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Morphological Changes in Adipose and Liver Tissues by
17B-estradiol in Female Ovariectomized C57BL/6J Mice
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To determine whether 17-estradiol induces the morphological changes in adipose and liver tissues, we measured the
effects of 17B-estradiol on adipose tissue mass, adipocyte histology and hepatic lipid accumulation in female
ovariectomized (OVX) C57BL/6J mice. Compared to vehicle-treated control mice, 17B-estradiol-treated mice decreased
adipose tissue mass and the size of adipocytes, and concomitantly increased the number of adipocytes in a dose-
dependent manner. In addition, the administration of 17B-estradiol resulted in reduced hepatic lipid accumulation in a
dose-dependent manner. These results suggest that estrogen may regulate adipocyte development and lipid metabolism

in female OVX C57BL/6J mice.
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INTRODUCTION

Obesity causes major health problems. It is a risk factor
for non-insulin-dependent diabetes, cardiovascular disease,
osteoarthritis, some types of cancers, and certain reproductive
and metabolic disorders (Bray, 2003). This risk generally
relates to the distribution and amount of adipose tissue.

Sex steroid hormones are involved in the metabolism,
accumulation and distribution of adipose tissues (Mystkwski
et al., 2000). Gonadal steroids have been the subject of
intense investigation over the last several decades because
of the role that these ovarian hormones have in the regula-
tion of food intake, body weight and lipid metabolism. For
example, it is well known that ovariectomized (OVX)
animals and postmenopausal women show increased food
intake, body weight, and adipose tissue mass, indicating the
involvement of gonadal steroids in the modulation of
obesity (Czaja et al., 1983; Garcia Rodriguez et al., 1990;
Geary et al., 2001; Wade 1975; Wing et al., 1991). With a
decrease in sex steroid hormones as a result of aging or
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gonadectomy, there is a tendency to increase adipose tissue
mass (Bjomtorp, 1996). In fact, hormone replacement
therapy in postmenopausal women appears to reduce the
degree of adipose tissue mass (Wade et al., 1979; Tchernof
et al, 1998). In addition, ovarian steroids can affect adipose
tissue mass and lipid metabolism, the effects of which are
probably mediated by estrogen (Mystkwski et al., 2000).
Estrogen insufficiency is known to be largely responsible
for increased adiposity and circulating lipids in OVX rodents,
because such animals do not display obesity, adiposity and
lipid disorders when they are administered estrogen (Shearer
et al., 2000; Shinoda et al., 2002). Thus this suggests that
estrogen modulates adipocyte development and lipid meta-
bolism.

Therefore, the objective of the present study was to
determine whether the most potent estrogen, 17f3-estradiol
regulates morphological changes in adipose and liver tissues
of female OVX C57BL/6J mice. Here we report that 17p-
estradiol affects adipose tissue weight, adipocyte size and
number as well as hepatic lipid accumulation in a dose-
dependent manner.

MATERIALS AND METHODS
1. Animal treatments

For all experiments, eight-week-old female mice (C57BL/
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6J) were housed and bred at the Korea Research Institute of
Bioscience and Biotechnology under pathogen-free con-
ditions with a standard 12-h light/dark cycle. Prior to the
special administration, mice were fed standard rodent chow
and water ad libitum. Mice were OVX, each randomly
divided into 4 groups, and received once daily intraperi-
toneal injections of 17B-estadiol (Sigma) at the indicated
doses for 8 days. 17p-estadiol was dissolved in corn oil and
chow diet-fed control mice were treated with corn oil-only.
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All the animals received a regular chow fat diet (4.5% fat
w/w, CJ Corp., Korea) and were sacrificed by cervical
dislocation, tissues were harvested, weighed, snap frozen
in liquid nitrogen and stored at -80C until use.

2. Histologic analysis and morphometry

Adipose and liver tissues were fixed in 10% phosphate-
buffered formalin for 1 day and processed in a routine
manner for paraffin section. Sections (5 um) were stained

-
o

o
®

o
(<3}

o
A

o
N

Subcutaneous Adipose Tissue (g)

o
o

E(ug) O 015 15 15

05

Parametrial Adipose Tissue (g)

Emg) O 015 15 15

0.10

o)
8

o
&

o
b

o
S

Retroperitoneal Adipose Tissue (g)

0.00
Eg) O 015 15 15

Fig, 1. Effects of 17p-estradiol on adipose tissue mass in female OVX mice. Mice received intraperitoneal injections of 17B-estradiol at the
indicated doses for 8 days. Chow diet-fed control mice were administrated comn oil. All values are expressed as mean * SD. *, Significantly
different versus control group (P<0.05). **, Significantly different versus control group (P<0.01).
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with hematoxylin and eosin for microscopic examination.
For the quantitation of number and size of adipocytes, the
sectional areas of adipose tissues in the hematoxylin and
cosin-stained preparations were analyzed with an image
analysis system (Image pro-plus, MD, USA).

3. Statistics

Unless otherwise noted, all values are expressed as mean
+ standard deviation (SD). All data were analyzed by

ANOVA for statistically significant differences between each

group.

RESULTS

To determine the effects of pharmacological doses of
17B-estradiol on adipose tissue mass, female OVX C57BL/
6] mice were treated once daily with 17p-estradiol for 8
days. Compared with vehicle-treated control mice, mice
treated with 17(3-estradiol significantly reduced adipose
tissue mass in a dose-dependent manner and the maximal
decrease of adipose tissue mass was achieved at dose of 15
g per mouse for 17B-estradiol (P<0.01) (Fig. 1).

We determined whether 17B-estradiol regulates adipocyte
size and number in female OVX mice. Compared with
control mice, mice treated with 17p-estradiol for 8 days
significantly reduced adipocyte size and increased adipocyte
number in a dose-dependent manner (Figs. 2 and 3). The

Fig. 2. Effects of 17B-estradiol on morphological changes in
adipose tissue of female OVX mice. Mice received intrapetitoneal
injections of 17B-estradiol at the indicated doses for 8 days. Chow
diet-fed control mice were administrated com oil. The parametetial
adipose tissues were stained with hematoxylin and eosin (original
magnification, >X200).

treatment of 17B-estradiol (15 ug per mouse) for 8 days
(P<0.005) resulted in a 48% decrease of adipocyte size and
a 92% increase of adipocyte number.

Since WAT lipids are largely derived from circulating
triglycerides, adipocyte size seems to be influenced by
serum triglycerides (Bourgeois et al., 1983). To determine
whether the changes in adipocyte size and number are due
to reduced liver lipids that regulate serum lipid metabolism,
we determined hepatic lipid accumulation (Fig. 4). The
hepatic accumulation of lipids was significantly inhibited
by 17B-estradiol treatment compared with chow-fed control
mice. Similar to the effects of 17p-estradiol on adipose tissue
mass, mice treated with 17fB-estradiol (15 pg per mouse)
for 8 days showed the highest inhibition of hepatic lipid
accumulation (Fig. 4).
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Fig. 3. Effects of 17p-estradiol on number and size of para-
meterial adipocytes in female OVX mice. Number of adipocytes
and their sizes in a fixed area (1,000,000 um?) were quantified by
an image analysis system. Mice received intraperitoneal injections
of 17B-estradiol at the indicated doses for & days. Chow diet-fed
control mice were administrated corn oil. Size and number of adi-
pocytes were measured and all values are expressed as mean =+ SD.
* Significantly different versus control group (P<0.05). **, Signi-
ficantly different versus control group (P<0.01).
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Fig. 4. Effects of 17-estradiol on morphological changes in
hepatic lipid accumulation in female OVX mice. Mice received
intraperitoneal injections of 17f-estradiol at the indicated doses for
8 days. Chow diet-fed control mice were administrated corn oil. The
livers were stained with hematoxylin and eosin (original magni-
fication <200). Arrows indicate the fatty changes in hepatocytes.

DISCUSSION

Gonadal sex steroid hormones are known to regulate
obesity and lipid metabolism (Mystkwski et al., 2000).
Since estrogen is also shown to reduce body weight gain
and adipose tissue mass in human and animal models,
estrogen may be involved in the regulation of adipose tissue
growth. This study was therefore undertaken to determine
whether 17f-estradiol modulates adipogenesis in female
OVX C57BL/6J mice. Our results demonstrate that 17p-
estradiol treatment decreased adipose tissue mass, size of
adipocyte, and hepatic lipid accumulation in female OVX
mice and these effects were dose-dependent, suggesting that
17B-estradiol treatment regulates adipocyte development
and hepatic lipid metabolism.

According to recent reports, OVX animals and postmeno-
pausal women show increased food intake, body weight,
and adipose tissue mass (Czaja et al., 1983; Garcia Rodriguez
et al., 1990; Geary et al., 2001; Wade 1975; Wing et al.,
1991). In addition, estrogen receptor (ER) knockout mice
showed significant increases in white adipose tissue with
advancing age (Heine et al.,, 2000). Consistent with our
present data, estrogen treatment in postmenopausal women
for 1 year, however, decreased intra-abdominal and intra-
pelvic fat compartments (Mattrasson et al., 2002), as well as
improved obesity, adiposity and lipid disorders when OVX

rodents are given estrogen (Shearer et al., 2000; Shinoda et
al., 2000).

Adipose tissue is composed of adpocytes. The develop-
ment of fat cells, or adipogenesis, includes morphological
changes, cessation of cell growth, expression of many lipo-
genic enzymes, extensive lipid accumulation, and establi-
shment of sensitivity to most or all of key hormones that
impact on this cell type (Rosen and Spiegelman, 2000). With
respect to morphological changes and lipid accumulation
during adipogenesis, it was reported that the increase in
adipose tissue mass was due to the enlargement of the
preexisting adipocytes with increased lipid accumulation
(Ogawa et al., 2004; Villena et al., 2004; Yagi et al., 2004).
Since WAT lipids are largely derived from circulating trigly-
cerides, adipocyte size seems to be influenced by serum
triglycerides (Bourgeois et al., 1983). In addition, serum
lipid levels were reduced by hepatic lipid catabolism (Yoon
et al., 2003; Jeong et al., 2004; Jeong et al., 2006). Thus,
we suggest a possibility that reduction of hepatic lipid
accumulation by 17p-estradiol affects adipocyte size, resul-
ting in decreased the adipose tissue mass.

Estrogen influences energy balance. While energy intake
was similar in wild-type and ERa knockout male mice,
energy expenditure was reduced in the ERo knockout male
mice, indicating that reduction of energy expenditure by
estrogen non-action may be related to obesity in these
animals (Heine et al., 2000). Estrogen-treated OVX rats
increased an uncoupling protein-1 (UCP1) and UCP2
expression of brown adipose tissue as well as UCP2 expre-
ssion of white adipose tissue compared with OVX controls
(Pedersen et al., 2001). Therefore, these reports support our
results showing the regulation of adipose tissue mass by
estrogen.

The ovarian hormones exert a significant control on
cellular lipid homeostasis in metabolically active tissues
such as liver and skeletal muscle (Campbell et al., 2001a).
In skeletal muscle of OVX rats, treatment with 17B-estradiol
upregulates the activity of both carnitine palmitoyltrans-
ferase 1 and PB-3-hydroxyacyl CoA dehydrogenase, key
enzymes in lipid oxidation (Campbell et al., 2001b; Camp-
bell et al., 2003). In addition, exogenous 17B-estradiol in-
creases the hepatic expression of fatty-acid metabolizing
enzymes in aromatase-deficient mice (Nemoto et al., 2000;
Toda et al., 2001). Although there are conflicting reports
that 17B-estradiol regulates the activity of lipid oxidative
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enzymes in liver, 17B-estradiol decreases body weight, adi-
pose tissue mass and hepatic lipid accumulation (Gower et
al,, 2001), suggesting that 17B-estradiol prevents adipocyte
development and lipid metabolisms via direct and indirect
mechanism in liver.

In conclusion, our results provide morphological evidence
that 17B-estradiol regulates adipocyte development and lipid
metabolism in a dose-dependent manner. Further experi-
ments will be required to determine how 17p-estradiol
affects adipose accretion and obesity.
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