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Abstract: Objective: This study was performed to investigate bone deteriorations of diabetic mice in response to the
treatment of ursolic acid derivative (UAD). Methods: The biomarkers in serum and urine were measured, tibias were
taken for the measurement on gene and protein expression and histomorphology analysis, and femurs were taken
for the measurement on bone Ca and three-dimensional architecture of trabecular bone. Results: UAD showed a
greater increase in bone Ca, BMD and significantly increased FGF-23 and OCN, reduced PTH and CTX in diabetic
mice. UAD reversed STZ-induced trabecular deleterious effects and stimulated bone remodeling. The treatment of
STZ group with UAD significantly elevated the ratio of OPG/RANKL. Moreover, insulin and IGF-1 showed a negative
correlation with both FBG and Hb1Ac in STZ group. We attributed down-regulating the level of Hb1Ac in diabetic mice
to that ursolic acid derivative could primely control blood sugar levels. After analyzing of two adipocyte markers,
PPARy and aP2, increased expression in the tibias of diabetic mice, and UAD could improve STZ-induced adipocyte
dysfunction. Conclusions: These results demonstrated that UAD could ameliorate STZ-induced bone deterioration
through improving adipocyte dysfunction and enhancing new bone formation and inhibiting absorptive function of
osteoclast in the bone of diabetic mice.
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Introduction and increased fracture risk. Additionally, ad-
vanced glycation end-products of bone matrix

Type 1 diabetes mellitus (DM1) results in hyper- proteins, and some biological factors like cyto-

glycemia because of an absolute insulin insuf-
ficiency. This leads to many complications, both
microvascular and macrovascular pathological
changes [1], retinopathy [2, 3], neuropathy [4],
diabetic nephropathy [5], diabetic osteopenia
and osteoporosis [6]. Recent clinical surveys
showed that DM1 elevates fracture risks of hip,
vertebral, proximal humerus, tibia, wrist and
ankle independent of BMD [7, 8]. Moreover,
DM1 has been recognized a relationship
between delayed healing of fractures and bone
defects in animal models [9, 10]. Osteoporosis
is one of the long-term complications associat-
ed with DM1. The well-known causes for dia-
betic osteoporosis include the direct effects of
insulin deficiency or resistance and hyperglyce-
mia on bone and the bone marrow microenvi-
ronment. The duration of DM1, microvascular
complications may account for low bone mass

kKines and adipokines, could exert their detri-
mental effects on bone cells [11].

Osteoblasts are originated from mesenchymal
stem cells, which can differentiate into adipo-
cytes as well as a variety of other cell types [6].
During the process of osteogenesis and osteo-
blast differentiation, Runx2, a transcription fac-
tor, and TGF-B are markedly elevated [12].
Subsequent overexpression bone formation
marker genes, such as osteocalcin (OCN), alka-
line phosphatase (ALP), type I collage (COL 1),
were demonstrated during osteogenetic pro-
cess in vitro [12]. On the other hand, overex-
pression of peroxisome proliferator activated
receptor y (PPARy), a member of the nuclear
receptor transcription factor family, induces
adipogenesis over osteoblastogenesis in
mcsenchymal stem cells (MSCs) [13-15].
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Figure 1. The structure of ursolic acid derivative.

Interestingly, inhibition of PPAR-y during induc-
tion of osteogenesis leads to increased osteo-
genic differentiation of human MSCs [14].
Selection of adipogenesis over osteoblastogen-
esis is thought to contribute to bone loss asso-
ciated with a variety of conditions including
senescence [16], estrogen deficiency [17] and
hyperglycemia [6].

Bone deteriorations induced by hyperglycemia
is mediated, at least partially, through the OPG/
RANKL system, which can influence the local
metabolism environment of bone and play an
important role of regulating osteoclast differen-
tiation and activity [18]. Osteoclastogenesis
depends on osteoblasts secreting the key
mediator, receptor activator of nuclear factor-
kB (RANK) ligand (RANKL), which binds to its
receptor (RANK) on the plasma membrane of
osteoclast precursors, thereby stimulating dif-
ferentiation of pre-osteoclasts into mature
osteoclasts. Moreover, to counterbalance
RANKL action, osteoblasts synthesize and
secrete osteoprotegerin (OPG), a soluble decoy
receptor capable of inhibiting RANK-RANKL
interaction and osteoclastogenesis [19].
Recent clinical data indicates that OPG mRNA
expression and plasma OPG levels are signifi-
cantly increased in DM1 groups in comparison
with NG group. Children and adolescents with
early onset DM1 present low bone mineral den-
sity, associated to unsatisfactory glycemic con-
trol, increased OPG levels and low osteocalcin
concentration [7, 20].

Ursolic acid is a pentacyclic triterpene, which is
abundantly distributed in medicinal herbs.
Pharmacological effects of ursolic acid include
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anti-cancer [21], anti-inflammatory [22], anti-
viral [23], anti-diabetic activities [24], stimulat-
ing osteoblast differentiation and enhancing
new bone formation [25] and so on. Recent
approaches in the early stage of drug discovery
and development include the development of
therapeutic agents from natural substances,
which retain the beneficial effects while mini-
mizing the adverse side effects, but effects of
ursolic acid on diabetic osteoporosis have not
been determined. Therefore, here we used a
streptozotocin-induced diabetic mouse model
to examine the effect of ursolic acid on bone.
Bone metabolism key regulators and adipocyte
markers, PPARy and aP2, were detected.

Materials and methods
Animal treatment

Six-week-old male C57BL/6J mice (Slac
Laboratory Animal, Shanghai, China) were
allowed to acclimate to the environment for 1
week. All experimental procedures were carried
out in accordance with the guidelines of The
Affiliated Hosptial of Binzhou Medical University
on Animal Care. Ursolic acid derivatives (UAD,
Figure 1) were obtained from our research
team. These compounds were purified by col-
umn chromatography and their structures were
all confirmed. All chemicals and reagents were
purchased from Sigma (Oakville, Ontario,
Canada), except where noted.

The mice were randomly divided into three
groups: (1) Vehicle group (n = 12); (2)
Streptozotocin  (STZ)-induced hyperglycemia
mice (DM1, n = 12); (3) STZ with ursolic acid-
treated group received ursolic acid orally at a
dose of 200 mg/kg per day (US, n = 12). The
mice were induced hyperglycemia by intraperi-
toneal injection of STZ, dissolved in citrate buf-
fer (0.1 M at pH 4.2), at 35 mg/kg body weight
for 5 consecutive days. The mice in vehicle
group were injected with solvent. All mice were
sacrificed 6 weeks after STZ injection. The fast-
ing blood glucose (FBG) levels were measured
with a blood glucose monitoring system
(Roche). Body weight and FBG were recorded
every two weeks during experimental period.

Bone metablism key regulators and calcium in
serum, urine and bone

The concentrations of calcium (Ca) from serum
and urine were measured by standard colori-

Int J Clin Exp Pathol 2015;8(4):3681-3690



UAD ameliorates diabetic bone deleterious in mice

Table 1. Primers sequence used for RT-PCR analysis

gene Forward primer sequence (5’-3’) Reverse primer sequence (5-3")
RANKL tcaggagttccagctatgat ccatcagctgaagatagtce

OPG tcactgggctgtticttcag tectetttctcagggtgett
MMP-9 ggteggtictgaccttttgt tggtgtectecgatgtaaga

CAll tggttcactggaacaccaaa agcaagggtcgaagttagea
TGF-B tgacgtcactggagttgtacgg ggttcatgtcatgatggtge
Runx2 tcaacatccgccaagagg tacttgatgccacctgegatg
PPARyY gcgcagggaacaagcagage geectcgageggaagactgtg
aP2 cacgtccacaactagaaggtigg gaccaacgaatcgtagectgg
GAPGH gtgaggtgaccgcatcttct cttgecgtgggtagagtcat

over total volume (BMD/TV)
were obtained by analyzing
the VOI.

Reverse transcription-poly-
merase chain reaction

The tibias of each animal
were crushed under liquid
nitrogen conditions and RNA
extraction was performed
according to the TRIzol manu-

metric methods using a micro-plate reader
(Bio-Tek, USA). The level of urine Ca was cor-
rected by the concentration of creatinine (Cre).
Serum levels of intact parathyroid hormone
(PTH 1-84), fibroblast growth factor-23 (FGF-
23), tartrate resistant acid phosphatase-5b
(TRACP-5b), osteocalcin (OCN), C-terminal telo-
peptide of type I collagen (CTX), testosterone
(TES) and bone specific alkaline phosphatase
(b-ALP) were detected using mouse bioactive
PTH ELISA assay (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) with ELISA reader (MD
SpectraMax M5, USA).

The tibias were incinerated at 800°C for 6
hours and the ash weighed. 10 mg of bone ash
was then dissolved in 1 ml of 37% HCI and dilut-
ed with Millin-Q water. The calcium content was
determined by the kit used for serum and urine
calcium assay.

Bone histomorphology

The tibias were decalcified in 0.5 M EDTA (pH =
8.0) and then embedded in paraffin by stan-
dard histological procedures. Section of 5 ym
were cut and stained with hematoxylin & eosin
(H&E), and visualized under a microscope
(Leica DM 2500).

The trabecular bone microarchitecture of the
proximal metaphysis of the tibia was measured
using a microtomography scanner (SkyScan
1076, Kontizh, Belgium) with a slice thickness
of 22 ym. The volume of interest (VOI) was tra-
becular compartments based on 100 consecu-
tive slices away from the proxomal tibia growth
plate. The 3D images were obtained for visual-
ization and display. Bone morphometric param-
eters, including bone volume over total volume
(BV/TV), trabecula number (Tb. N), trabecula
thickness (Tb. Th) and bone mineral density
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facturer’s protocol (Invitrogen,
Carlsbad, CA, USA). RNA
integrity was verified by agarose gel electropho-
resis. Synthesis of cDNAs was performed by
reverse transcription reactions with 2 pg of
total RNA using moloney murine leukemia virus
reverse transcriptase (Invitrogen) with oligo dT
(15) primers (Fermentas) as described by the
manufacturer. The first strand cDNAs served as
the template for the regular polymerase chain
reaction (PCR) performed using a DNA Engine
(ABI 7300). Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) as an internal control was
used to normalize the data to determine the
relative expression of the target genes. The
reaction conditions were set according to the
Kit instructions. The PCR primers used in this
study were shown in Table 1.

Statistical analysis

The data from these experiments were report-
ed as mean * standard error of mean (SEM) for
each group. All statistical analyses were per-
formed using PRISM version 4.0 (GraphPad).
Inter-group differences were analyzed by one-
way ANOVA, and followed by Tukey’s multiple
comparison test as a post test to compare the
group means if overall P < 0.05. Differences
with P value of < 0.05 were considered statisti-
cally significant.

Results
Physiological and biochemical properties

Two weeks after the STZ injection, fasting blood
glucose (FBG) was measured, and whole blood
was collected from the orbital vein to confirm
diabetes at levels greater than 11.1 mmol/L.
The FBG value of DM1 mice rose from 11.2
mmol/L at week 2 to 17.4 mmol/L at week 6.
The FBG in the DM1 group was significantly
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Figure 2. Body weight (BW) and fasting blood glucose (FBG) throughout the study. BW (A) and FBG (B) are recorded
every two weeks during experimental period. Values are expressed as mean + SEM, n = 12 in each group. “P < 0.05,
P < 0.01, "P < 0.001, versus vehicle group; P < 0.05, #P < 0.01, ##P < 0.001, versus STZ group.

Table 2. Calcium content in serum, urine and bone

Vehicle STZ uS
Ca/Ash (mg/mg) 0.47 £0.028 0.22+0.019" 0.39 £ 0.022*
Bone Ca (mg) 8.5+0.38 4.5+ 0.45" 7.0 £ 0.30%
Serum Ca (mg/dL) 10.65+0.31 9.05+0.32" 10.07 + 0.38"

Urine Ca/Cre (mg/mg) 0.039 + 0.004 0.084 + 0.009" 0.055 + 0.007%

Values are expressed as mean + SEM, n = 6 in each group. P < 0.05, versus
vehicle group; #*P < 0.05, versus STZ group.

Table 3. Bone parameters of proximal tibia

Vehicle STZ us
BV/TV (%) 37+£3.6 19+2.47 28 + 3.2%
Th. N (mm?) 8.8+0.72 5.1+0.32° 7.9 + 0.90*
Th. Th (um) 52+ 4.3 27 +4.0° 50 + 4.5%
BMD/TV (mg HA/cm?) 150 £ 12.2 78 + 10.6" 109 + 13.3#

BV/TV, bone volume over total volume; Tb. N, trabecula number; Tb. Th, trabecula
thickness; BMD/TV, bone mineral density over total volume. Values are expressed
as mean + SEM, n = 6 in each group. P < 0.05, versus vehicle group; P < 0.05,
versus STZ group.

increased compared to that of the control group
from week 2 to week 6 (Figure 2A). At the end
of the 6 week treatment, 200 mg/kg of UAD
decreased FBG (44.8%) as compared with dia-
betic control. The mean body weight (BW) of
the STZ-treated mice was significantly lower
than that of the control group (Figure 2B). In
contrast, BW of diabetic mice was increased
after week 4 of the UAD treatment.

bone and serum (Table 2).
STZ-treated could accelerate
calcium outflow. When com-
paring the results of serum,
urine and bone between STZ
and US groups, we could easi-
ly see that the UAD increased
serum Ca, decreased urine Ca
excretion and increased bone
calcium content (Table 2).
From these calcium metabolic
data, it was well shown that
UAD exerted protective effects
on maintaining calcium bal-
ance of STZ-induced bone
deteriorations in mice.

Micro-CT and bone histology

The loss of trabecular bone
mass at the proximal metaph-
ysis of the tibia was quantified
using micro-CT scanning. An-

alyses of the data from the proximal metaphy-
sis of the tibia revealed that diabetic mice
exhibited significantly lower trabecular BMD/
TV, BV/TV, Tb. N and Tb. Th, compared to that of
the control group (Table 3). Notably, treatment
with UAD for diabetic mice resulted in increas-
ing the BV/TV ratio, Tb. N, Tb. Th and BMD/TV
(Table 3). Histological analysis on trabecular
bone in proximal metaphysis of mice was per-

formed by H&E staining (Figure 3A). The histol-

The Ca level in serum, urine and bone was com-
parable in the three experimental groups.
Hyperglycemia could up-regulate urine Ca
excretion and down-regulate the Ca content in

ogy of trabecular bone below growth plate was
markedly different in the three experimental
groups. H&E staining showed the increased dis-
connections and separation among growth
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plate and trabecular bone network as well as
the reduction of trabecular bone mass of pri-
mary and secondary spongiosa throughout the
proximal metaphysis of tibia in STZ group.
Importantly, UAD reversed STZ-induced trabec-
ular deleterious effects and stimulated bone
remodeling (Figure 3A). Moreover, H&E staining
was performed to observe the articular carti-
lage at the proximal metaphysis of the tibia.
The thickness of articular cartilage was reduced
in the proximal tibia of STZ group (Figure 3B
and 3C). The black arrow indicated that articu-
lar cartilage suffered seriously injured, so not in
its integrity. UAD reversed STZ-induced articu-
lar cartilage damage and maintained integrity
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Figure 3. Hematoxylin and eosin staining of
the proximal metaphysis of the tibia. Trabecu-
lar bone zone below growth plate is shown (A,
magpnification, x 100). The thickness of ar-
ticular cartilage is shown by black arrows (B,
maghnification, x 100) and the width of the ar-
ticular cartilage is quantified (C). Values are ex-
pressed as mean + SEM, n = 3 in each group.
“P < 0.05, versus vehicle group; #P < 0.05, ver-
sus STZ group.

of articular cartilage in the proximal tibia (Figure
3B and 3C).

Bone metabolic biochemical makers

Serum concentrations of bone turnover mark-
ers, like TRACP-5b as a bone resorption marker
and b-ALP as a bone formation marker, were
determined. The results showed that the serum
PTH and CTX level in STZ group were signifi-
cantly increased, and the serum FGF-23, OCN,
TES and b-ALP level were significantly
decreased when compared to that of the con-
trol group (Table 4). The serum PTH, TRACP-5b
and CTX level in US group were lower than STZ

Int J Clin Exp Pathol 2015:8(4):3681-3690
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Table 4. Bone metabolism-related biochemical markers
in serum

Sham STZ us

Intact PTH (pg/mL) 109+ 5.1 164 +8.7° 125 + 4.2¢
FGF-23 (pg/mL)  385+20.7 188 +16.3° 301+ 17.4*
TRACP-5b (pg/mL) 2.75+0.37 2.87+0.49 2.79+0.31

OCN (ng/mL) 556 + 25.8 339 +29.9" 476 +29.1*
CTX (ng/mL) 37+4.4 69 £ 5.9 48 + 6.2*
TES (ng/mL) 3.6+053 12+0.44" 18+0.45
b-ALP (ng/mL) 2.33+0.05 1.65+0.06" 2.18 + 0.05%

Values are expressed as mean + SEM, n = 6 in each group. "P

< 0.05, versus vehicle; *P < 0.05, versus STZ. PTH, parathyroid
hormone; FGF-23, fibroblast growth factor-23; TRACP-5b, tartrate
resistant acid phosphatase-5b; OCN, osteocalcin; CTX, C-terminal
telopeptide of type | collagen; TES, testosterone; b-ALP, bone specific

mined in our study. The RT-PCR result
showed that the ratio of OPG/RANKL and
OPG were significantly decreased, and
RANKL was increased in mice treated by
STZ as compared to the non-diabetic
mice (Figure 5A and 5B). The treatment
of STZ group with UAD significantly ele-
vated the ratio of OPG/RANKL. However,
the mRNA expression of RANKL was no
obvious difference in both the STZ and
US group (Figure 5A and 5B).

MRNA expression of key regulators for
bone metabolism

alkaline phosphatase.

group, and the serum FGF-23, OCN and b-ALP
level were significantly elevated in US group
(Table 4). Inhibition streptozotocin-induced
bone deleterious effects of UAD was observed
in the proximal tibia suggesting that it might
derive from the activity of ursolic acid to stimu-
late osteoblast differentiation and mineraliza-
tion and suppress absorptive function of
osteoclast.

Metabolic properties and adipocyte markers
in mice

In diabetic mice, the serum insulin, IGF-1 and
leptin level were significantly decreased, and
ursolic acid could correct the concurrent defi-
ciencies of insulin, IGF-1 and leptin in diabetic
mice (Figure 4A-C). Insulin and IGF-1 showed a
negative correlation with both FBG and Hb1Ac
in STZ group (Figures 2A and 4D). We attribut-
ed down-regulating the level of Hb1Ac in dia-
betic mice to that UAD could primely control
blood sugar levels. Analysis of two adipocyte
markers, PPARy and aP2, demonstrated
increased expression in diabetic tibia (Figure
4E and 4F). These data suggested that hyper-
glycemia might contribute to adipocyte differ-
entiation and proliferation in the tibia of mice.
Interestingly, UAD could reverse STZ-induced
mcsenchymal stem cells dysfunction.

Osteoprotegerin/receptor activator of nuclear
factor kappa B ligand (OPG/RANKL) ratio

The maturation and formation of osteoclasts
were mainly regulated by the balance of extra-
cellular OPG and RANKL levels, thus, the ratio
of OPG/RANKL expression in tibia was deter-
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To determine the changes of the osteo-

blast-specific and osteoclast-specific

genes which are responsible for osteo-
blasts-involved bone formation and osteo-
clasts-involved bone resorption, the mRNA
expression of runt-related transcription factor 2
(Runx2), transforming growth factor b (TGF-B),
carbonic anhydrase Il (CAll) and matrix metal-
loproteinase (MMP9) was measured. The
results showed that the mRNA expression of
MMP9 and CAIll was significantly increased in
the STZ group compared to those of non-dia-
betic mice (Figure 5C and 5D). In contrast, the
MRNA expression of Runx2 and TGF-B was sig-
nificantly decreased in the STZ group compared
to those of non-diabetic mice (Figure 5C and
5D). UAD could simultaneously reverse the
MRNA expression of MMP9, CAIl, Runx2 and
TGF-B in diabetic mice (Figure 5C and 5D).
These results suggested that UAD had the ana-
bolic potential to stimulate osteoblast differen-
tiation, enhance new bone formation, and sup-
press absorptive function of osteoclast.

Discussion

In this study, we investigated the pharmacologi-
cal roles of UAD in STZ-induced diabetic mice.
UAD as a hypoglycemic agent has been applied
to treatment non-obese type 2 diabetic mice.
The plasma and pancreatic insulin concentra-
tions are significantly higher in ursolic acid
groups than in the untreated diabetic group
[26]. Ursolic acid through absorptive and meta-
bolic targets ameliorates abdominal adiposity
and decreases the levels of blood glucose and
plasma lipids in mice [27]. In KKAy with sponta-
neous type 2 diabetic mice, ursolic acid can
ameliorate insulin resistance via improving the
expression of peroxisome proliferator-activated

Int J Clin Exp Pathol 2015;8(4):3681-3690
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receptors o (PPARa) [28]. Our studies shown
that ursolic acid derivatives could regulate the
level of insulin, IGF-1 and Hb1Ac in the serum of
diabetic mice. Insulin and IGF-1 showed a nega-
tive correlation with both FBG and HblAc in
STZ group. We attributed down-regulating the
level of Hb1Ac in diabetic mice to that ursolic
acid derivatives could primely control blood
sugar levels. Moreover, we demonstrated that
ursolic acid could ameliorate STZ-induced
mcsenchymal stem cells dysfunction through
regulation the expression of adipocyte markers
PPARy and aP2. PPARYy insufficiency results in
the enhancement of osteogenesis and sup-
pression of adipogenesis in mice, in contrast,
overexpression of PPARy levels have a domi-
nant suppressive influence on osteogenic dif-
ferentiation of human MSCs [14, 29].

We concluded that hyperglycemia increasing in
bone resorption was confirmed by the increased
level of PTH and CTX in the serum, and the
decreased level of serum Ca and OCN and the
increased level of wurinary Ca excretion.
Moreover, histomorphology staining also con-
firmed the results. A recently identified phos-
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phatonin, known as fibroblast growth factor 23
(FGF-23), disclosed new pathways in the patho-
physiology of mineral metabolism [30]. Clinical
studies had shown that the downregulation of
serum FGF-23 levels in Crohn disease appeared
as a secondary compensatory effect on the
bone and mineral metabolism induced by
chronic intestinal inflammation [31]. This study
provided evidence that the downregulation of
serum FGF-23 levels in diabetic mice. A variety
of studies have investigated the biological
activity of ursolic acid in vitro and in vivo. It
stimulates osteoblast differentiation and min-
eralization by promoting the activation of MAP
kinases and transcription factors, NF-kB and
AP-1 in vitro [25]. Moreover, ursolic acid deriva-
tives significantly reduce hyperglycemia by
increasing levels of serum insulin in vivo [24].
Then, when the osteoclast-specific biomarkers
were suppressed, and osteoblast-specific bio-
markers were elevated by ursolic acid, all the
bone abnormalities were normalized approxi-
mately. These results indicated that ursolic
acid derivatives could enhance bone formation
and suppress bone resorption in diabetic mice.
This finding might contribute to a better under-

Int J Clin Exp Pathol 2015;8(4):3681-3690
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Figure 5. mRNA expression of osteoprotegerin (OPG), receptor activator of nuclear factor-kB ligand (RANKL) (A) and
the quantitative ratio of OPG/RANKL in tibia (B). mRNA expression of runt-related transcription factor 2 (Runx2),
transforming growth factor b (TGF-b), carbonic anhydrase Il (CAll) and matrix metalloproteinase (MMP9) (C) and the
semiquantitative analysis (D). Values are expressed as mean + SEM, n = 6-8 in each group. “P < 0.05, versus vehicle

group; *P < 0.05, versus STZ group.

standing of the pharmacological roles of ursolic
acid treatment diabetic osteopoorosis in mice.
Thus, ursolic acid derivatives could be devel-
oped as a potentially adjuvant therapeutic or
medicine prevention for diabetics mellitus and
diabetic osteoporosis.

Interestingly, we demonstrated that the
decreased level of testosterone in the serum of
mice in STZ group. Clinical surveys showed that
total osteocalcin was positively correlated with
testosterone in male patients with type 2 dia-
betes mellitus, so total osteocalcin might pre-
dict the testosterone level in the serum [32]. In
an aged orchidectomised rat model [33], tes-
tosterone replacement was able to raise the
testosterone level and restore the bone volume
of orchidectomised rats. We proposed that
hyperglycemia may tend to suppress testoster-
one level and enhance bone calcium loss and
collagen degradation in diabetic mice. However,
ursolic acid derivatives could not improve tes-
tosterone level in diabetic mice.

According to the histomorphology staining, a
decrease in the formation of new bone and
articular cartilage in diabetic mice. We suspect-
ed that hyperglycemia could disequilibrate
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between osteoblast-osteoclast interaction and
remodeling of bone in animal model.
Osteoclasts were large multinucleated cells
with the unique capability of extracellular
resorption of the mineralized bone matrix,
teeth, and mineralized cartilage [34]. The
actions of osteoclasts and osteoblasts were
vital for skeletal development and remodeling
and the balance of bone metabolism [35]. The
decreased mRNA expression ratio of OPG/
RANKL in tibia indicated that hyperglycemia
could stimulate osteoclastogenesis in diabetic
mice. In addition, hperglycemia could increase
osteoclast-involved resorptive activity as it fur-
ther induced the up-regulation of MMP-9 and
carbonic anhydrase Il (CAll), which could act on
CO, and H,0 to generate the hydrogen ions that
are secreted extracellularly by H*-ATPase in
osteoclasts to dissolve bone inorganic sub-
stance [36]. We had analyzed the mRNA expres-
sion of the osteoblast related regulators, TGF-3
and Runx2, could promote osteoblastic prolif-
eration and survival [12, 37]. This study showed
that the mRNA expression of TGF- and Runx2
in STZ group was lower than those in the con-
trol group, indicating that hyperglycemia might
have direct action on suppressing osteogenic
activity. Ursolic acid could simultaneously

Int J Clin Exp Pathol 2015;8(4):3681-3690
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reverse the mRNA expression of MMP9, CAll,
Runx2 and TGF-B in diabetic mice. These
results suggested that ursolic acid has the ana-
bolic potential to stimulate osteoblast differen-
tiation, enhance new bone formation, and sup-
press absorptive function of osteoclast.

In conclusion, we demonstrated that hypergly-
cemia exhibited the deterioration of trabecular
bone micro-structure in mice. These alterations
were mediated, at least partially, by promoting
bone adiposity through up-regulation the level
of PPARy and suppressing new bone formation
and enhancing absorptive function of osteo-
clast. Moreover, we also demonstrated that
ursolic acid could ameliorate STZ-induced bone
deterioration through improvement of mcsen-
chymal stem cells dysfunction.
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