used by the automated imaging program to define each of
the endpoints shall be provided, per the commercial supplier’s software manual. The
software tracking system shall provide documentation of the testing protocol (arena
parameters) and animal assignment and allow for post hoc evaluation of video
images.

10.9.5. General Test Procedures

Placement and Removal of Animal from Tank

The water shall be still before testing of any animal to minimize reflection that can
interfere with video capture.

The animal shall be removed from the transport cage and handled in a manner that
provides support (e.g., placed in the crook of an arm, placed against body). With the
animal supported by the palm of the hand or in a “carrier,” it shall be placed into the
tank by gently lowering the hand or carrier into the water. If an alternative to the
experimenter’s hand is used for animal placement into the tank or removal from the
platform, this movement will be done in a manner that provides whole-body support
to the animal and will be the method used for all animals in the study.

The animal shall be placed in the tank with its nose facing the wall.
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If the animal cannot swim and sinks (not diving underwater), it shall be immediately
removed from the tank and placed in the holding cage. For safety reasons, it is
recommended that such retrieval be done with a container rather than by hand. This
behavior shall be documented.

Removal of animals from the platform shall be conducted with a whole-body method
and not by use of the tail (unless necessary). The animal shall be first allowed to
climb into the experimenter’s hand or “carrier” prior to removal from the platform or
from the water during the probe test. Upon removal, animals shall be placed on an
absorbent towel. Effort shall be taken to place the animal in an area without air drafts
to minimize discomfort. A “tested” animal shall not be placed into a cage with
animals waiting for testing.

Start Location in the Tank

A marking visible to the experimenter shall be placed on the outside of the tank to
indicate starting location.

Geographical nomenclature (N, NE, E, SE, S, SW, W, NW) is used to identify start
locations (relative to cued/training goal/platform NE location) in the start location
pattern provided. An alternative nomenclature can be used but must be consistent
with the orientation and cross-referenced with geographical nomenclature.

Cued learning (visible platform) start positions: SE to require a full transition across
the tank to the platform in the NW quadrant.

Different start quadrant locations will be randomized during spatial learning (hidden
platform) and reversal learning. The sequences of start locations are designed to
balance the right/left goal location (see Table 10-2 and Table 10-3 for example start
positions).

Table 10-2. Start Locations for Acquisition with NE Quadrant as Hidden Platform Location

Day Trial 1 Trial 2 Trial 3
1 S W NW
2 NW S SE
3 SE NW W
4 W S SE

Repeat sequence as needed.

Table 10-3. Start Locations for Reversal Learning with SW Quadrant as Hidden Platform Location

Day Trial 1 Trial 2 Trial 3
1 N E SE
2 SE N NW
3 NW SE E
4 E NW

Repeat sequence as needed.
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Testing Schedule

For each day of testing, a test schedule shall be provided, indicating the order that
animals are to be tested and ensuring a counterbalance across dose groups. For any
individual animal, this order shall be maintained across all test sessions.

While animal performance will improve with training, the ITI between runs shall
remain constant to maintain a uniform time for memory integration and learning.

The testing schedule shall be appropriate for the species and age of the animal (e.g.,
adult rats perform well with consecutive training trials, whereas young rats and mice
are more prone to hypothermia-induced performance effects; therefore, the latter’s
trials are separated by a significant ITI, approximately 30 minutes).

Visible Platform

Animals will be trained on cued learning using a visible platform in the NW quadrant
to ensure swimming ability, basic vision, and the ability to escape onto the platform.

The task shall be performed under conditions that obscure the visibility of room
spatial cues (e.g., decreased room lighting, curtain around tank with no cues
attached).

On day 1, the animal shall be placed on the platform for approximately 30 seconds to
familiarize it with the platform before the initiation of the first trial.

For each trial, the animal shall be placed into the periphery of the tank within a
defined quadrant (Table 10-2), with its nose facing the wall of the tank.

Animals will be allowed up to 90 seconds to find and escape onto the platform. If the
animal does not find the platform within 90 seconds, the experimenter will gently
guide the animal toward the platform by placing the hand behind the animal and
allowing the animal to maintain a swimming action to reach the platform. The animal
shall be allowed to escape the water by climbing onto the platform. This procedure
will ensure that all animals learn to associate swimming and fully climbing onto the
platform as the method of escape from the water. The animal will be allowed to
remain on the platform for approximately 20 seconds. If the animal re-enters the
water after climbing onto the platform, the same guidance procedure will be
conducted, and the animal will be allowed to remain on the platform for
approximately 10 seconds.

Each animal will receive three sequential training trials per day for a total of 2 days
with an ITI of at least 60 seconds for adult rats and a longer ITI for mice and young
rats. The ITI length allows for integration of the learned event and minimizes the
fatigue factor, thus decreasing variability in latency across trials. A relatively constant
ITI will be maintained across the study for each animal in repeating the trial rotation
for training.

The start location sequence (SW, NE, SE) shall be followed in four sequential trials.

If an animal “floats” or “circles” in early sessions, it may perform in later sessions
and thus shall not be excluded. If an animal fails to swim (i.e., sinks but does not
dive), this shall be noted. If this occurs on the second day, the animal shall be
considered for removal from the study. Replacement of an animal at this point will
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result in a lack of test history but shall be considered in discussions with the COR as
an option to maintain sufficient n size.

All animals shall achieve the performance criterion of reaching the visible platform
before the 90-second cut-off before progressing to the hidden platform test. If an
animal does not achieve the criterion within the number of sessions designated, a
decision shall be made about additional training sessions.

10.9.6. Hidden Platform (Spatial Acquisition)

Approximately 24 hours following completion of the visible platform test, the animal
will be placed in the water maze and allowed 90 seconds to find the platform (NE
quadrant). Animals shall remain on the platform for approximately 20 seconds, and
they will be permitted to remain on the platform for approximately 20 seconds during
all sessions of the first day and in the first trial of each subsequent day. In the second
and third trial of subsequent testing days, the interval can be decreased to
approximately 5 seconds.

If the animal fails to find the platform within the maximum trial time, the
experimenter will gently guide the animal toward the platform by placing the hand
behind the animal and allowing the animal to maintain a swimming action to reach
the platform. The animal shall be allowed to escape the water by climbing onto the
platform. If the animal re-enters the water from the platform, the same guidance
procedure will be conducted, and the animal allowed to remain on the platform for
approximately 10 seconds. This procedure will ensure all animals learn to associate
swimming and fully climbing onto the platform as the method of escape from the
water as well as visual cues for spatial orientation to the platform. The animal will not
be picked up from the water and placed on the platform. The animal will be allowed
to remain on the platform for approximately 20 seconds.

Over a 7-day interval, each animal will receive three sequential training trials per day
with an ITI of at least 60 seconds (time constant across animals) for rats, with a
longer ITI for mice or young rats (due to fatigue).

It is expected that approximately 80% of control animals will reach the criterion of
>50% decrease in either latency to platform or swimming distance to platform by the
seventh day. If not, considerations shall be made to extend the hidden platform spatial
learning phase of the assay.

10.9.7. Probe Trial (Reference Memory)

The MWM probe trial allows for the confirmation and assessment of spatial reference memory in
performance of the task.

At 24 + 2 hours following each animal’s last hidden platform test (acquisition), the
animal will be assessed for reference memory using a single probe trial.

Visual cues and lighting conditions shall remain as they were for the hidden platform
task, but the platform will be removed from the tank.

As described in the hidden platform testing, the animal shall be placed in the tank at
the SW start location.
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The animal shall be allowed to freely swim for 90 seconds with data collected for
each 30-second epoch. The animal shall be removed from the tank at the end of
90 seconds.

10.9.8. Reverse Platform (Reversal Learning)

Approximately 48 + 4 hours after the probe trial (scheduling to maintain constant time interval
across all groups), the animals will be evaluated for their ability to learn a new platform location.

The tank setup and visual cues shall be the same as those for the hidden platform test,
with the platform moved to the opposite quadrant location (SW).

Animals will be individually placed in the water maze and allowed up to 90 seconds
to find the platform. If an animal fails to find the platform, it will be guided to and
placed upon the platform. Animals will be allowed to remain on the platform for
approximately 20 seconds.

Given that the animals have already learned the parameters of the task and are only
shifting location, they shall be tested for three trials per day for 3 days with a minimal
ITI of 60 seconds.

If the performance fails to reach the level observed on the last day of the hidden
platform acquisition (the last day prior to the probe trial), training shall continue for
up to 2 additional days or until performance reaches the previous levels observed in
the hidden platform test or at the decision of the COR.

10.9.9. Endpoints Collected

For the MWM, data collected for visible platform, hidden platform, and reversal learning shall
be averaged over the daily trials for each animal for repeated measures analysis to demonstrate
acquisition and, for the reversal learning, the ability to shift to a new location. For the probe test,
data are collected to demonstrate preference for the quadrant previously containing the escape
platform, relative to the other quadrants. It is also used to show that the animal can learn that the
platform is not present and then shift their search strategy.

Visible Platform (Nonspatial Learning)

Time to find platform (latency)

Total distance traveled to platform (path length)
Average swim speed

Time spent floating (% trial duration)

Percent thigmotaxis time (% trial duration when the subject was in the outer 10% of
the pool diameter)

Thigmotaxic tendency (proportional distance traveled within the outer 10% of the
pool relative to total distance traveled)

Daily averages calculated for trials within a session for individual animals
Analysis: RMANOVA (dose and day as factors)
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Hidden Platform (Spatial Acquisition)
e Time to reach platform (latency)

e Total distance to reach platform (path length)
e Average swim speed
e Time spent floating (% trial duration)

e Percent thigmotaxis time as % trial duration when the subject was in the outer 10% of
the pool diameter

e Pathway tracking, as available, by commercial video tracking and analysis software,
as instructed by manufacturer

e Daily averages calculated for trials within a session for individual animals
e Analysis: RMANOVA (dose and day as factors)

Probe Trial (Reference Memory)

Initial Response
e |Initial latency to enter the quadrant containing previous platform location

e |Initial latency to swim to a predefined annulus surrounding the previous platform
target that is 1.5 times larger than the target itself

e Initial latency to swim to previous platform target site

e Distance traveled to the entry into the previous target platform quadrant

e Distance traveled to the target annulus

e Distance traveled to the previous platform target site

e Data analyzed by one-way ANOVA (dose as factor; or Kruskal Wallis/Dunn)

Total Session and 30-second Epochs

e Platform-site crossings: number of crossings over the previous escape platform
location

e Platform-annulus site crossings: number of crossings over the annulus of the previous
escape platform location

e Time in the target annulus site
e Total number of entries into each quadrant
e Quadrant time: the total time spent in each quadrant

e Quadrant distance traveled: the total swimming distance (path length) within each
guadrant

e Calculated quadrant time percentage: the percentage of time spent in each quadrant

e Calculated quadrant distance traveled percentage: the percentage of distance traveled
in each quadrant

e Total session swimming distance: the total swimming distance (path length) covered
over the entire tank over the full session
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Search strategy: pathway tracing as provided by instrument manufacturer software
analysis

Data analyzed by one-way ANOVA (dose as factor, or Kruskal Wallis/Dunn):
platform-site crossings, platform-annulus site crossings, time in target annulus site,
in-goal quadrant-only total time spent; total distance traveled, number of entries;
calculated % total time spent, % total distance traveled in-goal quadrant relative to
other quadrants to demonstrate preference for the goal quadrant

Analyses of time spent, distance traveled, or entries into quadrants other than goal
quadrant are not of relevance to the assessment and shall not be conducted

Reversal Platform (Reversal Learning)

Time to reach platform (latency)

Total distance traveled to reach platform (path length)
Average swim speed

Time spent floating (% trial duration)

Calculated percent thigmotaxis time as % trial duration when the subject was in the
outer 10% of the pool diameter

Pathway tracking by commercial video tracking and analysis software, as instructed
by the manufacturer, shall be maintained for all MWM trials

10.9.10. Statistical Analysis

Data shall be evaluated for homogeneity of variance and normally distributed
observations. Transformation of data or nonparametric methods should be considered
if these assumptions are violated.

Independent group mean comparisons shall be conducted upon significant one-way
ANOVA or Kruskal Wallis/Dunn results.

Post hoc analysis shall be conducted in the presence of significant main effects and
the absence of significant interactions.
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