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Abstract To explore the skeletal effects and the potential

underlying mechanisms of treatment with two thiazolidin-

ediones (rosiglitazone and pioglitazone) or metformin in

insulin-resistant mice, 24 female, 12-week-old C57BL6J

ob/ob mice were evaluated according to the following

treatment groups for 6 weeks: placebo group, pioglitazone

group (Pio), rosiglitazone group (Rosi), and metformin

group (Met). Bone mineral density (BMD), bone mic-

roarchitecture, bone histomorphometry, and expression of

three phenotype-specific gene markers, including bone

morphogenetic protein 2 (Bmp2), runt-related transcription

factor 2 (Runx2), and fatty acid-binding protein 4 (Fabp4),

were compared across the four groups. At the femur, the

Met group had the highest BMD (0.084 ± 0.001 g/cm2)

and trabecular bone volume/total volume (0.644 ±

0.018 %) and the lowest trabecular spacing (Tb.Sp.)

(0.143 ± 0.008 lm), whereas the Rosi group had lower

BMD (0.076 ± 0.003 g/cm2) and a relatively higher degree

of Tb.Sp. (0.173 ± 0.024 lm). A histomorphometric analy-

sis revealed that in the Rosi group the number of adipocytes

was fourfold higher than in the placebo group and fivefold

higher than in the Met group, whereas the highest osteoid

width and mineral apposition rate were found in the Met group

(49.88 ± 48.53 lm and 4.46 ± 1.72 lm/day). Furthermore,

the Rosi group displayed the highest level of Fabp4 gene

expression, which was accompanied by normal expression

levels of Bmp2 and Runx2. Seemingly, metformin is a bone-

friendly antidiabetic drug. Rosiglitazone had adverse effects

on the skeleton at the trabecular bone even in insulin-resistant

mice, whereas no evidence of adverse effects was found for

pioglitazone.
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Introduction

Diabetes affects a large proportion of the Chinese popu-

lation. The age-standardized prevalence of total diabetes

and prediabetes among women was 8.8 % and 14.9 %,

respectively, accounting for 42.2 million women with

diabetes and 72.1 million women with prediabetes [1].

Compared to individuals without diabetes, women with

diabetes have a greater risk for developing bone fractures,

which consequently can lead to significant morbidity and

mortality [2, 3]. In the past decade, the skeletal effects of

treatments with oral hypoglycemic drugs, specifically, the

secondary osteoporosis and limb fractures that result from

thiazolidinedione (TZD) treatment, have been of great

concern worldwide.
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TZD, an agonist of peroxisome proliferator-activated

receptor-gamma (PPAR-c), acts as an insulin sensitizer and

is widely prescribed for the management of conditions that

are characterized by insulin resistance, especially type 2

diabetes (T2DM). Recently, increasing amounts of evi-

dence indicate that TZD treatment can have adverse skel-

etal consequences, not only for elderly postmenopausal

women but also for premenopausal women with different

ethnic backgrounds [4–9]. The most common explanation

is that bone is a target of TZD drugs [10]. Osteoblasts and

adipocytes are derived from a common multipotential

mesenchymal stem cell (MSC) progenitor via the activa-

tion of PPAR-c2 by TZD. In animal studies, the activation

of PPAR-c by TZDs such as rosiglitazone has been shown

to cause bone loss that results from an increase in marrow

adipocytes and a decrease in osteoblasts, which lead to a

reduction in bone formation rate [11]. Either rosiglitazone

or pioglitazone treatment was able to simultaneously

stimulate adipogenesis and inhibit osteoblastogenesis [10].

However, this unbalanced bone remodeling is likely more

complicated than it appears to be. Lazarenko et al. [12]

demonstrated that the mechanisms of rosiglitazone-induced

bone loss are distinct for different stages of the life cycle.

This bone loss may be the consequence of upregulated

bone resorption in aged animals or it may be caused by

downregulated bone formation in adult animals.

In addition to TZD, metformin is the most important

oral antidiabetic drug in the biguanide class. This drug may

be beneficial not only for diabetes but also for fragility

fractures in postmenopausal women with T2DM as a result

of its role in promoting bone formation [13, 14].

To investigate the pathophysiology of the skeletal effects

of antidiabetic drugs, we examined bone mineral density

(BMD), bone microarchitecture, bone histomorphometry,

and the expression of phenotype-specific gene markers,

including bone morphogenetic protein 2 (Bmp2), runt related

transcription factor 2 (Runx2), and adipocyte fatty acid-

binding protein 4 (Fabp4), in 12-week-old female C57BL6J

ob/ob mice. These data were then used to further explore the

skeletal effects of treatment with two types of TZDs (rosig-

litazone and pioglitazone) and metformin and to provide

insight into the underlying mechanisms responsible for TZD-

related bone loss in women with T2DM.

Materials and methods

Experimental animals and treatment regime

Twenty-four 12-week-old sexually mature female

C57BL6J ob/ob mice were obtained from the Model Ani-

mal Research Center of Nanjing University. This type of

mouse is one of the best animal models for the study of

insulin sensitizers [15]. The animals, which were identified

by ear punches, were housed (three per cage) with free

access to water and were maintained at a constant tem-

perature and a 12-h light/12-h dark cycle. The animal

treatment and care protocols conformed to Directive

2010/63/EU for animal experimentation and were con-

ducted according to a Shanghai Tongji University Animal

Care and Use Committee-approved protocol. The animals

were placed into the following treatment groups, which

consisted of six animals per group: placebo group, piog-

litazone group (Pio), rosiglitazone group (Rosi), and

metformin group (Met). The doses of pioglitazone hydro-

chloride (Actos, Takeda, Japan), rosiglitazone maleate

(Avandia, GlaxoSmithKline, King of Prussia, PA), and

metformin hydrochloride (Glucophage, Bristol-Myers

Squibb, USA) were 12, 20, and 150 mg/kg body weight/

day by gavage, respectively. The animals were fed every

day for 6 weeks, and the food intake per cage as well as the

body weight and fasting blood glucose levels (FBG) of

individual animals were monitored every week. To assess

FBG, the mice were fasted but had free access to water at

3 PM the day before testing. To permit dynamic bone

histomorphometric measurements, mice were intraperito-

neally injected with 5 mg/kg body weight calcein at 13 and

14 days before being killed and 30 mg/kg tetracycline 3

and 4 days before death [16].

BMD measurements

Immediately after death, the left femur and lumbar spine

2–5 (L2–L5) of each animal were dissected for the mea-

surement of BMD, using the fan-beam dual-energy X-ray

absorptiometry (DXA) machine (Hologic QDR-4500) with

small animal software (Hologic, Bedford, MA, USA).

Internal variations of the repeated measures for the murine

lumbar spine and femur BMD were determined to be

1.7–2.0 %.

Microcomputed tomography (micro-CT) analysis

After the BMD measurements were made, the left femur

and L2–L5 of each animal were fixed in Millonig’s phos-

phate-buffered 10 % formalin (pH 7.4). After 24 h, the

femur was dehydrated successively in 70 %, 95 %, and

100 % ethanol and was analyzed without additional sample

preparation using a micro-CT 45-lm scanner (eXplore

Locus; GE Healthcare, USA). The volumetric parameters

of bone volume (BV), total volume (TV), and the calcu-

lated ratio of BV/TV (%) as well as trabecular thickness

(Tb.Th., lm), trabecular number (Tb.N., no./mm), and

trabecular spacing (Tb.Sp., lm) were assessed to investi-

gate the effect of each antidiabetic drug on the microar-

chitecture of the spongiosa and trabecular bone.
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Bone histomorphometry

Following death, the right femurs were embedded unde-

calcified in methyl methacrylate. Adjacent sections were

stained with Masson–Goldner trichrome, and two sections

were left unstained for the evaluation of calcein and tet-

racycline labeling. Histomorphometric examination was

performed in a blinded, unbiased manner using imaging

system software (simple PCI system; Hamamatsu, Se-

wickley, PA, USA). Variables were measured and reported

as previously described [10, 12, 17, 18] using the termi-

nology recommended by the Histomorphometry Nomen-

clature Committee of the American Society for Bone and

Mineral Research (ASBMR) [19]. Static measurements and

histodynamic parameters were measured from five differ-

ent microscopic fields at 100 9 magnification. The number

of adipocytes within the examined tissue area as well as the

individual adipocyte area and diameter were also deter-

mined. These data are expressed as the total adipocyte

number per tissue area (no./mm2) and the adipocyte

diameter (lm). The histodynamic parameters for mineral

apposition rate (MAR, lm/day) in the metaphysis of the

proximal femur were measured from the same specimens

as described.

RNA isolation and quantitative real-time RT-PCR

analysis

Total RNA was isolated from the right tibia of each animal,

and the gene expression in the entire bone was analyzed

using quantitative real-time reverse transcription-poly-

merase chain reaction (RT-PCR) (LightCycler Instrument,

Roche, Germany). Immediately after the animal was killed,

all remaining soft tissue was removed from the tibia, which

was then cut into pieces and homogenized in TRIzol

reagent (Life Technologies, Grand Island, NY, USA).

Next, RNA isolation was performed as described by the

manufacturer, and real-time RT-PCR was performed as

previously described [20]. Levels of 18S rRNA were used

to correct for intersample variation.

Statistical analysis

After establishing homogeneity of variance and a normal

distribution of the data, statistically significant differences

between groups were determined using one-way analysis of

variance (ANOVA) followed by a post hoc Student–Neu-

man–Keuls analysis and SPSS (Statistical Package for the

Social Sciences) 17.0 software (SPSS, Chicago, IL, USA).

In all cases, P values \ 0.05 were considered significant.

Histomorphometric data were analyzed using SPSS as

well, and all values are presented as the mean ± SD.

Results

Baseline characteristics

The pre- and post-treatment body weights and FBG levels

for each of the four groups are summarized in Table 1.

Before treatment, there were no differences in FBG or body

weight among the four groups. After the 6-week treatment,

the post-treatment FBG levels of animals in the Pio, Rosi,

and Met groups were lower than the pre-treatment values

and significantly lower than the values from the placebo

group, whereas no differences were found among the three

hypoglycemic treatments. After 6 weeks of feeding and

compared with the pre-treatment body weights, the average

post-treatment body weights increased significantly in all

four groups. Notably, the greatest gain in body weight was

observed when the Rosi group was compared to the pla-

cebo group (P = 0.006) and the Met group (P = 0.007);

however, there was no significant difference between the

Pio and Rosi groups.

Analysis of bone microarchitecture and BMD

Bone microarchitecture parameters and BMD values of the

femora are shown in Table 2. Compared with the placebo,

Pio, and Rosi groups, the Met group had significantly

higher BV/TV ratios and lower Tb.Sp. values. Although

the Rosi group had a relatively higher degree of Tb.Sp.

(0.173 ± 0.024 lm), there were no significant differences

in BV/TV, Tb.Th, Tb.N, and Tb.Sp. among the placebo,

Pio, and Rosi groups. Furthermore, the femoral BMD value

for the Met group was significantly higher than that of the

Rosi group (P = 0.009).

At L2–L5, however, no significant differences in BMD

value or the analyzed bone microarchitecture parameters

were observed in mice treated with the two TZD drugs,

metformin, or placebo (Table 3).

Histomorphometric analysis of bone formation

and adipocytes

As shown in Fig. 1 and Table 4, the highest osteoid width

and MAR values were found in the Met group, whereas

significantly increased bone marrow fat content, increased

numbers of adipocytes, decreased osteoid width, and lower

MAR values were detected in the Rosi group. The number

of adipocytes in the Rosi group was almost fivefold higher

than that of the Met group and was fourfold higher than of

the placebo and the Pio groups. The adipocyte diameter,

however, was similar between the four groups. No signif-

icant differences in the static or dynamic parameters were

found between the placebo group and the Pio group.
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The expression of phenotype-specific gene markers

The expression of Bmp2, Runx2, and Fabp4 is presented in

Table 5. In contrast to our expectations, no significant

differences in Runx2 expression were detected across the four

groups. The expression of this osteoblast-specific transcrip-

tion factor was not suppressed by either rosiglitazone or

pioglitazone treatment. The expression of Bmp2 in the Rosi

group was similar to that of the placebo group, whereas it was

significantly downregulated by treatment with pioglitazone

and metformin. As expected, the highest expression of Fabp4

was detected in the Rosi group when compared to the placebo,

Pio, and Met groups (P = 2.50E - 5, 2.88E - 6, and

2.76E - 6, respectively).

Discussion

TZD and metformin are two types of priority antidiabetic

drugs that are commonly prescribed for patients with insulin

resistance. Animal studies demonstrated that rosiglitazone

administration resulted in significant decreases in total body

BMD, bone formation rate, bone volume, trabecular width,

and trabecular number, and this was also accompanied with

an increase in trabecular spacing and fat content in the bone

marrow of 6-month-old nondiabetic C57BL/6 mice. The

expression of the osteoblast-specific genes Runx2/Cbfa1,

Dlx5, and alpha1(I)collagen were decreased, whereas the

expression of the adipocyte-specific fatty acid-binding pro-

tein aP2 was increased simultaneously [10]. However, in

Table 1 Pre-treatment and post-treatment fasting blood glucose (FBG) and body weight in placebo, pioglitazone, rosiglitazone, and metformin

groups

Group Pre-treatment

FBG (mmol/l)

Post-treatment

FBG (mmol/l)

P value Pre-treatment

body weight (g)

Post-treatment

body weight (g)

P value

Placebo 13.50 ± 1.07 12.28 ± 2.27 0.454 36.00 ± 3.65 43.10 ± 4.27 0.015

Pio 13.57 ± 1.94 6.93 ± 1.31* 0.001 38.03 ± 3.27 47.43 ± 4.14§ 1.35E-04

Rosi 12.22 ± 4.66 6.04 ± 1.63** 0.020 38.33 ± 4.37 50.43 ± 2.59#^ 4.15E-04

Met 15.43 ± 8.30 6.72 ± 1.24*** 0.042 36.50 ± 4.32 44.07 ± 4.33 0.002

Pio pioglitazone, Rosi rosiglitazone, Met metformin

Compared with placebo: * P = 5.62E - 05, ** P = 9.52E - 06, *** P = 1.56E - 04; compared with placebo: § P = 0.041; compared with

placebo: # P = 0.006; compared with metformin: ^ P = 0.007

Table 2 Bone mineral density (BMD) value and bone microarchitecture of femora in placebo, pioglitazone, rosiglitazone, and metformin groups

Group BMD (g/cm2) BV/TV (%) BS/BV (%) Tb.Th. (lm) Tb.N. (no./mm) Tb.Sp. (lm)

Placebo 0.078 ± 0.002 0.583 ± 0.046* 8.354 ± 0.463 0.240 ± 0.013 2.427 ± 0.089 0.167 ± 0.019#

Pio 0.080 ± 0.002 0.599 ± 0.030** 8.375 ± 0.669 0.240 ± 0.019 2.499 ± 0.084 0.160 ± 0.009##

Rosi 0.076 ± 0.003 0.599 ± 0.058*** 8.081 ± 1.122 0.251 ± 0.034 2.395 ± 0.119 0.173 ± 0.024###

Met 0.084 ± 0.001^ 0.644 ± 0.018 7.724 ± 0.352 0.259 ± 0.012 2.486 ± 0.081 0.143 ± 0.008

Pio pioglitazone, Rosi rosiglitazone, Met metformin, BV bone volume, TV total volume, BS bone surface, Tb.Th. trabecular thickness, Tb.N.
trabecular number, Tb.Sp. trabecular spacing

Compared with Rosi group: ^ P = 0.009; compared with Met group: * P = 0.033, ** P = 0.040, *** P = 0.041; compared with Met group:
# P = 0.008, ## P = 0.050, ### P = 0.018

Table 3 BMD value and bone microarchitecture of lumbar spine 2–5 (L2–L5) in placebo, pioglitazone, rosiglitazone, and metformin groups

Group BMD (g/cm2) BV/TV (%) BS/BV (%) Tb.Th. (lm) Tb.N. (no./mm) Tb.Sp. (lm)

Placebo 0.047 ± 0.002 0.455 ± 0.012 11.057 ± 1.240 0.183 ± 0.022 2.509 ± 0.224 0.218 ± 0.016

Pio 0.046 ± 0.002 0.450 ± 0.030 10.669 ± 1.205 0.190 ± 0.023 2.386 ± 0.129 0.231 ± 0.004

Rosi 0.046 ± 0.003 0.453 ± 0.042 10.965 ± 1.767 0.187 ± 0.032 2.452 ± 0.201 0.224 ± 0.012

Met 0.049 ± 0.002 0.462 ± 0.030 10.174 ± 1.722 0.201 ± 0.034 2.333 ± 0.296 0.233 ± 0.024

Pio pioglitazone, Rosi rosiglitazone, Met metformin
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young and growing (4-week-old) animals, only the bone for-

mation rate was significantly suppressed by rosiglitazone

treatment, whereas no other osteoblast parameters were sig-

nificantly affected [12].

The effects of pioglitazone on the skeleton are contro-

versial, as opposing conclusions have been drawn from

several clinical studies. In 2009, Toulis et al. [21] reported

that pioglitazone treatment may not be associated with an

increased fracture risk in women or men with T2DM. In

contrast, Dormandy et al. [22] from the same year dem-

onstrated a higher rate of bone fractures in pioglitazone-

treated female patients. In premenopausal patients with

polycystic ovary syndrome (PCOS), pioglitazone treatment

significantly decreased lumbar and hip bone mineral den-

sity along with decreased bone turnover [23].

Metformin has been demonstrated to induce the differ-

entiation and mineralization of osteoblasts via activation of

the AMP-activated protein kinase (AMPK) signaling

Fig. 1 Examination of the histological appearance of the proximal

femora from the placebo, pioglitazone, rosiglitazone, and metformin
groups. Mineralized bone tissue is stained green; osteoid is stained

red. Unstained areas in the bone marrow represent empty spaces

previously occupied by adipocytes. Adipocytes were recognized

based on the distinct appearance of round empty spaces in the

processed specimens. 9100

Table 4 Histomorphometric analysis of adipogenesis and bone formation rate in placebo, pioglitazone, rosiglitazone, and metformin groups

Group Adipocyte number (no./mm2 tissue area) Adipocyte diameter (lm) Osteoid width (lm) MAR (lm/day)

Placebo 18.63 ± 10.70* 35.86 ± 8.31 41.60 ± 35.64# 2.84 ± 1.20^

Pio 19.34 ± 14.32** 38.70 ± 9.79 37.80 ± 27.17## 3.27 ± 0.78^^

Rosi 77.18 ± 11.92 38.48 ± 7.17 37.82 ± 29.94### 2.89 ± 0.75^^^

Met 14.14 ± 11.28*** 38.44 ± 8.32 49.88 ± 48.53 4.46 ± 1.72

Pio pioglitazone, Rosi rosiglitazone, Met metformin, MAR mineral apposition rate

Compared with rosiglitazone: * P = 3.42E - 06, ** P = 4.55E - 06, *** P = 1.75E - 06; compared with metformin: # P = 0.004,
## P = 0.001, ### P = 0.001; compared with metformin: ^ P = 0.010, ^^ P = 0.030, ^^^ P = 0.010

634 J Bone Miner Metab (2012) 30:630–637

123



pathway, and also to induce Bmp2 expression in vitro. In

ovariectomized (OVX) rats, metformin enhanced osteo-

blast differentiation, prevented bone loss, and decreased

tartrate-resistant acid phosphatase (TRAP)-positive cells

[14]. Furthermore, metformin may inhibit osteoclast dif-

ferentiation [24] and stimulate osteoblast differentiation

through the transactivation of Runx2 via the AMPK/USF-1/

SHP regulatory cascade in vitro [25, 26].

In the current study, we investigated the effects of ros-

iglitazone, pioglitazone, and metformin on the skeleton in

C57BL6J ob/ob mice using DXA, micro-CT, and histo-

morphometric analyses. Consistent with the foregoing

study [10], we observed that rosiglitazone treatment

decreased femoral BMD accompanied by an increased

bone marrow fat content and a decreased MAR compared

with placebo and metformin treatments. However, no

adverse effect on the bones caused by pioglitazone treat-

ment was found in our study. Moreover, metformin treat-

ment conferred significant positive effects on bones when

compared to the rosiglitazone and placebo treatments. We

observed different impacts of metformin on femur and

lumbar spine consequent to their different composition.

Because the femur is mainly composed of cortical bone

whereas the lumbar spine is mainly composed of cancel-

lous bone, we concluded that the effects of metformin

differ for these two types of bone tissue. No changes in

spongiosa microarchitecture were found to result from

rosiglitazone and pioglitazone therapies. Moreover, the

expression of phenotype-specific gene markers, such as

bone formation marker (Bmp2), osteoblast-specific tran-

scription factor (Runx2), and adipocyte-specific marker

(Fabp4), was not simply downregulated or upregulated

along with the BMD and bone microarchitecture changes.

In the Rosi group, the expression of Runx2 and Bmp2 was

not downregulated, whereas the expression of adipocyte-

specific marker (Fabp4) was upregulated almost sixfold

compared to the placebo group.

The Fabp4 gene encodes the adipocyte fatty acid-

binding protein and plays an important role in fatty acid

uptake, transport, and metabolism. Cabre et al. [27] dem-

onstrated that the plasma FABP4 level and the level of

peripheral blood mononuclear cell PPAR-c activity were

significantly higher in TZD-treated T2DM patients than in

non-TZD-treated T2DM patients. Furthermore, TZD

treatment increased Fabp4 mRNA levels, intracellular

protein levels, and extracellular secretion from human

adipocytes. As expected, the highest Fabp4 expression was

detected along with the highest fat content in the bone

marrow for the Rosi group. In contrast, Fabp4 expression

in the Pio group was similar to that of the placebo and the

metformin treatment groups.

In general, bone morphogenetic proteins (BMPs) are

characterized as potent bone-inducing molecules. BMP

cytokines are produced mainly by mesenchymal lineage

cells, which control osteoblast and adipocyte differentia-

tion and are essential for bone formation and bone

homeostasis. Under conditions of TZD treatment, however,

in vitro studies have confirmed that Bmp2 activity strongly

stimulates adipogenic differentiation of murine 3T3-L1

preadipocytes. Therefore, Sottile and Seuwen [28] dem-

onstrated that Bmp2 can act as a potent adipogenic agent if

activated concurrently with TZD treatment. Additional

studies have indicated that type IB and IA BMP receptors

transmit different signals to Bmp2 and play critical roles in

both the specification and the differentiation of osteoblasts

and adipocytes [29]. Nonetheless, Bmp2 expression

induced by high glucose can be suppressed by pioglitazone

[30]. Therefore, we suggest that the significantly increased

fat content in the bone marrow may result from not only

upregulated Fabp4, but also Bmp2 expression, in addition

to the rosiglitazone treatment. Compared to rosiglitazone

treatment, the downregulated Fabp4 and Bmp2 expression

associated with metformin treatment resulted in a lower fat

content in the bone marrow, a higher femoral BMD, and

improved bone microarchitecture. Moreover, the sup-

pressed Bmp2 expression and the normal Runx2 and Fabp4

expression induced by pioglitazone contributed to

improved skeletal phenotypes in the Pio treatment group

compared to the Rosi group.

Runx2 is a member of the RUNX family of transcription

factors and encodes a nuclear protein with a Runt DNA-

binding domain. This protein is essential for osteoblastic

Table 5 Relative expression of adipocyte fatty acid-binding protein 4 (Fabp4), runt related transcription factor 2 (Runx2), and bone mor-

phogenetic protein 2 (Bmp2) genes in the whole tibia normalized to 18 s rRNA in placebo, pioglitazone, rosiglitazone, and metformin groups

Group Fabp4 Runx2 Bmp2

Placebo 50.43 ± 2.20* 2.94 ± 1.82 2.70 ± 0.46

Pio 52.69 ± 36.10** 2.18 ± 2.07 1.18 ± 0.70^,#

Rosi 301.82 ± 113.43 4.87 ± 5.39 2.62 ± 0.94

Met 40.70 ± 29.76*** 1.40 ± 0.59 1.27 ± 0.53^^,##

Pio pioglitazone, Rosi rosiglitazone, Met metformin

Compared with Rosi group: * P = 2.50E - 05, ** P = 2.88E - 06, *** P = 2.76E - 06; compared with placebo: ^ P = 0.007,
^^ P = 0.012; compared with Rosi group, # P = 0.003, ## P = 0.007
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differentiation and skeletal morphogenesis, acting as a

scaffold for nucleic acids and regulatory factors involved in

skeletal gene expression. In this study, no significant differ-

ence in Runx2 expression was observed for the placebo group

or for groups treated with any one of the three hypoglycemic

drugs. Rosiglitazone treatment induced lower trabecular

BMD as well as defects in parameters of bone microarchi-

tecture, which occurred in parallel with increased Fabp4

expression and normal Bmp2 and Runx2 gene expression. We

suggest that the mechanism responsible for rosiglitazone-

related bone loss may not be simply the inverse relationship

between osteoblasts and adipocytes or the potential down-

regulated bone formation in insulin-resistant mice.

In summary, we conclude the following points regarding

the skeletal effects of hypoglycemic drug treatment. First,

metformin is a bone-friendly, antidiabetic drug. It down-

regulated adipogenesis in insulin-resistant obese mice to

maintain BMD, antagonizes bone loss, and protects bone

microarchitecture. Second, rosiglitazone treatment had

adverse skeletal effects even in young female insulin-

resistant mice at the trabecular bone. Third, under rosig-

litazone therapy, the expression of Bmp2 and Fabp4

worked together to increase fat content in the bone marrow

and to damage the BMD and bone microarchitecture of the

trabecular bone, although the expression of the osteoblast-

specific gene (Runx2) was not downregulated in C57BL6J

ob/ob mice. Thus, the TZD-induced osteoblast–adipocyte

relationship must be more complicated than previously

assumed. Last, compared with rosiglitazone, no evidence

of adverse skeletal effects was found to result from piog-

litazone treatment in C57BL6J ob/ob mice.
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