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ABSTRACT

Objective: This study aimed to investigate the bisphosphonate and denosumab effects in medication-related osteonecrosis of the jaws 
(MRONJ) caused by periodontal disease with analyses of serum biomarkers and histopathology.

Materials and Methods: Forty Copenhagen rats were used in the study. A ligature wire was wrapped around the first molars to induce 
periodontal disease. The rats were divided into a zoledronic acid group (ZG) (n=12), a denosumab group (DG) (n=12), a saline group (SG) 
(n=10), and a control group (CG) (n=6). Prostate cancer was induced by injections for ZG, DG, and SG following the ligature application, 
and injections were repeated on the 14th and 21st days. While periodontal disease was evaluated clinically with gingival edema, swelling 
and redness, serum osteocalcin, osteopontin, parathormone and receptor activator of nuclear factor-kappa B ligand (RANKL) levels were 
evaluated using the LUMINEX technique. The Mann-Whitney U test was used for the comparison of parameters between groups (p<0.05).

Results: The osteocalcin levels were increased in CG, RANKL levels were decreased in DG, osteopontin levels were increased in ZG, and 
parathormone levels were increased in both ZG and CG.

Conclusion: Since the long-term use of bisphosphonates can cause osteonecrosis in the jaw bones, it should not be overlooked that this 
can also be caused by chronic inflammatory conditions such as periodontal disease.
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INTRODUCTION

Periodontal disease is a common chronic inflammatory 
condition that affects about 20-50% of the global 
population (1). It is known that the etiological factor is 
bacteria, affecting the surrounding tissues of the teeth. The 
mildest form of periodontal disease is gingivitis, an infection 
only affecting the gingiva which is completely reversible 
with proper treatment. Bacterial dysbiosis increases when 

gingivitis is not treated and turns into periodontitis, which 
is an irreversible infection characterized by the destruction 
of epithelial attachment and alveolar bone (2).

The relationship between periodontitis and systemic 
diseases is increasing with the reports published day by 
day. The periodontal disease which is a globally common 
disease is suspicious in medication-related osteonecrosis 
of the jaws (MRONJ) etiology. It is also regarded as a risk 
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factor for osteoradionecrosis of the jaws in the head and neck 
irradiated patients (3).

Prostate cancer is a well-known cancer type with a high 
rate of metastasis to the bone. The bone metastasis rate in 
prostate cancer is 74% (4). Bisphosphonates are used to reduce 
osteoclastic activity caused by androgen-deprivation therapy 
in bone metastasis of prostate cancer (5). Bisphosphonates 
are drugs that are frequently used to suppress the activity of 
bone metastasis and treat hypercalcemia which is a common 
complication of bone metastasis (6). Bisphosphonates which are 
pyrophosphate analogues have been used for a long time in the 
treatment of various diseases (5). Bisphosphonates bind with a 
high affinity to hydroxyapatites in the resorption areas of bones 
(7). Hence, they suppress osteoclast activity by reducing the 
development and aggregation of osteoclast progenitor cells (8).

As is well known, the use of bisphosphonates can lead to 
osteonecrosis of the jawbones (ONJ). This clinical condition was 
defined in 2003 and was named as  Bisphosphonate-Induced 
Osteonecrosis of the Jaws (BRONJ) (9). Since then, a large 
number of patients showing serious consequences of these 
medication complications have been reported at a high growth 
rate (10). The American Association of Oral and Maxillofacial 
Surgeons (AAOMS) recommended a denomination from BRONJ 
to MRONJ in 2014 in order to accommodate the increasing 
number of ONJ cases in patients receiving other drugs such as 
Denosumab (Dmab), sunitinib, or rituximab (11, 12).

Dmab is a monoclonal human antibody (IgG2) that is used in 
the treatment of bone metastasis (13). It affects osteoclastic 
activity by inhibiting osteoclast formation, reduces bone 
destruction by binding receptor activator of nuclear factor-
kappa B ligand (RANKL) (14).

The etiopathology of osteonecrosis induced by bisphosphonates 
has been subjected to many studies in the past two decades 
(9). Dental invasive procedures and also infections such as 
periodontal diseases were the subjects of these studies, however, 
the reports on the occurrence of spontaneous osteonecrosis 
revealed another face of this question (15).

There are several proteins involved in bone metabolism, 
although some are more effective to monitor osteoblast 
activity and the activity of the drug used (16). These proteins 
are osteocalcin (OCN), which is synthesized by osteoblasts and 
is a marker of osteoblastic activity (17), osteopontin (OPN), 
which plays a role in binding osteoclasts to the mineralized 
bone matrix (18), and parathormone (PTH), which directly 
affects calcium metabolism and bone remodeling (19).

According to the literature, prostate cancer is one of the cancer 
types that most frequently causes bone metastasis (20), so a 
prostate cancer model in rats was created to examine the effect 
of periodontitis on MRONJ in oncology patients. This study 
aimed to investigate the effects of Dmab and bisphosphonate 
in MRONJ caused by periodontal disease with analyses of 
serum biomarkers and histopathology.

MATERIALS AND METHODS

This project has been reviewed and approved by the the 
Istanbul University Local Ethics Committee for Animal 
Experiments  (2013/30). The study was carried out at Istanbul 
University, Aziz Sancar Institute of Experimental Medicine, 
Departments of Laboratory Animals Science and Molecular 
Medicine, and Istanbul University, Institute of Oncology, 
Department of Tumor Pathology. 

Experimental Animals
Forty male Copenhagen rats, in the range of 270-300 gr body-
weight, were obtained from Istanbul University, Aziz Sancar 
Institute of Experimental Medicine, Department of Laboratory 
Animals Science. They were accommodated in steel cages at 
an ambient temperature of 22±2 °C with 12 hours of light and 
dark cycles per day and had free access to fresh water and food 
ad libitum.

Experimental Procedure
General anesthesia was administered using 100 mg/kg ketamine 
HCl (50 mg/ml Ketalar®, Pfizer, United Kingdom) and Xylazine 
HCl (Rompun flakon, Bayer, Turkiye) injection. 0.25 mm-sized 
round retainer ligature wire was wrapped around the upper 
right first molars and fixed to the mesial of the tooth of all the 
rats to induce the experimental periodontal disease (Figure 1).

Experimental Groups
Experimental animals were divided into four randomized 
groups: A zoledronic acid (ZA) group (ZG) (n=12), a Dmab 
group (DG) (n=12), a saline group (SG) (n = 10) and a control 
group (CG) (n=6). 

Experimental Design
One week after the ligature application, prostate cancer was 
induced by the tumor cell line (R-3327MATLyLu) to the left 

Figure 1. Placement of ligatures around 1st maxillary molar 
of rats.
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ventricle of the prostate of rats. Ten days after prostate cancer 
induction, the ZG received a weekly subcutaneous injection 
of 10 mg/kg ZA, the DG received a subcutaneous injection of 
7.5 μg/kg of Dmab once a week, a weekly subcutaneous saline 
injection in the SG. All injections were repeated on days 7, 14 
and 21 (21, 22). No intervention was made to the CG. All animals 
were clinically evaluated weekly regarding periodontal disease.

One week after the last injection, all animals were sacrificed 
with cervical dislocation. All tissues were dissected and 
evaluated before the histopathologic examination. For the 
periodontal disease examination, evaluation criterias were the 
presence of oedema, swelling and hyperemia at the gingiva. 
The maxilla and prostate of the experimental animals were 
then surgically removed for histopathological analysis. In 
addition, blood samples of 1 ml per animal from the cardiac 
tissue were collected and centrifuged at 1500 g for 10 min, and 
serum stored at -80°C until the immunoassays were conducted.

Histopathological Analysis
The samples were stained with the hematoxylin-eosin method 
and examined under a light microscope. The evaluation criteria 
under the light microscope (Olympus BX60 microscope, Tokyo, 
Japan) were determined as the presence of inflammation and 
necrosis in soft tissue and bone. Necrosis and foreign body 
reaction were graded as 0: no sign, +: existing. Inflammation 
was scored as 0 (absent), 1 (mild), 2 (moderate) and 3 (severe) 
(23). Prostate materials were stained with the hematoxylin-
eosin method and examined under the light microscope to 
confirm tumor presence in each sample.

Immunoassay Method
Serum RANKL, OCN, OPN and PTH levels were determined 
using the LUMINEX technique according to the kits' instructions 
(MilliporeSigma, Merck KGaA, Darmstadt, Germany). 200 μl 
assay buffer was added to each well on the plate. The seal 
was placed on the plate and mixed with a plate shaker for 10 
minutes. 25 μl of the appropriate matrix solution was added 
to the background, standard and control wells. The plate was 
sealed and covered with foil. It was incubated at 4°C for 16-18 
hours in a plate shaker. The contents of the plate were poured 
out, the plate was washed 3 times. 50 μl detection antibody 
was added to each well. The plate was sealed and covered with 

foil. It was incubated for 1 hour on the shaker. Streptavidin-
Phycoerythrin (50 μl) was added to each well containing 50 μl 
detection antibody. The plate was sealed and covered with the 
foil. It was incubated in the shaker for 30 minutes. The contents 
of the plate were poured out and the plate was washed 3 times. 
100 μl of Sheath Fluid was added to each well. The beads were 
resuspended in the plate shaker for 5 minutes. The plate was 
run with the appropriate device (Luminex Corporation, Texas, 
USA) and Luminex IS 100 Software.

Power Analysis
The power analysis of the study was calculated using the 
G*Power 3.1.9.2 program. In the study in which 4 parameters 
were examined in 4 experimental groups, the minimum sample 
value was 10, a total of 40 rats were found in each group with a 
two-way alternative hypothesis, a medium effect size of 0.25, a 
power of 80% and a margin of error of 5%. In order to increase 
the number of rats in the experimental groups, it was decided 
to have 12 rats each in the ZG and DG groups, and 6 rats each 
in the control and serum groups.

Statistical Analysis
Statistical analysis was performed with SPSS 25.0. The 
conformity of the data to the normal distribution was evaluated 
with the Kolmogorov-Smirnov test. While the homogeneity of 
variance was evaluated with the Levene test, the Welch ANOVA 
test was used to compare the inhomogeneous variance 
measurements between the groups, and the Dunnett’s T3 
test was used as the post hoc test for statistically significant 
measurements. In comparisons between groups, the level of 
serum RANKL, OCN, OPN and PTH levels were measured with 
the Mann-Whitney U test. The statistical significance limit was 
accepted as p<0.05.

RESULTS

LUMINEX Analysis
During the experiment, 6 animals from ZG, 6 animals from DG 
and 6 animals from SG were lost due to cancer. Serum RANKL, 
OCN, OPN, and PTH levels are shown in Table 1. In terms of OCN 
levels, the difference between the groups was not significant. 
RANKL levels were statistically lower in the DG compared to 
the CG (p=0.032). OPN levels were statistically increased in ZG 

Table 1. Comparison of serum levels of RANKL, OCN, OPN and PTH in study groups.

Groups
RANKL 
(pg/ml)

OCN
(pg/ml)

PTH
(pg/ml)

OPN
(pg/ml)

CG (n=6) 10.37±8.26* 4466.23±3043.62 32.74±28.07° 293.60±69.61Ϯ

SG (n=4) 4.56±2.07 6727.82±667.91 1.66±1.28β,° 683.88±61.65

ZG (n=6) 9.97±6.04 6253.30±869.86 63.90±84.94β 733.73±126.43Ϯ,ɑ

DG (n=6) 3.81±2.43* 5253.65±1023.82 15.83±11.82 321.91±237.35ɑ

*: p=0.032, °: p=0.019, α: p=0.013, β: p=0.010, Ϯ: p=0.04, RANKL: receptor activator of nuclear factor‐kappa B ligand, OCN: osteocalcin, PTH: parathormone,

OPN: osteopontin, CG: control group, SG: saline group, ZG: zoledronic acid group, DG: denosumab group, pg/ml: picograms per milliliters
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compared to the DG (p=0.013), and CG (p=0.04). PTH levels 
were increased in both the ZG (p=0.010), and the CG (p=0.019) 
compared to the SG.

In the clinical examination, edema, swelling and hyperemia, 
which were the symptoms of the periodontal disease, were 
observed in all ligatured tissues.

Histopathological Results
In the histopathological evaluation, in one of the experimental 
animals in the ZG, resorption, and local necrosis, and dense 
colonies of microorganisms were observed in the alveolar 
bone (Figure 2). In the soft tissue, chronic inflammatory 
infiltration including mainly lymphoplasmacytic infiltration, 
and a slight increase in the number of cells in the basal layer of 
the surface epithelium was observed. Numerous lymphocyte 
infiltrations within the epithelium were also noted. Regarding 
this experimental animal, the inflammation score was 3 and 
the necrosis was labelled ‘+’. Sections taken from all other 
experimental animals showed similar histopathological 
characteristics that no necrosis was seen and scored as ‘0’ 
and inflammation scored as ‘1’. In all these sections, alveolar 
bone generally preserved its natural structure. A mild chronic 
inflammatory infiltration (score 1) was observed in the 

gingival pocket through which the ligature passed (Figure 3). 
A well-differentiated carcinoma was observed in the prostate 
of all animals except for the control group confirmed with 

Figure 2. Severe chronic inflammatory infiltration (star) and 
alveolar bone loss (arrow) was observed under the surface 
mucosa demonstrating parakeratosis in the tissue sample 
obtained from the animal in ZG (H&E x 100).

Figure 3. Representative histopathological images of the ZG (A), DG (B), SG (C), and CD (D) without any bone destruction, but 
with mild inflammation in the connective tissue (arrows).
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histopathological examination. Also, distant organ metastasis 
developed in all animals except the control group. Metastases 
occurred most frequently in the lungs and the pancreas.

DISCUSSION

Prostate cancer is one of the most common malignancies among 
men, and bone metastases are the major cause of its morbidity 
and mortality. Rat models are frequently used in experimental 
studies on prostate biology, as the rat prostate has many 
common features with the human prostate and rats are one of 
the few species with spontaneous prostate adenocarcinoma 
(24). Male rats were used in the study to investigate the effects 
of ZA and Dmab hormone-independent, as estrogen secretion 
differentiates bone metabolism by affecting hormonal 
activity (25). Dunning R-3327 MATLyLu is an anaplastic, 
androgen-independent tumor cell line that can metastasize 
spontaneously, is an ideal drug for immunotherapeutic research 
in the treatment of metastatic prostate cancer (26). Therefore, 
Copenhagen male rats and Dunning R-3327MATLyLu tumor cell 
line were used in the study.

The tumor cell line can be injected into rats to induce prostate 
cancer by the subcutaneous, intravenous, intraosseous 
or orthotopic method (27). Since the survival time of the 
experimental animals in intravenous, intraosseous or 
subcutaneous applications of this cell line was reported as 15-
20 days (28), the orthotopic method in which the cell line was 
directly injected into the prostate was used, and was reported 
as 30-35 days (29). Despite following a more conservative 
approach and daily subcutaneous saline injection, 18 rats were 
lost by the 28th day due to dehydration.

Since the characteristics of the molar teeth such as shallow 
gingival grooves and the attachment of the junction 
epithelium of rats are similar to those of humans, it is the most 
commonly used animal model to induce the experimental 
periodontal disease. Placing a ligature around the mandibular 
first molar tooth is a postulated, highly preferable model to 
induce experimental periodontal diseases in rats (29). Biofilm 
accumulation is increased around the ligature which was 
placed subgingivally and inflammation of periodontium is 
observed within an average of 21 days in this model (30).

Periodontal disease is a chronic inflammatory condition that 
develops as a result of host response, even though its etiological 
factor is bacteria. The diagnosis of periodontal disease, which 
is one of the most common chronic inflammatory diseases in 
the world affecting around 20-50% of the global population, 
can sometimes be overlooked even by dentists who focus on 
infection foci (1). Hence, the relationship between chronic 
periodontal inflammation and MRONJ, but not acute trauma 
such as tooth extraction, was evaluated in the study. There 
are several studies in the literature evaluating the relationship 
between periodontal disease and ZA, and more severe bone 
resorption was observed in the experimental group (31). 
However, there is no study evaluating the effect of Dmab on 
periodontal disease. The study is the first to examine the effect 

of not only ZA but also Dmab on osteonecrosis in chronic 
periodontal inflammation by evaluating OPN, OCN, PTH and 
RANKL levels.

Periodontal disease is a complex and multifactorial chronic 
disease that is characterized by the destruction of periodontal 
tissues, and eventually results in the loss of the tooth. Since 
OCN is a marker that is synthesized by osteoblasts and indicates 
bone formation, a decrease in the serum level of this protein 
is considered a disorder in bone metabolism (32). Related to 
this, the resorption of alveolar bone in periodontal disease also 
causes a decrease in the serum OCN level. Similarly, studies are 
reporting that OCN levels increase with periodontal treatment 
(33).

Likewise, studies are reporting that the OPN level, which is 
one of the important markers in the alveolar bone resorption 
process, is associated with periodontal disease (34). Some 
studies have shown that the OPN level increased proportionally 
with the progression of the disease, and it was significantly 
reduced with the periodontal treatment (35).

PTH is both an anabolic and catabolic hormone that regulates 
the calcium and phosphate mechanism of bone (19). There 
are many studies in the literature regarding the therapeutic 
effect of PTH analogues (36). Intermittent or continuous 
administrations of PTH are similar to the anabolic and catabolic 
effects of endogenous PTH secretion (37). Since the number of 
osteoblasts increases with the anabolic effect of PTH, it is used 
as a therapeutic agent in periodontal treatment. In addition, 
the serum level of PTH decreases in periodontal diseases 
(38). Accordingly, the PTH level is one of the parameters to be 
evaluated in periodontal infections.

The OCN level is a parameter that indicates osteoblastic 
activity, and functions of osteoblasts. Although it was found 
at the highest level in CG induced by periodontal disease, 
which is chronic inflammation, its low levels in other groups 
(ZG, DG, SG) indicate that osteoblastic activity is suppressed in 
these groups. Although there are a few studies in the literature 
that are proportional to this result (17), there are also studies 
reporting that the relationship between OCN level, and 
bisphosphonate is dose-dependent (39).

Dmab inhibits osteoclast formation, function and bone 
remodeling by suppressing the RANK-RANKL interaction (40). 
The highest level of RANKL was found in the control group. 
This is an expected result because there is no agent to suppress 
RANKL activity in the environment. Statistically, it is lower in 
DG compared to CG. When the RANKL results were examined, 
although a decrease was seen in the ZG, it was not as effective 
as the substance Dmab.

OPN contributes to homeostasis, remodeling, biomineralization, 
and wound healing by stimulating osteoclasts to bind to the 
bone matrix. OPN level is significantly higher in ZG than in 
DG. The levels of the other groups relative to each other are 
not significant. The high level of OPN is strong evidence for 
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the resorptive activity of osteoclasts (41). OPN levels were 
determined as CG<DG<SG<ZG, respectively. Bone necrosis and 
resorption were observed only in ZG animals from our study 
groups. When we compared the ZG and DG groups in terms of 
OPN levels, a significant increase in ZG was found. While a few 
studies are showing that bisphosphonates increase OPN levels, 
there are also studies showing that they decrease OPN levels 
(17,42). This difference may be due to the dosage, the duration, 
and whether intravenous (IV) or oral bisphosphonates are used. 
We recommend that there may be an increase in OPN levels in 
ZG to suppress the necrotic formations seen in animals in this 
group.

PTH regulates bone calcium metabolism, and remodeling by 
affecting osteoblasts and osteoclasts (19). There are studies in 
which PTH is used in the treatment of various tumors (43), and 
osteoporosis (44). Likewise, in a study evaluating bone loss, it 
was found to be significantly lower in the study group in which 
ZA, and PTH were used together (45). Similarly, the PTH level 
was found to be significantly lower in ZG and CG compared to 
SG in our study.

The loss of about one-third of the rats due to metastases of 
prostate cancer, and osteonecrosis, and periodontal disease-
dependent bone resorption were found in only one animal 
constitute the limitations of our study. For further studies, 
researchers should consider rat models with prostate cancer 
for short-termed clinical studies since life expectancy could be 
shorter than expected, and could affect the results of the study.

In this study, in which alveolar bone resorption was created with 
periodontal disease, and drugs that suppress bone resorption 
were used, 4 parameters showing different functions were 
examined. Parameters such as OCN and PTH, which inhibit 
bone resorption, decrease in periodontal disease, and increase 
with periodontal treatment, were compared with parameters 
such as RANKL and OPN, which have antagonist effects, and 
the effects of tumor (hence bone remodeling) inhibitory 
agents such as zoledronic acid, and Dmab on these parameters 
were shown. The effect mechanism of periodontal diseases, 
which can be seen frequently in the clinic, in patients using 
bisphosphonate and Dmab, has been demonstrated regarding 
biomarkers and histologically.

CONCLUSION

Increased PTH and OPN levels, and decreased OCN levels 
may indicate that patients who have been administered ZA 
are more susceptible to osteonecrosis, especially in chronic 
inflammatory conditions such as periodontal diseases. The 
investigation of zoledronic acid and Dmab in different dental 
conditions in randomized controlled trials will provide a better 
understanding of osteonecrosis.
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