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KEY WORDS ABSTRACT

Osteoclast; Statement of the Problem: Various researchers have suggested the use of B2-
Osteoblast; adrenergic receptor antagonists in prevention or treatment of bone resorption.
Propranolol; Purpose: This study aimed to evaluate the effect of B2-adrenergic receptor antago-

Alveolar boneg; nists on number of osteoclasts and osteoblasts involved in the healing of extraction

Rat; socket of maxillary first molar in rats.
Materials and Method: Maxillary first molars of 40 rats were extracted and divided
into two groups. The test group received 0.1 mg/kg propranolol intraperitoneally
daily. The controls received normal saline. At days 7, 14, 21 and 28 post-extraction,
5 rats were euthanized from each group. Maxillary bone was resected and the mean
number of osteoblasts and osteoclasts in tooth socket was measured.
Results: After 1 week, the number of osteoclasts in the controls was significantly
higher than the test group. A significant increase in the number of osteoclasts in both
groups at week 1 was observed compared to the following weeks (p< 0.05). The
number of osteoblasts in the controls at second week reached its maximum rate but
stayed constant in the 3" and 4™ weeks. Osteoblasts in the test group increased simi-
lar to the controls but reached its maximum at 3" week and showed a significant

increase compared to the controls (p< 0.05).
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Conclusion: B2 adrenergic receptor antagonists decrease the number of osteoclasts
and increase the number of osteoblasts during extraction socket healing.

Corresponding Author: Sadr M., Tracheal Diseases Research Center, National Research Institute of
Tuberculosis and Lung Disease, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
Tel: +98-9123018277 Fax: +98-21-26109848 Email: sadr.makan@gmail.com

Cite this article as: Sadr K., Aghbali A., Sadr M., Abachizadeh H., Azizi M., Mesgari Abbasi M. Effect of Beta-Blockers on Number of Osteoblasts and Osteoclasts in Alveolar
Socket Following Tooth Extraction in Wistar Rats. J Dent Shiraz Univ Med Sci., 2017 March; 18(1): 37-42.

Introduction

After tooth extraction, the healing process initiates how-
ever, alveolar socket never reaches its previous dimen-
sions either buccolingually or apicocoronally. [1] Addi-
tionally, the remaining bone structure after healing un-
dergoes a progressive resorption (catabolic remodeling).
Resorption in the first 6 months after extraction is very
fast; however, it slows down and mildly continues for
the rest of the person’s life. Successful replacement of
lost teeth through conventional prosthodontic treatments
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or implant placement is challenging in an atrophic alve-
olar ridge. [1-2] Bone loss compromises the support,
retention, stability, and esthetics of dental prosthetics
along with the health of the remaining tissues. [3]

Bone mass is regulated through the process of
remodeling which includes two phases including bone
formation by osteoblasts and bone resorption by osteo-
clasts. Besides, osteoblasts play a role in differentia-
tion of osteoclasts. [4] Recent investigations have
demonstrated that central and peripheral nervous sys-
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tems play a significant role in regulation of bone mass.
[5] Leptin stimulates the sympathetic nervous system
[6-7] and this system intrinsically results in increased
expression of RANKL (Receptor activator of nuclear
factor kappa-B ligand) receptor on their surface by
stimulating the p2-adrenergic receptors on the surface
of osteoblasts. The interaction between RANKL and
RANK (Receptor activator of nuclear factor kappa-B)
on the surface of osteoclasts precursors, transforms
them into osteoclasts. [4, 8]

Considering the above mentioned findings, vari-
ous researchers have suggested the use of P2-
adrenergic receptor antagonists in prevention or treat-
ment of bone resorption. [7-18] Several reports discuss
the decreased risk of fracture in those using proprano-
lol which is a non-specific 2-adrenergic receptor an-
tagonist. [7-18] Takeda et al. [7] and Bonnet et al. [19]
demonstrated that a non-specific 2-adrenergic recep-
tor antagonist like propranolol can enhance bone for-
mation in female rats that had undergone ovariectomy.

If beta-blockers are truly capable of preventing
bone resorption in humans, the above mentioned find-
ings can be successfully implemented in oral cavity for
extraction socket healing or prevention of progressive
alveolar bone resorption following teeth loss. There-
fore, the present study was conducted to evaluate the
effect of B2-adrenergic receptor antagonists on number
of osteoblasts and osteoclasts in alveolar socket fol-
lowing tooth extraction in animal models.

Materials and Method
A total of 40, eight-week old Wistar rats with a mean
weight of 270150 g were selected from an inbred col-
ony. During the study period, the rats were divided
into 10 groups of 4 each and kept in an standard cage
in a room under controlled conditions with a tempera-
ture of 21+2°C and 50%+7% moisture in 12 hours
dark and 12 hours light cycle and free access to stand-
ard food and water. The rats were brought to the lab
one week before the initiation of study to make them
acquainted to the environment. The samples were then
randomly divided into 2 equal groups of test and con-
trol. Color coding system was used for identification
of animals to blind the study.

It should be mentioned that the present study was
conducted regarding the ethical guidelines of animal

model studies designed by the Research Deputy of the
Ministry of Health and was approved by the Ethics
Committee of Animal Studies, Tabriz University of
Medical Sciences.

Tooth extraction

Maxillary right first molars of rats in both test and
control groups were extracted with an excavator
(No.55, SMIC, China) under general anesthesia with
IM ketamine hydrochloric acid 44 mg/kg (Rotexmedi-
ca, Germany). Hemostasis occurred approximately 5
minutes after tooth extraction and antibiotics or other
medications were not administered.

Drug administration

First, injectable propranolol (Tolidaroo, Iran), a non-
specific beta-adrenergic receptor antagonist, was dis-
solved in sterile saline solution right before injection.
It was then injected using an insulin syringe at a dos-
age of 0.1 mg/kg/day intraperitoneally during the
whole study period and at a specific time (11.00 A.M)
for all samples in the test group (n=20). The men-
tioned dosage has been proposed by Bonnet et al. [19]
as the lowest dosage capable of preventing bone loss
without any cardiovascular effect. The same amount of
saline solution was injected to the control group
(n=20) with the same method. Injections continued in
both groups until their sacrifice (Figure 1).
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Figure 1: The best protocol between control groups (group
C) and test groups (group T).

Histological evaluation of extraction socket

At days 7, 14, 21 and 28 post-extraction, 5 samples of
any of the case and control groups were randomly se-
lected and sacrificed using diethyl ether (Pars Chemie,
Iran). Maxillary bone was resected and immediately
stored and fixed in 10% formalin for 48 hours. Then it
was preserved in ethylene diamine tetra acetic (EDTA)
10% at 4°C and pH=7.2 for 21 days in order to become
decalcified and embedded in paraffin. Tissue blocks
were cut serially into 5-um sections parallel to the
sagittal plane using a microtome. We selected sections
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Table 1: Mean and standard deviation (SD) of osteoblasts (ob) and osteoclasts (oc) in the control (C) and test (T) groups at weeks

1 to 4 post-extraction

Week 1 Mean (SD)

Week 2 Mean (SD)

Week 3 Mean (SD) Week 4 Mean (SD)

C-ob 6.35 (3.685) 18.80 (7.88) 16.80 (7.10)* 13.50 (3.23)
T-ob 10.55 (2.906) 23.80 (3.56) 30.00 (9.354)* 20.50 (7.53)
C-oc 12.95 (2.858)* 1.00 (1.62) 2.30 (L57)* 1.35 (1.57)
T-oc 4.85 (3.29)* 0.00 0.00* 0.40 (0.65)
*p< 0.05

which contained tooth socket and its surrounding bone
structure and were stained with Hematoxylin-Eosin.
Osteoclasts and osteoblasts were counted twice by one
blinded researcher at 4 random areas in the alveolar
socket wall.

Statistical analysis

Collected data were analyzed using SPSS version 13
software and included descriptive statistics (mean and
standard deviation), unpaired t-test and one-way
ANOVA using Fisher’s protected least significant dif-
ference method. p< 0.05 was considered statistically
significant.

Results

In the first week following tooth extraction, number of
osteoclasts in the control group was significantly high-
er than the test group receiving propranolol (Table 1
and Figure 2a and 2Db).

In the control group, accumulation of osteoclasts
was observed not only in the interdental septum but
also on the socket floor (Figure 2a and 2b). Also, a
significant increase in number of osteoclasts in both
groups was observed in the first week compared to the
following weeks (p< 0.05) (Figures 3a and 3b and
Figure 4a and 4b).

The number of osteoblasts in the control group
reached its maximum rate in the second week and re-

mained constant in the 3" and 4™ weeks. The number
of osteoblasts in the test group receiving propranolol
increased similar to the control group but reached its
maximum rate at week 3 and demonstrated a signifi-
cant increase compared to the control group (p< 0.05)
(Figure 4a and 4b and Figure 5a and 5b). However, a
significant reduction in osteoblast number was ob-
served in week 4 (Figure 5a and 5b). Figure 6 demon-
strates the difference in trabecular thickness and num-
ber and also the width of bone marrow space in the
bone covering alveolar socket floor in test and control
rats.

Discussion

In the present experimental study, we found that B2
adrenergic receptor antagonists could decrease the
number of osteoclast and increase the number of oste-
oblast during extraction socket healing.

Our study results revealed that in the first week
following tooth extraction, when bone resorption is the
dominant process, a significant increase was detected
in the number of osteoclasts in both groups compared
to the following weeks and the number of osteoclasts
in the control group was significantly higher than the
test group receiving propranolol (p< 0.05).

The mechanism of action of beta-blockers in
regulating bone mass is through the stimulation of ost-

ing tooth extraction (10X magnification).
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Figure 3a: Comparison of the number of osteoclasts in the test group

osteoclasts in the control group (C-oc) during the 4 weeks.

eogenesis and decreasing bone resorption by prevent-
ing the differentiation of osteoclasts through RANK-
RANKL system. [7, 19] Since beta-blockers are wide-
ly used for treatment of cardiovascular diseases, [13]
epidemiologic studies in this respect are feasible. Stud-
ies have demonstrated that use of beta-blockers has
been associated with lower risk of fractures. Consider-
ing the association of sympathetic nervous system with
bone metabolism, medical researchers have seriously
focused on the application of beta-blockers for preven-
tion and treatment of osteoporosis. [9-18]

In dentistry, the relationship between beta-
blockers and bone loss has been the focus of attention
for some time now. Kim et al. [20] induced alveolar
bone loss by superior cervical ganglionectomy and
oral challenge with P. gingivalis.

We found that the number of osteoclasts in the
control group was significantly higher than the test
group receiving propranalol which our results are in
agreement of Okada et al. [21] study. They assessed
the effects of a beta-blocker on alveolar bone loss in-
duced by P. gingivalis infection in rats to examine the
involvement of sympathetic nervous system in perio-

(

Figure 4a: Accumulation
group at week 3 post-extraction (40X magnification).
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dontal breakdown and indicated that beta-blockers
inhibited osteoclast differentiation and prevented alve-
olar bone loss by controlling the alveolar bone mass
metabolism. Shimizu et al. [22] also demonstrated that
sympathetic nervous activity can affect bone loss in-
duced by occlusal hypo-function in rats.

Decreased number of osteoclasts following beta-
blocker administration that has been reported by other
researchers as well [20-21] is indicative of the role of
sympathetic nervous system in regulating bone mass
and confirms the hypothesis of beta-blocker use for
prevention of alveolar bone resorption following tooth
extraction.

The number of osteoblasts reached its maximum
rate in week 2 in the control and in week 3 in the pro-
pranolol group and showed a significant increase in the
test group compared to the control group. Number of
osteoblasts decreased afterwards and osteoclasts reap-
peared. The above mentioned findings are in accord
with animal model studies on extraction socket healing
in rats indicating that osteogenesis initiated in the mid-
dle of the 2" week post-extraction and slowed down at
the end of the 3 week when the tooth socket is mostly
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Figure 5a: Comparison of the number of osteoblasts in the test group (T-ob) during the 4 weeks. b: Comparison of the number of

osteoblasts in the control group (C-ob) during the 4 weeks.

filled with newly formed bone. [23-24] However, in
rats receiving propranolol although the number of os-
teoblasts at week 2 increased similar to the control
group, in contrast to the controls, this increase contin-
ued until week 3 and number of osteoblasts revealed a
significant difference with that of the controls (Figure
4). In fact, duration of osteogenesis phase in the pro-
pranolol group was longer than that in the control
group which is in agreement with other studies report-
ing increased osteogenesis in rats receiving proprano-
lol. [7-19] Our results clearly demonstrate the differ-
ence in trabecular number and thickness and also the
width of bone marrow space in the bone covering al-
veolar socket floor in test and control rats.

The present study results need to be confirmed
by further laboratory and clinical studies. Investigation
of bone density in the repaired socket is suggested for
further studies. However, considering our obtained
results, a hypothesis can be proposed regarding the
prevention of alveolar bone resorption following tooth
extraction by using beta-blockers.

Conclusion

In a conclusion, B2 adrenergic receptor antagonists de-
crease the number of osteoclasts and increase the hum-
ber of osteoblasts during extraction socket healing.
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