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Abstract
Osteoporosis and obesity remain a major public health concern through its associated fragility and
fractures. Several animal models for the study of osteoporotic bone loss, such as ovariectomy (OVX)
and denervation, require unique surgical skills and expensive set up. The challenging aspect of these
age-associated diseases is that no single animal model exactly mimics the progression of these
human-specific chronic conditions. Accordingly, to develop a simple and novel model of post
menopausal bone loss with obesity, we fed either a high fat diet containing 10% corn oil (CO) or
standard rodent lab chow (LC) to 12 month old female C57Bl/6J mice for 6 months. As a result, CO
fed mice exhibited increased body weight, total body fat mass (BFM), abdominal fat mass and
reduced bone mineral density (BMD) in different skeletal sites measured by Dual Energy X-ray
Absorptiometry (DXA). We also observed that decreased bone mineral density (BMD) with age in
CO fed obese mice was accompanied by increased bone marrow adiposity, up-regulation of
PPARγ, cathepsin k and increased pro-inflammatory cytokines (IL-6 and TNF-α) in bone marrow
and splenocytes, when compared to that of LC fed mice. Therefore, this appears to be a simple, novel
and convenient age-associated model of post menopausal bone loss, in conjunction with obesity,
which can be used in pre-clinical drug discovery to screen new therapeutic drugs or dietary
interventions for the treatment of obesity and osteoporosis in the human population.
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1. Introduction
Osteoporosis and obesity, two disorders of body composition, are growing in high proportion
in the United States of America (USA), as well as worldwide (1). These are major public health
concerns characterized by excess storage of body fat and excessive skeletal fragility,
respectively, in the aging population. The direct cost associated with obesity in the USA is ∼
$100 billion and for osteoporosis, it has risen rapidly and reached ∼17.5 billion dollars per year
(2). Bone tissue undergoes remodeling throughout life, balancing between bone resorption and
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bone formation. Imbalances of bone remodelling can result in gross perturbations in skeletal
structure, function and potentially rise in morbidity and shortening of lifespan (3,4).
Overweight is defined by body mass index (BMI) >25 that exceeds a standard body weight;
however, the excess weight may also come from muscle, bone, fat, or body water (5). Obesity
specifically refers to having a high amount of body fat, which is usually accompanied by
abnormalities in leptin and insulin secretion and their action, together with defects in lipid and
carbohydrate metabolism (6,7).

Interestingly, obesity and osteoporosis share several features, including a genetic
predisposition and common progenitor mesenchymal stem cells (MSCs) (1). The relationship
between bone and fat formation within the bone marrow (BM) microenvironment is complex
and remains an area of active investigation (8). The BM stroma contains MSCs, which are
capable of differentiating into osteoblasts, chondrocytes, and adipocytes, among other cell
phenotypes (9). In later life, there is an ongoing bone loss because during remodeling,
resorption exceeds formation. This imbalance becomes evident around 35 years of age, and is
especially important after 55 years of age, since an increase of 50-75% in bone resorption
occurs in this period (10). These findings were consistent with classic pathological (2,11,12)
and epidemiological studies (13,14) linking decreased bone mineral density, increased BM
adiposity and subsequent osteoporosis with aging.

Given the obesity epidemic in the USA (6,7,15), and in many other countries, and in particular
the rising number of extremely obese adult women (13,14,16), increased attention should be
drawn to the significant and interrelated public health issues of obesity and osteoporosis. The
challenging aspect of these diseases is that no single animal model exactly mimics the
progression of these age-associated human-specific chronic conditions. To develop new
therapeutic treatments or dietary interventions there should be a unique study model to be
developed using obesity, as well as osteoporosis, together. Thus, in search of a unique and
simple animal model, we hypothesized the present investigation. It has to be acknowledged
that there are a number of methods adopted to induce obesity (17) and osteoporosis in animals
(18-22). The attempts have been made to establish a high fat diet-induced model of obesity
associated with BM adiposity, with subsequent related osteopenia and osteoporosis, in female
aging mice. We also investigated the effect of chronic high fat diet on lipopolysaccharide (LPS)
induced cytokines in BM cells and splenocytes. In the present study, we used female C57Bl/
6J aging mice and fed American Institute of Nutrition (AIN) 93 diet, containing 10% corn oil
(CO) as a dietary fat source. CO is known to promote bone loss, obesity, impaired glucose
tolerance, insulin resistance and thus represents a useful model for studying the early stages in
the development of obesity, hyperglycemia type 2 diabetes (23) and osteoporosis. We have
used omega-6 fatty acids enriched diet as a fat source which is commonly observed in today's
Western diets basically responsible for the pathogenesis of many diseases (24). In the
conclusion, decreased bone mineral density (BMD) in CO fat fed obese insulin resistant female
C57Bl/6J aging mice was accompanied by increased BM adiposity, increased BM and
splenocytes pro-inflammatory cytokines (IL-6 and TNF-α). Therefore, this simple and
convenient model has a significant application in pre-clinical drug discovery to screen new
therapeutic drugs or dietary interventions for the treatment of obesity and osteoporosis in the
human population.

2. Materials and Methods
2.1 Reagents and ELISA kits

Histopaque, α-modified minimal essential medium (α-MEM), Roswell Park Memorial
Institute, (RPMI) 1640 medium, LPS and fetal bovine serum were purchased from Sigma-
Aldrich, USA. Glucose (QuantiChrom, Hayward, CA), Triglycerides (TGs) (Cayman
Chemical Company, MI), and non-esterified fatty acids (NEFA) (Wako Pure Industries Ltd,
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Japan), were analyzed spectrophotometrically using Colorimetric Assay Kits following
manufacturers' protocol. Insulin was analyzed using a rat/mouse Ultra sensitive rat insulin
ELISA kit (Crystal Chem Inc. Research, Downers Grove, IL). TNF-α and IL-6 were measured
by ready-set-go ELISA kits (eBioscience, Inc. San Diego, CA).

2.2 Animals and diet
Eleven month-old female mice, weighing 24-25 g, were purchased from Jackson Laboratories
(Bar Harbor, Maine 04609 USA) and provided water and standard chow AIN93G (diet
recommended by AIN for growth) ad libitum for one month. At twelve months, weight matched
animals were divided into two groups each containing 20 mice. Subsequently, the animals were
housed in a standard controlled animal care facility in cages (5 mice/cage) and fed a diet
containing CO and one group maintained on standard lab chow (LC) rodent diet ad libitum for
6 months. The animals were maintained in a temperature controlled room (22 -25°C, 45%
humidity) on a 12:12-h dark-light cycle. National Institutes of Health guidelines were strictly
followed, and all the studies were approved by the Institutional Laboratory Animal Care and
Use Committee of the University of Texas Health Science Center at San Antonio (San Antonio,
TX). Body weight was measured weekly. The CO diet as a high fat diet was prepared using
10% CO with AIN93 semi-purified powdered ingredients (Table 1). Primarily, we selected
CO which contains omega-6 fatty acids to underline the mechanism for bone loss along with
obesity, predominantly in aging mice. The standard rodent LC diet was procured from Harlan,
USA (Catalog No. Harlan Teklad LM-485 Mouse/Rat Sterilizable Diet). Body composition
was measured at the beginning and at the termination of study using Dual energy X-ray
Absorptiometry (DXA) using a Lunar PIXImus bone densitometer (GE, Madison, WI).

2.3 Measurement of BMD, total fat mass and abdominal fat mass by DXA
Region specific BMD was measured by DXA, and data were analyzed using Lunar PIXImus
mouse software (25). Prior to scanning, mice were anesthetized by an intramuscular injection
of cocktail (0.1 mL/100 g body weight) containing Ketamine/Xylazine/PBS (3:2:5, by vol).
The densitometer was calibrated daily with a phantom supplied by the manufacturer. During
measurements, the animals were laid in prone position, with posterior legs maintained in
external rotation with tape. Hip, knee and ankle articulations were in 90° flexion. Upon
completion of scanning, BMD was determined in the following bone areas using the PIXImus
software, version 2.1: distal femoral metaphysis (DFM) (knee joint) to include cancellous
(trabecular) bone, proximal tibial metaphysis (PTM), femoral diaphysis (FD) and tibial
diaphysis (TD). Intra-scan coefficients of variation were 0.79%, 3.30%, 1.35% and 3.48%, for
DFM, PTM, FD and TD, respectively; interscan coefficients of variation were 5.47%, 3.86%,
5.12% and 1.36%, for DFM, PTM, FD and TD respectively. The coefficients of variation are
in agreement with studies examining the precision and accuracy of the PIXImus densitometer
(26). Similarly, total body fat mass (BFM) and abdominal fat mass were measured using
PIXImus software.

2.4 Blood and tissue collection for biochemical and histological analysis
One week prior to sacrifice, mice were fasted for 6-8 hours, blood samples were taken from
the intraorbital, retrobulbar plexus from anesthetized mice to measure fasting glucose, insulin,
TGs and NEFA. At sacrifice, after 6 months on the experimental diet, the mice were
anaesthetized and blood was obtained by intraorbital capillary plexus. Serum was collected
and stored at −80°C. Liver and adipose tissue were weighed and frozen in liquid nitrogen and
stored in −80°C. Spleen, tibia and femur were processed for subsequent splenocyte culture and
BM culture, respectively. Right side of complete hind leg was fixed in 4% formalin and
processed for hematoxylin (H) and eosin (E) staining.
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2.5 Serum metabolites
Fasting glucose, TGs, and NEFA were analyzed spectrophotometrically using Colorimetric
Assay Kits following manufacturers' protocol. Insulin, TNF-α and IL-6 were analyzed using
ELISA kits as per the protocol supplied by the manufacturer.

2.6 Splenocyte preparation and culture
Spleens were aseptically removed and placed in 5 ml of RPMI 1640 medium supplemented
with 25 mmol/L HEPES, 2 mmol/L glutamine, 100,000 U/L penicillin and 100 mg/L
streptomycin. Single-cell suspensions were made by teasing spleens between frosted ends of
two sterile glass slides. After a 5-min centrifugation at 100× g to separate cells from debris,
the cells were washed twice in RPMI medium. Splenic lymphocytes were isolated by layering
over Histopaque, centrifuging at 1000 rpm for 15 min at 22°C and then washing twice in RPMI
1640 complete medium. Cells were counted, and viability was determined by trypan blue
exclusion method. Cells (10×106 cells/well) were plated in 6-well plates, and bacterial LPS
was added at a concentration of 5.0 μg/ml for 24 h at 37°C in a humidified atmosphere of air/
CO2 95:5 (%). After 24 h, the culture medium was collected and analyzed for TNF-α and IL-6
by standard ELISA techniques (27).

2.7 Isolation of whole BM cells and culture
Whole BM cells were aseptically isolated as described (28). In brief, cells were counted and
viability was determined by trypan blue exclusion method. Cells (10 × 106/well) were plated
in 12 well plates and bacterial LPS was added at the concentration of 5.0 μg/ml for 24 h at 37°
C in a humidified atmosphere of air/CO2 95:5 (%). After 24 h, cells and culture medium were
collected together and centrifuged at 2000 rpm for 5 min. The pellets were stored at −80°C for
gene expression assays and supernatants were analyzed for TNF-α and IL-6.

2.8 Measurement of Cathepsin K and PPARγ gene expression by real time RT-PCR
mRNA expression for genes encoding cathepsin K (ctsk) and PPARγ were measured using real
time RT-PCR. Frozen bacterial LPS-stimulated, BM cells were vortexed in lysis buffer and
RNA was isolated using RNeasy Mini Kit following the manufacturer's instructions (Qiagen,
Valencia, CA). Total RNA concentration was assessed in NanoDrop™ 1000
spectrophotometer (Thermo Scientific, Wilmington, DE, USA). Real time RT-PCR was
carried out using TaqMan® RNA-to-CT 1-step kit (Applied Biosystems, Foster City, CA) in
an ABI Prism 7900HT Sequence Detection System (Applied Biosystems) using fluorescent
TaqMan methodology. Real time quantitative RT-PCR was performed for each of the
following genes, using ready-to-use primer and probe sets predeveloped by Applied
Biosystems (TaqMan Gene Expression Assays) were used to quantify ctsk (ctsk,
Mm00484036_m1), peroxisome proliferators-activated receptor (PPARγ) (pparγ,
Mm01184321_m1) and Glyceraldehyde-3-phosphate dehydrogenase (Gapdh,
Mm99999915_g1) as an endogenous control. mRNA Ct values for these genes were
normalized to the house-keeping gene GAPDH, and expressed as relative increase or decrease
to the LC group.

2.9 Histological evaluation of hind leg section for bone adiposity
Hind leg bones were cleaned, harvested in 10% phosphate buffered formalin, decalcified in
10% EDTA and processed as described (29) and stained with hematoxylin (H) and eosin (E).
Lipid droplets were then evaluated as a relative vacuole area (μm2 or optical density) using a
light microscope equipped with a digital camera and a Metaview image analysis system
(Olympus America Inc, PA). The mean area of lipid droplets was calculated from six different
fields.
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2.10 HOMA and R-QUICKI
Homeostatic Model Assessment (HOMA) was calculated by the following formula: [fasting
serum insulin (ng/mL) × fasting serum glucose (mM)]/22.5. A high HOMA index denotes low
insulin sensitivity (30), although it should be acknowledged that the HOMA model has not
been validated for use in animal models (31). To assess insulin sensitivity, another derived
index of insulin resistance was suggested, i.e. the revised quantitative insulin sensitivity check
index (R-QUICKI) (1/log insulin (mU/ml) + log glucose (mg/dl) + log NEFA (mmol/l)) (32).

2.11 Statistical analysis
Data are presented as mean values ± SEM. Students't-test was used to evaluate differences
between samples of CO fed group and the corresponding LC as the control samples. A value
P ≤0.05 was considered statistically significant. The analyses were performed using Graphpad
prism for Windows (La Jolla, CA, USA).

3. Results
3.1 Body weights and serum metabolites

At 18 month of age, body weight (Figure 1) was higher for mice (37.18±0.85 g) fed a high-fat
CO diet than for the mice (26.75 ± 0.85 g) fed a standard LC. As established in obesity prone
C57BL/6J mice, age-related declines in vertebral and distal femoral trabecular bone volume
occur early and continue throughout life and are more pronounced in females than males
(33). Importantly, it should be emphasized that 10% CO in AIN-93 diet resulted in obesity,
which is not caused by, 5% CO diet compared to LC (Data not shown). Therefore, 10% CO
with chronic feeding is the initial threshold fat content at which there was development of
obesity, as well as osteoporosis in female aging mice. Definitely increased CO fat content
would accelerate the phenotypes of this animal model in short time. The visceral fat mass
(intraorgan and periorgan fat) of the obese mice (2.84±0.33 g) was greater than that of the lean
mice (0.91±0.24 g) (Table 2). The fasting serum glucose concentration was increased
significantly in CO fed mice compared to that of LC fed mice (Table 3). The fasting serum
insulin concentration was significantly increased (P<0.03) after a six months CO diet,
demonstrating hyperinsulinemia compared to that of LC fed mice. However, the increased
insulin levels were unable to control hyperglycemia, indicating insulin resistance. Fasting
serum NEFA was significantly increased (P<0.001) in CO fed mice compared to LC group.
The higher circulating levels of NEFA in CO fed mice represents insulin resistance, which is
strongly associated with obesity. One responsible mechanism may be the generation of
metabolic messengers, such as free fatty acids, by adipose tissue that inhibit insulin action on
muscle (34). The serum TGs were significantly (P<0.02) increased in CO fed mice compared
to that of LC fed mice (Table 3).

3.2 CO reduced BMD in femur and tibia regions and increased fat mass measured
We examined the baseline BMD of different bone regions prior to the start of the CO and LC
diet, showed no differences in the baseline BMD values between the groups (Data not shown).
To examine the effect of a high fat diet CO and LC on age-associated bone loss, we measured
the BMD after 6 month, using DXA. The results are expressed as % difference (Figure 2). The
BMD in femoral diaphysis (FD; P<0.02), distal end of the femoral metaphysis (DFM; P<0.01),
proximal end of the tibial metaphysis (PTM; P<0.02), and tibial diaphysis (TD; P<0.01) regions
of the CO fed mice was significantly lower than that of LC fed mice. In addition, CO fed mice
had increased total body fat mass (BFM; P<0.001) and abdominal fat mass compared to that
of LC group. These findings indicate that 12 month old mice, when placed on CO enriched
high fat diet for 6 months, develop obesity as well as reduced bone density.
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3.3 CO increased bone adiposity
Hind leg bone sections from 18 month old mice fed an experimental diet for 6 months, revealed
that CO-induced a significant accumulation of adipocytes (relative vacuole area and optical
density) (Table 4) (Figure 3), when compared to LC. Bone forming osteoblasts and fat forming
adipocytes are both derived from mesenchymal stem cells (MSCs) (35), which are found in
many tissues and are abundant in the BM stroma (36). Increased bone adiposity in the hind leg
bone section in CO group revealed a possible reduction of osteoblastogenesis compared to that
of LC group.

3.4 CO fed mice increased Cathepsin K and PPARγ gene expression by LPS stimulated BM
cells

Quantitative real time RT-PCR further demonstrated that, bacterial LPS-stimulated mRNA
expression of ctsk was significantly increased (P<0.02) in the BM of CO fed mice as compared
to that of LC fed mice, suggesting that CO increased osteoclastogenic bone resorption, thus a
decline in BMD (Figure 4A). Attempts were made to determine the RUNX2 mRNA expression,
however, the levels were not detectable in BM cells (Data not shown). Furthermore, as expected
the PPARγ was significantly increased (P<0.04) in CO group as compared to that of LC group
(Figure 4B). The stimulatory effects on ctsk by CO in BM cells, using quantitative real-time
RT-PCR analyses, confirmed the possible role of a high fat diet in the induction of bone
resorption in aging mice.

3.5 CO fed mice increased LPS stimulated pro-inflammatory cytokines by BM cells and
splenocytes

We observed an accelerated age-associated BMD-loss in CO fed mice, which had an impact
on bone-resorbing inflammation-related cytokines expression. Pro-inflammatory cytokines,
like IL-6 and TNF-α, are key regulators of osteoclastogenic activity and have been shown to
increase bone resorption with age in humans (37). We found a significant increase in IL-6
(P<0.03) and TNF-α (P<0.04) production by LPS treated splenocytes (Figure 5 A and B) and
BM cells (Figure 5 C and D) of the CO group than that of the LC group. These results indicate
that the induction or stimulation of pro-inflammatory cytokines by BM and splenocytes may
be promoting age-associated bone loss in high fat fed mice indirectly by stimulating bone
resorbing osteoclastogenesis.

4. Discussion
There are several useful models of bone loss induced by ovariectomy (OVX) (18,19),
denervation (21), LPS administration (22) and tail-suspension (20) which however, require
distinctive surgical skills, care and are also traumatic to animals. Alternatively, a high fat diet-
induced obesity in mice is a simple and convenient method. The OVX model is considered as
the gold standard for the evaluation of pharmaceuticals or dietary interventions for
postmenopausal osteoporosis (18,19), which requires expensive set up, as well as highly
surgical skilled personnel. However, considering the enormous population of obese women
(13,16) with osteoporosis (14), there is no single animal model available to screen the new
pharmaceutical drugs or dietary interventions to treat these chronic age related conditions
together. We established a simple and novel model of post menopausal bone loss and obesity
together, in female C57Bl/6J aging mice fed this diet for 6 months. Importantly, this model
can be established very conveniently and is useful to mimic age-associated post menopausal
osteoporosis as well as obesity, as these conditions are commonly observed in aging post
menopausal women populations (14,16).

The epidemiologic study of osteoporosis showed that the prevalence of bone loss among
women and men aged 60 years and over is 22.8% and 14.5%, respectively, giving rise to about
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80,000 new fractures a year, which is the main feature of the aging process (38). This chronic
disease observed in postmenopausal women is also associated with obesity (16). It is
characterized by an increased bone loss in women more than men (16,38). In our current study,
we observed a significant bone loss, particularly in FD, DFM, PTM and TD regions in 18
month old female C57Bl/6J mice, fed a high fat diet for 6 months, demonstrating an age-
associated bone loss animal model combined with obesity.

Several potential mechanisms have been proposed to explain the complex relationship between
fat and bone mass. One straightforward explanation is that, larger fat mass imposes a greater
mechanical stress on bone, and in response, bone mass increases to accommodate the greater
load. However, only ∼ 27% and 38% of total body weight in white men and women respectively
is attributable to fat mass (39). Therefore, weight-associated gravitational forces coupled with
increased fat mass may be inadequate to explain the impact of fat mass on bone. Studies of
adipocyte function have revealed that adipose tissue is not just an inert organ for energy storage.
It expresses and secretes a variety of biologically active molecules, including TNF-α and IL-6
(40). Besides, adipocytes and osteoblasts originate from a common progenitor, the
pluripotential MSCs (Figure 6) (41,42). These stem cells exhibit an equivalent tendency for
differentiation into adipocytes or osteoblasts, that may contribute to the ultimate effect of fat
mass on bone (2). In this investigation, we clearly observed the negative effect of obesity on
bone and noted a significant bone loss in obese female aging mice fed a high fat diet.

There is growing evidence supporting cysteine proteases, such ctsk in the adipogenesis and the
onset of obesity, while it has been found to be over expressed in the white adipose tissue of
obese individuals (43,44). With respect to BM, ctsk is the most abundantly expressed cysteine
protease in the osteoclasts (45) and is believed to be instrumental in bone matrix degradation
necessary for bone resorption. The bone loss is brought about by an imbalance between bone
resorption and formation. Increased ctsk in LPS stimulated whole BM indicated that the
observed bone loss in a high fat diet fed mice may be due to increased osteoclasts. Moreover,
increased adipocytes in BM, provides a novel target for developing agents to treat osteoporosis,
characterized by increased bone resorption (46) and BM adiposity (47). Furthermore, our
present findings of increased ctsk in high fat fed mice may be associated with increased bone
resorption and enhanced ostoclastogenesis, as observed by other investigators (46).

The PPARγ signaling plays a key regulatory role in commencing adipogenesis (48). In the BM,
PPARγ2 regulates osteoblast development and bone formation negatively and regulates BM
adipocyte differentiation positively. Importantly, n-6 fatty acids activate PPARγ expression in
BM cells which contributes to fatty bone formation in this model. (49). PPARγ ligands not
only induce murine BM stem cell adipogenesis but also inhibit osteogenesis (50). It has been
established that the PPARγ pathway is also associated with fat redistribution and bone loss
related to aging (51). In fact, the expression of PPARγ in subcutaneous fat tissue is lower in
older monkeys than young and mutations of the PPARγ gene are associated with an altered
balance between bone and fat formation in the marrow (8,51,52). In advanced age,
subcutaneous and visceral fat deposit size increases in menopausal women (53), whereas fat
deposits in BM also increases. It has been suggested that PPARγ accounts for increased BM
fat and decreased production of osteoblasts related to aging.

Adipocytes and osteoblasts originate from MSCs (Figure 6) (1,41,42). These cells show an
equal proclivity for differentiation into adipocytes or osteoblasts, and the balance of the
differentiation is synchronized by numerous interacting pathways that may contribute to the
effect of fat mass on bone. In the present study, increased BM adiposity in high fat fed female
aging mice suggests the suitability of this model for the development of dietary intervention
or drugs for the treatment of age-associated post menopausal bone loss, linked with obesity.
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The association of obesity, insulin resistance, and chronic low-grade inflammation has been
evident for several years (40). Since, these factors are related to aging as well, the mechanisms
underlying this association are of critical importance in gerontology. Pro-inflammatory
cytokines (TNF-α and IL-6) are released from adipocytes, the adipose tissue matrix, and
elsewhere (40,54). Overweight and obese women generally have elevated serum levels of IL-6
and TNF-α (2,40). It has been reported that IL-6 and TNF-α stimulates osteoclastogenesis
(55) and these are generally recognized as osteoresorptive factors (56). Increased LPS-induced
pro-inflammatory cytokines by BM cells and splenocytes of obese CO fed mice suggested that
the possible bone loss may be due to increased bone resorption.

The importance of the present findings is emphasized by the fact that millions of menopausal
women worldwide are affected by osteoporosis every year and the universal prevalence of
obesity has reached epidemic proportions. In order to develop new treatment therapies, we
found that using female C57Bl/6J aging mice fed on high fat diet, developed BM adiposity,
associated with reduced BMD and increased pro-inflammatory cytokines, would be very
helpful. This novel animal model provides us with a simple and effective method to develop
new molecules or dietary interventions for the treatment of osteoporosis and obesity, which is
widespread in the aging women population.
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FIGURE 1.
Body weight of 12 month old female C57Bl/6J mice fed CO diet and LC for 6 months. CO
(obese) fed mice body weights were significantly different (P<0.001, CO Vs LC) compared to
LC (lean) group analyzed by students t-test (unpaired).
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FIGURE 2.
Effect of a high fat diet CO and LC feeding on BMD of (A) femoral diaphysis (FD), (B) distal
femoral metaphysis (DFM), (C) proximal tibial metaphysis (PTM) and (D) tibial diaphysis
(TD). Values represent percentage of change in BMD from baseline value determined at the
beginning of the experiment. 12 month old female C57Bl/6J aging mice were fed with CO and
LC diet for 6 months. Values with asterisk sign is significantly different (P<0.05 CO Vs LC)
analyzed by students t-test (unpaired) (P<0.05).
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FIGURE 3.
Photomicrographs of femur and tibia of CO and LC fed mice. CO fed obese (left) mice showing
increased bone marrow adiposity of femur (FD, DFM) and tibia (PTM, TD) than lean mice
(right) maintained on standard LC diet. In CO fed mice the bone marrow from femur and tibia
showing increased number of adipocytes filling the cavity of femur and tibia in obese mice
(left) than LC (right).
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FIGURE 4.
CO up-regulates osteoclasts specific gene cathepsin K (A) expression and bone marrow
adiposity specific gene PPARγ (B). Expression of cathepsin K and PPARγ was determined by
real-time RT-PCR in LPS-stimulated bone marrow cells of female C57Bl/6J aging mice fed
either a high fat diet CO or LC as a control for 6 months. Results are expressed as means ±
SEM; Values with asterisk sign is significantly different (P<0.05 CO Vs LC) analyzed by
students t-test (unpaired) (P<0.05).
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FIGURE 5.
LPS-stimulated cytokines IL-6 and TNF-α by splenocytes (SPL) (A and B) and bone marrow
(BM) cells (C and D) of CO fed mice and LC fed control mice. 12 month old female C57Bl/
6J mice were fed with CO and LC diets for 6 months used for SPL and BM cultures. Values
with asterisk sign is significantly different (P<0.05 CO Vs LC) analyzed by students t-test
(unpaired) (P<0.05).
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FIGURE 6.
Common factors shared in osteoblast and adipocyte differentiation. Osteoblast and adipocytes
originate from common progenitor-mesenchymal stem cells. The balance of their
differentiation is determined by several common factors including PPARγ and estrogen.
Adipocyte secretes a variety of inflammatory cytokines including IL-6 and TNF-α may be
involved in bone metabolism and human energy homeostasis. Adapted from J Bone Miner Res
2008; 23; 17-29 with permission of the American Society for Bone and Mineral Research
(2).
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Table 1

Composition of semi-purified AIN93 experimental diet

Ingredientsa Percent

Casein 14.00

Corn starch 42.43

Dextronized corn starch 14.50

Sucrose 9.00

Cellulose 5.00

AIN-93 mineral mix 3.50

AIN-93 vitamin mix 1.00

l-cystine 0.18

Choline bitartrate 0.25

TBHQ 0.10

Vitamin E 0.04

Corn oil 10.00

a
All diet ingredients were purchased from MP Biomedicals (Irvine, CA).
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Table 2

Body composition of 12 month old female C57Bl/6J aging mice fed high fat diet CO and standard rodent LC
diet for 6 months.

Experimental Groups

Parameters /Diets CO (Obese) LC (Lean)

Body weights
Baseline 24.72±0.97 24.60±0.82

Final 37.18±1.12 (51)a 26.75±0.44 (9)b

Total body Fat mass
Baseline 4.36±0.41 4.46±0.39

Final 14.23±0.63 (226) a 4.51±0.34 (2) b

Abdominal fat mass
Baseline 1.33±0.32 1.46±0.29

Final 8.75±0.40 (557) a 1.62±0.22 (10) b

Results are expressed as mean ± SEM, Means in row with superscripts without a common letter significantly different (P<0.05 CO Vs LC) analyzed
using students t-test (unpaired). (n=15-17) Values in parentheses are % differences between baseline and final.
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Table 3

Serum metabolites and organ weights in 12 month old female C57Bl/6J aging mice fed with CO diet and standard
LC diet for 6 months.

Serum metabolites

Parameter CO LC

Glucose 178.5±5.2 a 86.0±3.97 b

Insulin 0.21±0.04 a 0.15±0.08 b

NEFA (mEq/L) 1.60±0.13 a 1.17±0.13 b

Triglycerides (mg/dl) 59.2±3.5 a 47.3±2.5 b

HOMA-IR 1.66 ±0.21a 0.57±0.14b

R-QUICKI 0.56 ±0.13a 0.85±0.10b

Organs weights

Liver (g) 1.75±0.07 1.14±0.10

Spleen (g) 0.14±0.02 0.12±0.01

Adipose tissue (g) 2.84±0.33 a 0.91±0.24 b

Results are expressed as mean ± SEM, Means in row with superscripts without a common letter significantly different (P<0.05 CO Vs LC) analyzed
by students (unpaired) t-test (n=15-17).
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Table 4

Total adipocytes area in femur and tibia expressed as area in (μm2) and optical density (OD) in CO fed obese
and LC fed lean female C57Bl/6J aging mice.

Groups CO (Obese) LC (Lean)

Region of interest
/Parameter Area (μm2) OD Area (μm2) OD

FD 54172.0±89.2 a 444.3±12.3a 1380.6±43.2 b 90.7±12.4b

DFM 35046.8±74.1 a 469.4±19.4 a 6858.7±44.7 b 167.2±17.4 b

PTM 221871.2±88.3 a 462.0±23.4 a 2070.1±38.4 b 131.7±14.5b

TD 126778.4±91.2 a 814.1±15.0 a 4588.0±51.8 b 167.6±15.4b

Results are expressed as mean ± SEM, Means in row with superscripts without a common letter significantly different (P<0.05 CO Vs LC) analyzed
by students t-test (unpaired) (n=6-8). DFM: Distal femoral metaphysis, FD: femoral diaphysis, PTM: Proximal tibial metaphysis, TD: Tibial diaphysis.
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