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Abstract
To examine the long-term effects of stress experienced early in gestation on the programming of
offspring feeding behaviors and energy balance, pregnant mice were exposed to stress during early
pregnancy (days 1–7) and adult offspring examined on chow and high fat diets for long-term
outcomes. Placental 11 β-hydroxysteroid dehydrogenase type 2 (11β-HSD2) and insulin-like growth
factor 2 (IGF-2) expression was measured to determine the possible sex-specific contribution of
prenatal stress (PNS) on fetal programming of embryo growth and development during early
pregnancy. PNS mice showed a basal hyperphagia when on chow diet. Prenatal treatment differences
were ameliorated when adult mice were on a high fat diet. Interestingly, PNS male mice also had
significantly reduced body weights compared to control males on both chow and high fat diets. Body
composition analyses revealed reduced body fat and increased lean mass in PNS mice on the high
fat diet, but no differences were detected in plasma leptin or insulin-like growth factor 1 (IGF-1)
levels. Mechanistic examination of gene expression in embryonic day 12 placentas found that early
PNS was associated with increased IGF-2 expression and sex-dependent effects of stress on 11 β-
HSD2, supporting specific aspects of early pregnancy. These studies suggest that the long-term
effects of stress during pregnancy on programming of feeding behavior and energy homeostasis begin
much earlier in development than previously thought.
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As the Barker hypothesis suggests, a mismatch between early developmental programming
and postnatal environment may contribute to inappropriate responses to specific challenges
[1–4]. Studies examining effects of prenatal stress have predominantly focused on late
gestation when the embryo was undergoing the greatest period of growth to determine long-
term offspring outcomes [5,6]. Stress in the form of daily restraint during the last week of
pregnancy produced decreased birth weights, glucose intolerance, and hyperglycemia [7,8].
Further, repeated handling stress during the postnatal period resulted in increased adult food
intake and body weights [9]. Together, these studies indicate late pregnancy or early postnatal
life exposure to stress may be associated with an increased risk for obesity and type-2 diabetes
development [10,11]. While the outcomes of these perturbations are similar, the mechanism
by which prenatal and postnatal events impact later-life obesity development may be different
[12].
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We have previously shown that mild prenatal stress produces temporally specific effects on
offspring body weights and energy homeostasis dependent on the timing of the stress, either
early, mid- or late in gestation, without altering maternal food intake, weight gain during
pregnancy, offspring litter weights, litter size or maternal behavior [13]. These results support
that developmental programming of pathways involved in regulation of energy balance may
begin much earlier than previously thought [7–9,14,15]. Therefore, to investigate the effect of
early pregnancy stress on long-term food intake and energy balance outcomes on low and high
fat diets, we examined male and female offspring exposed to stress during days 1 – 7 of
pregnancy. Further, mechanistic studies were conducted to identify potential targets of prenatal
stress that may be influencing this early gestational programming. Elucidation of fetal
antecedents contributing to long-term changes in energy homeostasis may provide insight into
how individual differences in behavior and physiology may occur.

Methods
Animals

Mice of a mixed C57Bl/6:129 background were used in these studies. Mice were housed under
a 12 hr light/day (L/D) photoperiod with a standard chow diet (Purina Rodent Chow, St. Louis,
MO; 28.1% protein, 59.8% carbohydrate, 12.1% fat) and water available ad libitum except
where noted. All studies were done according to experimental protocols approved by the
University of Pennsylvania Institutional Animal Care and Use Committee.

Breeding
Twelve male and 26 virgin female mice (1 litter/female) were mated as adults to produce
offspring (n = 68) used in these experiments. For experimental testing, one litter is n = 1. Three
females and one male were placed together 3 hrs prior to lights out. At the start of the next
light cycle, each female was inspected for the presence of a copulation plug. Evidence of a
copulatory plug denoted day 1 of gestation and the female was immediately individually housed
and randomly distributed to a stress or control treatment group.

Prenatal Stress Paradigm
Pregnant mice were randomly assigned to receive chronic, variable stress during the first 7
days of pregnancy (PNS) or to control non-stressed groups (Ctrl). Prenatal stress entailed
exposure of mice once per day for 7 days to a different stressor and included: 36 h of constant
light, novel noise overnight, 5 min restraint stress, 15 min predator odor exposure, novel object
(marbles) overnight, multiple cage changes, and damp bedding overnight [13]. These mild
stressors were designed to produce a stress response but not induce pain or directly influence
maternal food intake, weight gain or behavior as previously described [13]. In addition, litter
size and the sex ratio of female:male pups were not altered with the prenatal stress.

High Fat Diet Exposure
Offspring within prenatal stress treatment were randomly group housed 2–3 per cage at
weaning. When mice reached 6–8 weeks of age, all mice were randomly assigned to receive
ad libitum access to either a high fat diet (Research Diets, New Brunswick, NJ; 15.8% protein,
44.2% carbohydrates, and 45.0% fat; 4.73 kcal/g) or remained on standard chow (Purina
Rodent Chow, St. Louis, MO; 28.1% protein, 59.8% carbohydrate, 12.1% fat; 4.00 kcal/g) for
17 weeks (Male, Ctrl: chow n = 9, high fat n = 6; PNS: chow n = 11, high fat n = 11; Female,
Ctrl: chow n = 6, high fat n = 7; PNS: chow n = 7, high fat n = 8). All mice were given food
pellets in the food hopper and on the cage floor.
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Food Intake
Twenty-four hour food intake was measured for each cage once per week to calculate caloric
intake and total caloric efficiency (n = 3–4 cages). Caloric efficiency was calculated as weight
gained divided by total calories consumed. Within each sex, a 2-way ANOVA followed by
Fisher’s PLSD comparison was used to assess the effect of prenatal stress and diet on caloric
intake and efficiency. All data are reported as mean ± SEM.

Body Weights
Mice were weighed daily 4 hrs prior to lights off until sacrifice (n = 6–11 per group). A 2-way
repeated measures ANOVA followed by Fisher’s PLSD comparisons was used to assess the
effect of prenatal stress and diet on body weight.

Glucose Levels
Fasting glucose levels following an overnight (12 hr) fast were determined monthly during diet
exposure (n = 6–11 per group). Samples were measured using a Lifescan One Touch
Glucometer from tail blood (Johnson and Johnson, Milpitas, CA). Within each sex, a 2-way
ANOVA was used to assess the effect of prenatal stress and diet on fasting glucose levels.

nMRI
Offspring body lean and fat mass percentages were compared by nMRI (EchoMRI 3-in-1 from
Echo Medical Systems, LLC, Houston, TX) 24 hrs prior to sacrifice at the University of
Pennsylvania Metabolic Core, Institute of Diabetes, Obesity and Metabolism. Briefly, mice
were placed for 1 min into the nMRI machine and scanned (n = 6–11 per group). The total
weight of both lean and fat mass was measured and used to calculate percentage of lean and
fat mass based on body weight. Within each sex, a 2-way ANOVA was used to assess the effect
of prenatal stress and diet on fat and lean mass.

Leptin and IGF-I
To determine the impact of prenatal stress and high fat diet exposure on basal leptin and insulin-
like growth factor 1 (IGF-1) levels, a blood sample was collected immediately following
decapitation following 4 mo of diet exposure. Blood samples were centrifuged, plasma
collected and frozen at −80 C until the assays were performed. Plasma levels were measured
by radioimmunoassay kit for leptin (LINCO Research, Inc., St. Louis, MO) or IGF-1
(Diagnostic Systems Laboratories, Webster, TX) on a subset of mice (n = 5–6 per group). The
protocol was modified to use 50 μl of plasma for each assay. The intra-assay coefficient of
variation was less than 6% for leptin, and less than 7% for IGF-1.

BAT Biochemistry
Western blot analysis was used to compare brown adipose tissue (BAT) uncoupling protein-1
(UCP-1, Calbiochem) levels between control and PNS mice on either a high fat diet or chow
diet (n = 4) [16]. BAT was removed from male and female mice at sacrifice. Densitometric
analysis was performed using IPLab (BD Biosciences/Scanalytics, San Jose, CA) and
comparisons were made within each blot. Blots were stripped and re-analyzed with β-actin for
normalization. Student’s t-tests within each blot were conducted to determine differences in
UCP-1 levels between treatment groups.

Placental Real-Time PCR
To determine gene expression profiles following prenatal stress, 1 male and 1 female placentas
(n = 16) from a second set of 8 dams were taken at embryonic day 12 (E12), when placenta
formation is complete (Male: Ctrl: n = 5, PNS n = 4; Female: Ctrl: n = 3, PNS n = 4). In addition,
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waiting 5 days after the end of prenatal stress allows measurement of gene expression changes
that are the result of accumulated prenatal stress and not an indicator of the most recent stressor
experienced. To determine the sex of the embryo associated with each placenta, genomic DNA
was isolated from embryos and PCR was performed to check for the presence or absence of
the Y-chromosome specific Sry gene (15,869: 5′ CAG CCC TAC AGC CAC ATG AT 3′;
15,870: 5′ GAG TAC AGG TGT GCA GCT CTA 3′) [17]. Placentas were added to TRIzol
reagent (Invitrogen, Calsbad, CA) and briefly sonicated prior to total RNA isolation with
chloroform and precipitation with isopropanol. RNA was resuspended in RNAse free water
and the concentration measured on a spectrophotometer (Eppendorf AG, Hamburg, Germany).
cDNA was transcribed using the SuperScript First-Strand Synthesis System for RT-PCR with
random primers (Invitrogen, Carlsbad, CA). Changes in 11-beta-hydroxysteroid
dehydrogenase-2 (11β-HSD2) and insulin-like growth factor-2 (IGF-2) gene expression were
assessed using TaqMan Gene Expression Assay (Applied Biosystems, Forster City, CA). Each
assay provided specific primers for the gene of interest and the manufacture’s protocol was
followed. β-actin was measured for each sample as an endogenous control, and the cycle
threshold subtracted from the target threshold value. All samples and controls were run in
duplicate using the Applied Biosystems 7500 Fast Real-Time PCR System (Applied
Biosystems). Raw ΔCT values were converted to fold change calculating 2(−ΔCT) for each
sample.

Results
Food Intake

Caloric intake and total caloric efficiency values were calculated from 24 hr food intake
measurements. Caloric intake was calculated per cage (n = 3–4). Male and female mice,
regardless of prenatal stress treatment, had significantly greater caloric intake on a chow diet
than mice on the high fat diet as previously reported (Males: F(1, 35) = 52.562, p < 0.001;
Females: F(1, 28) = 44.603, p < 0.001) (Fig. 1A&1B) [18]. PNS mice on a chow diet had
significantly greater caloric intake than controls on the same diet (F(1, 27) = 5.318, p = 0.01,
main effect of prenatal treatment) (Fig. 1A&1B). PNS males also showed a significant
reduction in caloric efficiency on a chow diet compared to control males (F(1,13) = 7.209, p <
0.05) (Fig. 1C). No differences in caloric efficiency were found for PNS females compared to
control females on chow diet (F(1,11) = 1.411) (Fig. 1D). High fat diet increased caloric
efficiency for both sexes regardless of treatment group (F(1,24) = 50.593, p < 0.0001) (Fig.
1C&D).

Body Weight
There were no effects of PNS treatment on start body weights (Male: F(1,34) = 0.305; Female:
F(1,27) = 0.253) (Male Control: 20.8 ± 0.5 g, Male PNS: 20.6 ± 0.5 g; Female Control: 18.0 ±
0.4 g, Female PNS: 17.5 ± 0.5 g). PNS male mice on chow weighed significantly less than
control males (F(1,4694) = 95.140, p < 0.0001) (Fig. 2A, left panel). Male mice on a high fat
diet gained significantly more weight than males on chow (F(1,4694) = 814.442, p < 0.0001)
(Fig. 2A, right panel). PNS females weighed significantly less than control females on a high
fat diet (F (1, 3473) = 7.735, p < 0.01) (Fig. 2B, right panel).

Glucose Levels
Fasting glucose levels were measured to assess the impact of prenatal stress and high fat diet
on glucose maintenance (Table 1). Following one and two months of high fat diet exposure in
male mice, there were no significant differences in fasting glucose levels (Month 1: F(1,33) =
2.476; Month 2: F(1,33) = 0.484). Male mice exposed to three and four months of a high fat diet
had significantly elevated glucose levels (Month 3: F(1,33) = 41.176, p < 0.0001; Month 4:
F(1,33) = 19.515, p < 0.0001). There was no impact of PNS in male mice on glucose levels
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(Month 1: F(1,33) = 1.288; Month 2: F(1,33) = 1.853; Month 3: F(1,33) = 0.152; Month 4:
F(1,33) = 0.048). Following one, two and three months of high fat diet exposure, female mice
had significantly elevated glucose levels (Month 1: F(1,25) = 25.103, p < 0.05; Month 2:
F(1,25) = 24.042, p < 0.0001; Month 3: F(1,25) = 9.913, p < 0.01).

nMRI
Percent body fat and lean mass was measured to determine the impact of PNS and high fat diet
exposure on body composition. Following 4 mo on chow or high fat diets, PNS male mice had
significantly lower percentages of body fat and higher percentages of lean mass (Fat mass:
F(1,32) = 5.438, p < 0.05; Lean mass: F(1,32) = 4.327, p < 0.05) (Fig. 3A&B). PNS female mice
showed a decreased percentage of body fat and increased lean mass on a high fat diet compared
to control females (Fat mass: F(1,13) = 5.475, p < 0.05; Lean mass: F(1,13) = 4.3931, p < 0.05)
(Fig. 3C&D). No differences were found for PNS females on chow diet (Fat mass: F(1,11) =
0.676; Lean mass: F(1,11) = 0.226).

Leptin and IGF-1
The impact of PNS and high fat diet on plasma leptin and IGF-1 levels was measured. High
fat diet exposure increased leptin levels in male and female mice compared to mice on chow
diet (Male: F(1,18) = 208.792, p < 0.0001; Female: F(1,16) = 12.001, p < 0.01) (Fig. 4A&B). No
differences were found for leptin levels between treatment groups (Male: F (1,18) = 0.043;
Female: F(1,18) = 0.482). No significant effects of treatment group or diet were found for IGF-1
levels in male or female mice (Male treatment group: F(1,15) = 0.389, Male diet: F(1,15) = 0.294;
Female treatment group: F(1,16) = 0.185, Female diet: F(1.16) = 0.526) (Fig. 4C&D).

BAT Biochemistry
As PNS mice showed increased caloric intake but reduced weight gain, UCP-1 levels in BAT
were examined using western blot analysis as a marker of thermogenesis. PNS male mice
showed a trend for increased UCP-1 on a high fat diet compared to control males (p = 0.08)
(Fig. 5A&C). No differences were detected for males on a chow diet (p = 0.358). In PNS
females, there was a nonsignificant trend for PNS females to have increased UCP-1 levels on
a chow diet (p = 0.07), but no differences were detected between groups on a high fat diet (p
= 0.28) (Fig. 5B&D).

Placental Real-Time PCR
Expression of 11β-HSD2 and IGF-2 in PNS male and female E12 placentas was examined as
a possible contributing mechanism of early gestational stress on long-term offspring outcome.
PNS male placentas showed a trend for increased expression of 11β-HSD2 (p = 0.09) (Fig.
6A). PNS female placentas showed the opposite effect with a significant reduction in
expression of 11β-HSD2 (p < 0.005) (Fig. 6B). PNS significantly increased IGF-2 expression
in male (p < 0.01) and female (p < 0.05) placentas compared to controls (Fig. 6C&D).

Discussion
Fetal antecedents including influences from maternal stress and nutritional state have been
associated with altered programming of offspring feeding and metabolic pathways [11,14,19,
20]. This programming has predominantly been examined across the late prenatal and early
postnatal developmental window. As such, the impact related to early gestational experience
has not been well characterized. We examined the long-term outcome of stress during the first
seven days of pregnancy on multiple indices of feeding and metabolic function in male and
female offspring, and mechanistically examined gene expression changes in placental tissue
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from these mice as predictors of effects of this stress on embryo growth and development
[21].

In examination of caloric intake in adult offspring exposed to early prenatal stress (PNS), both
male and female PNS mice were hyperphagic compared to controls on a chow diet. These
results are consistent with previous work examining late pregnancy stress that has been
associated with intra-uterine growth restriction and long-term obesity risk [7,22]. Offspring
hyperphagia in intra-uterine growth restriction is ascribed to a compensation occurring for a
poor nutritional state during the portion of pregnancy where there is the greatest embryo growth
and brain development [1,23]. However, as we have previously reported no significant
differences in birth or growth weights or maternal behavior in our early PNS model, the
hyperphagia detected in these mice as adults may be the result of a distinct mechanism related
to this early period in development [5,13,24]. To further determine feeding responses during
the challenge of a high caloric environment, mice were also examined during exposure to a
high fat diet for 4 months. Interestingly, the high fat diet ameliorated the hyperphagia in both
male and female PNS mice. The increased fat content in the high fat diet (45%) may induce a
greater satiation than the chow diet (12%), resulting in the reduced intake of PNS mice.

In examination of the diet and treatment group differences in body weights during diet
exposure, we detected reduced weights in PNS males compared to control mice on the chow
and high fat diets. These results were surprising in light of the hyperphagia detected in this
group on the chow diet. Subsequently, PNS male mice also showed a significant reduction in
caloric efficiency on the chow diet. However, on the high fat diet, PNS males normalized their
caloric efficiency suggesting that the increased fat intake provided adequate energy storage
ability in these mice. PNS female mice also weighed less than control females, but this was
only significant on the high fat diet. We have previously reported that PNS mice do not show
alterations in locomotor activity, for either total distance traveled or speed of travel, suggesting
that the observed weight differences were likely not due to treatment effects on activity levels
[25]. The disparity between food intake and weight gain in PNS mice suggests possible basal
alterations in energy storage or utilization in these mice.

Following four months of high fat diet exposure, both PNS and control male mice had
significantly elevated fasting glucose levels compared to chow groups. Control females showed
an earlier detectable rise in fasting glucose following 2 months of the high fat diet, but no effect
of diet was found in fasting glucose in PNS females. Increased adiposity is thought to be a
contributing factor to diet-induced insulin insensitivity. Body composition for adiposity and
lean body mass was analyzed in these mice following 4 months of diet exposure. Regardless
of diet, PNS males had significantly reduced body fat and higher lean mass than control males.
Female PNS mice also showed reduced body fat and increased lean mass when exposed to a
high fat diet. In examination of plasma leptin levels no differences in leptin were found between
PNS and controls, despite group differences in adiposity following 4 months of high fat diet
exposure. As different adipose depots can differentially release leptin, these data show
discordance between changes in adiposity and circulating leptin may support depot-specific
adipose storage in PNS mice [26,27]. Future studies will examine specific fat pads in these
mice, results that were not obtainable from our nMRI analyses. As previous studies examining
intrauterine perturbations have established an important role for insulin-like growth factors in
development, growth and offspring long-term regulation of energy balance, we also measured
IGF-1 levels in adult PNS mice on chow and high fat diets [28,29]. No differences were detected
in IGF-1 for treatment or diet groups for male or female mice.

Uncoupling protein 1 (UCP-1) levels in brown adipose tissue were measured as an indicator
of non-shivering thermogenesis to determine if PNS mice may be increasing their energy
utilization [30]. Surprisingly, there were no significant differences between treatment groups
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on either a chow or a high fat diet. However, following four months of high fat diet PNS males
showed a non-significant trend for increased UCP-1 compared to control mice suggesting a
potential increase in energy expenditure that would account for the decreased body weights
and lower adiposity in these mice while on the high fat diet. As we have previously reported
that there are no treatment differences in locomotor activity in these mice, possible effects of
PNS on programming of indices directly affecting metabolic rate should be explored in future
studies [31].

Mechanistically, how perturbations during early pregnancy influence fetal programming of
long-term caloric intake and energy balance is not understood. Alterations in the maternal
hormonal milieu resulting from maternal stress likely impinge on the development and function
of the placenta which forms during this critical period [31]. As placental transport is the
essential mechanism whereby maternal information gains access to the fetal compartment,
effects on local hormone and growth factor production can directly impact growth and
development and have been associated with a predisposition for metabolic syndrome, growth
restriction and hypertension in offspring [32,33]. To determine possible contributing factors
that may have influenced the programming of offspring exposed to stress during early gestation,
we examined expression levels of the glucocorticoid-inactivating enzyme 11 β-hydroxysteroid
dehydrogenase type II (11β-HSD2) and the insulin-like growth factor -2 (IGF-2) in placentas
at embryonic day 12, a point at which the placenta is fully developed and is 5 days following
the last stressor experienced. As 11β-HSD2 is highly enriched in the placenta through late
pregnancy to protect the fetus from exposure to maternal glucocorticoids, changes in levels of
this enzyme would be predictive of a possible influence of maternal stress on fetal development
[34,35]. We detected a surprising sex-dependent effect of stress on placental 11β-HSD2
expression. Males showed a non-significant trend to increase expression, while female
placentas had a significant reduction in this enzyme, supporting a possible mechanism
contributing to sex differences in long-term outcome following early PNS exposure. Recent
studies examining gene expression patterns in human placenta have also reported a correlation
of fetal sex with genes related to growth and development that may influence programming of
sex difference outcomes [36].

The insulin-like growth fact system, including IGF-2, is critical in regulation of placental and
embryonic growth and development [29,37,38]. As an imprinted gene, IGF-2 is also positioned
to be sensitive to developmental perturbations and to exert long-term influences on fetal
programming and outcome. Decreased IGF-2 expression has been linked to both IUGR and
long-term obesity development [14,29,39]. Further, glucocorticoids are a major mechanism
for regulating IGF-2 during development and in relation to intrauterine perturbations [40].
Following early PNS, we found a significant increase in placental IGF-2 in both male and
female placentas. Placenta IGF-2 regulates expression of key transporters, including those for
glucose and amino acids, supporting a possible mechanism whereby elevated placental IGF-2
following PNS exposure could influence metabolic programming via alterations in nutrient
delivery to the growing fetus [29,41–43]. We have previously reported that mice exposed to
our early PNS paradigm do not show differences in gestational length, litter size, or birth weight
suggesting that the possible impact of elevated IGF-2 is not via a global effect on absolute
growth, but rather may be acting to re-program circuitry regulating energy balance, as
suggested by the Barker hypothesis [1,13]. We have recently reported that early prenatal stress
increased male placental expression of glucose transporter 4 (GLUT4) and insulin-like growth
factor binding protein 1 (IGFBP-1), further supporting effects of maternal stress on nutrient
and growth support of the developing fetus that are sex specific even at the level of the placenta
[44].

These results indicate that stress early in pregnancy has a long-term impact on feeding behavior
and energy metabolism in offspring that mechanistically may result from altered placental gene
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expression important in long-term fetal programming. While previous studies have highlighted
the effects of late gestational and early postnatal stress on offspring outcome, our results
illustrate that sensitivity to such fetal antecedents may begin far earlier in pregnancy than
previously thought, essentially re-programming the offspring for increased food intake and
energy utilization [16,19,45–47]. While this overall phenotype suggests a beneficial effect of
reduced weight gain, suggestive of a predictive adaptive response, under certain environmental
conditions such as famine this phenotype would likely result in a disadvantaged state for the
organism.
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Fig. 1. PNS mice are hyperphagic on a chow diet
(A, B) PNS mice on a chow diet show significantly greater caloric intake than control mice
over 4 months (*, p < 0.05, main effect of PNS treatment). Mice consume significantly fewer
total calories while on the high fat diet (45% fat) compared to chow intake over 4 months (#,
p < 0.001, main effect of diet). (C) PNS males on a chow diet show a significantly reduced
caloric efficiency compared to control males (*, p < 0.05). (C) Male and (D) female mice on
a high fat diet show greater caloric efficiency compared to chow diet (#, p < 0.0001, main effect
of diet).
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Fig. 2. PNS attenuates weight gain on a high fat diet
Body weights were measured during 4 months of high fat diet exposure compared to chow diet
in male and female PNS and control mice. (A) PNS male mice weighed significantly less than
control males on both chow and high fat diets (*, p < 0.0001, main effect of PNS treatment).
All males on a high fat diet gained more weight than males on a chow diet (#, p < 0.0001, main
effect of diet). No differences were found between PNS and control male start weights at 6–8
wks of age. End body weights were significantly increased for males on a high fat diet compared
to chow diet males (#, p < 0.0001, main effect of diet). (B) Female mice on a high fat diet
weighed significantly more than females on a chow diet (#, p < 0.0001, main effect of diet).
No main effect of PNS treatment was detected over 4 months of diet exposure. However,
examination of the last 60 days of diet exposure detected a significant reduction in weight gain
for PNS females on a high fat diet compared to control females (*, p < 0.001, main effect of
PNS treatment for high fat diet).
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Fig. 3. PNS mice have reduced body fat and increased lean mass
PNS males had a significantly (A) lower percentage of body fat and (B) increased lean mass
compared to control males on either chow or high fat diets (*, p < 0.01). PNS females had a
significantly (C) lower percentage of body fat and a (D) higher percentage of lean mass than
controls on a high fat diet (*, p < 0.05). High fat diet increased the percent body fat and reduced
the percent lean mass in all groups (#, p < 0.0001, main effect of diet).
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Fig. 4. Leptin and IGF-1 levels were not affected by PNS treatment
(A) Male and (B) female mice, regardless of PNS treatment, had increased plasma leptin levels
following 4 mo on a high fat diet (#, p < 0.0001, main effect of diet). No differences were found
in IGF-1 levels on either chow or high fat diets for (C) male or (D) female mice.
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Fig 5. UCP-1 levels in brown adipose tissue in control and PNS mice
(A) Male PNS mice on a chow diet showed no differences in BAT UCP-1 levels. (B) PNS
female mice showed a trend for increased UCP-1 on a chow diet compared to control females
(p = 0.07). (C) Male PNS mice on a high fat diet showed a trend for increased UCP-1 compared
to control males (p = 0.08). (D) No differences were found for UCP-1 levels in females on a
high fat diet.
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Fig. 6. Altered placental expression of 11 β-HSD2 and IGF-2 at E12 in PNS mice
(A) Male 11 β-HSD2 levels showed a trend to be elevated with PNS (p = 0.09). (B) PNS
significantly reduced 11 β-HSD2 in female placentas (*, p < 0.05). IGF-2 levels were
significantly increased in PNS (C) male and (D) female placentas compared to controls (**, p
< 0.01).
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