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Abstract

Background: Obestatin is a peptide hormone derived from
the posttranslational cleavage of the same peptide precursor
as ghrelin, it has been shown to regulate food intake, pancreatic,
adipocyte, cardiac function as well as cell proliferation,
however, to date, no studies have shown the effect of obestatin
on bone turnover.

Aim of Study: This work was designed to investigate the
effects of obestatin on bone metabolism in normal and obese
rats and to explain the possible underlying mechanisms.

Material and Methods: Experiments conducted on 32
healthy adult male albino rats, which were randomly and
equally divided into 2 groups, group I (normal) and group II
[high fat diet induced obese group (HFD)]. Each group further
subdivided into equal 2 subgroups: Group a (received a single
intraperotoneal (ip) injection of 100ml saline daily for 30
consecutive days) and group b (daily ip injected with obestatin
"1nmol/100gm BW" for 30 consecutive days). In all groups,
gene expression of osteocalcin (OC), osteoprotegerin (OPG)
and Receptor activator nuclear factor KB ligand (RANKL)
bone markers were measured by real time PCR (RT-PCR),
serum calcitonin, interleukin-6 (IL-6), insulin, glucose, total
cholesterol (TC), total triglycride (TG) were measured, HO-
MA-IR and BMI were calculated, bone histopathology was
also done.

Results: In both normal and obese groups, obestatin caused
significant decrease in RANKL, significant increase in oste-
opetrogenin, OPG/RANKL ratio, osteocalcin expression and
serum calcitonin in comparison to their control, in subgroup
Ib (obestatin treated normal group), there was significant
decrease in BMI, however, there was non-significant change
in serum glucose, insulin levels, HOMA-IR index, TC, TG,
IL 6 levels in comparison to subgroup Ia. While, in subgroup
IIb (obestatin treated obese group), there was a significant
decrease in BMI, serum glucose, TG, TC, serum insulin levels,
HOMA-IR index and IL 6 levels in comparison to subgroup
ITa. In bone histopathology, subgroup Ib showing slight
increase in bone trabeculae thickness in comparison to the
control and subgroup Ila showed thin atrophic bone trabeculae
with wide marrow spaces. While, subgroup IIb showed in-
creased bone trabeculae thickness in comparison to the later.

Conclusion: Obestatin has anabolic effect on bone in
normal and obese rats, which it can be used in regime diet
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induced weight loss, as it prevent the decrease of bone mass
that accompany weight loss.

Key Words: Obestatin — Bone turnover — Osteocalcin —
Osteoprotegerin — RANKL.

Introduction

IT is interesting that adequate nutrient intake and
normal gastrointestinal function are critical to bone
health, which can be under constant repair and
remodeling. Gut hormones may integrate a connec-
tion between food intake and bone turnover, this
help in the management of the secondary causes
of bone diseases associated with nutritional distur-
bance [1].

Obestatin (OBST) is a 23-amino-acid, peptide
hormone that is mainly produced in the gastroin-
testinal tract and is derived from the posttransla-
tional cleavage of the same peptide precursor of
ghrelin [2]. OBST has been shown to regulate
metabolic function at the central and the peripheral
levels, which includes regulation of food intake
and pancreatic, adipocyte, and cardiac function as
well as cell proliferation [2-5]. It has been reported
to bind to and activate the orphan G protein-coupled
receptor-39 (GPR39), as well as the glucagon-like
peptide-1 receptor (GLP1R) and growth hormone
secretagogue receptor (GHSR) [2,6,7].

This protein and its receptors are expressed on
osteoblastic cell lines in different stages of maturity
[8]. Moreover, in osteoblastic cell culture, there
was increase in bone turnover markers (BTMs)
production on exposure to OBST, with increased
cell viability [1,9], these data reinforce the hypoth-
esis that bone function might be under the influence
of OBST released in response to changes in dietary
intake [1,9].

It is interesting that obesity have adverse effects
on bone health, as there is a negative associations
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between excess fat and bone mineral density
(BMD), bone geometry and bone strength [10,11].
OBST appearsto play an important role with clear
potential relevance to obesity, asit prevent lipolysis
and acts similarly to insulin, reduced insulin resist-
ance and reduced inflammation in metabolic tissue

[6].

The aim of this study is to determine the effect
of OBST administration on bone metabolism in
normal and high fat diet induced obese rats.

Material and M ethods

In the period from 15 th February to 13th July
2018, the study was performed in the animal house
of Faculty of Medicine, Zagazig University and
involved 32 healthy adult male albino rats of local
strain weighting (193+9.14gm). All animalsre-
ceived care in compliance with the animal care
guidelines and ethical regulations in accordance
with the guide for the care and use of |aboratory
animals according to Institute of Laboratory Animal
Resources, [12], the animals were housed in plastic
cages under controlled hygienic conditions with
an ambient temperature (22+2°C) and normal light/
dark cycles with free access to food and water
throughout the period of the study. After acclimation
for one week, the rats were divided into 2 mgjor
equal groups:

Group I: Rats were fed on standard chow diet
(5% of energy derived from fat, 18% from proteins,
and 77% from carbohydrates; 3.3kcal/g), then it
divided into two subgroups (n=8)/each. Subgroup
(18) (the normal control group): Each rat received
intraperotonial (ip) injection of 100ml of saline
"NaCl 0.9%" daily for 30 consecutive days. Sub-
group (Ib) (OBST-treated normal group): Each rat
received ip daily dose of obestatin (1nmol/100gm
BW dissolved in 100ml saline) (Sigma Aldrich
Co.-USA) for 30 consecutive days [13].

Group II: Rats were fed high fat diet (HFD)
(Faculty of Agriculture, Zagazig University) (60%
fat, 21% carbohydrate, 18% protein and 5.1 calo-
ries/g) for 10 weeks to induce obesity [14], then it
divided into two subgroups (n=8)/each.

Subgroup (11 @) (the obese control group): Each
rat received ip injection of 100ml of saline "NaCl
0.9%" daily for 30 consecutive days. Subgroup (I1
b) (OBST-treated obese group): Each rat received
ip daily dose of obestatin (1nmol/100gm BW dis-
solved in 100ml saline) (Sigma Aldrich Co.-USA)
for 30 consecutive days [13].

Experimental design: 24 hours after the last
injection of OBST, blood samples were collected

from retro-orbital venous plexus and serum was
separated by centrifugation of clotted blood at
3000rpm for 20 minutes. The serum was kept deep
frozen at (—80°C) until biochemical serum analysis.
Afterward, the animals were stunned and killed
by a sharp blow to the head; the tibiae were ex-
tracted and quick-frozen at (—70°C) until total
RNA isolation.

Then the femur was removed from each rat,
cleaned of adhering soft tissue, fixed and placed
in 10% formalin solution for bone histopathol ogy.

Quantitative analysis of gene expression of
RANKL and Osteocalcin by real time PCR: Ac-
cording to krasemann et al., [15].

Total RNA extraction: Quick-frozen tibiawere
transported from —70°C storage to liquid nitrogen
until it was divided into two equal portions by
diagonal pliers, one portion was individually pow-
dered with a cold steel mortar and pestle, total
RNA was extracted from tissue homogenate using
SV Total RNA Isolation System (Promega, Madi-
son, WI, USA) according to manufacturer'sinstruc-
tion. The RNA concentrations and purity were
measured with an ultraviolet spectrophotometer.

Complementary DNA (cDNA) synthesis

The cDNA was synthesized from 1 ppRMA
using SuperScript 111 First-Strand Synthesis System
as described in the manufacturer's protocol
(#K 1621, Fermentas, Waltham, MA, USA). In
brief, 1 gpoftotal RNA was mixed with50 1=
oligo (dT) 20, 50ng/ p—ramdom primers, and 10
mM dNTP mix in atotal volume of 10 g Tahe
mixture was incubated at 56°C for 5min, and then
placed on ice for 3min. The reverse transcriptase

master mix containing 2 om0 x RT buffer, 4 §_w

of 25mM MgCl2, 2 g of0.1 M DTT,and 1 ol
SuperScript® 111 RT (200 U/ g) vmas added to the
mixture and was incubated at 25°C for 10min
followed by 50min at 50°C.

Real-time quantitative PCR:

Real-time PCR amplification and analysis were
performed using an Applied Biosystem with soft-
ware version 3.1 (StepOneTM, USA). The reaction
contained SY BR Green Master Mix (Applied Bi-
osystems), gene-specific primer pairs which were
shown in Table (1) and were designed with Gene
Runner Software (Hasting Software, Inc., Hasting,
NY) from RNA sequences from the gene bank. All
primer sets had a cal culated annealing temperature
of 60°. Quantitative RT-PCR was performed in a
25- grexction volume consisting of 2X SYBR
Green PCR Master Mix (Applied Biosystems),
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900nM of each primer and 2 gof®DNA. Amplifi-
cation conditions were: 2min at 50°, 10min at 95°
and 40 cycles of denaturation for 15s and annealing/
extension at 60° for 10min. Data from real-time
assays were calculated using the v1-7 sequence
detection software from PE Biosystems (Foster
City, CA). Relative expression of studied gene
mRNA was calculated using the comparative Ct
method. All values were normalized to beta actin
which was used as the control housekeeping gene
and reported as fold change over background levels
detected in the examined groups.

* The primer sequence of the studied gene.

Primer sequence

RANKL - Forward primer: 5'-GAGACTACGGCA
AGTA-3'

- Reverse: 5'-CCTCCAACGTTTATGG-3'

- Forward primer: 5'-TGGCACACAGTGA
TGAATGCG-'

- Reverse: 5'-GCTGGAAAGTTTGCTCT
TGCG-3'

- Forward: 5'-TGGAGCTCGAATTCTGC
TTG-3'

- Reverse: 5'-CATCAAGATGCGGAGC
TGCT-3'

- Forward primer: 5'-GGTCGGTGTGAAC
GGATTTGG -3

- Reverse primer: 5’- ATGTAGGCCATGAG
GTCCACC-3

Osteopro-
tegerin
(OPG)

Osteocalcin

Beta actin

Anthropometric measures: Measuring body
weight: The animal was put in closed plastic con-
tainer and weighed one day before the experiment
and at the last day. The results were recorded for
each labeled rat. Measuring rat length: By metal
ruler, nose to anus length was measured. Calculating
BMI index: Body mass index (BMI) equals body
weight (g)/length2 (cm?), this index can be used
as an indicator of obesity where the cut off value
of obesity BMI is more than 0.68g/crn2 [16].

Serum analysis:

Serum calcitonin: By using rat calcitonin (CT)
ELISA kits Cat. No. KT-8860 according to Zhou
etal., [17].

Serum glucose level: According to Tietz et al.,
[18] using glucose enzymatic (GOD-PAP)-liqui
zyme Kits (Biotechnology, Egypt).

Serum insulin level: By a solid phase enzyme
amplified sensitivity immunoassay according to
Temple et al., [19] using KAP1251-INS-EASIA
(Enzyme Amplified Sensitivity Immunoassay) Kits
(BioSource Europe S.A., Belgium). HOMA-IR:
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Was assessed by homeostasis model assessment
equation where [HOMA-IR=insulin ( ji/ngl) x
glucose (mg/dL)/405] [20,21]. Serum total choles-
terol (TC) level: According to Tietz et al., [18]
using rat cholesterol enzyme-linked immunosorbent
assay kit, (BioSource Europe S.A.-Rue de 1'Ind-
ustrie, 8-B- 1400 Nivelles-Belgium). Serum trig-
lycerides (TG) level: Using rat triglycerides en-
zyme-linked immunesorbent assay kit, (BioSource
Europe S.A.-Rue de I'Industrie, 8-C- 1150 Nivelles-
Belgium) according to Fossati and Prencipe [22].
Serum IL6: By using a double-antibody sandwich
ELISA rat IL-6 kits according to Song et al., [23].

Bone histopathological sections:

The femur was removed from each rat, cleaned
of adhering soft tissue, fixed and placed in 10%
formalin solution for one day [24] . After proper
fixation of the specimens, tissues were processed
in ascending grades of alcohol, cleaned in xylol
and embedded in paraffin blocks. 4 microns sections
were cut on a standard rotatory microtome. Serial
sections were stained by heamatoxylin and eosin
stain (H&E) and observed for histopathological
changes as described by [25].

Statistical analysis: The data obtained in the
present study were expressed as mean * SD for
quantitative variables and statistically analyzed by
using SPSS program (version 18 for windows)
(SPSS Inc. Chicago, IL, USA). One way analysis
of variance (ANOVA) was done followed by LSD
test to compare means of the different groups. p-
value <0.05 was considered statistically significant.

Results

Effect of OBST on anthropometric and serum
metabolic parameters: As shown in Table (1),
subgroup Ib (OBST treated normal group): There
was significant decrease in BMI (p<0.05), however,
there was non-significant change in serum glucose,
insulin levels, HOMA-IR, TC, TG, IL6 levels in
comparison to subgroup la (normal control group).

In subgroup Ila: (Obese control group), there
was a significant increase in BMI, serum glucose,
insulin levels, HOMA-IR index, TC, TG, IL6 levels
(»<0.001) in comparison to both subgroup Ia and
subgroup Ib.

In subgroup 11b: (OBST treated obese group),
there was a significant decrease in BMI, serum
glucose, TC, TG (p<0.001), insulin, HOMA-IR
index and IL6 levels (p<0.01) in comparison to
subgroup Ila (obese control group), however, there
was significant increase in BMI (p<0.01) in com-
parison to subgroup Ib, in addition, there was
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significant increase in serum glucose, TG
(»<0.001), TC and HOMA-IR index (p<0.05) in
comparison to subgroup la and Ib.

Effect of OBST administration on gene expres-
sion of RANKL, Osteopetrogenin and Osteocalcin
by real time PC: As shown in Table (2), subgroup
Ib, there was a significant decrease in RANKL
(»<0.05), however, there was significant increase
in both Osteopetrogenin, OPG/RANKL ratio and
Osteocalcin (p<0.05) in comparison to subgroup
la. In subgroup Ila, there was a significant increase
in RANKL (p<0.05), however, there was significant
decrease in Osteopetrogenin, OPG/RANKL ratio
and Osteocalcin (p<0.05) in comparison to both
subgroup la and subgroup Ib.

In subgroup IlIb, there was a significant decrease
in RANKL (»<0.05) in comparison to subgroup II
a, while significant increase in RANKL (p<0.05)
in comparison to subgroup Ib. In addition, there
was significant increase in Osteopetrogenin, OPG/
RANKUL ratio and Osteocalcin (p<0.05) in compar-
ison to subgroup Ila, while significant decrease in

the same parameters (p<0.05) in comparison to
subgroup Ib.

Effect of OBST on serum level of Calcitonin:
As presented in Table (3), subgroup Ib, there was
a significant increase in serum calcitonin (p<0.05)
in comparison to subgroup Ia. In subgroup Ila,
there was significant decrease in calcitonin (p<0.05)
in comparison to subgroup Ib, In subgroup IIb,
there was significant increase in calcitonin (p<0.05)
in comparison to subgroup Ila.

Histopathological examination:

The photomicrographs of normal control rats
showing normal thick bone trabeculae with bone
marrow spaces in between (Fig. 1), obestatin treated
normal rats showing slight increase in bone trabec-
ulae thickness in comparison to normal control
rats (Fig. 2). Obese control rats showed thin atroph-
ic bone trabeculae with wide marrow spaces (Fig.
3). OBST treated obese rats showed increased bone
trabeculae thickness in comparison to obese control
rats (Fig. 4).

Table (1): Effect of OBST on anthropometric and serum metabolic parameters in all groups.

Giroups Subgroup Ia Subgroup Ib Subgroup Ila Subgroup IIb

(normal control) (OBST treated) (obese control) (OBST treated)

Parameters

BMI (g/cm’) 0.58+0.06 0.49£0.073"  0.81+0.043b""" 0.61£0.07°™ ¢

Glucose (mg/dl) 93+6.6 91+3.1 188+2.52b 130+4.2 abe ***

Insulin ( glllml)  11.93+1.77 11.33+6.4 21334091207 13 6402¢"

HOMA-IR 2.740.07 2.54+1.03 9.9+0.253b """ 4.36+0.7ab "¢

TC (mg/dl) 89.27+10.6 84+8.2 15241323377 1025+ 11.08ab* c¥**

TG (mg/dl) 65.50+15.3 67+11.6 140.83+11.59ab" " 9501 +8.91 abe™™”

IL6 (pg/ml) 46.9+13 432410 69+ 12ab""" 5149¢”"

(a)=Significant vs. group la.

(b)=Significant vs. group Ib.

(¢)=Significant vs. group Ila.

Table (2): Effect of OBST on gene expression of RANKL, Osteopetrogenin and Osteocalcin by

real time PCR in all groups.

{jroups Subgroup Ia Subgroup Ib Subgroup Ila Subgroup IIb
(normal control) ~ (OBST treated)  (obese control) ~ (OBST treated)
Parameters
RANKL 0.95+0.18 0.88+0.222" 1.7+0.463b"  0.97+0.33be’
Osteopetrogenin 0.9+0.16 1.4£0.522 0.65+0. 17ab* 0.95 i0.22bb°*
OPG/RANKL Ratio 0.94£0.0.08 1.5+0.122 0.38+0.263b 0.97+0.1 €
Osteocalcin 1.1£0.56 1.6+0.432° 0.45+0.18ab" 1.240.25b¢

(a)=Significant vs. group la.

(b)=Significant vs. group Ib.

(¢)=Significant vs. group Ila.

Table (3): Effect of OBST on serum level of Calcitonin (ng/dl) in all groups.

Groups Subgroup Ia Subgroup Ib Subgroup Ila Subgroup IIb
(normal control) (OBST treated) (obese control) (OBST treated)
Parameters
Calcitonin (ng/dl) 42435 49+2.82" 36+2.2b" 45431 ¢*

(a)=Significant vs. group la.

(b)=Significant vs. group Ib.

(¢)=Significant vs. group Ila.
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Fig. (1): A photomicrograph of a section from femur bone of
normal control rats showing normal thick bone trabec-
ulae with bone marrow spaces (BM) in between (H
& E stain, x 400).

Fig. (3): A photomicrograph of a section from femur bone of
obese control rats showing thin atrophic bone trabec-
ulae with wide BM spaces in between (H & E stain
X 400).

Discussion

The present study demonstrated bone anabolic
effect of OBST in both normal and HFD induced
obese rats, OBST modulated bone metabolism by
changes in bone turnover markers (BTMs), which
are either by-products of collagen formation or
breakdown, or cell proteins that reflect osteoclastic
or osteoblastic activity, changesin BTMs reflect
alterations in bone metabolism [26] .

It isworth saying that, chronic OBST adminis-
tration for 1 month in normal rats, increased bone
trabecular thickness indicated in bone histopathol-
ogy, in addition, it increased bone osteocalcin gene
expression, which is the most abundant non-colla-
genous protein in bone [27]. Osteocalcin is produced
by osteoblasts and is widely accepted as a marker
of bone osteoblastic activity, it play an important
role in bone formation, importantly, in the differ-
entiation of osteoblast progenitor cells and in bone
matrix synthesis and mineralization process [27,28].
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Fig. (2): A photomicrograph of a section from femur bone of
OBST treated normal rats showing slight increase
in bone trabecul ae thickness.

Fig. (4): A photomicrograph of a section from femur bone of
OBST treated obese rats showing increased bone
trabecul ae thickness (H & E stain, x400)

One of the key regulators of bone resorption is
the RANK/RANK ligand system [2] . Receptor
activator nuclear factor KB (RANK) is areceptor
expressed on the cell membrane of osteoclast
precursors and mature osteoclasts, and its activation
stimul ates osteocl ast differentiation and activity
[3]. RANK ligand (RANKL) is secreted by stromal
cells or osteoblasts and is the major paracrine factor
in activating the RANK system in the osteoclast
bone remaodelling unit that increase bone resorption
[31] . Many of the important regulators of bone
resorption may act through the alteration of the
relative amounts of RANKL secreted by osteoblasts
[32-34].

Osteoprotegerin (OPG), also known as osteo-
clastogenesisinhibitory factor [35], it functions as
atrap receptor by binding RANKL on osteoblast/
stromal cells, it blocks the RANKL-RANK inter-
action between osteoblast/stromal cells and osteo-
clast precursors, so OPG prevents RANK- activa-
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tion [36]. As aresult, OPG can reduce the production
of osteoclasts by inhibiting the differentiation of
osteoclast precursors into osteoclasts and also
regulates the resorption of osteoclasts [37]. In the
current study, the chronic OBST adminstration
decrease RANKL and increase Osteoprotegerin
gene expression accompanied by increased OPG/
RANKL ratio.

Moreover, our results showed that OBST in-
creased serum calcitonin, this may be through its
action on GLP-1R [6], since GLP-1R is expressed
in thyroid C cells[38] . One study documents that
GLP-1R agonists cause calcitonin release in mice
viaa GL P-1R-dependent mechanism [39]. Calci-
tonin inhibits osteoclastogenesis [40], it isaknown
inhibitor of bone resorption, it can act directly on
osteoblasts by increasing proliferation, and inhib-
iting RANKL mRNA expression [41].

The current study indicates that HFD induced
obesity in subgroup llasince therisein TC and
TG was associated with significant increase in
BMI. Moreover, our results revealed significant
increase in serum glucose, insulin, level of HOMA-
IR in the same group. These results are in line with
those of Sjoholm and Nystrom [42] and Eisinger,
et a., [43] who noticed that HFD can cause devel-
opment of many features of metabolic syndrome
as disturbance in lipid metabolism and IR.

In addition, the results of this study indicate
that obesity cause bone resorption as proved his-
topathological in obese group, showed thin atrophic
bone trabecul ae with wide marrow spaces, further-
more, real time PCR showed increased femur bone
RANKL, decreased OPG and osteocalcin gene
expression, with decreased OPG/RANKL ratio,
these results were supported by Halade et al., [44]
who reported that OPG secretion decreased and
RANKL expression increased in osteoblasts stim-
ulated with adipocyte-secreted factors.

Moreover, the current study reported increased
IL6 level in the obese group, as obesity is consid-
ered alow grade pro-inflammatory state, associated
with greater concentrations of pro-inflammatory
cytokines [45], The secretion of RANKL was reg-
ulated by cytokines asinterleukin-1 (IL-1) [46],
tumor necrosis factor [47] and IL-6 [48], inflamma-
tory cytokines are positively associated with oste-
oclastogenesis as they upregulated RANKL mRNA
expression in osteoblasts, consistent with osteoclast
differentiation [49] , enhance osteoclast activity and
bone resorption [50,51] . As aresult, inflammatory
cytokines are negatively associated with bone
strength [5] and positively associated with fracture
risk [53].

Furthermore, obesity may decrease bone for-
mation (osteoblastogenesis) while increasing adi-
pogenesis because adipocyte and osteoblasts are
derived from a common multi-potential mesenchy-
mal stem cell [54]. Activation of peroxisome pro-
liferator-activated receptor gamma (PPAR y) de-
creased osteoblast differentiation, bone mineral
density and trabecular bone mass while increasing
adipocytes differentiation and bone marrow adipose
tissue volume [55,56] .

In addition, the increased IR reported in obese
group may contribute to increased bone resorption,
asinsulin is apotential regulator of bone growth,
it may act as an anabolic agent in bone and preserve
bone mass in humans [57], insulin stimulates bone
formation and osteocal cin secretion upon activation
of insulin receptor signaling [58] . In addition, it
decrease markers of bone resorption, this suggests
that insulin may act as an anabolic agent for bone
metabolism, by shifting the balance in the favor
of bone formation [59].

In OBST treated obese group, there was in-
creased osteocalcin and OPG gene expression,
decreased RANKL expression, increased serum
level of calcitonin were reported, in addition, bone
histopathol ogy showed increased bone trabecular
thickness in comparison to obese control group.

OBST appears to play an important role with
clear potential relevance to obesity and diabetes.
Indeed, it isinteresting that, OBST levels are
reduced in obesity suggesting that it may be a nutr-
itional marker reflecting body adiposity and IR
[60,61] .

In the current study, OBST decreased factors
that help bone resorption in obesity, asit decreased
serum IL6, this result was in line with those of
Zhang et a., [62] and supported by what reported
by Ozge et a., [63] that OBST suppressed PMNL
infiltration, inhibiting reactive oxygen radical
generation and proinflammatory cytokine produc-
tion, and provoking the synthesis of anti-infla-
mmatory cytokines during the progression of both
acute and chronic caolitis.

Furthermore, OBST reduced HOMA-IR, our
result arein line with those of Granataet a., [g],
in addition, it inhibited the HFD-induced reduction
of pancreatic islet area possibly because of its
antiapoptoic and survival effectsin (3-cells, and
strongly stimulated glucose-induced insulin secre-
tion in pancreatic islets. The results of the present
study showed a significant reduction in BMI, serum
TG and TC in OBST-treated obese rats, Granata
et a., [6] support this result as they reported that
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in OBST-treated HFD fed mice, epididymal fat
showed increased glucose uptake, increased number
of small and likely insulin-sensitive adipocytes,
and reduced lipolysis, so this protein appear to
decrease risk factors that predispose to obesity and
impaired bone quality.

Another mechanisms that may contribute to
anabolic effect of OBST in normal and obese rats,
it was reported that OBST can induce testosterone
secretion in normal [13] and obeserats [64] . Low
testosterone levels in boys have been associated
with lower bone density [65] .

Moreover, anabolic role of OBST on bone may
be due to its enhancing effect on the expression of
vascular endothelial growth factor (VEGF) and its
receptor isoform VEGFR2 in muscle [66] . VEGF
is able to stimulate various aspects of bone devel-
opment, including chondrocyte differentiation,
osteoblast differentiation [67], in addition, it promote
ossification by inducing neovascul arisation and
maximum levels of VEGF expression precede the
maximum level of new bone formation in the
condyle. Thisindicates a close correlation between
vascularisation and bone formation [68,69]. More-
over, gene therapy explored in the condylar area,
has shown that recombinant adeno-associated virus-
mediated VEGF is an efficient delivery system to
induce mandibular condylar growth [70].

Furthermore, OBST stimulate leptin secretion
[71], leptin is an adipocyte-derived hormone that
acts on receptors in the hypothalamus, decreasing
food intake and increasing energy expenditure [72],
Central infusions of leptin in leptin-deficient re-
ceptor mice actually increase cortical bone forma-
tion and total bone mass, [73] however, leptin aso
has important peripheral and direct effects on
osteoblasts and bone-derived mesenchymal stem
(stromal) cells (BMSCs), as leptin treatment of
leptin-sensitive BM SCs increases the expression
of bone morphogenetic protein 2 (BMP-2) [74,75].
It was confirmed that leptin can promote osteoblast
mineralization and down-regulate the RANKL
MRNA expression [76].

Conclusion: In the present study, an apparent
stimulation of bone remodeling favoring bone
formation by obestatin in both normal and obese
rats, the present data support antiresorptive char-
acter of obestatin and suggest that obestatin might
be useful as a beneficial agent for improving the
deficient bone formation and bone structure asso-
ciated with obesity.
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