
the same rooms where the experiments were
conducted, allowing them to adjust to the
light–dark cycle and temperature of the animal
rooms. The mice were then mated at 8 weeks
of age and checked daily for copulatory plugs.
After mating, we removed the males and dis-
carded them; pregnant females were main-
tained in hanging stainless-steel cages until after
parturition. Animals had free access to food and
water. Animal feed was certified by the manu-
facturer to be pesticide-free (Lab Diet 5002;
PMI Nutrition International Inc., Brentwood,
MO). The herbicide-containing drinking water
was delivered in aluminum-foil–covered glass
water bottles during either preimplantation and
organogenesis [gestation days (GD) 0–15] or
only organogenesis (GD 6–15), with GD0
being determined by the presence of a vaginal
sperm plug in the mated female.

The cages were fitted with a stainless-steel
box that allowed free access to water via a
small hole in one side while keeping the mice
away from the bottle spout. The box received
any water dripping from the water bottle. The
bottom of the box was covered with a layer of
mineral oil (Sigma, St. Louis, MO) to stop
any leaked water from evaporating. We
weighed water bottles and oil boxes daily to
obtain a more exact determination of the dose
of herbicide the animals received. We deter-
mined water consumption and thus herbicide
doses from the difference in the weights of the
bottles and boxes on 2 consecutive days.

We recorded weights of pregnant females
on GD0, GD6, GD9, GD12, GD15, and
GD18. Maternal observations such as changes
in food and water consumption, behavior and
activity, and the presence of toxicity signs were
also made to ensure that pregnancy was pro-
ceeding normally. At parturition, we checked
each litter for total number of live pups.
Occasional dead pups or cannibalized pups
were not included in litter size. We individu-
ally weighed each pup and measured its
crown–rump length using a graduated ruler.
Once the data were recorded, the litter of new-
borns was culled to 8 pups to ensure a homo-
geneous growth of the litter. The 8 remaining
pups were kept with the mother until weaning
at 3 weeks (postnatal day 21) and then were
allowed to grow until week 6 for additional
immune, endocrine, and behavioral assays.

We determined the number of implanta-
tion sites by staining the uterine horns with a
solution of 10% ammonium sulfide (Sigma)
according to Salewski (1964). Females were
killed by cervical dislocation after ether expo-
sure; the uterine horns were dissected, rinsed,
and kept in phosphate-buffered saline in plas-
tic petri dishes to prevent drying. The dis-
sected uteri were stained for 10 min with a
few drops of the ammonium sulfide solution,
after which we counted implantation sites,
appearing as dark rings.

We used SuperANOVA software (SAS
Institute, Cary, NC) for statistical analysis.
Statistical advice was also given by the
Statistical Consulting Service of the College of
Agriculture and Life Sciences at the University
of Wisconsin-Madison. Statistical tests used
were analysis of variance (ANOVA) for litter
size, analysis of covariance (ANCOVA) using
litter size as a covariate for newborn weight
and crown–rump length, implantation sites,
and resorptions, and repeated-measures
ANCOVA for weight changes during preg-
nancy, where weight of the mother at GD6, 9,
12, 15, and 18 was the repeated measure and
weight at GD0 was the covariate.

We conducted all experiments in accor-
dance with laboratory animal use and care
protocols as established by the Research

Animal Resource Center, University of
Wisconsin-Madison.

Results

The data presented are the result of a series of
experiments performed over a period of 2
years. We statistically analyzed data from con-
trol animals from different experiments to
ensure minimal interexperiment variability.
Similarly, the amount of water consumed by
the mice in the different experiments was also
analyzed to test for homogeneous water con-
sumption in different experiments and dose
levels. The objectives of this analysis were 2-
fold. On one hand, it was necessary to show
that mice from different experiments drank
the same amount of water and thus received
the same level of herbicide mixture. On the
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Table 1. Concentration of herbicides in drinking water (ppm) and dose (mg/kg/day) of herbicide mixture
administered to mice.

2,4-D Mecoprop Dicamba
Dose ppm mg/kg/day ppm mg/kg/day ppm mg/kg/day

Very low 0.039 0.01 0.019 0.004 0.004 0.0009
Low 0.32 0.1 0.15 0.040 0.035 0.009
Intermediate 77 20 36.7 8.07 8 1.83
High 400 100 200 40.39 42.4 9.166

Figure 1. (A) Litter size after exposure to herbicide mixture; summary of groups (n = 275). Distribution of lit-
ter size in each dosing group: (B) control (n = 62); (C) very low dose (n = 31); (D) low dose (n = 58); (E) inter-
mediate dose (n = 61); (F) high dose (n = 63). Interm, intermediate.
*p < 0.05, ANOVA, Bonferroni.
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