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Abstract: The goal of the International Programme on Chemical Safety (IPCS) Collaborative Study on
Neurobehavioral Screening Methods was to determine the intra- and inter-laboratory reliability of a
functional observational battery (FOB) and an automated assessment of motor activity in eight labo-
ratories worldwide. The control data were crucial to the outcome of the studies in terms of sensitivi-
ty and reliability of the test measures, which in turn impact on the between-laboratory comparisons
of chemical effects. In addition, analyses of control data can aid in determining endpoints that may
require modification to improve their sensitivity and reliability. The control data from the eight labo-
ratories were examined in terms of the following parameters: 1) control variability within studies for
each laboratory; 2) within-laboratory replicability of control values across studies; 3) within-laborato-
ry stability of control values over the course of testing for a given studly; and 4) between-laboratory
comparisons of parameters (1), (2), and (3). The analyses indicated considerable differences across
endpoints, wherein some measures showed high variability and little replicability, while others were
extremely reproducible. Generally, there were similar ranges of variability and replicability of control
data across laboratories, although in some cases one or two laboratories were markedly different from
the others. The physiological (weight, body temperature) and neuromuscular (grip strength, landing
foot splay) endpoints exhibited the least variability, whereas the subjective assessments of reactivity
varied the most. These data indicate a reasonable degree of comparability in the data generated in
the participating laboratories. ©1997 Intox Press, Inc.
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INTRODUCTION piled in this Collaborative Study provide ample oppor-

The International Programme on Chemical Safety
(IPCS) sponsored a collaborative study to evaluate the
utility of neurobehavioral test methods for screening neu-
rotoxic chemicals (see Moser ¢t al., 1997a). The data com-

tunity to assess the reproducibility of control data, both
between and within laboratories, on the various test mea-
sures. In any study, the control data are one of the crucial
factors in terms of sensitivity of the test measure, i.e.,
what magni\tude of change can be detected statistically
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with a given number of subjects (power), and the reliabil-
ity, i.e., how well the control data replicate across experi-
ments. In turn, these factors impact on the between-lab-
oratory comparisons of chemical effects. Another reason
for scrutinizing control data is to determine which end-
points are robust, and which are candidates for modifica-
tions in procedure or technique.

According to the protocol (Moser et al., 1997a), base-
line (time-0) values were collected on each endpoint
before dosing began. Since the rats had not been treated,
all rats in each study were combined to provide baseline
control data. All laboratories used five doses with either
eight or ten rats/dose, yielding baseline control data on 40
or 50 rats from each study. Formal data collection was
conducted using seven chemicals, under two dosing con-
ditions each (acute and four-week repeated-dosing expo-
sures), for a total of 14 studies from each laboratory. In
this manuscript, baseline control data from 102 valid stud-
ies are presented (14 studies from each of eight laborato-
ries, with some data excluded; see Moser ¢t al., 1997b).

The variability of these control data was evaluated,
for each laboratory and each individual study, by exam-
ining the range of values in each sample comprising the
baseline control mean. Replicability of these control data
for each laboratory was defined as the variation of the
baseline means across studies. Thus, control variability
refers to the distribution of baseline values for any given
study in a given laboratory, which impacts the sensitivity
of the endpoint, whereas replicability refers to the expec-
tation of obtaining similar mean values across studies in
a given laboratory, which assesses the robustness of the
endpoint. Finally, these same parameters are compared
across laboratories to address questions of reproducibility
between laboratories.

MATERIALS AND METHODS
Statistical Approach

The statistical approaches taken in this manuscript to
describe control data are defined in Table 1. For continu-
ous-variable measures, group means and standard devia-
tions are calculated for each study from each laboratory.
At time-0, the mean and coefficient of variation (C.V.: the
standard deviation expressed as a percentage of the mean)
for each sample are used to evaluate the variability with
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in each specific group of rats. For each laboratory, control
variability is assessed by examining the baseline means
and C.V.s from each study. For example, in a laboratory
using 50 rats in each study, there would be a baseline
mean and C.V. for each set of 50 rats from 14 studies, i.e.,
14 baseline means and 14 baseline C.V.s. Replicability is
represented by the grand mean, or the mean and range of
baseline means, as well as the variability of baseline
means, expressed as the grand C.V. In the above example,
the grand mean and C.V. would be calculated as the aver-
age and the C.V. of the 14 baseline means; each laboratory
would have one grand mean and grand C.V. for each end-
point. Thus, replicability indicates the expectation of
repeatedly obtaining the same group data in different
experiments. Finally, the grand means and grand C.V.s
from all eight laboratories are averaged to produce an
overall mean and an overall C.V.; note that the overall C.V.
is the mean of grand C.V.s, not the C.V. of the grand
means. Reproducibility is evaluated as the range of
means and replicability in different laboratories.

For ordinal, or ranked endpoints, the distributions of
scores are used to define control data for each study in
each laboratory. These data are non-parametric, i.e., not
normally distributed. Therefore, frequency distributions
and medians of the baseline data are determined for each
sample at time-0, but there is no measure of variability.
To evaluate replicability, the baseline frequency distribu-
tions are averaged across all studies, providing a grand
distribution which represents the mean and variability of
frequencies associated with each possible score. The C.V.s
of these frequencies are calculated, but for very low fre-
quencies the C.V. either can not be calculated (because the
mean is 0) or else is extremely large (as the mean
approaches 0, the C.V. becomes inflated). Therefore for
these minor peaks, arbitrarily defined as having frequen-
cies £10.0%, the range of frequencies are listed instead of
a C.V. The grand C.V. of the remaining peaks, having fre-
quencies >10.0%, is taken as an assessment of replicabili-
ty. Similarly, overall means and overall C.V.s of the grand
distributions, evaluated across laboratories, are taken to
represent reproducibility.

According to the protocol (Moser et al., 1997a), each
study included a concurrent, vehicle-treated control
group. Therefore for each study, data exist for the control
group (8 or 10 control rats/study) at each time point (four
test times per study). In the acute studies, the rats were
tested before dosing, at the time of peak effect (TOPE) on
the day of dosing, 24 hours, and one week after dosing.
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TABLE 1. Definitions and Descriptions of Terms Used to Evaluate Inter- and Intra-laboratory Stability of Control Data.

Continuous Data

Discontinuous (ordinal) Data

Within-Laboratory

Control Variability

Replicability

mean, standard deviation of
time-0 samples, n=40-50 rats

Baseline mean: mean of each
time-0 sample

Baseline C.V.: C.V.s of each
time-0 sample

mean, standard deviation of
baseline means, n=14 studies

frequency distribution of time-0
samples, n=40-50 rats

Baseline median: median of time-0
distributions

mean, standard deviation of each

Grand mean: mean of baseline

means

Grand C.V.: C.V. of baseline

means

Between-Laboratory
Reproducibility

n=8 laboratories

Overall mean: mean of grand

means

Overall C.V.: mean of grand

C.Vs

mean, standard deviation of
grand means and C.V.s,

frequency of each possible score,
n=14 studies

Grand distribution: mean frequencies
of each score

C.V.: C.V. of mean frequencies of
each score

Grand C.V.: mean of C.V.s of peaks
with distribution frequencies >10%
of sample

mean, standard deviation of grand
distributions and C.V.s, n=8
laboratories

Overall mean: mean of grand
distributions of major peaks
Overall C.V.: mean of grand C.V.s

In the repeated-dosing studies, tests were conducted before
dosing, during the second and fourth weeks of dosing, and
two weeks after dosing ended. These data provide infor-
mation on how the control values changed with repeated
testing over time. As described above, continuous data are
represented by means and variability estimates, whereas
ranked data are expressed as distributions of scores.

RESULTS

Baseline control data from all valid studies are pre-
sented in this manuscript. There was a total of 14 studies
for most laboratories, with the exception of laboratory G
(with 13 “valid” studies) and laboratory C (five “valid”
studies; see Moser et al., 1997b). The individual tests of
the screening battery were grouped into several domains
of neurobiological function (see Moser et al., 1997a). The
data for each endpoint are described below, presented by
functional domain.

Activity Measures

The measures comprising the Activity domain included
motor activity, rearing, and home-cage posture. The data for
home-cage posture showed almost no variation for control
rats, i.e., all rats were described as displaying normal postur-
al activities: sitting, standing, or rearing. Data for rearing and
motor activity showed considerably more diversity.

Rearing. The baseline values for the number of rears in
the open field, across all studies, are presented in Figure 1 and
summarized in Table 2. There was considerable control vari-
ability within each study, expressed by the C.V.s which aver-
aged 31% to 59% of the group means. However, the actual
group means and range of data were quite similar both with-
in and between laboratories. For‘each laboratory, the means
from all studies were averaged, and the grand means are pre-
sented in Figure 2 and Table 2. There was generally good
replicability of the group mean data, with grand C.V.s gener-
ally <15% for six of the eight laboratories. Across laboratories,
the overall mean was 10 rears, with an overall C.V. of 15%
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FIG. 1. Baseline control data for the number of rears in the open field. For each laboratory (A-H), the baseline mean + standard devi-
ation of the time-0 samples (n=40 or 50 rats/study) are plotted, with the baseline C.V. listed within each bar. The independent axis
indicates the chemical number (#1-7), dosing regimen (A=acute, R=repeated), and the observer number (where two numbers are list-
ed for one study, both observers were involved in testing the rats). The dashed line indicates the grand mean (mean of the control

means) across studies.
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(listed in Table 7). Thus, despite considerable variability with-
in groups of rats, similar group means were obtained within
the same laboratory, and between laboratories.

Evaluation of the control groups across the studies
showed that within each laboratory, the mean values general-
ly decreased with repeated testing (data not shown). This
was most obvious comparing the time-0 test (means ranging
from 6-15) and the second test (means ranging from 2-8). The
subsequent changes between the second and third, and the
third and fourth, tests were not as great. Variability also great-
ly increased with repeated testing and C.V.s sometimes
exceeded 100%. The reason for this was that the rate of habit-
uation varied greatly between rats in the same group: where-
as at time-0 almost all rats rear at least several times, with
repeated testing some rats no longer rear at all while others
continue to show baseline numbers of rears. Such large vari-
ability implies that treatment-related changes of smaller mag-
nitude would not be statistically significant; however, the
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FIG. 2. Grand control means for the number of rears in the open
field. For each laboratory (A-H), the grand mean (indicated as
dashed line in Figure 1) + standard deviation of the baseline means
are presented (n=14 studies, except for laboratories C and G), with
the grand C.V. listed within each bar. The dashed line indicates the
overall mean (mean of the grand means) across laboratories.
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square-root transformation routinely performed on the data
before analysis (to normalize discrete distributions, see Moser
et al., 1997a) markedly lowered the variability of the data.

Motor Activity. Baseline values for motor activity data
(total activity units during the test session) are also present-
ed in Table 2. There were substantial differences in the actu-
al values, partly due to the dependent measure recorded
(e.g., distance traveled vs. photocell interruptions) and to
the different activity devices used (see Moser et al., 1997a).
Interestingly, in laboratories which used essentially the same
device (for example, laboratories B and E), the baseline data
differed. The mean activity values across studies were gen-
erally stable for most laboratories, but three laboratories (B,
E G) showed two- to five-fold differences in group means
even though the testing conditions remained constant across
studies. This is also evident in the grand C.V,, which was 6-
15% in five laboratories but was 20-34% in those three.
There were also pronounced differences in individual labo-
ratory control variability. Two laboratories reported an aver-
age variability of 20% and 22%, and in those laboratories,
the C.V. never exceeded 26% for any individual study.
Others reported greater control variability (32-53%), which
was as high as 78% and 116% in individual studies.

Due to the different units for which activity was record-
ed, an overall mean could not be calculated. The overall
C.V. of 16% actually ranged from 6-34%. Thus, as was the
case with rears, there was considerable variability within
groups of rats but the group means were generally less vari-
able; however, the laboratories showed marked individual
differences in the variability of this measure.

There were also considerable differences in the pattern of
control activity data across time. To illustrate this, the activi-
ty data for control groups at each test time for acute studies
are presented in Figure 3, and for repeated-dose studies in
Figure 4. For acute studies, where testing took place over a
shorter period of time, the control values decreased mostly at
the time of peak effect and at 24 hours. The magnitude of this
decrease varied across laboratories, with one laboratory (C)
averaging a 50% drop in activity levels after the first test. In
the repeated-dose studies, most laboratories showed only a
modest decline in activity, although one laboratory showed
markedly decreased activity (laboratory C) while another
obtained increasing activity (D). Most laboratories showed
increasing variability as the control groups were repeatedly
tested (data not shown). The C.V.s remained in the 30-50%
range for three'laboratories in the acute studies, and for five
laboratories in the repeated-dose studies. In the remaining
laboratories the range of C.V.s approached 40-60%, and there
were instances in which the variability exceeded 100%.
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TABLE 2. Baseline Control Data for the Number of Rears in the Open Field (during the observation period), and for Motor Activity in

an Automated Device (total activity units during the session)'.

Laboratory Baseline means C.V.s of baseline means*
Grand Grand Range® Mean Range
mean? C.v. low high low high
REARS
A 10 19% 6 12 53% 35% 75%
B 8 i 7 10 40 29 60
Cc 8 15 7 10 59 51 69
D 12 15 9 15 34 23 43
E 9 14 7 12 49 35 64
F 13 14 10 15 41 32 50
G 9 25 6 13 45 31 68
H 12 10 10 13 31 22 42
MOTOR ACTIVITY
A 1368 12% 1137 1607 35% 21% 78%
B 677 20 403 951 39 28 56
C 170 9 155 189 43 39 46
D 721 10 583 812 32 24 45
E 282 6 255 313 22 17 26
F 128 20 86 168 40 30 53
G 161 34 46 247 53 38 116
H 6127 15 4976 7677 20 17 26

'Data for 14 studies are represented for all laboratories except laboratory G (13 studies) and C (5 studies).
2Mean of time-0 or baseline means for each laboratory, and C.V. of the baseline means

*Range of group means at time-0 for each laboratory
‘Mean and range of C.V.s at time-0 for each laboratory

Autonomic Measures

Lacrimation, Salivation, Pupil Response, Palpebral
Closure. The data for lacrimation, salivation, pupil
response, and palpebral closure were listed as ‘normal’
(e.g., no lacrimation; pupil response present) in most rats
at time-0 and in control rats across time. At time-0, the
pupil response was detected in 299% of rats by all but
one laboratory (laboratory D: 97% of rats). The response
was also evident in control rats (>99%) throughout the
studies in six laboratories, but the response was recorded
in fewer rats (89% and 95%) in two laboratories (B and D,
respectively). Salivation and lacrimation were virtually
never recorded, with one exception: laboratory B record-
ed a total of 17 instances of lacrimation in control rats
across all studies.

Urination and Defecation. On the other hand, the
assessment of fecal and urinary output displayed consid-

erable between-laboratory differences (data not shown).
Four laboratories recorded a high number of rats with no
urination (42-64%), and progressively decreasing num-
bers of rats showing greater numbers of pools. Two other
laboratories generally showed a flat distribution of the
number of pools (10-25% each for the occurrence of one to
five pools). Two laboratories reported no urination in
most rats (43-63%), but there were also many instances of
‘polyuria’ (16-29%). The same pattern of control distrib-
utions was obtained for the number of fecal boluses, with
five laboratories recording no defecation for the majority
of rats (58-87%). The remaining laboratories showed a
flatter distribution across bolus counts, and one of these
reported a relatively high number (34%) of rats showing
more than four boluses (sometimes as many as 8-11
boluses). Excretion distributions were not consistent
across studies, but in general control rats usually had
fewer excretions over the course of testing.
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FIG. 3. Motor activity data across testing within each acute study. For each laboratory (A-H), the mean activity units for the control
groups (n=8 or 10 rats/study) are plotted for each test time (time-0, time of peak effect (TOPE), 24 hours, and one week after dos-
ing). The symbols of each line indicate the chemical numbers (#1-7), i.e., study number.
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weeks after dosing ended). The symbols of each line indicate the chemical numbers (#1-7), i.e., study number.
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Excitability Measures

Handling Reactivity and Ease of Removal. The
measures assessing excitability and general reactivity var-
ied in reproducibility both between and within laborato-
ries. Figure 5 depicts the baseline data for handling reac-
tivity presented as frequency polygons, or distributions,
from each study for all laboratories. The grand distribu-
tions, or mean frequencies of each score across studies, are
shown in the graphs as a solid line (= one standard devia-
tion), and are listed in Table 3. The distributions of base-
line data for ease of removal were somewhat similar to
those for handling reactivity, and are also listed in Table 3.

For both measures, six laboratories scored a majority of
rats with ‘2’s, but the percentage ranged from 92% of the rats

NeuroToxicology 18(4): 1997 - 955

(Iaboratory D) to around 50-60% (laboratory A, whose
remaining scores were mostly ‘1’s; and B, whose remaining
scores were mostly ‘3’s). Laboratory C scored primarily ‘1’s
and some "2's. In contrast, laboratory G scored on average
more ‘3's than 2’s; however, this distribution varied greatly
across studies. Replicability of baseline data across studies
can be assessed visually by examining Figure 5. In Table 3,
variability of the distributions is listed as the C.V. of the fre-
quencies of each score (e.g., the mean and C.V. of the per-
centages of rats receiving a 2’ across all studies) and the
grand, or average, C.V. of the larger peaks of the distribution
(frequencies >10%). Compare, for example, the relatively
constant distributions obtained in laboratory D with a grand
C.V. of 8%, with the pronounced differences across studies
in laboratory G whose grand C.V. was 67% (Figure 5).

TABLE 3. Baseline Control Data for the Excitability Endpoints: Arousal, Ease of Removal (both scored from 1 to 6), and Handling

Reactivity (scored from 1 to 4)'.

Laboratory Mean percentage or range of rats receiving each score (C.V.)? Baseline Grand
1 2 3 4 5 6 medians?® Cc.v.!
HANDLING REACTIVITY

A 24 (62) 62 (24) 13 (77) 0-6 54%

B 0-50 52 (14) 37 (38) 0-8 1.5-3 26

C 76 (18) 24 (57) 0 0 1 38

D 0-6 92 (8) 0-20 0-8 2 8

E 10 (119) 80 (12) 0-18 0 2 66

F 0 65 (18) 25 (31) 2-20 2-3 25

G 0 43 (74) 47 (60) 0-88 2-4 67

H 0-26 75 (25) 17 (75) 0-29 2 50
EASE OF REMOVAL

A 26 (87) 51 (34) 15 (90) 0-16 0-12 0 1-3 70%

B 0-48 57 (22) 37 (38) 0-8 0-2 0-2 2-3 30

C 64 (10) 33 (26) 0-5 0 0-3 0 1 18

D 0-6 92 (11) 0-26 0-20 0-2 0 2 1

E 12 (102) 60 (20) 22 (36) 0-8 0-4 0-2 1.5-2.5 53

F 0-3 66 (14) 14 (42) 0-13 10 (45) 0-8 2 34

G 0 37 (81) 55:(57) 0-20 0-75 0 25 69

H 0-34 58 (20) 0-32 16 (57) 0-20 0-2 2-3 39
AROUSAL

A 0-2 0-2 0-6 69 (14) 28 (33) 0-6 4 24%

B 0 0 0-40 88 (12) 0-18 0 4 12

C 0 0 0-3 69 (7) 30 (16) 0] 4 11

D 0 0 0-14 92 (11) 0-24 0 4 1

E 0 0 0-8 97 (3) 0-2 0 4 3

F 0 0 0-20 75 (20) 18 (78) 0 4 49

G 0 0 0-2 95 (6) 0-18 0-3 4 6

H 0 0 0-6 97 (2) 0-4 0 4 2

\

' Data for 14 studies are represented for all laboratories except laboratory G (13 studies) and C (5 studies)
*Mean and C.V. of frequency distributions of the baseline control means, where the frequency >10.0%; otherwise range of frequencies are listed

* Range of baseline medians across studies

“ Mean of C.V.s of the peaks of the baseline distribution where the frequency >10.0%
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3

In six laboratories (all but laboratories G and A), the
profiles obtained with handling reactivity mirrored those
for the ease of removal assessment (see Table 3).
Laboratory G recorded large differences in baseline val-
ues for both measures (medians for ease of removal
ranged from 2 to 5, and for handling reactivity medians
were 2-4), and this variability was evident both within
and between observers. Laboratory A reported consider-
ably more variable data across studies and observers for
the ease of removal measure than for handling reactivity.
Finally, the data from laboratory B indicated a trend of
increasing reactivity values over the first three studies,
but the data were more stable thereafter.

Control values across time for both the ease of
removal and handling reactivity scores generally either
stayed the same or showed no consistent pattern of
change. Few laboratories showed any decreases with
repeated testing, with the exception of laboratory E which
regularly recorded lower scores, particularly during the
course of the repeated-dose studies.

Arousal. The baseline data distributions {percentage
of rats receiving each score) for the ranking of arousal in
the open field are presented in Table 3. All laboratories
scored mostly ‘4’s at time-0, indicating a typical level of
exploration in the novel environment. In five laboratories,
an average of 288% of the rats received a score of ‘4’; in the
remaining laboratories the proportion was 69-75% with
most of the remaining rats receiving ‘5’. The distributions
of the data across studies were also consistent for all labo-
ratories. Replicability of the group data was generally very
good, and grand C.V.s were <12% in six laboratories.
Control groups over the course of testing generally
showed decreases in arousal due to habituation to the open
field, and the median group scores approached ‘3" (data
not shown). This pattern was clearly evident in six labora-
tories, while the remaining laboratories either showed no
clear pattern of change (i.e., the trend differed across stud-
ies) or else the scores remained about the same across time.

Neuromuscular Measures

Landing Foot Splay. Baseline control data for land-
ing foot splay are presented in Table 4. Splay values were
generally similar across laboratories (about 70-90 mm),
although laboratory H reported somewhat smaller values
(~50 mm) which probably reflected the smaller size of
their rats. Control variability was low: about 15-20%
across studies in seven laboratories, and individual stud-
ies also showed C.V.s <30%. The eighth laboratory dis-
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played an average C.V. of 28%, ranging up to 38%. There
was no apparent influence of observer on this measure.
Baseline means typically varied by <10%, and up to 14%
in one laboratory: thus these data were quite reproducible
within all laboratories.

Across laboratories, the overall mean value was 78
mm, with a low overall C.V. of the group means of 8%,
and an overall average control variability of 20% (Table
7). Variability of the data did not change appreciably dur-
ing the course of testing, and for seven laboratories the
C.V. of the control group rarely exceeded 20-30%; howev-
er, laboratory G obtained C.V.s between 30% and 42% in
11 studies. The control data were mostly constant across
the course of study as well, with only a slight downward
trend in the repeated-dosing studies (data not shown).
Foot splay was apparently not related to body weight,
since the values did not increase over time in spite of the
increasing weights of the rats.

Forelimb Grip Strength. Forelimb grip strength val-
ues are also presented in Table 4, and baseline means for
each study in each laboratory are illustrated in Figure 6.
Values were similar (approximately 0.8-1.1 kg) across most
laboratories, with the exception of laboratory A who con-
sistently reported higher grip strengths (~1.4 kg). Average
values within each laboratory were mostly constant from
study to study as well, as evidenced by most grand C.V.s
<12%; laboratory G, however, showed the widest range of
mean values (grand C.V.=20%). There were only slight dif-
ferences between observers. The control variability within
baseline groups averaged from <5% to 17%. Laboratory C
reported the most invariant test values across studies
(grand C.V.<0.5%) and also showed the lowest variability
within studies (mean C.V.=3%). During the course of
study, control group means generally remained constant in
spite of increasing body weight of the rats. One exception
to this was evident in laboratory G, but only with one par-
ticular observer: grip strength values doubled during the
course of that observer’s studies. Variability of control
groups remained almost always <30% throughout testing:
in only one laboratory, during only one study, did the C.V.
of the control group reach 41%.

Hindlimb Grip Strength. Baseline values for
hindlimb grip strength are shown in Table 4, and as was
the case with forelimb grip, values were similar across six
laboratories (mean values of 0.6-0.8 kg) with laboratories
A and C reporting higher values (1.1-1.2 kg). The baseline
groups showed somewhat more control variability in all
laboratories, with mean C.V.s from 4-20%; however, vari-
ability sometimes approached 30-40% in particular stud-
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TABLE 4. Baseline Control Data for Landing Foot Splay (mm), Forelimb Grip Strength (kg), and Hindlimb Grip Strength (kg)'.

Laboratory Baseline means C.V.s of baseline means’
Grand Grand Range® / Mean Range
mean? C.V. low high low high

LANDING FOOT SPLAY

A 92 9% 80 107 18% 14% 21%

B 87 7 74 96 1Z 14 20

C 91 2 84 93 21 19 23

D 86 9 77 98 18 14 22

E 77 10 60 89 21 16 26

F 72 6 65 81 20 17 26

G 70 14 52 86 28 22 38

H 52 4 48 57 14 1 19

FORELIMB GRIP STRENGTH

A 1.37 7% 1.21 1.49 8% 2% 12%

B 0.92 9 0.76 1.02 15 12 18

C 1.04 (02 1.04 1.05 3 2 4

D 0.80 11 0.64 0.91 17 13 22

E 1.00 9 0.84 1.10 14 10 20

F 0.90 12 0.75 1.12 1 13 23

G 1.06 20 0.70 1.48 15 9 28

H 0.92 7 0.80 1.00 13 1 17

HINDLIMB GRIP STRENGTH

A 1.07 1% 0.82 1.22 10% 3% 18%

B 0.78 11 0.62 0.91 20 17 33

c 1.20 1 1.18 1.23 4 4 6

D 0.61 16 0.45 0.76 15 11 19

E 0.80 9 0.67 0.93 20 17 24

F 0.78 21 0.52 1.02 18 14 24

G 0.81 27 0.32 1.27 18 11 41

H 0.59 73 0.54 0.68 12 9 17

'Data for 14 studies are represented for all laboratories except laboratory G (13 studies) and C (5 studies).
2Mean of time-0 or baseline means for each laboratory, and C.V. of the baseline means

*Range of group means at time-0 for each laboratory
‘Mean and range of C.V.s at time-0 for each laboratory
*percentage < 0.5%

ies. While most laboratories reported relatively consis-
tent hindlimb grip strength values across studies, with
the grand C.V.s <11%, there were three exceptions: 1) lab-
oratory G reported four-fold differences in control group
values (0.3-1.3 kg), which could be attributed to different
observers (i.e., certain observers always had higher or
lower values); 2) laboratory D showed some differences
(0.5-0.8 kg) which could not be reconciled with different
observers, and 3) laboratory F showed an upward trend
over time, with values doubling between the first and last
study (0.5 and 1.0 kg, respectively).

Within each study, most laboratories obtained values
that were relatively constant throughout a study. Control
means across testing, averaged across all studies for each

laboratory, are presented in Figure 7 to illustrate the over-
all trend of changes with repeated testing. As was the
case with forelimb grip strength, laboratory G showed
considerable increases across testing only with one par-
ticular observer: this was the reason for the increasing
trend in grip strength values during the course of some
repeated-dose studies for that laboratory (Figure 7).
Variability of the control groups across studies also fol-
lowed the same pattern observed with forelimb grip
strength, with C.V.s <30% in most datasets.

Gait and Righting. Gait score was generally ranked
as ‘1", indicating no abnormality at time-0. In a few labo-
ratories, a small percentage of rats (<3%) were scored as
having a slight (‘2’) to moderate (‘3’) abnormality. During
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Baseline Forelimb Grip Strength (mean + S.D.)
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FIG. 6. Baseline control data for forelimb grip strength (kilograms to release). For each laboratory (A-H), the baseline mean + stan-
dard deviation of the time-0 samples (n=40 or 50 rats/study) are plotted, with the baseline C.V. listed within each bar. The indepen-
dent axis indicates the chemical number (#1-7), dosing regimen (A=acute, R=repeated), and the observer number (where two num-
bers are listed for one study, both observers were involved in testing the rats). The dashed line indicates the grand mean (mean of
the control means) across studies.
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testing, control scores remained ‘1’ in most laboratories, or
else a few (one to four) rats would receive a 2’. In only a
few specific studies, certain laboratories reported increas-
ing percentages of ‘2’s and ‘3’s in controls across time. As
with gait score, control scores for righting reflex were
almost always ‘1’ (no abnormality). Two laboratories (F,
A) reported 3-6% ‘2's, and ~1% ‘3’s in rats at time-0. These
laboratories (and also B) reported a few altered righting
scores in control rats (usually only one to two rats in the
control group) during the course of the studies as well.
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FIG. 7. Hindlimb grip strength data (kilograms to release) across
testing within each study. For the acute studies (top), the means
for the control groups (n=8 or 10 rats/study) at each time point
(time-0, TOPE, 24 hours, one week) from all studies within each
laboratory are averaged, and the mean =+ standard deviation are
plotted. Likewise for the repeated-dose studies (bottom), the
means for the control groups (n=8 or 10 rats/study) at each time
point (time-0, two, four, and six weeks) from all studies within each
laboratory are averaged, and the mean =+ standard deviation are
plotted. The symbols of each line indicate the laboratory (A-H).

MOSER ET AL.

Sensorimotor Measures

Each of the sensorimotor responses in the FOB were
ranked on the same scale ranging from ‘1’ (no response)
to ‘5’ (exaggerated response; see Moser et al., 1997a).
Distributions of the baseline data are listed in Table 5.

Approach Response. The approach response was
recorded mostly as very low reactivity, with the group
medians almost always 2. Although more than half of the
rats received a score of 2’ in all laboratories, the percent-
age of rats with ‘2’s ranged from 56-95%. The distribution
of rankings was positively skewed in two laboratories
(i.e., the remaining rats received mostly ‘3’s), and nega-
tively skewed in four laboratories (the remaining rats
scored mostly ‘1’s). The range of consistency in scoring is
illustrated in the frequency polygons plotted in Figure 8.
Two laboratories (A, F) recorded consistent scoring across
studies, with the grand C.V.s of 5%. Two other laborato-
ries (C, E) appeared somewhat less consistent, but the
general pattern across studies was still similar; these lab-
oratories had C.V.s of 25-28%. The remaining laboratories
showed considerably less replicability, and grand C.V.s
ranged from 47% to 64%. Differences between observers
were not clearly evident in the pattern of scoring. Over
the course of study, three laboratories recorded progres-
sively lower scores in the control groups, whereas the
scores remained about the same in four laboratories. The
eighth laboratory did not show a clear pattern of change.

Touch Response. The distributions of baseline data
for the touch response are also presented in Table 5. As was
the case with approach response, most rats (48-89%) were
scored as 2 but the distributions varied somewhat more
across laboratories. The remaining rats received mostly
scores of ‘1’s and ‘3’s, but unlike the approach response,
three laboratories reported 10-20% of rats receiving ‘4’s.
Within each laboratory, the scoring of responses across
studies also varied, with the grand C.V.s ranging from 8%
to 73%. Control groups in most laboratories stayed fairly
constant during testing; in only two laboratories were
decreases in reactivity evident over testing with a study.

Click Response. In contrast to the consistently low
approach and touch responses, the click response showed
somewhat higher baseline scores and considerably more
between-laboratory differences (Table 5). Median scores,
both within and between laboratories, ranged from 2 to 4.
The baseline distributions ranged from almost all 2’s (e.g.,
laboratory B), to one with similar percentages of 2’s and
‘3’s (laboratory G), to almost all 3’s (laboratory A), to a sim-
ilar occurrence of ‘3’s and ‘4’s (laboratory H). Laboratories
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TABLE 5. Baseline Control Data for the Sensorimotor Responses to an Approach, Touch, Click, and Tail-Pinch'.

Laboratory Mean percentage or range of rats receiving each score (C.V.)? Baseline Grand
1 3 2 4 5 medians® cwv
APPROACH RESPONSE
A 0-10 95 (5) 0-4 0-4 0-2 2 5%
B 21 (86) 63 (27) 15 (79) 0-4 0-2 1-2 64
C 32 (31) 56 (20) 5-15 0 3-8 2 25
D 0-22 65 (31) 25 (88) 0-10 0 2-3 59
E 13 (50) 86 (7) 0-2 0-2 0-2 2 28
F 0-5 89 (5) 0-8 0-10 0-3 2 5
G 35 (78) 62 (44) 0 0-10 0 1-2 61
H 0-18 76 (19) 0-6 18 (75) 0 47
TOUCH RESPONSE
A 14 (60) 65 (35) 20 (125) 0-8 0o . 2-3 73%
B 0-40 87 (16) 0-25 0-6 0-2 2 16
Cc 13 (52) 81 (7) 0-18 0 0 2 29
D 0-20 58 (49) 34 (81) 0-30 0 2-3 65
E 2-14 89 (8) 0-14 0-6 0-2 2 8
F 0-3 88 (6) 0-3 10 (53) 0-3 2 29
G 0-26 73 (23) 0-15 12 (98) 0-3 2 61
H 0-10 48 (26) 29 (49) 20 (40) 0-2 2-3 38
CLICK RESPONSE
A 0 0-16 80 (17) 14 (73) 0-6 3 45%
B 0-6 87 (9) 0-8 0-28 0-2 2 9
Cc 0-8 13 (32) 63 (8) 19 (57) 0-13 3 32
D 0-2 26 (106) 64 (41) 0-52 0 2-4 74
E 0-2 25 (44) 62 (16) 13 (61) 0-4 3 40
F 0-3 56 (21) 29 (29) 14 (81) 0-3 2-35 44
G 0 40 (62) 46 (47) 14 (58) 0-3 2-3 56
H 0-2 0-12 46 (30) 49 (34) 0-2 3-4 32
TAIL-PINCH RESPONSE
A 0 0-4 0-6 49 (60) 50 (57) 4-5 59%
B 2-16 75 (12) 0-18 0-34 0-2 2 12
C 0 0-10 81 (6) 16 (24) 0-3 3 15
D 0-12 37 (53) 43 (43) 18 (78) 0-6 23 58
E 0-2 32 (27) 15 (83) 49 (29) 0-10 2-4 46
F 0-13 74 (15) 0-3 19 (48) 0-5 2 32
G 0-18 67 (36) 0-48 24 (96) 0-3 2-4 66
H 0 0-25 0-2 85 (15) 0-34 4 15

'Data for 14 studies are represented for all laboratories except laboratory G (13 studies) and C (5 studies)
*Mean and C.V. of frequency distributions of the baseline control means, where the frequency >10.0%; otherwise range of frequencies are listed

°*Range of baseline medians across studies

*Mean of C.V.s of the peaks of the baseline distribution where the frequency >10.0%

differed in replicability of these scores, and the grand C.V.s
were mostly 32-56%, but ranged from 9% to 74%. Few ‘1’s
and ‘5’s were ever observed in baseline data, or in control
In general, the distribution of scores
remained about the same across testing, with only two lab-
oratories showing slight decreases in reactivity.

Tail-Pinch Response. The tail-pinch response showed
the least consistency of the sensorimotor endpoints, both
between and within laboratories. The baseline control dis-
tributions, listed in Table 5 and presented in Figure 9, indi-
cate considerable variability in these distributions between
studies. Median response values in most studies were
either ‘2’ (in three laboratories), ‘3’ (two laboratories), ‘4’

rats across time.

(two laboratories) or ‘5’ (one laboratory). In four laborato-
ries, the percentage of rats receiving 2's and ‘4’s was
greater than those receiving a ‘3’ (see Figure 9). Differences
in baseline distributions were sometimes, but not always,
obtained with different observers. In three laboratories, the
grand C.V. was <15%, but replicability was 32-66% in the
remaining laboratories. These discrepancies could be due
to the variable nature of the stimulus, inconsistency in scor-
ing the response, or inherent differences in groups of rats.
As with the click response, ‘1’s were rarely recorded, and
only one laboratory (A) recorded a considerable proportion
of '5's. Despite differences across studies, control values
remained generally stable during the course of study.
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FIG. 8. Frequency polygons of the distributions of scores for the approach response, i.e., the percentage of rats receiving each of the
possible scores (1 to 5). For each laboratory (A-H), the frequency polygon for the time-0 samples (n=40 or 50 rats/study) are plotted
(dashed lines). The grand distributions, or mean = standard deviation of the frequencies of each score across studies are also plot-
ted (solid line). The grand C.V.,, i.e., mean of C.V.s of the major peaks of the grand distribution, are indicated for each laboratory.
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FIG. 9. Frequency polygons of the distributions of scores for the tail-pinch response, i.e., the percentage of rats receiving each of the
possible scores (1 to 5). For each laboratory (A-H), the frequency polygon for the time-0 samples (n=40 or 50 rats/study) are plotted
(dashed lines). The grand distributions, or mean * standard deviation of the frequencies of each score across studies are also plot-
ted (solid line). The grand C.V., i.e., mean of C.V.s of the major peaks of the grand distribution, are indicated for each laboratory.
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TABLE 6. Baseline Control Data for Body Weight (grams) and Rectal Temperature ("C)'.

Laboratory Baseline means C.V.s of baseline means*
Grand Grand Range® Mean Range
mean? C.V. low high low high

BODY WEIGHT

A 326 7% 290 372 5% 4% 6%

B 382 15 284 474 7 4 11

Cc 355 2 349 367 2 2 3

D 288 9 243 325 5 3 8

E 337 13 286 416 7 4 15

F 333 7 286 374 74 5 11

G 324 22 245 477 6 4 11

H 224 5 210 253 5 4 7

BODY TEMPERATURE

A 38.2 0.4% 37.8 38.3 1.0% 0.8% 1.2%

B 37.6 1.0 36.7 38.0 1.2 0.8 2.0

Cc 38.0 0.3 37.8 38.1 0.9 0.6 14

D 38.0 0.9 37.2 38.5 1.0 0.7 1.6

E 37.9 0.6 37.6 38.6 0.9 0.7 1.3

F 38.2 0.3 38.0 38.4 151 0.9 1.4

G 37.8 0.8 37.4 38.4 12 0.9 1.9

H 38.1 0.8 37.6 38.6 0.8 0.6 1.0

'Data for 14 studies are represented for all laboratories except laboratory G (13 studies) and C (5 studies).

*Mean of time-0 means for each laboratory, and C.V. of the baseline means

*Range of group means at time-0 for each laboratory
*Mean and range of C.V.s at time-0 for each laboratory

Other Measures

Body Weight and Temperature. Data for standard
toxicity endpoints, body weight and temperature, are list-
ed in Table 6. For body weight, some differences in mean
values were evident across laboratories which were proba-
bly attributable to the different strains of rat; for example,
laboratory H clearly used the smallest rats. Other differ-
ences could not be due to strain, however, since the labo-
ratories using Sprague-Dawley rats had mean weights of
288-382 grams; this implies that the rats’ ages may have
differed at the start of the studies. Furthermore, some lab-
oratories showed considerable differences in group means
across studies (grand C.V.s up to 22%), also indicating that
ages may have been somewhat different. Body tempera-
ture values were consistent within each laboratory, with
average values between 37.6-38.2°C across laboratories and
studies. Control variability of these physiological mea-
sures was generally low in all laboratories, with typical
C.V.s from 2-7% for weight and 0.8-1.2% for temperature.

Piloerection. Piloerection was rarely recorded in con-
trol rats or at time-0 in five laboratories. Of the remaining
three, laboratory A occasionally reported 10-30% of control
rats showing piloerection at some time during a study.
Laboratories B and C had numerous instances of piloerec-
tion at time-0, from 4-23% for specific studies, and an aver-
age of 11-13% of the rats across all studies. Furthermore, 10-
50% of the control group was reported to show piloerection
during the course of testing. In these laboratories, decreased
piloerection in treated rats was sometimes obtained, but this
was probably due to the high incidence in controls.

Reproducibility of the control data across laboratories is
summarized in Table 7, which combines the overall means or
medians of baseline data, overall replicability as presented by
the inter-laboratory C.V.s, and overall control variability
defined by C.V.s within each study. Clearly the least vari-
able and most reproducible endpoint was body tempera-
ture, which hardly varied more than 1% of the group
means. Body weight, landing foot splay, grip strength, and
the subjective scoring of arousal, were also tightly con-
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trolled within laboratories, although the actual control val-
ues (i.e., kilograms to release) varied more across laborato-
ries. A different pattern was evident in the activity mea-
sures (motor activity and rearing), since in some laborato-
ries the group data were highly variable (overall control
variability of 36% and 44%) but the replicability of group
means were more consistent (grand C.Vis of 15-16%).
Scoring of the general reactivity (ease of removal, handling
reactivity) and sensory-specific reactivity (approach, touch,
click, and tail-pinch responses) endpoints were less reliable
across studies, with grand C.V.s around 40%. While these
high C.V.s may be due somewhat to the method used to
derive replicability estimates, an assessment of Figures 5, 8,
and 9 verify the high C.V.s. Control data for urinary and
fecal output were highly variable and no estimates of these
differences could be determined.

DISCUSSION

The sensitivity of these endpoints to the chemicals
tested cannot be assessed on the basis of control data.
Likewise, retest stability of control data is clearly not iden-
tical with the replicability of response to chemicals.
Variability of control data, however, determines the statis-
tical power of the test, and power of the test is one compo-
nent of the sensitivity. Moreover, a low statistical power
can sometimes be compensated for by increasing the num-
bers of animals. Test measures with a very low variability
may sometimes be very insensitive to chemicals, and also
high control variability may indicate high sensitivity of the
measure to a variety of factors in addition to chemical
treatment. This may be especially true for non-specific
tests (e.g., the excitability measures). A very low variabili-
ty of ordinal values may reflect more a stereotypical classi-
fication than stability of the criterion (e.g., arousal).

Several further important methodological problems
could be addressed on the basis of the analysis of control
data. Stability of data within the same control subject
(retest correlation) would have important implications on
two issues of study design: 1) standardization of the treat-
ment groups according to baseline values; and 2) evalua-
tion of main effects in relation to baseline values (e.g.,
covariance analysis). These approaches would be ratio-
nal only for sufficiently stable variables. The effects of
time of day and season of year, as well as order of testing,
may have considerable influence on activity and
excitability measures, and also on other variables which
are modified by the subject’s excitability (e.g., grip
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strength). In this Collaborative Study, no attempt was
made to correlate control data variability or chemical
effects with the order of testing, time of day, or season.

The neuromuscular endpoints were generally repro-
ducible within most laboratories with low control variabil-
ity, both at the beginning of and throughout studies.
Indeed, some laboratories (especially laboratory C)
showed such low control variability that even slight (e.g.,
10%) differences between treatment groups and controls
were statistically significant. Generally, these neuromus-
cular measures may be expected to be less variable due to
the intense demands placed on these abilities for normal
functioning. In addition, the motor output of the subject is
integral to most of the tests of the neurobehavioral screen-
ing battery, and an assessment of this function is therefore
critical to interpreting changes in the other endpoints.

The control variability of the rearing data, although
high, was similar across laboratories and mean values
were quite reliable across studies. In contrast, control
variability for motor activity values differed greatly across
laboratories. The C.V.s obtained in this study (20-53%) are
somewhat higher than those reported in another compar-
ison across laboratories (Crofton et al., 1991), wherein the
authors present C.V.s of historical control databases which
range from 19% to 31% in five laboratories. Reasons for
this discrepancy are unclear, but it does not appear to be
due to the test apparatus, laboratory location or affiliation.
High control variability decreases the chance of detecting
statistically-significant changes in treated rats. This was
indeed the case for laboratory G which never obtained sig-
nificant motor activity changes (see Moser et al., 1997b),
and for which the variability of control groups after the
initial test averaged 70% (ranging from 16-148%).

Both activity measures (rearing and motor activity)
change with repeated testing, probably reflecting habituation
and acclimation to the testing environment. The demonstra-
tion of greater decreases in the acute studies, in which test
times were more closely spaced, supports this explanation.
In contrast to the activity measures, the excitability measures
(ease of removal, handling reactivity, arousal} did not clearly
change with repeated testing. A decline in reactivity scores
would be anticipated with ongoing dosing, testing and han-
dling, yet the data from these laboratories demonstrate that
this is not a predictable feature of these endpoints.

The removal and handling endpoints appear to mea-
sure approximately the same level of reactivity in control
rats, in that laboratories generally showed the same rank-
ing of excitability in both. Indeed, in almost all cases
there was a good correlation between the ease of removal
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TABLE 7. Overall Control Data Across all Laboratories, Presented in Order of Descending Replicability.

Continuous Data’ Means C.V.s Between Studies C.V.s Within Studies
Overall Range Overall Range Overall Range
Body Temperature 38.0 37.6-38.2 0.6% 0.3-1% 1.0% 0.8-1.2%
Landing Foot Splay 78 52-92 8 2-14 20 14-28
Forelimb Grip 1.00 0.80-1.37 9 0-20 13 3-17
Body Weight 321 224-382 10 2-22 6 2-7
Hindlimb Grip 0.83 0.59-1.20 13 1-27 15 4-20
Rears 10 8-13 15 10-25 44 31-59
Motor Activity 3 - 16 6-34 36 20-53
Ordinal Data? Medians C.V.s between Studies
Range Overall Range
Arousal 4 15% 2-24%
Approach Response 1-3 37 5-64
Tail-Pinch Response 2-5 38 12-66
Touch Response 2-3 40 8-73
Ease of Removal 1-3 41 11-70
Click Response 2-4 42 9-74
Handling Reactivity 1-4 42 8-67

'Grand means aqd C.V.s between and within studies
®Grand medians and C.V.s of frequency distributions

*Different units of measure were collected from different activity devices

and the handling reactivity scores; however, these did not
correlate as well with the arousal measure. The arousal
endpoint also showed the least variability across time
points, studies, and laboratories. The observed variabili-
ty across studies for ease of removal and handling reac-
tivity could be due to a number of factors such as strain,
age, and size of rat, but are probably most influenced by
the amount and consistency of handling the rats before
and during the study. Laboratory C, which recorded the
lowest scores for these measures, stated that their experi-
mental paradigm included extensive daily handling of
the rats the week before testing began. Even within the
same laboratory, personnel handle rats differently which
may account for the between-observer variations evident
in the data. There are also possible differences between
rat shipments, and there were instances of particular
studies in which all rats received atypical scores even
with the same observer. These control data influence the
ability of the endpoints to detect treatment-related
changes. For example, laboratory C never detected

decreased reactivity in these studies, most likely due to
the very low control values. Significant differences
between treatment and control groups may also be due to
the fluctuations of the control data rather than to treat-
ment; this may be suspected when there is no evident
dose-response and the controls appear aberrant.

Most of the autonomic endpoints evaluate physio-
logical functions (e.g., lacrimation) which are altered only
by treatment or pronounced systemic toxicity. Excretory
patterns, however, are influenced by many factors includ-
ing the rat’s reactivity (emotionality), physical state (food
and water intake, diurnal cycle, metabolic changes), as
well as autonomic variables (smooth muscle innervation).
Counting urine pools and fecal boluses as indices of elim-
ination was not as discrete as might be anticipated, and
differences between observers were common. There were
also differences between and within laboratories on the
baseline control data and on the control data across time.
This lack of stability and consistency probably accounts
for the numerous instances in which significant differ-



CONTROL DATA

ences were recorded between one or more treatment
groups and control.

The approach and touch responses showed the lowest
magnitude or strength of response across all laboratories,
and also were generally more consistent across studies. For
these measures it was not unusual for rats to receive a score
of '1". On the other hand, rats almost always showed some
reaction to the click and tail-pinch stimuli, but these data
(especially the tail pinch) were not as consistent from study
to study. The relatively lower scores for approach and touch
may account for the number of instances where increased
reactivity was recorded for those measures, whereas the
click and tail-pinch responses rarely showed increases.
Indeed, for approach and touch responses, significant
increases were obtained about as frequently as were
decreases. Laboratories which recorded higher reactivity
scores (especially the tail-pinch response in laboratory A)
tended to have more instances of significantly-reduced reac-
tivity in treated rats.

Thus baseline differences in control data influenced
the results of the chemical testing (see Moser ¢t al., 1997b)
for many measures in this Collaborative Study. In some
cases the between-laboratory differences in these control
data can be explained by information on the laboratories’
general procedures (e.g., laboratory C extensively handled
the rats before testing, and subsequently rated them as
low reactivity on certain endpoints). Others, however,
cannot be so easily explained. For example, grip strength
values were considerably different across laboratories,
even though all used essentially the same strain gauges.
There were no obvious correlations between the grip
strength values and the configurations or types of wire
mesh or bars attached to the strain gauges. Likewise,
there were differences in motor activity, even between lab-
oratories using the same device. It should be noted that all
participants in this Collaborative Study followed the same
protocol, so it is possible that even more differences would
be obtained when comparing data from laboratories using

MS #3225 (Accepted: June 1, 1996)

NeuroToxicology 18(4): 1997 - 967

markedly divergent protocols. Finally, those endpoints
which proved to be less reproducible across studies and
laboratories are candidates for further modification.
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