
offspring exhibiteddecreasedphysical activity and energy
expenditure (16). In the agouti viable yellow (Avy) mouse
model of maternal obesity, offspring of obese Avy/a dams
experienced fetal growth restriction but, when cross
fostered to lean a/a dams, exhibited postnatal catch-up
growth that was followed, in the females only, by persis-
tently blunted physical activity and increased adiposity
(17).Wenoted thatobeseadultAvy/a females are extremely
inactive (17), and therefore, in addition to growth re-
striction, their offspring are exposed to low levels of
movement during fetal development. This finding sug-
gests that perhaps maternal physical activity before and
during pregnancy affects the establishment of the activity-
stat in the offspring.

Previous rodent studies have tested whether mater-
nal exercise before and during pregnancy affects met-
abolic outcomes in the offspring. In particular, 3 different
groups recently reported that maternal physical activ-
ity before and during pregnancy improves overall
glucose homeostasis, apparently by increasing insulin
sensitivity (18–21). Some of these studies also reported
increased lean mass and reduced adiposity in the off-
spring (18, 20). We postulated that these metabolic
improvements result from an increased propensity for
physical activity in the offspring of exercised dams.
Indeed, there is precedent to suggest that maternal
physical activity during pregnancy affects neurologic
development in the offspring, leading to persistent
improvements in short-term memory (22) and en-
hanced spatial learning (23).

We therefore set out to test the hypothesis that when
female mice are allowed to engage in voluntary exercise
(wheel running) before and during pregnancy, their off-
spring will be more physically active.

MATERIALS AND METHODS

Mouse husbandry and diet

This study was approved by the Baylor College of Medicine
Animal Care andUse Committee, and animals were maintained
in accordance with all relevant federal guidelines. Male and fe-
male C57BL/6J isogenic mice were obtained at 8 wk of age from
The Jackson Laboratory (Bar Harbor, ME, USA). The study was
conducted in 2 phases over the course of 1 yr (February 2014

throughFebruary2015). Phase 1 yielded4Land2U litters; phase
2 yielded 4 litters per group. The mice were fed either a fixed-
formula, soy protein–free maintenance diet (2020X; Harlan
Teklad, Madison, WI, USA) or, during mating, pregnancy, and
lactation, a fixed-formula, soy protein–free reproductive diet
(2919X; Harlan Teklad).

Experimental design

The experimental design is illustrated in Fig. 1. In each phase,
12–16 virgin female mice, aged 8 wk (F0) were caged in-
dividually in rat cages equipped with a solid-surface running
wheel (diameter 14 cm; Pets International, Ltd., Arlington
Heights, IL, USA) and odometer (Cateye Velo 7; CatEye
America, Boulder, CO, USA). A preliminary test was con-
ducted to select dams to be included in the experiment. The
females were allowed access to running wheels for 2 wk and
were ranked based on average daily running distance during
the last week (referred to as preliminary test d 1–7). In each
phase, the most consistently active females were chosen for
the study. Selected females were randomly assigned to either
the U or L group and caged with their respective running
wheels. In the L group, the wheels were locked to prevent
running. After this 1-wk acclimation period, male C57BL/6J
mice were introduced into the cages. The females were
checked each morning for a vaginal plug. Once a plug was
observed, themalewas removed from the cage.Wheel activity
(distance and average velocity) was recorded daily during the
acclimation and mating period, as well as throughout preg-
nancy and lactation. Wheels of the U dams were locked on
postnatal day (P)10 to prevent the pups fromusing them.Only
offspring from a birth litter of 7–10 pups were included; a
total of 6 U and 8 L litters were studied.

Metabolic cage studies

On P21, offspring were weaned and selected for metabolic
cage studies. From each litter, 1male and 1 femalemousewere
chosen based on body weight (closest to the average sex-
specific body weight in the litter). These mice were then
placed individually into Comprehensive Laboratory Animal
Monitoring System (CLAMS) cages (Columbus Instruments,
Columbus, OH, USA). For ;2 wk, food intake, energy ex-
penditure (by indirect calorimetry), and physical activity
were monitored (17). Each CLAMS cage was equipped with
optical beams to measure home cage activity (SPA), and an
instrumented running wheel (diameter, 9.8 cm) to measure
wheel activity (voluntary exercise). It should be noted that
wheel running does not cause any beam breaks, so cage ac-
tivity is independent of wheel running. This process was

Figure 1. The overall study
design.
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