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Abstract
Many chemicals in the environment, in particular those with estrogenic activity, can disrupt the
programming of endocrine signaling pathways that are established during development and result in
adverse consequences that may not be apparent until much later in life. Most recently, obesity and
diabetes join the growing list of adverse consequences that have been associated with developmental
exposure to environmental estrogens during critical stages of differentiation. These diseases are
quickly becoming significant public health issues and are fast reaching epidemic proportions
worldwide. In this review, we summarize the literature from experimental animal studies
documenting an association of environmental estrogens and the development of obesity, and further
describe an animal model of exposure to diethylstilbestrol (DES) that has proven useful in studying
mechanisms involved in abnormal programming of various differentiating estrogen- target tissues.
Other examples of environmental estrogens including the phytoestrogen genistein and the
environmental contaminant Bisphenol A are also discussed. Together, these data suggest new targets
(i.e., adipocyte differentiation and molecular mechanisms involved in weight homeostasis) for
abnormal programming by estrogenic chemicals, and provide evidence that support the scientific
hypothesis termed “the developmental origins of adult disease”. The proposal of an association of
environmental estrogens with obesity and diabetes expands the focus on the diseases from
intervention/treatment to include prevention/avoidance of chemical modifiers especially during
critical windows of development.
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Introduction
Obesity and overweight are quickly becoming a significant human health problem worldwide
(Ogden et al. 2007; Oken E and Gillman MW 2003). The prevalence of obesity has risen
dramatically in wealthy industrialized countries over the last 2 to 3 decades, but it is also on
the rise in poorer underdeveloped nations. In the United States, the Center for Disease Control
(CDC) reported in 2008 that obesity has reached epidemic proportions with more than 60% of
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adults being either obese or overweight (CDC 2008). Not only is obesity a problem for adults,
but it is of particular concern in children since most obese and overweight children grow up to
be obese adults. The number of children and adolescents who are considered overweight or at
risk for being overweight has increased similarly to adults (Ogden et al. 2002). Obesity has
proven to be a challenge to treat effectively once it is established. Further, obesity and
overweight are known to have adverse health effects, and to impact the risk and prognosis for
a number of serious medical conditions such as Type 2 diabetes, hyperinsulinemia, insulin
resistance, coronary heart disease, high blood pressure, stroke, gout, liver disease, asthma and
pulmonary problems, gall bladder disease, kidney disease, reproductive problems,
osteoarthritis, and some forms of cancer (Collins 2005; Mokdad et al. 2003; Mokdad et al.
1999). Unfortunately, these illnesses are starting to be more frequently reported in obese and
overweight children whereas in the past, these were diseases of older adults. Health
professionals warn that the current generation of children may be the first in history to
experience a shorter life expectancy than their parents due to the impact of obesity-related
diseases.

Obesity is caused by a complex interaction between genetic, behavioral, and environmental
factors. The most common causes are thought to be overeating high caloric fatty diets combined
with a sedentary lifestyle which is imposed on a background of genetic predisposition for the
disease. Although much interest has focused on these factors including the need to incorporate
healthy foods in our diets and more exercise into our lifestyle, these factors can not solely
explain the alarming rise in obesity. Further, it remains puzzling why some people are more
successful in dieting and loosing weight than others. Obesity is most definitely a multi-factorial
disease. Although many of the causative factors remain unknown, health experts agree that
since obesity is so difficult to treat, prevention becomes of the upmost importance.

Until the 1990s, fat cells or “adipocytes” were considered to be just storage depots for excess
metabolic fuel. However, following the discovery of an adipocyte-derived hormone termed
“leptin” that communicates energy reserve information from adipocytes to other organs of the
body including the central nervous system, a new appreciation emerged that these “fat storage
cells” actually function as an endocrine organ (Collins 2005). Today it is well accepted that
adipocytes have an endocrine function in addition to fat storage. Since the discovery of leptin,
evidence has shown that adipocytes secrete many other cytokines and growth factors that play
important roles in growth and differentiation of the organism, as well as, in the feedback of
information to other endocrine organs. Considering the newly identified endocrine function of
adipocytes and recognizing that their endocrine signaling pathways are established during
perinatal development, it is of interest to us to investigate whether exposure to endocrine
disrupting chemicals (EDCs), in particular those with estrogenic activity, during critical period
of development, is related to obesity or any of its associated diseases including diabetes.

It is well established that many environmental chemicals can interfere with complex endocrine
signaling pathways and cause adverse consequences in the developing organism (Bern 1992;
Colborn et al. 1996). Although concern initially focused on reproductive and carcinogenic
effects, we now know that multiple organ systems are affected by EDCs including the
cardiovascular and neuro-endocrine systems. Most recently, an association of environmental
chemicals with the development of obesity has been proposed (Baillie-Hamilton 2002; Heindel
2003; Heindel and Levin 2005; Newbold et al. 2008; Newbold et al. 2005; Newbold et al.
2007; Newbold et al. 2007) Mechanistic studies have further described the disruptive effects
of environmental chemicals on normal adipocyte development, and homeostatic control over
adipogenesis and early energy balance (Grun and Blumberg 2006; Grun et al. 2006). Although
uncertainties remain about the full extent of health consequences that follow exposure to
environmental chemicals, especially low dose exposures that are relevant to the general
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population, we are just beginning to understand that the complexities and interactions of
endocrine signaling mechanisms include adipocytes and weight controlling mechanisms.

The Developmental Origins of Adult Disease
The developing fetus and neonate are uniquely sensitive and can be easily disturbed by
exposure to chemicals with hormone-like activity (Bern 1992). The protective mechanisms
that are available to the adult such as DNA repair mechanisms, a fully competent immune
system, detoxifying enzymes, liver metabolism, and the blood/brain barrier are not fully
functional in the fetus or neonate. Further, the developing fetus and neonate have an increased
metabolic rate as compared to an adult which in some cases may make them more sensitive to
chemical toxicity. Numerous examples document that developmental exposure to certain
chemicals during critical periods of differentiation can cause adverse effects; some of these
effects may not be apparent until much later in life.

The idea that adult health and disease can have an etiology that arises in fetal or early neonatal
life is not exclusive to the field of endocrine disruption and chemical exposures. In the field of
maternal nutrition, low birth weight resulting from suboptimal fetal nutrition (the thrifty
phenotype hypothesis) and subsequent early adipogenic catchup growth is associated with
increased risk of non-communicable diseases, coronary heart disease, type 2 diabetes,
osteoporosis, and metabolic dysfunction later in adult life (Barker et al. 2002). Chronic stress
has also been associated with similar responses; for example, experimental studies using
Macque monkeys demonstrate that early life stress results in enhanced visceral fat deposition
and increased incidences of metabolic diseases later in life (Kaufman et al. 2007). Maternal
smoking is another fetal stressor which has been linked to the subsequent development of
obesity and disease later in life. Many of these topics are discussed in further detail by other
authors in this series. Taken together, these findings have lead to the “developmental origins
of health and disease (DOHaD)” paradigm in which a substantial research effort has focused
on perinatal influences and subsequent chronic disease (Gluckman and Hanson 2004).

Thus, both the fields of endocrine disruptor toxicology and maternal nutrition have
independently provided numerous examples documenting perinatal factors can alter the
developing organism and cause long-term effects in the adult. Exposure to the estrogenic
chemical diethylstilbestrol (DES), a well-known perinatal carcinogen, is one example of
DOHaD effects [for review, see (Bern 1992; NIH 1999)]. Although DES is often referred to
as a potent estrogenic chemical due to its high binding affinity to estrogen receptor (ER) alpha
as compared to estradiol, very low doses of DES (in the range of .001 micrograms/kg) can be
used to study the effects of weaker binding environmental chemicals with estrogenic activity.
Further, DES binds with similar affinity to ER beta as some phytoestrogens and it binds to a
newly described membrane bound receptor similar to Bisphenol A (BPA) (Welshons et al.
2006). Thus, DES has numerous properties that recommend it as a good model compound to
study the effects of environmental estrogenic chemicals.

The Developmental Exposed DES Animal Model to Study Obesity
DES, a potent synthetic estrogen, was widely prescribed to pregnant women from the 1940s
through the 1970s with the mistaken belief that it could prevent threatened miscarriages. It was
estimated that a range of 2 to 8 million pregnancies worldwide were exposed to DES. Today,
it is well known that prenatal DES treatment resulted in a low but significant increase in
neoplastic lesions, and a high incidence of benign lesions in both the male and female offspring
exposed during fetal life. To study the mechanisms involved in DES toxicity, we developed
experimental mouse models of perinatal (prenatal or neonatal) DES exposure over 30 years
ago (Newbold 1995). Outbred CD-1 mice were treated with DES by subcutaneous injections
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on days 9–16 of gestation (the period of major organogenesis in the mouse) (McLachlan et al.
1980) or days 1–5 of neonatal life (Newbold 2004; Newbold et al. 1990) (a period of cellular
differentiation of the reproductive tract, and a critical period of immune, behavioral, and
adipocyte differentiation). These perinatal DES animal models have successfully duplicated,
and in some cases, predicted, many of the alterations (structural, function, cellular and
molecular) observed in similarly DES- exposed humans.

Although our major focus was initially on reproductive tract abnormalities and subfertility/
infertility, we also examined the relationship of perinatal DES treatment with the development
of obesity later in life. We sought to determine if DES was an obesogen as well as a reproductive
toxicant, and if so, what were its molecular targets and the mechanisms through which it might
act. For our obesity experiments, mice were treated with DES on days 1–5 of neonatal life
using a low dose of 0.001 mg/day (1 μg/kg/day); this dose did not affect body weight during
treatment but was associated with a significant increase in body weight as adults. Figure 1A is
a representative photomicrograph of control and neonatal DES treated female mice at 4–6
months of age; male mice treated as neonates did not demonstrate this increase in body weight
(Newbold et al. 2008). Unlike the lower dose of DES (0.001 mg/day = 1 μg/kg/day), a higher
dose of DES (1000 μg/kg/day =1 mg/kg/day) caused a significant decrease in body weight
during treatment which was followed by a “catch up” period around puberty and then finally
resulted in an increase in body weight of the DES treated mice compared to controls after ~2
months of age. This is reminiscent of the thrifty phenotype described earlier for humans. Figure
2 shows the weight patterns of DES treated (1000 μg/kg/day =1 mg/kg/day) mice and their
corresponding controls. Additional studies indicated that the increase in body weight in these
DES-exposed mice was associated with an increase in the percent of body fat as determined
by mouse densitometry (Lunar PIXIMUS, GE Healthcare, Waukesha, Wi) (Figure 1B and
Table 1).

Increased body weight in all DES treated mice, both low and high doses, was maintained
throughout adulthood; however, by 18 months of age, statistical differences in body weight
between DES treated and controls were difficult to show because individual animal variability
within groups increased so much as they aged (data not included). Since various doses of DES
resulted in obesity whether or not pups were underweight during treatment, most likely multiple
pathways are involved in programming for obesity by environmental estrogens.

Densitometry images suggested DES treated mice had excessive abdominal fat (Fig. 1B) which
had been previously reported to be associated with cardiovascular disease and diabetes (Gillum
1987), therefore, we determined the weights of various fat pads to determine if specific fat pads
were affected by DES treatment or whether it was a generalized change throughout the mouse.
Fat pad weights were compared in DES treated mice (1000 μg/kg/day =1 mg/kg/day) and
controls at 6–8 months of age; inguinal, parametrial, gonadal, and retroperitoneal fat pads were
all increased in DES treated mice as compared to controls, but, brown fat weights were not
significantly different at this age (Table 2)(Newbold et al. 2005).

Although DES- treated mice were not statistically different in weight to controls at 2 months
of age, DES (1000 μg/kg/day =1 mg/kg/day) mice exhibited elevated serum levels of leptin,
adiponectin, IL-6, and triglycerides prior to becoming overweight and obese. This suggests
that these endpoints may be important early markers of subsequent adult disease. The elevated
levels of leptin are not surprising considering the increase number and size of the adipocytes
in the DES treated mice but the increase in adiponectin was not expected since low levels
usually correlate with diabetes. However, this may indicate insensitivity to these hormones
and/or a loss of the negative feedback mechanisms that regulate adipogenesis. At 6 months of
age, insulin and all of the serum markers except triglycerides were found to be significantly
elevated as compared to controls (Table 3) (Newbold et al. 2007).
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Glucose levels were also measured in DES (1000 μg/kg/day =1 mg/kg/day) and control mice
prior to the development of obesity at approximately 2 months of age (Newbold et al. 2007).
Interestingly, 25% of the DES-treated mice had significantly higher glucose levels than
controls; these mice also showed a slower clearance rate of glucose from the blood since higher
levels were seen throughout the experiment (Newbold et al. 2007). It is important to note that
altered glucose levels were observed in these mice before they developed excessive weight.
Additional glucose measurements in older mice may help determine if a higher percentage of
mice are affected with age, and if higher and sustained levels of glucose can be demonstrated.
To date, however, our data suggest that overweight and obesity observed in perinatal DES-
treated mice will be associated with the development of diabetes, similar to the association of
obesity with diabetes in humans. Earlier studies from our laboratory support a role for altered
glucose metabolism since we have shown a high prevalence of islet cell hyperplasia in the
pancreas of mice exposed to DES or other environmental estrogens including BPA and
genistein treated mice (unpublished).

Since, the balance of activity levels and food intake are known contributors to obesity, activity
was measured in DES (1000 μg/kg/day =1 mg/kg/day) and control mice at 2 months of age
before a difference in body weight could be detected. Individual mice were placed in an Opto-
Max motor activity chamber (Columbus Instruments, Columbus, OH) and their ambulatory
activity measured. Overall, there was no statistical difference in this parameter between the
two groups although the DES group showed less movement as compared to controls as the
experiment progressed. This difference, however, was not sufficient to explain the enhanced
weight gain in DES mice as they age (Newbold et al. 2007). Additional measures of activity
including the running wheel measured during the dark photoperiod are being determined and
are necessary before the role of activity in the development of obesity can be fully accessed.

Feed consumption was also measured in control and DES-treated mice (1000 μg/kg/day =1
mg/kg/day). DES-treated mice consumed more than controls over the course of the experiment
(~3 grams more), but the amounts were not statistically different between the groups (Newbold
et al. 2007). Taken into account, both the marginal decrease in activity and the increase in food
intake in DES treated mice as compared to controls, it is unlikely these two measurements can
solely explain the development of obesity in DES treated mice.

A recent study describes a role for developmental genes in the origins of obesity and body fat
distribution in mice and humans (Gesta et al. 2006). Therefore, exposure to environmental
chemicals with hormonal activity may be altering gene expression involved in programming
adipocytes during development. Several genes have been implicated in altering adipocyte
differentiation and function such as Hoxa5, Gpc4 and Tbx15 and fat cell distribution such as
Thbd, Nr2f1 and Sfrp2. We investigated changes in gene expression by microarray analysis in
uterine samples from DES treated mice (1000 μg/kg/day =1 mg/kg/day) compared to controls
at 19 days of age. In these samples, genes involved in adipocyte differentiation were not altered
in the uterus following neonatal DES exposure, however, genes involved in fat distribution
were. Thbd and Nr2f1 were significantly down regulated and Sfrp2 was significantly up
regulated in DES treated uteri compared to controls (data taken from study published by
(Newbold et al. 2007). These findings support the idea that environmental estrogens may play
a role in regulating the expression of obesity-related genes in development.

Although the data summarized in this review describes only neonatal exposure to a high dose
of DES, lower doses and exposure during prenatal life have also been shown to be associated
with obesity later in life. Interestingly, high prenatal DES doses caused lower birth weight
compared to controls, followed by a “catch-up period”, and finally resulted in obesity; low
prenatal DES doses had no effect on birth weight but it still resulted in obesity later in life
(Newbold et al. 2005). Thus, it appears that the effects of DES on adipocytes may depend on
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the time of exposure and the dose, and that multiple mechanisms maybe altered resulting in
the same obesity phenotype.

Other Environmental Estrogens and EDCs Role in Obesity
In 2002, Baillie-Hamilton postulated a role for chemical toxins in the etiology of obesity by
showing that the obesity epidemic coincided with the marked increase of industrial chemicals
in the environment over the past 40 years (Baillie-Hamilton 2002). She further speculated that
the current obesity epidemic could not be explained solely by alterations in food intake and/or
decrease in physical activity. She cited numerous studies where chemicals including pesticides,
organophosphates, polychlorinated biphenyls, polybrominated biphenyls, phthalates,
Bisphenol A, heavy metals, and some solvents caused weight gain, and proposed that these
chemicals were interfering with weight homeostasis by altering weight–controlling hormones,
altering sensitivity to neurotransmitters, or altering activity of the sympathetic nervous system
(Baillie-Hamilton 2002). It is interesting that in a few of the studies she cited, the chemicals
were actually designed to have growth-promoting properties such as with DES, which was
widely used by the livestock industry specifically for this role (Raun and Preston 2002).

Since the Baille-Hamilton review (Baillie-Hamilton 2002), an increasing number of studies
has been specifically designed to address the effects of environmental chemical exposure on
weight gain and loss. Numerous studies have shown that exposure to numerous EDCs during
critical periods of differentiation, at low environmentally-relevant doses, can alter
developmental programming resulting in obesity. Figure 3 shows the body weight increase
associated with developmental exposure to some estrogenic chemicals that we have studied in
our lab.

Phytoestrogens, contained in various food and food supplements, in particular soy products,
are another class of chemicals that are receiving attention. Genistein and daidzein are two of
the most abundant phytoestrogens in the human diet and, genistein, because of its estrogenic
activity, has been proposed to have a role in the maintenance of health by regulating lipid and
carbohydrate homeostasis. However, a recent study showed that genistein at pharmacologically
high doses did indeed inhibit adipose deposition but, at low doses similar to that found in
Western and Eastern diets, in soy milk, or in food supplements containing soy, it induced
adipose tissue deposition especially in males. Further, this increase in adipose tissue deposition
by genistein was correlated with mild peripheral insulin resistance. Interestingly, like our
findings with DES, genistein did not significantly affect food consumption (Penza et al.
2006) suggesting an abnormal programming of factors involved in weight homeostasis.
Phytoestrogens are further discussed in detail in another chapter.

Another novel and interesting class of chemicals is called organotins which includes persistent
organic pollutants with endocrine-disrupting properties. Tributyl tin chloride and triphenyl tin
chloride have been identified as nanomolar agonist ligands for retinoid X receptor (RXR) and
peroxisome proliferator–activated receptor γ (PPARγ), nuclear receptors that play important
roles in lipid homeostasis and adipogenesis; tributyl tin (TBT) was shown to disrupt normal
development and homeostatic controls over adipogenesis and energy balance, resulting in
obesity (Grun et al. 2006);. Interestingly, TBT was shown to cause permanent physiological
changes in both male and female mice exposed during prenatal life resulting in a predisposition
to weight gain. The mechanisms describing how these chemicals actually program for the
development of obesity was eloquently described (Tabb and Blumberg 2006) and is also
covered in detail in another chapter in this series.

In vitro studies using 3T3-L1 cells (mouse fibroblasts that can differentiate into adipocytes)
also show a link between environmental chemicals including TBT(Inadera and Shimomura
2005), Bisphenol A (Masuno et al. 2005; Masuno et al. 2002; Sakurai et al. 2004), nonylphenol
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(Masuno et al. 2003), and genistein (Dang et al. 2003) in the development of overweight and
obesity. Studies of pancreatic cells in both primary culture and in vivo also suggest that
environmentally- relevant doses of Bisphenol A and DES affect the normal physiology of the
endocrine pancreas by altering the regulation of glucose and lipid metabolism (Alonso-
Magdalena et al. 2005; Alonso-Magdalena et al. 2006).

Summary and Conclusions
The data included in this review supports the idea that brief exposure, early in development to
environmental chemicals with estrogenic activity, increases body weight gain with age and
alters markers predictive of obesity in experimental animals. Epidemiology studies support the
findings in experimental animals and show a link between exposure to environmental
chemicals (such as PCBs, DDE, and persistent organic pollutants) and the development of
obesity (Smink et al. 2008). Furthermore, the use of soy-based infant formula containing the
estrogenic component genistein has been positively associated with obesity later in life (Stettler
et al. 2005). Using the DES animal model as an important research tool to study “obesogens”,
the mechanisms involved in altered weight homeostasis (direct and /or endocrine feedback
loops, i.e., ghrelin, leptin, etc.) by environmental estrogens can be elucidated. In addition,
hopefully this animal model may shed light on areas of prevention. Public health risks can no
longer be based on the assumption than overweight and obesity are just personal choices
involving the quantity and kind of foods we eat combined with inactivity, but rather that
complex events including exposure to environmental chemicals during development may be
contributing to the obesity epidemic.
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Figure 1. Representative photograph of Control and DES-treated Mice
A. Photograph shows the difference in body size of the two groups at ~ 6months of age. B.
Images of Control and DES treated mice as generated by Piximus densitometry. Note that the
DES mouse is much larger than the control at 6 months of age. Image was published in
(Newbold et al. 2005)
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Figure 2. Body Weight of Mice Following DES Exposure
Body weights in grams plotted on the y axis were measured at various ages indicated on the x
axis. Mice treated with DES (1000 μg/kg/day =1 mg/kg/day) had significantly lower body
weights during treatment as compared to controls. By1 month, DES mice caught up to controls
and by 2 months, they had surpassed the controls and gained a significantly higher body weight
(n+16 mice per group); numbers are the mean ± S.E.M.; * denotes significance using ANOVA
followed by Dunnett’s test (p <0.05). Data was published in (Newbold et al. 2007)
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Figure 3. Neonatal Exposure to Various Environmental Estrogens Causes Obesity Later in Life
Neonatal treatment was on days 1–5; Panel A: 6 month old animals: 2OH estradiol (20mg/kg/
day) and 4OH estradiol (0.1 mg/kg/day) compared to their age matched controls; Panel B: 4
month old animals: DES (0.001mg/kg/day) and genistein (50 mg/kg/day); doses were chosen
to be approx. equal in estrogenic activity as determined by the immature mouse uterotropic
assay. Data is summarized from (Newbold et al. 2005).
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Table 1
Increased body fat in mice treated neonatally with DES as determined by PIXImus™ Mouse Densitometry.

2 months

Treatmenta
Estimated Body

Weight (g)b
Estimated Fat Weight

(g) % Fat % Lean

Control 26.8±0.7 5.7±0.3 21.2±0.8 78.8±0.8

DES 29.3±0.9* 6.3±0.3 21.4±0.7 78.6±0.7

6 months

Treatmenta Estimated Body
Weight (g)b

Estimated Fat Weight
(g)

% Fat % Lean

Control 37.9±2.5 11.5±1.3 29.9±1.8 70.1±0.8

DES 45.0±2.5 * 18.4±1.8 * 40.8±1.4 * 59.2±1.8*

a
Mice were treated on days 1–5 with DES 1 mg/kg; n= 4–8 mice per group.

b
Using the PIXImus™ mouse densitometer, an estimate of the body weight was obtained at 2 and 6 months of age; this measurement did not include the

head region since the mice were so large, the entire animal could not be screened at one time.

*
p<0.05 using ANOVA followed by Dunnett’s test.

Data was previously published in Newbold et al, 2007.
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Table 2
Fat Pad Weights of Mice Treated Neonatally with DES

Treatment a Inguinal Fat (g) Parametrial Fat (g) Gonadal Fat (g) Retroperitoneal Fat (g)

Control 0.108 ± 0.015 1.744 ± 0.211 0.608 ± 0.129 0.291 ± 0.029

DES 0.207 ± 0.041 * 2.084 ± 0.254 0.667 ± 0.071 0.555 ± 0.080 *

a
Mice were treated on days 1–5 with DES 1 mg/kg and sacrificed at 6–8 months of age. n=8 per group

*
p<0.05 using ANOVA followed Dunnett’s test.

Data was previously published in Newbold et al. 2007.
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Table 3
Serum Profiles of Mice Treated Neonatally with DES

Treatment a

2 months Control DES

Leptin (ng/ml) 4.8 ± 0.5 25.0 ± 1.4 *

Adiponectin (μg/ml) 6.6 ± 0.6 38.1 ± 3.6 *

IL-6 (pg/ml) 6.3 ± 0.9 60.4 ± 5.0 *

Insulin (μU/ml) 7.4 ± 0.7 1.3 ± 0.3 *

Triglycerides (mg/ml) 97.6 ± 3.2 122.9 ± 3.5 *

6 months Control DES

Leptin (ng/ml) 8.1 ± 0.4 60.7 ± 2.3 *

Adiponectin (μg/ml) 9.3 ± 0.6 39.2 ± 1.6 *

IL-6 (pg/ml) 10.1 ± 0.4 93.8 ± 1.9 *

Insulin (μU/ml) 8.6 ± 0.3 10.8 ± 0.3 *

Triglycerides (mg/ml) 116.9 ± 1.7 106.8 ± 1.5

a
Mice were treated on days 1–5 with DES 1 mg/kg; n= 8 per group at 2 months and 16 per group at 6 months of age.

*
p<0.05 using ANOVA followed by Dunnett’s test.

Data was previously published in Newbold et al, 2007.

Mol Cell Endocrinol. Author manuscript; available in PMC 2010 May 25.


