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Abstract

Osteoporosis is a systemic skeletal disease and there is a close relationship between the 
sympathetic nervous system (SNS) and bone metabolism. Leptin has been shown to regulate 
bone formation and bone resorption via the SNS. However, the effect of SNS on leptin signaling 
has not been clearly understood. In the present study, we studied the effect of propranolol on 
ovariectomy-induced osteoporosis of rat. The results showed propranolol could increase the 
bone mass of ovariectomized rat. Propranolol could also up-regulate the level of peripheral 
leptin and the level of leptin receptor expression in ovariectomized rat hypothalamus. Our 
results indicate the effect of propranolol on ovariectomy-induced osteoporosis may be exerted, 
at least partly, through the regulation of leptin signaling and there may be an interaction between 
the SNS and leptin on the regulation of bone metabolism.
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Introduction

Osteoporosis is a systemic skeletal disease 
characterized by the loss of bone mass, 
microarchitectural deterioration of bone tissue, 
bone fragility and an increased risk of fracture. 
Usually, osteoporosis is considered to be 
an age-related health problem, especially in 
postmenopausal women. It has been reported 
that there is a close relationship between 
the sympathetic nervous system (SNS) and 
bone metabolism (1). Sympathetic activity 
increases significantly in postmenopausal 
women (2) and estrogen replacement therapy 
could reduce bone loss while sympathetic 
activity returns to normal. This has also been 
confirmed in ovariectomized rats (3). β2-

adrenergic receptor has been found on osteoblasts 
and isoproterenol, a β-adrenergic agonist,  leads 
to bone loss in mice. However, propranolol, the 
β-adrenergic antagonist, increases bone mass 
in mice (4), indicating the SNS could regulate 
the bone metabolism. In addition, the SNS can 
regulate some bone metabolism related factors, 
such as osteoclasts and bone marrow osteoclast 
marrow osteoclast differentiation factor (Rankl), 
osteoclast inhibitory factor (OPG) (5), calcitonin 
gene-related peptide (CGRP), P substance (SP) 
and tyrosine hydroxylase (TH) (6). 

Leptin is a protein hormone with important 
effects in regulating body weight, metabolism and 
reproductive function. It has been documented 
that leptin could regulate bone metabolism 
after binding to its receptor presumably on 
hypothalamic neurons. These effects are 
mainly through the activation of the SNS and 
subsequently decreasing bone formation and 
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Norland Corp.). The experiments were performed 
in accordance with the Helsinki Declaration of 
1975. All the animals used in the study received 
humane care.

RNA extraction and semi-quantitative RT-PCR
Total RNA was extracted from hypothalamus 

with TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA) according to the manual. The 
concentration and purity of total RNA were 
determined by a spectrophotometer (Eppendorf, 
Hamburg, Germany). Reverse transcription was 
performed using oligo (dT) primer RT mixtures 
with M-MLV (Promega, Madison, WI, USA) 
reverse transcriptase 200 U/20 μL, total RNA 1 
μg / 20 μL. cDNA was stored at -20 °C. Primers 
used in the PCR reaction were as follows: β-actin, 
forward: 5’-CCT CTA TGC CAA CAC AGT GC-
3’, reverse: 5’-GTA CTC CTG CTT GCT GAT 
CC-3’; rOb-R: forward: 5’ –CCA GCA CAA 
TCC AAT CA -3’, reverse: 5’-ACA TAG ACC 
GCA CAG AG -3’; rOb-Rb: forward: 5’-ACA 
CCT TAG ACC TCA CCA GTT T-3’, reverse: 5’-
GAC TTC TTT TAG TGC CCC TTT T-3’. PCR 
reaction was performed with 2 μL of cDNA, 1 µg 
Taq DNA Polymerase (Fermentas, MBI, USA) 
and 0.5 μmol/L of forward and reverse primers, 
for a total volume of 20 μL. Reactions were 
started with a polymerase activation step at 94 
°C for 3 min followed by 30 cycles of 94 °C 
for 20 sec, 55 °C for 30 sec 72 °C for 30 sec, 
and elongation at 72 °C for 5 min. The PCR 
products were electrophoresed on a 2% agarose 
gel in the presence of ethidium bromide, and 
absorbance were measured by densitometer. The 
ratio of targets to actin was used to evaluate the 
significance of the difference between various 
groups.

Enzyme-linked immunosorbent assay
The serum leptin levels were determined by 

Enzyme-linked immunosorbent assay (ELISA) 
with a commercial kit (Assay Design, Ann 
Arbor, MI, USA) according to the manufacturer’s 
instruction.

Statistical analysis 
All the results are expressed as the means ± 

SD. Statistical significance was determined using 
SPSS 11.0 for Windows. One-way ANOVA was 

increasing osteoclast differentiation (4, 7, 
8), while propranolol could block the bone 
loss caused by intracranial injection of leptin 
(4) and reserpine increases leptin mRNA levels 
in brown but not white adipose tissue in mice 
(9). However, the increase of peripheral levels 
can attenuate ovariectomy-induced osteoporosis 
in rats, suggesting the dual role of leptin and its 
receptors in regulating bone metabolism (10).

Although the above knowledge indicates that 
leptin modulates bone metabolism through the 
activation of SNS and more and more evidences 
suggest that low dose β-adrenergic antagonist 
can improve bone loss and bone fragility despite 
the difference of the osteoporosis models (11-
14), the effect of SNS on leptin in osteoporosis 
has not been completely clarified. Therefore, 
we performed this study to investigate the role 
of β-blocker in the regulation of bone mineral 
density and leptin in ovariectomized rats.

Experimental

Animal studies
Thirty 6-month-old female SD rats (250~290 

g) (Experimental Animal Center of National 
Population and Family Planning Commission of 
P.P. China, Beijing, China) were randomly assigned 
into 3 groups: (1) Sham, (2) Ovariectomy (OVX) 
and (3) Propranolol treatment group (PRN). The 
rats in OVX and PRN groups were ovariectomized 
under anesthesia with 5% ketamine (100 mg·kg-1). 
Sham operations were performed by exposing 
the ovaries and excising a small adipose tissue. 
One week later, all the rats recovered very well 
without infection. Rats in OVX and PRN groups 
were administrated through gavage one week 
after the operation with saline or propranolol (8 
mg·kg-1·d-1) daily for 11 weeks. All animals were 
allowed free access to food and water. Throughout 
the experiment, animals were maintained on a 12 
h light/12 h dark cycle (lights on at 6:00 AM) at 
22 °C with food and water available ad libitum. At 
the end of experiment, all the rats were sacrificed 
by cervical dislocation and approximately 2 mL 
of trunk venous blood was collected via eyeball 
enucleation. After the rats were killed, the bone 
mineral density (BMD) of left femoral and the 
3rd, 4th and 5th vertebral was measured by dual 
energy X-ray absorptiometry (DXA; Excel Plus, 
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performed for multiple comparisons. Differences 
were deemed significant if the calculated P-value 
was < 0.05.

Results

General observations
The body weight of rat in all groups increased 

from beginning to the end of the experiment 
(Figure 1). Although the rats in all groups 
received a similar amount of food, the body 
weight of rat in OVX (374.1±26.0 g) and PRN 
(366.6±23.4 g) groups were higher at the end 
of the experiment than that of sham group rat 
(315.4±17.2 g).

Propranolol increased bone mineral density 
in ovariectomized rat

At the end of the experiment, BMD at left 
femoral and vertebral (the 3rd, 4th and 5th) was 
measured by DXA method. In consistent with 

previous studies, treatment with propranolol 
increased the BMD at vertebras (Table 1). 
However, in the present study, BMD increased 
only at the distal femur in propranolol treatment 
group (Table 1). No significant difference was 
observed in total BMD and BMD at the proximal 
femur between OVX and PRN groups.

Propranolol increased the serum leptin in 
ovariectomized rat

To investigate whether the treatment with 
propranolol could affect the leptin secretion, we 
measured the serum leptin level by ELISA. As 
shown in Figure 2A, the leptin level in OVX 
group (14.502±1.721) increased significantly 
compared with that of sham group (8.825±0.985). 
Treatment with propranolol further increased 
the leptin level (16.875±2.709). When the 
relationship of the body weight and the leptin 
level was analyzed, a positive linear correlation 
was found between the two factors (p < 0.001, 
r=0.746) (Figure 2B).

Propranolol increased leptin receptor level 
of ovariectomized rat hypothalamus

In ovariectomized rats, both the leptin receptor 
(OB-R) and the long form of leptin receptor (OB-
RB) decreased significantly compared with 
that of sham animals. The OB-R level was up-
regulated significantly by propranolol. Although 
the Ob-Rb expression also increased, there was 
no significant difference between PRN group 
and OVX group (Figure 3A and 3B).

Discussion

The results of the present study confirm 
the concept that β-blockers may be potential 
drugs for osteoporosis, especially for the 
postmenopausal women. Propranolol also 

Groups
BMD (mg/cm2)

L3 Vertebrae L4 Vertebrae L5 Vertebrae Total Femur Proximal Femur Distal Femur

Sham 144.3±8.9 150.7±11.0 154.6±7.6 154.4±7.8 155.5±6.5 177.2±13.0

OVX 131.7±7.6 133 4±7.4 137.3±12.1 146.0±4.2* 146.1±7.0* 158.6±7.9*

Propranolol 139.2±6.3# 141.9±5.9# 146.5±6.1## 150.6±11.7 148.1±8.6 170.6±15.0##

At the end of the experiment, the bone mineral density (BMD) was measured by dual energy X-ray absorptiometry. Data are expressed 
as mean ± SD. (n=10). * p < 0.05, compared with sham; # p < 0.05, ## p < 0.01, compared with OVX group.

Table 1. Effect of propranolol on BMD of ovariectomized rats.

Figure 1. Effect of propranolol on the body weight of animals.
After 11 weeks administration of propranolol, the body weight 
of ovariectomized rats was measured. Data are expressed as 
mean ± SD. (n=10). ** p < 0.01, compared with sham.
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increased the peripheral leptin level and the 
leptin receptor level in rat hypothalamus.

The SNS plays a negative role in bone 
formation and a positive role in bone resorption. 
The down regulation of bone formation is 
dependent on the activation of β2-adrenergic 
receptors, the only β-adrenergic receptors known 
to be expressed by osteoblasts. Therefore, it is 
hypothesized that the β-blockers have a potential 
role in the treatment of osteoporosis. In previous 
studies, it has been suggested that β-blockers 
could be used to treat various osteoporoses (12, 
13, 15). We also found that propranolol could 
increase the BMD of ovariectomized rats in this 
study. This result indicates β-blockers may be 
potential drugs for osteoporosis.

Leptin, a hormone regulating food intake 
and energy metabolism exerts its effects mainly 
through its receptors (OB-Rs) (16), Various 
variants of the OB-R gene have been identified 

till now (17, 18). Long form of the OB-R (OB-
RB), one of the variants of OB-R gene, is mainly 
located in the hypothalamus and is considered to 
be the major form of leptin receptor in the brain 
(19). OB-Rs are also expressed in other organs 
and tissues, such as skeletal muscle, liver, and 
bone (20). It has been shown that leptin could 
act directly on bone formation and resorption. 
Subcutaneous injection of leptin reduced the 
bone loss in ovariectomized rats (10). Leptin 
treatment upregulated the production of OPG 
and downregulated Rankl secretion from bone 
marrow derived stem cells thereby inhibiting the 
differentiation of osteoclasts (21). In the present 
study, the peripheral leptin increased in OVX 
group, and treatment with propranolol could 
further up-regulate the peripheral leptin level 
in ovariectomized rats, suggesting a direct role 
of propranolol on leptin section and subsequent 
bone metabolism. However, the intracranial 
injection of leptin could induce a decrease of 
bone mass in normal mice (22). The deficiency 
of leptin or its receptors in mice results in a 
high bone mass phenotype (23, 24). It has 
been observed that leptin promotes osteoclast 
differentiation by binding to its receptors in 
the hypothalamus (7). Leptin stimulates the 
release of noradrenaline from sympathetic nerve 
fibers projecting into bone and then inhibits 
bone formation after noradrenaline binding to 
β2-adrenergic receptors on osteoblasts (7, 23). 
Therefore, leptin may have two-way adjustment 
function on the bone mass (25). Our results 
showed an increase of the leptin receptor level 
in the hypothalamus by propranolol, indicating 
an enhanced leptin signaling in the brain. Thus, 
propranolol controls the leptin signaling in two 
distinct directions. On one hand, it increased 
peripheral leptin levels which may promote the 
bone formation and inhibit the bone resorption; 
on the other hand, it increased OR-B levels in 
hypothalamus which may negatively regulate the 
bone metabolism, whereas the overall outcome 
of propranolol is upregulation of the BMD of 
ovariectomized rats.

Taken together, our results confirmed 
the anti-osteoporosis role of β-blockers 
in ovariectomized rats, indicating the 
β-blockers may be used as potential drugs for 
osteoporosis in postmenopausal women. The 

A

B

Figure 2. Effect of propranolol on the serum leptin level.
(A) the serum leptin level of ovariectomized rats (n=10); (B) 
Linear correlation between the serum leptin and the body 
weight. Rats were ovariectomized or were treated with sham 
operation, and then were administrated as mentioned above. 
Serum leptin levels were examined by ELISA. Data are 
expressed as mean ± S.D. ** p < 0.01, compared with sham; # p 
< 0.05, compared with OVX.
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effect of propranolol on ovariectomy-induced 
osteoporosis could be exerted, at least partly, 
through the regulation of leptin signaling. 
Additionally, there is an interaction between 
the SNS and leptin on the regulation of bone 
metabolism.
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