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Lecture Series on NAFTA Guidance Continues

Past lectures
NAFTA Background and FOB & Clinical Observations
Motor Activity

This time — Startle Response,
Guideline Requirements
What is the startle response?
Basic biology of the startle response
Common methods used
Important features that influence the startle response
Ontogeny of the startle response
Variability
Interpretation
Examples of control data
Examples of test data — the good, the bad, and the ugly
Body weight as a confound??
Summary



Improve understanding of DNT guideline studies
Appropriate conduct of behavioral tests
Biological significance of endpoints

Increase consistency in interpretation and assessment of
outcomes

Focus on behavioral tests

Observations

Motor activity

Auditory startle response

Learning and memory
Neuropathology/morphometrics not included

Several excellent peer-reviewed publications already
available

Courtesy V. Moser



DNT Guidelines

Testing Requirements for Motor Activity
___—

Test species

Exposure GD6 to weaning GD6 to weaning 2 weeks pre-mating to
weaning

Motor activity Preweaning Preweaning and Preweaning and adult
ontogeny and adult adult

Neuromotor None Preweaning None

ontogeny

Functional/Clinical Throughout Throughout Adult

observations

Auditory startle Weaning and Weaning and Weaning

response adult adult

Learning and Weaning and adult Weaning and adult None

memory

Neuropathology and Weaning and adult Weaning and adult Adult
morphology

Courtesy V. Moser



Requirements (con'’t)

EPA 870.6300* — Auditory Startle Habituation

Two ages — “around the time of weaning and around
day 60”

Does not state that same animals must be used
50 test trials (5 blocks of 10 trials on each day)

Treatment groups should be:
- Counter-balanced across test devices
- Counter-balanced across test times

Prepulse inhibition is not a requirement

USEPA, 1998



Requirements (con'’t)

OECD 426 — Motor and Sensory Function

Two Ages — “should be examined in detail at least once for the
adolescent period and once during the young adult period (e.g., PND
60-70).”

Does not specifically require startle

Provides references to published papers on auditory startle
habituation

Most studies follow EPA guidelines

OECD 443 — Auditory Startle Test
One age only —PND 24 (%1 day)

Counterbalancing across day

50 test trials (5 blocks of 10 trials on each day) with test conditions
optimized to produce intra-session habituation.

Procedures should be consistent with OECD 426
OECD, 2007; 2012



A simple measurement of the integrity a sensory-
evoked motor reflex

No training required

Rapid objective automated methods

Extrapolation potential — occurs in all mammals
Repeated trials allows estimates of habituation
Known developmental ontogeny

Decades of research show it be capable of detecting
many chemical stressors



“The startle response
consists of a characteristic
sequence responses elicited
by a sudden intense
stimulus” (Davis, 1984). It
IS characterized by, the rapid
contraction and extension of
skeletal muscles.

Best induced by auditory
stimuli, but also visual
and tactile stimuli

The amplitude is a
graded response well
suited for quantitative
analyses

The light flash induced startle response of a nine-

banded armadillo can reach up to one meter. By
Bianca Lavies, 1982 National Geographic Society.



Cochlea

Auditory nerve
Brainstem nucleli

Spinal tracts
Neuromuscular junction
About 8-10 msec from
stimulus onset to
neuromuscular junction
No higher cortical

processing Is required Davis et al., 1982

Note: Koch and colleagues have expanded on this pathway (see Koch, 1999)



Most commercial methods include:

e Sound attenuated test chambers, auditory stimulus systems,
speakers, animal chambers (cages), response measurement platform

« Common to have multiple chambers for more rapid testing

speakers

transducer /

holding
cage



Organismal Factors
Age, Sex, Species and Strain*, Previous Experience,
Food Deprivation (same as all behavioral methods)

Most Important Experimental Factors**
Detection method

Acclimation time to chamber

Noise — both in chamber and external
Number of trials

Circadian rhythms

Counter-balance across test chambers

* Strain effects: Glowa and Hansen, 1994
**Reviews: See Hoffman and Ison, 1980; Eaton, 1984.



Speakers must be calibrated for all auditory stimuli

Both background noise and startle stimulus

- Background noise commonly about 40dB

- Startle stimulus need to be about 115-120 dB to reliability elicite a
startle response)

- Must be calibrated for rat not human hearing*

Detection platforms must be calibrated against a
standard

For systems with multiple test chambers all must be
calibrated to the same standards!

* See NAFTA 2016 p.C-7



Accelerometer
Measures changes in force on the platform
Calibrated with vibration equipment
Normal output in voltage or response units
Harder to calibrate across equipment companies

Force transducer
Measures the force applied to the platform
Calibrated with standardized weights
Output in grams (force)
Standardize across platforms and companies
More expensive

Video systems - new
Not included here due to no use in 426 studies
For an example see Pantoni et al (2020)



Response vs time for force transducer and accelerometer

Both measure latency and amplitude
»  Force transducer: body weight estimate, calibrated force in grams, latency to peak force

o  Accelerometer: force (millivolts, arbitrary units, Newtons), no body weight, latency to

peak acceleration not peak of force
Both are good — just understand the differences

Modified from NAFTA (2016)



Amplitude
Commonly reported as the peak

Sometimes reported as average across the entire response
time

Latency
Reported as both onset and latency to peak
Onset should be in the 10-14 msec range

Latency to peak is correlated with amplitude and device
(usually longer time to first peak with force transducer)

Very rare to find effect on latency without a change In
amplitude



Terminology Issues

Variable names are very variable ©

Variable names found
In 45 DNT studies

13 different names
for amplitude and
latency

3 were undefined in
the report

Peak amplitude and
average amplitude
are not the same

Make sure you know
what Is being reported

Table2. Comtnon reporting terms for startle response data and biological measurement

interpretation

Reported Term Measurement
ammpliiude (Newtons) Amplitude
armplitnde (volts) Amplitude
maximum amplitude (no units) Amplitude
maxitnum amplitude of the response (mV) Amplitude
maximum impulse (arbitrary units) Amplitude
maxitnum response (Vimax) Amplitude
maximum response arplitude (Vmax) Amplitude
maxitnum startle (voltage) Amplitude
mean peak startle (no units) Amplitude
peak amplitude (grams) Amplitude
peak response amplitude (v) Amplitude
reflex peak amplitude (V) Amplitude
response (g) Amplitude
latency (msec) Latency
latency (Trax) Latency
latency to maximum response (msec) Latency
latency to peak (msec) Latency
latency to peak of the response (msec) Latency
latency to peak response Latency
mean time to masimum amplitude Latency
peak latency (msec) Latency
reflex latency (msec) Latency
time of maximum startle (msec) Latency
time to rasimum response ( Tmasx) Latency
timeto masimum startle (msec) Latency
time to peak amplitude (msec) Latency
percent inhibition Sensory inhibition
prepulse inhubition Sensory inhibition
average response (grams) Undefined in report
average response amplitnde (mV) Undefined in report
response duration (msec) Undefined in report

NAFTA, 2016



e Most test paradigms use
background noise
exposure during a 5-10
min acclimation to the test
chambers to decrease
variability in initial trials

e This interacts with
amplitude of response

» Needs to be consistent for
all animals

Important variable to track
when reviewing studies

Time of exposure to background noise
prior to starting testing
(redrawn from Davis 1974)



» Ontogeny is linked to
maturation of the hearing and
musculature during the second
postnatal week

 Response incidence increases
to 95% by PND21

e Latency decreases showing
maturing response

« Amplitude increase with age
and continues to mature
beyond PND21

Amplitude % Responses

Latency

12 14 16 18 20
Postnatal Age (days)

Modified from Sheets et al. 1988



o Amplitude continues to
rise as muscle mass
Increases through to
adult ages

* The absolute value of
the startle response
should be higher in adult
compared to weanling
animals

Important variable to
track when reviewing
studies
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Ontogeny of the Auditory Startle in Rat
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Redrawn from Dean et al. 1990



Factors that influence data variability (same for most
behavioral tests)
Intrinsic Variability
“Biological” differences among individuals: Inherent to
the parameter and test system
Extrinsic Variability
Environment sources (experimental method & study
design, etc)
These are variables that the investigator is able to
control at all stages of the study

* CV = standard deviation / mean
** CV was lowest in published papers from research labs



Raffaele et al (2008) Is a great review on variability
from DNT guideline study with a case-study
focused on startle data

Reviewed startle data from both literature and fine
commercial DNT tesing labs

Coefficient of Variation (CV)* varied from 20-110%*
- CV was lowest in published papers from research labs
Higher variability at PND 22-24 compared to adults

High variabllity is usually a result a lack of control of
experimental variables

* CV = standard deviation / mean



Control group

Amplitudes should be age-appropriate
- Adult animals should be higher than weanling animals
Habituation should be present to some extent at PND247

Variability should not be excessive and decline with age
(see Raffaele et al. 2008)

These indicate that the testing lab has good experimental
control of the method



Historical control and positive control data

Historical control data
- demonstrate reliability of techniques
- Allows comparison to identify possible “outliers”

Positive control data should be available & informs
Interpretation

- Show lab competency to detect chemical induced changes
- Show sufficiency of technical personnel

- Defines the dynamic range

e.g., does a large dose of a sedative like compound or hearing loss
cause a 25% decrease or a 90% decrease



Statistics (briefly)

Within session testing (habituation) is a repeated
measure!

Multiple testing of the same animal is a repeated
measure!

Litter as a statistical unit.

SEX — must be included in the stats model

= If not, there should be no conclusions of sex-dependent
effects



Statistical vs biological significance

There needs to be balance Iin determination of an effect
From NAFTA Guidance:

“guideline DNT studies are conducted to screen chemicals for possible
adverse effects on the developing nervous system and are often the
only study examining all of these endpoints. Thus, consideration of a
higher false positive rate rather than a lower false negative rate may
be a more conservative approach in some cases.

Large or excessive variance can occur due to poor
control over testing and increases possible false
negatives

- Compare to within lab results (historical control) or other labs
using similar equipment



 Propylthiouracil (PTU) In

150~ O Control B
water supply from GD18 - i & Tty |
PN D21 125 < 25 ppm PTU
100 |
 PND24 - Startle response % ]
* No habituation in mid dose & |
. . . =

» Abolished response in high s T |
dose animals that have < sor -
severe hearing loss. < 25" 1
e Demonstrates dynamic range of >S5 5 3o b5-0

for decreases and impact on N e R R BT

habituation Trial Block (5 trials/block)

Goldey et al 1995

See also Crofton et al., 2004; Marable and Maurissen, 2004



Common Problems in Data Interpretation™

Table 6. Potential interpretation of some of the most common problems for startle results found in DNT study reports.

Data Problem

| Potential interpretations

1 Lack of age dependent increase in If not explained by equipment issues (e.g., sensitivity gain changes between age
control responses (e.g., PND21 vs groups), then treatment-related effects, or lack thereof, may not be interpretable
PND60)

2 Lack of sex dependent differences in If not explained by equipment issues (e.g., sensitivity gain changes), then treatment-
control responses of adult rats related effects, or lack thereof, may not be interpretable

3 Lack of evidence of habituation at Animals may have been tested at too young an age, check historical and positive
young age (around weaning) control data for habituation at that specific age. If age is not the cause, see #4 below

4 Lack of evidence of habituation at Lack of habituation suggests improper experimental conduct or data analysis. Verify
adult age that data were analyzed so that habituation was tested directly. If data were analyzed

appropriately then the data should not be used for decisions based on habituation.
Main effects of treatment may still be useful.

5 Significant effects on latency withno | Since effects on latency without changes in amplitude are extremely rare and may not
impact on amplitude be biologically reasonable, efforts should be taken to ensure that testing equipment

and data algorithms are correctly identifying response peak times.

6 Significant effects on startle amplitude | Lack of effects in both sexes is not a valid reason for dismissing treatment-related
in only one sex effects. Chemicals that interfere with some endocrine systems during development

may have sex-selective effects.

7 Significant effects of treatment only at | If sex is not included in the model, then reanalyze data including sex. If data re-
the low or middle dose in one sex. analyses reveal no sex-by-treatment interaction and no main effect of treatment, then

the reported effect was likely a false positive.

8 Dose-related effects of increasing Large effects on the amplitude of the startle response may be masked by excessive

magnitude with a lack of statistical
significance coupled with excessive
variation

variability. Expert judgment is required to determine the biological significance in
light of the lack of statistical significance. Check historical and positive control data.
Check to ensure large variability is not due to extreme values for few test animals.

*Please see NAFTA, 2016 for details -




Company X submits DNT with the following

Extensive methods section description of testing
protocol

Positive control data showing ability to detect
Increases and decreases in ASR (in adults)

Historical controls from other DNT guideline studies



Examples (con’t)

Pesticide X - PND22

Shows some habituation
Variability is okay.
CV=~40% in controls
standard deviation on
plots).

Clearly no treatment
effects

No difference in
amplitude between
males and females (okay
at this early age)*
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Examples — Problem??

1400 =
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e Still no treatment effects
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Example — Problems
Guideline Study - Compound S Study

Test Age Control Low Med High

Why is amplitude for PND 60 lower than PND20?

 Why is latency (Tmax) higher for the smaller amplitude?

« Methods section: accelerometer was used. But fails to document how
calibrations were performed

»  Historical controls were not provided.

Request info on calibration procedure and historical and positive control data.



Examples — Sex Dependent Effect?

Startle data from adult
testing - =7
* Report states statistically - H/ T

significant effect in | L

males only at middle |1 f{)

dose. Sexes were . | .

analyzed separately T eany
 When data was re-
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any significant
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Body Weight and ASR

Fact: Body weight impacts startle response as
animals grow and become larger

Fiction: Body weight should always be used as a
covariate when treatment alters body weight

Effects from multiple chemicals show no clear correlation
between treatment related decreases in body weight and
decreases in ASR

If body weight is a covariate the data must be interpreted
with caution

33
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ASR Amplitude, g (X + SE)

Propylthiouracil and Postnatal Weight

PND24 Adult
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PTU Treatment

e Body Weight: no change in maternal weight. Offspring

weight decreased up to 25% at high dose

o Startle: decreased amplitude at PND24 and increased at

35

PND7/5
Goldey et al 1995



Look for

Type of device used (and calibration)

Treatment balanced across time of day and test boxes
Good environmental control (e.g., animal handling, noise)
|s variability excessive

Training and experience of technical staff

Experimenter blind with respect to treatment
- (not as important with automated equipment compared to FOB)

Historical and positive control data



The test apparatus is important
How is calibrated done?

It is critical to control of external variables to prevent
excessive variation

Sex effects — statistical effect or an opinion?

Statistical vs biological significance
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