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ABSTRACT

Objective: To evaluate the effect of mono and combined therapy of low dose doxy-
cycline (LDD) and Bisphosphonate (BPs) on ligature-induced periodontitis in Diabetic
rats by immunohistochemical analysis of the expression of osteoprotegerin (OPG) and
by immunohistomorphometric analysis. Methods: Fifty adult Wistar rats were divided
into five study groups as follows: 1) group 1 = diabetes control; 2) group 2 = diabetes +
periodontitis; 3) group 3 = diabetes + periodontitis + LDD; 4) group 4 = diabetes + peri-
odontitis + clodronate; and 5) group 5 = diabetes + periodontitis + LDD + clodronate.
LDD and clodronate were given as a single agent or as combination therapy during the
7 days of the post-experimental periodontitis period.On day 7, the rats were sacrificed,
the mobility of the toothwas recorded, and block biopsies were removed. The gingi-
val tissues were analyzed histologically and immunohistochemically for expression of
OPG. Data analysis was performed statistically by Kruskal-Wallis and post hoc Tukey
tests. Results: The greatest mean value was recorded in group5, followed by group 4,
then group 3. Using Tukey’s post hoc test; there was a significant difference (p<.0001)
between groupsl, 2, 4 and 5 respectively while non significant difference was found
between group land 3. Comparing group 2 with groups 3, 4 and 5 a significant differ-
ence was found. Comparing groups 3 with groups 4and 5 non significant difference was
found between groups 3 and 4 while a significant difference was found between groups

3 and 5. Lastely, non significant difference was found between groups 4 and 5.
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INTRODUCTION

Periodontal disease is a chronic inflammatory
disease initiated by oral microbial biofilm with
complex interactions between the plaque biofilm
and host immune inflammatory response that re-
sults in gingival inflammation, loss of attachment,
bone destruction, and eventually the loss of teeth in
severe cases'".

The influence of DM on the oral cavity has been
well researched, and studies have reported diabe-
tes as a risk factor for gingivitis and periodontitis.
Several epidemiological studies have shown that
a positive correlation between degree of glycemic
control and periodontal disease prevalence and pro-
gression @

The importance of the host inflammatory re-
sponse in periodontal pathogenesis presents the op-
portunity for exploiting new treatment strategies for
periodontitis by means of host response modulation.
Host modulatory therapy (HMT) is a treatment con-
cept that aims to decrease tissue destruction and re-
generate the periodontium by modifying destructive
aspects of the host response and upregulating regen-
erative responses ¢

A variety of different drug classes have been
evaluated as hostmodulation agents, including the
following; bisphosphonates (BPs), such as clodro-
nate, non-antimicrobial formulations of tetracycline
(low-dose doxycycline [LDD]), chemically modi-
fied non-antimicrobial tetracycline (CMT); and
non-steroidal anti-inflammatory drugs

Under physiological conditions, a dynamic bal-
ance is established between bone formation and re-
sorption. However, if the balance switches towards
enhanced bone resorption, then bone destructive
pathology will occur. The long-sought molecular
mechanisms behind the cell-to-cell interaction that
regulate bone resorption were elucidated in the late
1990s ©-
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Osteoproteogrin (OPG ) is a member of the TNF
receptor superfamily and has a very important role
in the skeletal system, acting as a decoy receptor
for RANK-RANKL (Receptor activator of NF-jB
ligand) binding. It binds to RANKL with high spec-
ificity and thus, prevents osteoclasts differentiation
and activation and osteoclast apoptosis.

Among various biomarkers of bone destruction,
the investigation of OPG in biological analyzes of
relevance may deliver reliable information on the
state of periodontal disease ©®- Thus, the role of OPG
marker was well documented in periodontal disease
which could be a good indicator of molecular diag-
nostic value for the disease.

MATERIALS AND METHODS

Fifty healthy adult male Wistar rats weighing
an average of 250 to 300g were utilized in experi-
ments. The animals were housed in separate plastic
cages in the animal house of Faculty of Pharmacy,
Al Azhar University in accordance with the local
guidelines for animal experimentation.

Animal Grouping:

The animals were divided into five experimental
groups 10 days after streptozotocin administration.

Group I: It comprised 10 rats representing dia-
betic control, in which each rat was gavaged orally
daily with 1mL carboxymethylcellulose (CMC).

Group II: It comprised 10 diabetic rats with in-
duced periodontitis, in which each rat was gavaged
orally daily with ImL CMC.

Group III: It comprised 10 diabetic rats with in-
duced periodontitis. Each rat  was gavaged daily
1 mL CMC containing doxycycline hydrochloride
(6mg/kg) by oral administration-

Group IV:
induced periodontitis. Each rat was administered
daily bisphosphonates clorodonate(25 mg/kg) by
intramuscular injection®:

It comprised 10 diabetic rats with
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Group V: It comprised 10 diabetic rats with in-
duced periodontitis. Each rat was gavaged orally
1 mL CMC containing doxycycline hydrochloride
(6mg/kg) and received an intramuscular injection of
bisphosphonates clorodonate (25 mg/kg) daily®.

Drug administration was started at the time that
periodontitis was induced after 7-12 days®.

After 7 days of the drug therapy, all rats were
anesthetized and sacrificed. Block biopsy samples,
including the gingiva and alveolar bone tissue
(3:3 mm), were removed from the buccal maxillary
molar region for immunohistochemical and histo-
morphometric analyses. The samples were fixed in
10% formalin- buffered saline for 24 to 72 hours
and decalcified with formic acid for 1 to 2 weeks,
and then 4-mm paraffin blocks were processed for
immunohistochemical analysis.

Evaluation of OPG Immunostaining by Image
Analysis

Leica Qwin 500 image analyzer computer system
(England) at the Pathology Department, Faculty of
Dental Medicine Al Azhar University-Girls branch,
was used to detect OPG immunostained cells.

The image analyzer consisted of a colored video
camera,colored monitor, hard disc of IBM personal
computer connected to the microscope, and con-
trolled by Lieca Qwin softwear (fig.1,2).

RESULTS

Immunohistochemical analysis

The examination of the specimens of grou-
pl after the immunohistochemical staining with
osteoproteogrin(OPG) showed a generalized weak
positive reaction of OPG to the bone forming cells.
The group II which represented the diabetes with in-
duced periodontitis showed negative reaction of OPG.

The examination of the specimens of group III
showed a clearly noticed positive reaction to OPG.
The group IV showed that immune-histochemi-
cal expression of OPG increased. In group V, the
OPG showed various degree of positive immune

(1)

Fig. (1) A photomicrograph showing positive OPG immune
staining all over the bone area

Fig. (2) A photomicrograph showing areas of OPG immunes
staining masked by binary color

reaction from moderate in the degree of stainability
but with high distribution all over the bone trabecu-
lae to strong stain beside it.

Immunohistomorphometric Analysis

The greatest mean value was recorded in group5,
followed by group 4, then group 3. Using Tukey’s
post hoc test; there was a significant difference
(p<.0001) between groupsl, 2,4 and 5 respectively
while non significant difference was found between
group land 3.

Comparing group 2 with groups 3,4 and 5 a sig-
nificant difference was found. Comparing groups
3 with groups 4and 5 non significant difference
was found between groups 3 and 4 while a signifi-
cant difference was found between groups 3 and 5.
Lastely, non significant difference was found be-
tween groups 4 and 5 (Tables 1;Fig. 3).
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Table (1) Comparison of mean and standard
deviation of area percent of OPG expression among

five groups.

Groupl | Group 2 | Group 3 | Group 4 | Group 5

Mean 7.138 | 2.798 | 9.372°¢ | 12.136**| 14.389*
Std Dev | 1.365 1.164 2.544 2.636 1.337

Max 7.617 4815 | 12521 | 17.357 | 16428

Min 4927 2.067 6223 | 10.177 | 12452
F value 22.72
P value <.0001*

* Significant at p<0.05.
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Fig. (3) Column chart showing mean area of immunoexpression

of OPG among all groups
DISCUSSION
Diabetes mellitus and periodontal disease

showed marked association. The relationship be-
tween glucose levels and periodontal disease is well
documented 7.

Many epidemiological studies had suggested
that diabetes and poor glycemic control may be
important risk factors for periodontal disease. The
association of diabetes with periodontitis is widely
accepted ®.

In experimental periodontitis and diabetes re-
search, rodents had been the most used animals
given their short generation time, small size, ability
to work with large numbers of animals ©.
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The advantage of chemically induced diabetes
models is the low cost because the disease can be
induced in regular, easily accessible laboratory rat
strains, such as Wistar and Sprague-Dawley 19,

Streptozotocin had been used in this study be-
cause it is a simple, inexpensive and of available
method 1.

Ligature induced periodontitis had been used in
this study. The ligature model is based on environ-
mental changes with growth of indigenous bacteria
as a consequence of tying ligatures around molars
resulting in periodontal breakdown @2,

Among different host modulatory agents, low
dose doxycycline was selected in the current study.
Doxycycline has been used both experimentally and
clinically to control and inhibit bone resorption®!-13,

Most of previous studies had reported that SDD
therapy in combination with non-surgical periodon-
tal therapy can inhibit the activity of collagenases in
GCF and gingival tissue of patients with CP with no
systemic risk factors for periodontitis 141516,

The bisphosphonates were the second agents
utilized as they act through their ability to inhibit
osteoclast activity and have been used in a variety
of bone disorders including osteoporosis, tumor- as-
sociated osteolysis, arthritis and periodontitis @7,

Several animal studies have examined the ef-
fects of local or systemic bisphosphonate delivery
on alveolar bone resorption by using the experimen-
tal periodontitis model 171819,

Osteoprotegrin had been utilized as biological
marker for bone metabolism in this study as OPG
revealed to be a key regulatory mechanism in osteo-
clast differentiation and activity.

The results of current study revealed that mean
area of immunoexpression of osteoprotogrin, the
higher expression was in groupV: (14.39), followed
by group IV: (12.14), then group I11:(9.4) and group
I: DM(7.2) and finally group II: ( 2.8). Interestingly,
the p-value showed a highly significant difference
(<0.01) between various groups.
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There was a significant difference in mean area
percent of immunoexpression of OPG between
group I and group II. These finding could be ex-
plained by complex interactions of various cyto-
kines, growth factors and hormones in diabetes mel-
litus. The difference in the balance of these media-
tors can lead to changes in the expression of OPG
in the experimental tissues indicating more alveolar
bone loss with DM #02D |

Upon comparing the mean area percent of OPG
in group I (7.2) and group
IIT (2.8), there was a non significant difference.

immunoexpression

However, group III showed higher value of immu-
noexpression of OPG than group I DM. These could
be contributed to the effect of doxycycline which
reduce periodontal tissue destruction by reversing
the inhibitory effect of periodontal infection on col-
lagen synthesis®?These finding was in agreement
with Ramamurthy et al., 2002 and Ozdemire et al.,
2012 who reported significant reduction in MMPs
and cytokines after administration of LDD.

The results of the present study were in agree-
ment with the meta analysis which based on three
studies supported the evidence that LDD adjunctive
therapy post-treatment effects ¥

The immunoexpression of OPG showed a non
statistical significant difference between group IV
(12.14) and group V (14.39). However, group V
showed a higher level of osteoproteogrin expres-
sion thus the combined therapy worked in reducing
alveolar bone destruction and the two drugs showed
a synergistic effect.

These could be explained by double action of
both LDD and BPs in reduction of bone loss by
decrease number of osteoclast and delay osteoclast
recuriment by LDD ?¥- also by BPs which act as
inhibitors of osteoclast function in order to suppress
bone resorption and improve bone mineral density

Contrasy to our results, Yaffe et al., in 2003
explored the local delivery of doxycycline, cloro-
dronate, and combined efficacy of these drugs on

(33)

alveolar bone loss in rats. Their results demonstrat-
ed that doxycycline alone was most effective and
clorodronate was also effective. Howeve, combined
treatment of clorodronate and doxycycline showed
no additive effect. This finding was explained by
the high concentration (10%) of doxycycline in the
doxycycline preparation.

Both low dose doxycycline and bisohosphan-
ate as amono-or combined therapy resulted in fa-
vourable immunoexpression of osteoprotogrein.
Combined therapy of doxycycline and bisphospho-
nates showed superior results than monotherapy.
Therefore, an important emphasis of new therapies
should involve the development and evaluation of
therapeutic strategies to target immune cell-mediat-
ed periodontal disease.
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