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Newly developed mouse newborn behavioral
testing method for evaluating the risk of
neurotoxicity of environmental toxicants

Tetsuji Nagao®*, Nao Kagawa® and Munekazu Komada*®

ABSTRACT: Although there have been a vast number of behavioral toxicology studies carried out on adult mice and rats, there
have been few neurobehavioral studies utilizing their newborn animals. Thus, we developed a mouse newborn behavioral
testing method for evaluating the risk of neurotoxicity of chemicals, by means of determining the newborn’s activity using
the tare function of an analytical balance. The unstable weighing values resulting from movement of the newborn on the balance
recorded by a personal computer every 0.1 s, and the total activities of a newborn from the start time of weighing to individual
times of evaluation were calculated. In addition, we confirmed the usefulness of our method by determining the activity of
mouse newborns with microcephaly induced by prenatal exposure to a neurotoxicant, methylnitrosourea. Copyright © 2012

John Wiley & Sons, Lid.

Keywords: behavioral test; mouse newborn; neurotoxicity; activity; electric balance

Introduction

The estimated frequencies of neurodevelopmental disorders,
including autism, dyslexia, attention-deficit hyperactivity
disorder, decreased intelligence and mental retardation, in
children are relatively high, i.e. around 12% (Hass, 2006). The
central nervous system appears to be especially susceptible
to toxic insults during development and there is evidence that
functional changes can be induced at a lower exposure level
that those resulting in toxicity in adults (Kimmel, 1988; Bearer,
2000). The tragic methyl mercury poisoning of humans in
Minamata Bay in the 1950s led to animal research on the
general neurotoxicity and prenatal effects of methyl mercury.
The results showed that the embryo/fetus was more susceptible
to exposure than adult animals, and that exposed animals
exhibited similar adverse effects as those reported in humans
(Burbacher et al,, 1990).

Some of the developmental neurotoxicants are structural
teratogens as well, but the behavioral dysfunctions may be more
serious than the structural defects. Investigations demonstrate
that, under certain circumstances, neurobehavioral dysfunction
in children can be detected at a lower dose than congenital
malformations (ethanol) or in the complete absence of
malformations (polychlorinated biphenyl) (Francis et al., 1990).

Although there have been a vast number of animal
toxicology studies carried out on pregnant animals including
embryos/fetuses and mature animals, there is a paucity of
reports on animal toxicology studies utilizing newborn,
infant and juvenile animals. Thus, we developed a mouse
newborn neurobehavioral testing method; it involves quanti-
tative determination of a newborn animal’s activity automat-
ically using the tare function of an analytical balance, in
order to evaluate the risks of neurotoxicities of various
environmental toxicants including low-dose endocrine-
disrupting chemicals.

Materials and Methods

Animals

ICR mice at 8 weeks old purchased from CLEA (Osaka, Japan)
were used after acclimation for 2weeks. The experimental
protocols were approved by the Animal Care and Use Committee
of Kinki University. Mice were kept under SPF conditions and
housed in polycarbonate cages in a room in which the temper-
ature (234 1°0), humidity (50 +5%), and light cycle (12:12h
light-dark cycle; lights on at 7a.m.) were maintained. Mice
were allowed food (Certified Rodent Chow CE-2, CLEA, Osaka,
Japan) and drinking water ad libitum. Ten-week-old virgin
female mice were cohabited for 2h (7-9a.m.) on a 1:1 basis
with males aged 11 weeks or older. Females were checked for
the presence of a vaginal plug immediately thereafter, and
8a.m. was defined as the time of conception if a plug was
found. Pregnant mice were allowed to give birth and nurse
their pups until postnatal day (PND) 5. In the morning on
PND 1, the number of pups in a litter was adjusted to four
males and four females. Pups were weighed on PNDs 1 and 5,
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the number of pups in each litter during the lactation period
was recorded, and viability on PND 5 after adjustment of the
number was determined.

Determination of Newborn Activity Using an Electric Balance

An electric balance [Tuning-fork analytical balance, HTR-80,
Shinko Denshi Co. Ltd, Tokyo, capacity 80g, readability
0.0001 g, repeatability () 0.0001 g, interface RS232C, D-SUB9P]
on a shock-proof stage was used to evaluate the absolute values
obtained from the range of fluctuations between weighing
values resulting from the movement (walking/righting, tremor)
of newborns on PND 1, 2 or 3 at 10am,, 12, 2, 4 and 6 p.m..
The absolute value was defined as the activity of a newborn,
and the total activity of a newborn was the sum total of the
absolute values during the period evaluated. The unstable
weighing values obtained by the movement of the newborn in
the plastic dish (94/16, Greiner Bio-One GmbH,, Austria) on the
pan of the balance were recorded by a personal computer every
0.1s via WIinCT (Windows Communication Tools) software
(version 3.00, A&D Company Ltd, Tokyo, Japan). The possibility
of reflection was checked using a fixed weight (5g) on the
balance for 3 min before the measurement of newborn activity
in order to ensure that the weights of newborns on the balance
did not reflect drift in the value of the balance. The room in
which the measurement was carried out was maintained under
the same experimental conditions, such as temperature and
humidity, as the animal room.

Table 1 shows representative data for a mouse newborn
weight sent from the balance every 0.1s, and the method
of quantitative determination of newborn activity by
Microsoft Excel 2007. B shows the real time and the time
after the start of measurement; C is newborn weight
(weighing value) that was sent from a balance every 0.1s;
D shows the difference between the weighing value and that
0.1s beforehand (D=Cn—Cn—1); E is the absolute value of
D (E=|D}).

Subsequently, in order to determine the total activity (F) of a
newborn from the start time of weighing to an individual
time (B), each E value was added up (En+Fn —1; Fig. 1(B)), and
total activities for 6 min (0.1s x 600 x 6) were determined and
are shown in Fig. 1(A).

Exposure of Pregnant Dams to MNU and Determination of
MNU-Treated Newborn Activities by the Newly Developed
Testing Method

N-Methyl-N-nitrosourea (MNU) was purchased from Sigma
Chemical (St Louis, MO, USA), dissolved in distilled water, and
administered intraperitoneally on day 13 of gestation because
this embryonic day is a part of the organogenesis period of
the mouse cerebral cortex and the peak of neurogenesis in the
primordium (Komada et al,, 2010). Dose solution was prepared
prior to dosing. Five mice administered distilled water (10 ml
kg™ body weight) were used as controls. Five mice were
administered MNU at 10mgkg™". Administration occurred at a
defined time (12:00-12:10p.m.), and pregnant mice were
allowed to give birth and nurse their newborns until PND 5.
Subsequently, the activities of newborns were determined for
6 min from 12p.m. on PND 1. The number of pups used in this
study was 20 males and 20 females per group (four males and
four females per litter).

T. Nagao et al.

For the effects of MNU, the data were analyzed via two-way
analysis of variance (ANOVA) with treatment and gender (male
vs female) as the factors. Whether the repeated measure ANOVA
detected significant interactions or not, one-way ANOVA was
followed by tests for simple main effects, and detailed multiple
comparisons were made with Tukey's honestly significant differ-
ence post hoc tests, given corresponding significant F-values.
Statistical analyses were performed using StatView (version 5.0;
SAS Institute, Cary, NC, USA). All data used the litter average as
the statistical unit, and statistical significance was assumed for
probability levels of 0.05 or less.

Results and Discussion

Comparison of Activity between the Newborns on Different
PNDs or between the Newborns at Different Starting Times
of Measurement in a Day

The activity was determined on PND 1, 2 or 3 using the intact
mouse newborns. The activities of individual newborns on PND
2 and 3 showed wide variation compared with those on PND
1. In addition, activities of individual newborns determined at
12 p.m. on any PND did not vary widely from those at 10a.m.,
2,4 and 6 p.m. on any PND (data not shown). Using these results
obtained from the intact newborns, the activities were
compared between the control and MNU-treated newborns at
12p.m. on PND 1.

The activities of mouse newborns analyzed in the present
study include relatively large movements, such as righting and
walking, and small movements, such as tremors specific to
newborns. Of particular importance is evaluation of these types
of movement separately. In the testing method developed in
this study, the weighing values for the large movements of the
newborns showed large absolute values (Table 1, column E).
We defined the large movements (righting and walking) of the
newborns as activities showing an absolute value (£) of 0.0002
or more (Table 2). Bold entries (E53-59) and nonbold entries
(E50-52, E60-64) in this table show the large movements and
small movements, respectively, of newborns. An integration of
absolute values (E) showing 0.0002 or more for 6 min is shown
in Fig. 2. The gray area in this figure shows the large movements
of newborn. Of particular interest is a comparison of the
changing patterns, such as this figure comparing the control group
and a chemical-treated group for evaluation or identification of
various kinds of neurotoxicants that exist in the environment.

How to determine the newborn activity separately according
to the types of movement will be described in elsewhere.
Namely, the precise distinction between the absolute values
(E60, 61) of 0.0001 contained in the weighing values of the large
movement (Table 2) and the absolute values (E15) of 0.0001 in
the small movement (Table 1) is needed for further analyses of
the rodent newborn activity in the test method.

Maternal and Developmental Effects of Prenatal MNU Exposure

No adverse effects on the general conditions, such as decreased
body weight gain, death, moribund state, loss of spontaneous
activity, crouching and piloerection in maternal animals were
observed in the MNU-treated group. All of the pregnant mice
delivered normally by 12:00p.m. on day 19 of gestation. No
significant differences in the number and the viability of
newborns on PND 1 were found between the MNU-treated
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