
ABSTRACT

Purpose: The aim of this study was to evaluate the effects of locally delivered 1% alendronate 
(ALN) gel used as an adjunct to non-invasive periodontal therapy.
Methods: Ligature-induced periodontitis was performed in 96 rats. The ligature was tied in 
the cervical area of the mandibular left first molar. The animals were randomly divided into 4 
groups: 1) NT, no treatment; 2) SRP, scaling and root planning; 3) SRP/PLA, SRP followed by 
filling the periodontal pocket with placebo gel (PLA); and 4) SRP/ALN, SRP followed by filling 
the periodontal pockets with 1% ALN gel. Histomorphometric (percentage of bone in the 
furcation region [PBF]) and immunohistochemical (receptor activator of nuclear factor-κB 
ligand, osteoprotegerin, and tartrate-resistant acid phosphatase) analyses were performed. 
Data were statistically analyzed, with the threshold of statistical significance set at P≤0.05.
Results: The SRP, SRP/PLA, and SRP/ALN groups presented a higher PBF than the NT group 
(P≤0.01) at 7, 15, and 30 days. The SRP/ALN group presented a higher PBF than the SRP/PLA 
group in all experimental periods, as well as a higher PBF than the SRP group at 15 and 30 
days. No differences were observed in the immunohistochemical analyses (P>0.05 for all).
Conclusions: Locally delivered 1% ALN gel used as an adjunct to SRP enhanced bone 
regeneration in the furcation region in a rat model of experimental periodontitis.
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INTRODUCTION

Recent advances in knowledge regarding the etiology and pathobiology of periodontitis have 
led to a better understanding of this disease. Periodontitis is now recognized as a complex 
inflammatory disease that involves subgingival microorganisms, the host immune system 
and inflammatory response, and predisposing conditions. Thus, there has been a shift from 
treatment modalities focusing on dental plaque and periodontal pathogens to emerging 
treatment strategies based on plaque removal combined with host modulation. New 
treatment modalities combining mechanical debridement with several approaches to either 
control or resolve inflammation are being explored for the management of periodontitis [1].

Examples of these approaches include the systemic and localized delivery of antibiotics [2], 
laser photodynamic therapy [3], and bisphosphonates (BPs) [4,5]. These drugs attach to 
bone minerals and, after being taken up by clastic cells where bone resorption is occurring, 
they inhibit osteoclast differentiation [6]. In addition, BPs also promote early bone formation 
[7] and may act as an antagonist of many matrix metalloproteinases related to the connective 
tissue (CT) destruction of the periodontium [8]. Collectively, these properties make BPs a 
promising adjunct therapy in the non-surgical treatment of periodontal diseases [9].

Alendronate (ALN) is an aminobisphosphonate that inhibits resorption of bone tissue [10]. 
It has been demonstrated, in human [4] as well as in animal models [11], that the systemic 
use of ALN reduced alveolar bone resorption and improved its density. Previous reports have 
described associations between jaw osteonecrosis and systemic ALN use [12], indicating that 
systemic ALN for the treatment of periodontitis should be carefully considered. Therefore, 
the local use of ALN has been proposed as an alternative to avoid those side effects.

Local administration of 1% ALN gel as an adjunct therapy to scaling and root planning (SRP) for 
treating chronic [10,13-15] and aggressive periodontitis [16], as well as grade II furcation defects 
[5,17], has been found to decrease probing depth (PD), improve bone fill, and lead to clinical 
attachment level (CAL) gain. These favorable outcomes suggest that this approach may represent 
a novel direction in the periodontal regeneration field. However, as Kanoriya et al. [18] pointed 
out, histological evaluations are still lacking to support the findings of clinical trials.

To the best of the authors' knowledge, there are no histological studies evaluating the delivery 
of 1% ALN gel in periodontal pockets as an adjunct periodontal therapy. Therefore, the 
purpose of this study was to analyze, histomorphometrically and immunohistochemically, 
the efficacy of local administration of 1% ALN gel as an adjunct to SRP for the treatment of 
experimental periodontitis (EP) in rats.

MATERIALS AND METHODS

Sample size calculation
The sample size was calculated considering each animal as the study unit and the percentage 
of bone in the furcation region (PBF) as the primary outcome variable. The secondary 
outcome was immunolabeling patterns in the furcation area (FA) of each experimental group. 
A significant difference of 20% among groups was taken into consideration with a standard 
deviation (SD) of 15%, with α and β errors of 0.05 and 0.2, respectively. A number of 8 
animals was estimated for each group.
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Experimental model
The study protocol was conducted and the manuscript was written according to the NC3Rs 
“ARRIVE Guidelines, Animal Research: Reporting In Vivo Experiments.” The Ethics 
Committee on Animal Experimentation at São Paulo State University (UNESP) (Araçatuba, 
SP, Brazil) approved the study protocol (#02412/2011).

Ninety-six 3-month-old adult male rats (Rattus norvegicus albinus, Wistar, Philadelphia, PA, 
USA), weighing 250 to 300 g, were used (UNESP, School of Dentistry, Animal Care Unit). 
Solid food and water ad libitum were provided to the animals. They were randomly assigned 
to the following groups (n=8): 1) no treatment (NT), EP induction (control); 2) SRP, EP 
induction followed by SRP; 3) SRP/PLA, EP induction and SRP followed by filling the 
periodontal pockets with 0.1 mL of placebo gel (PLA) (Aphoticário, Araçatuba, SP, Brazil); 
and 4) SRP/ALN, EP induction and SRP followed by filling the periodontal pockets with 0.1 
mL of 1% ALN gel (Aphoticário, Araçatuba, SP, Brazil). The PLA and ALN gel were inserted 
slowly into the periodontal pocket using a 1-mL syringe and insulin needle without a bevel.

Induction of periodontitis
In all procedures, animals received general anesthesia by intramuscular administration of 
xylazine (6 mg/kg of body weight; Coopazine, Coopers, São Paulo, SP, Brazil) and ketamine 
hydrochloride (70 mg/kg of body weight; Vetaset, Zoetis, Florham Park, NJ, USA). Each 
animal received a cotton ligature (Corrente Algodão No. 24, Coats Corrente, São Paulo, SP, 
Brazil) that was tied around the left mandibular first molar, which was maintained for 7 
days (Johnson, 1975). In all groups other than the NT group, the same trained operator (NC) 
performed SRP with a curette (1-2 Mini Five curette, Hu-Friedy, Chicago, IL, USA), according 
to the protocol reported by Fernandes et al. [19].

Tissue processing
An overdose of thiopental (150 mg/kg of body weight; Cristalia, Itapira, SP, Brazil) was 
administered to euthanize the animals (7, 15, or 30 days after removing the ligature). 
The left mandibles were excised, fixed in 4% formaldehyde, and decalcified in 10% 
ethylenediaminetetraacetic acid solution. After tissue processing, the specimens were 
embedded in paraffin. Semi-serial sections cut in a disto-mesial direction, 5 µm in thickness, 
were obtained in a buccal-lingual sequence. The most central buccal-lingual sections of 
the FA of left mandibular first molars were used for histological, histomorphometric, 
and immunohistochemical analyses. They were either stained with hematoxylin, eosin, 
and phloxine for histological and histomorphometric analyses or subjected to an indirect 
immunoperoxidase method with the following primary antibodies: anti-tartrate-
resistant acid phosphatase (TRAP) (SC30833, Santa Cruz Biotechnology, Santa Cruz, CA, 
USA), anti-receptor activator of nuclear factor-κB ligand (RANKL) (SC7628, Santa Cruz 
Biotechnology) and anti-osteoprotegerin (OPG) (SC8468, Santa Cruz Biotechnology). The 
immunohistochemical protocol was previously described by Nunes et al. [20].

Microscopy procedures
Four histological sections from the center of the original furcation defect in a buccal-
lingual direction were selected for the histological/histomorphometric (1 section) and 
immunohistochemical (3 sections) analyses. The analyses were performed by calibrated 
examiners (EE, NC) who were blinded regarding the treatment performed.
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The histological analysis was performed by a certified histologist (EE) considering the 
following parameters: 1) the degree and extent of the local inflammatory response; 2) the 
pattern of cellularity and CT extracellular matrix structure; and 3) the extracellular matrix 
structure and cellularity pattern of alveolar bone tissue.

The histomorphometric analysis was performed by another examiner (NC), as described 
by Garcia et al. [21]. Briefly, the total FA and the bone area (BA) were measured in square 
millimeters using an image analysis system (AxioVision 4.8.2, Carl Zeiss MicroImaging 
GmbH, Jena, Germany). To establish the boundary of the FA, a straight line was drawn from 
the apex of the mesial root until the apex of the distal root. This line then followed the whole 
root cementum outer surface in the furcation region. The BA was demarcated inside the FA. 
The same FA apical limit was drawn, and the entire outer surface of the alveolar bone inside 
the FA was delimitated. PBF was calculated using the following formula: PBF=(BA×100)/FA.

A semiquantitative analysis of the immunolabeling of RANKL and OPG in the FA was 
performed at ×400 magnification (performed by NC) [22]. The immunolabeling was scored as:

• 0: no immunolabeling (0% of cells per area)
• 1: low immunolabeling (<25% of cells per area)
• 2: moderate immunolabeling (<50% of cells per area)
• 3: high immunolabeling (<75% of cells per area)

A quantitative analysis was performed for TRAP, which was enumerated in an area of 2,048 
× 1,536 pixels at 0.254 µm/pixel in the center of the interradicular septum using a Leica DM 
5000B microscope and Leica HC PL FLUOTAR 20×/0.30 lens. The coronal limit of the area 
was the alveolar bone crest in the FA, which extended apically for a distance of 1,000 µm.

Statistical analyses
Data were shown as mean and SD (continuous variables) or median, interquartile range, and 
maximum and minimum values (ordinal variables). Data normality and the homogeneity 
of variance were analyzed. Each parameter (PBF, TRAP-positive cell number, RANKL, and 
OPG scores) was evaluated individually. The significance level was considered to be 5% in 
all analyses. For PBF, the significance of differences among groups was determined by 2-way 
analysis of variance (ANOVA), followed by the post hoc Tukey test when ANOVA suggested 
a significant difference between groups (P≤0.05). The significance of differences among 
groups in relation to immunolabeling pattern of RANKL, OPG, and TRAP was determined by 
the Kruskal-Wallis test.

RESULTS

Qualitative histological analysis
At 7 days, the NT group presented CT with an intense inflammatory infiltrate in the furcation 
region and around the margins of the interradicular septum. Most specimens showed 
extensive extracellular matrix destruction. A few specimens showed necrotic bone spicules 
surrounded by a large number of inflammatory cells. The interradicular septum, made of 
very thin bone trabeculae, had a very irregular contour (Figure 1A) and was surrounded 
by many active osteoclasts. At 15 and 30 days, the histological patterns were similar to 7 
days specimens, except for the magnitude of the inflammatory infiltrate, which gradually 
decreased over time. The CT around the interradicular septum was still very inflamed and not 
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structured. Very thin and irregular bone trabeculae were observed (Figure 2A), surrounded by 
many active osteoclasts.

At 7 days, the SRP and SRP/PLA groups had a moderate amount of inflammatory cells 
extending throughout the entire CT of the furcation region. Inflammatory cells surrounding 
necrotic bone spicules were observed in a few specimens of these groups. The CT near 
the interradicular septum constituted a small amount of collagen fibers and fibroblasts. 
The interradicular septum showed irregular bone trabeculae (Figure 1B and C) and was 
surrounded by active osteoclasts. At 15 and 30 days, the histological findings were similar 
to those described for specimens with 7 days, except for the magnitude of the inflammatory 
infiltrate, which significantly and gradually decreased over time (Figure 2B and C).

At 7 days, the SRP/ALN group presented a moderate number of inflammatory cells, collagen 
fibers, and fibroblasts in the CT. The inflammatory infiltrate was restricted to the CT. The 
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Figure 1. Periodontal tissues in the furcation area of the mandibular left first molar in all groups at 7 days, in the 
NT (A), SRP (B), SRP/PLA (C), and SRP/ALN (D) groups (hematoxylin, eosin, and phloxine staining). Black asterisks 
indicate inflammatory infiltrate. 
NT: no treatment, SRP: scaling and root planning, SRP/PLA: SRP followed by filling the periodontal pocket with 
placebo gel, SRP/ALN: SRP followed by filling the periodontal pockets with 1% alendronate gel, AB: alveolar bone, 
CT: connective tissue.
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Figure 2. Periodontal tissues in the furcation area of mandibular left first molar of all groups at 30 days, in 
the NT (A), SRP (B), SRP/PLA (C), and SRP/ALN (D) groups (hematoxylin, eosin, and phloxine staining). Data 
are presented as below: black asterisks, inflammatory infiltrate; white asterisk, region with a large amount of 
collagen fibers and fibroblasts; black arrowheads, region with many active osteoblasts. 
NT: no treatment, SRP: scaling and root planning, SRP/PLA: SRP followed by filling the periodontal pocket with 
placebo gel, SRP/ALN: SRP followed by filling the periodontal pockets with 1% alendronate gel, AB: alveolar bone, 
CT: connective tissue, NB: necrotic bone.



bone margins had few inflammatory cells and a similar quantity of collagen fibers and fibroblasts. 
The interradicular septum was made of thin bone trabeculae (Figure 1D), with a few active 
osteoclasts. At 15 and 30 days, a moderate amount of fibroblasts, a large quantity of collagen 
fibers, and small isolated foci of inflammatory cells were observed in the CT of the furcation 
region. The bone trabeculae were thicker, with a slightly irregular contour (Figure 2D), with few 
clastic cells and many active osteoblasts. At all evaluation time points, some round osteoclasts 
were observed away from the bone margins. This event was rarely seen in the other groups.

Histomorphometric and statistical analyses
Statistically significant differences were not detected in the FA among the NT, SRP, SRP/PLA, 
and SRP/ALN groups. The mean values and SDs of PBF (in %) for each group at 7, 15, and 30 
days after removing the ligatures, along with intergroup comparisons, are presented in Table 1.

PBF at 15 days was significantly higher than its values at 7 days in the NT group. PBF at 30 
days was higher than at 7 days in the SRP/ALN group (in an intragroup comparison).

Immunohistochemical analyses
A highly specific pattern was observed for detecting RANKL, OPG, and TRAP, as evidenced 
by the absence of immunolabeling in negative controls for the immunohistochemical 
reactions. A brownish color was observed in the immunolabeled cells, confined to the 
cytoplasm and, at a small scale, to the extracellular matrix (RANKL and OPG) or exclusively 
the cytoplasm (TRAP).

All groups showed positive immunolabeling for RANKL, OPG, and TRAP at 7, 15, and 30 
days. RANKL (Figure 3A-D) and OPG (Figure 4A-D) immunolabeling was predominantly 
detected in fibroblasts and osteoblasts and, at a smaller scale, in the extracellular matrix. 
TRAP (Figure 5A-D) immunolabeling was observed predominantly in multinucleated 
osteoclasts.

No differences were found in the pattern of immunolabeling for RANKL (P>0.05; Figure 3E) 
and OPG (P>0.05; Figure 4E) or in the number of TRAP-positive cells (P>0.05; Figure 5E) 
among groups. Although a similar quantity of TRAP-positive cells was observed in all groups, 
a larger number of osteoclasts were rounded and non-attached to the bone surface in the 
SRP/ALN group than in the NT, SRP, and SRP/PLA groups.
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Table 1. Means and standard deviations of percentage of bone in the furcation according to group and time point 
(intergroup comparisons)
Group 7 days 15 days 30 days
NT 21.07±6.02 35.88±6.88 28.7±10.39
SRP 52.55±11.27a) 49.44±7.7b,c) 48.17±5.38d)

SRP/PLA 50.12±10.79a,e) 46.03±10.72c) 50.89±7.82d)

SRP/ALN 60.43±6.15a) 59.2±8.65b) 65.01±15.47d,f)

NT: no treatment, SRP: scaling and root planning, SRP/PLA: SRP followed by filling the periodontal pocket with 
placebo gel, SRP/ALN: SRP followed by filling the periodontal pockets with 1% alendronate gel.
a)Significant difference when compared to the NT group at 7 days (P≤0.01); b)Significant difference when compared 
to the NT group at 15 days (P≤0.01); c)Significant difference when compared to the SRP/ALN group at 15 days 
(P≤0.05); d)Significant difference when compared to the NT group at 30 days (P≤0.01); e)Significant difference when 
compared to the SRP/ALN group at 7 days (P≤0.05); f)Significant difference when compared to the SRP and SRP/
PLA groups at 30 days (P≤0.05).



DISCUSSION

Even though human cell cultures have been thought to be excellent models for replicating 
some features of periodontitis activity at a cellular level, knowledge regarding the complex 
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Figure 3. RANKL immunolabeling in the furcation region of the mandibular left first molar. RANKL immunolabeling patterns in the NT (A), SRP (B), SRP/PLA (C), 
and SRP/ALN (D) groups at 15 days. Median and interquartile range of the scores for RANKL for each group at 7, 15, and 30 days (P>0.05) (E). Black arrowheads 
indicate immunolabeled cells. Counterstaining: Harry's hematoxylin. 
NT: no treatment, SRP: scaling and root planning, SRP/PLA: SRP followed by filling the periodontal pocket with placebo gel, SRP/ALN: SRP followed by filling the 
periodontal pockets with 1% alendronate gel, AB: alveolar bone, RANKL: receptor activator of nuclear factor-κB ligand.
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Figure 4. OPG immunolabeling in the furcation area of the mandibular left first molar. OPG immunolabeling patterns in the NT (A), SRP (B), SRP/PLA (C), and 
SRP/ALN (D) at 15 days. Median and interquartile range of the scores for OPG for each group at 7, 15, and 30 days (P>0.05) (E). Black arrowheads indicate 
immunolabeled cells. Counterstaining: Harry's hematoxylin. 
NT: no treatment, SRP: scaling and root planning, SRP/PLA: SRP followed by filling the periodontal pocket with placebo gel, SRP/ALN: SRP followed by filling the 
periodontal pockets with 1% alendronate gel, AB: alveolar bone, OPG: osteoprotegerin.



defense mechanisms of the host is still lacking. Therefore, further investigation of the host 
defense mechanism using animals is of the utmost importance for the establishment of 
improved therapies to treat periodontitis [23].

To our knowledge, this is the first study to histologically evaluate the local administration 
of 1% ALN gel as an adjunct to SRP for treating EP in rats. In this study, all groups that 
received SRP treatment presented greater PBF than the control group (NT), demonstrating 
the effectiveness of this approach to treat periodontitis [24]. Previous clinical studies have 
demonstrated that filling periodontal pockets with 1% ALN gel as an adjunct therapy to SRP 
led to increased PD reduction, CAL gain, and bone fill [5,10,13-18,25]. Our results support 
these findings. The histomorphometric analysis showed a significantly higher PBF, as well as 
more collagen fibers and fibroblasts in the furcation region in the SRP/ALN group than in the 
other groups at all experimental time points.

The capacity to modulate alveolar bone metabolism may explain the efficacy of the local 
use of 1% ALN gel in adjunct to SRP to treat periodontitis [26]. ALN is a powerful inhibitor 
of bone resorption, acting by binding to the bone mineral component and interfering with 
the action of clast cells [27]. According to Nakagawa et al. [6], nitrogen-containing BPs 
(N-BPs), including ALN, affect osteoclast performance and are resilient against inhibition by 
mevalonate metabolism. They interfere with several cellular functions that are necessary for 
bone resorption and osteoclast survival that lead to apoptosis, thereby preventing abnormal 
bone resorption. However, Halasy-Nagy et al. [28] demonstrated in an in vitro study that the 
mechanism of ALN and risedronate for inhibiting bone resorption does not involve apoptosis of 
clast cells. In fact, animal studies have demonstrated that N-BPs can interrupt bone resorption 
without reducing the amount of clast cells and might even increase their quantity [29,30]. 
In addition to the number of osteoclasts, their shape and proximity to the bone should be 
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considered when evaluating the bone resorption process. In the present study, even though 
a similar quantity of TRAP-positive cells was noticed in all groups, the histological analysis 
showed a larger amount of osteoclasts that were rounded and non-attached to the bone surface 
in the SRP/ALN group than in the NT, SRP, and SRP/PLA groups. Osteoclasts need to adhere 
effectively to the bone surface to be able to perform bone resorption, meaning that it is possible 
that the non-attached osteoclasts in the present study were not useful as “bone resorbers.” 
Despite methodological differences, this hypothesis is partially supported by the findings of a 
previous animal study of our group [30], which evaluated the effect of long-term therapy with 
another N-BP (zoledronate) on the healing of extraction sockets. It was concluded that long-
term therapy with zoledronate stimulated non-attached osteoclast development in extraction 
sockets, thereby decreasing local bone resorption. Kaynak et al. [31], applied ALN on the 
bone surface of the mandibular molars in rats and also observed a higher number of rounded 
osteoclasts when ALN was used in comparison to the control group.

During normal bone remodeling, the RANKL/OPG ratio may be a key factor associated with 
bone mass [32]. In the present study, even though the SRP/ALN group showed a significantly 
higher PBF than the other groups at all experimental time points, similar patterns of RANKL 
and OPG immunolabeling were observed in all groups. These results are contradictory to 
the findings of previous studies [33,34]. However, they corroborate the findings of an in vitro 
study performed by Kim et al. [35]. These authors investigated the expression level of both 
RANKL and OPG in mouse osteoblastic cells that received ALN or pamidronate alone or 
combined with 1,25-(OH)2 vitamin D3. Diverse concentrations of ALN and pamidronate did 
not consistently alter RANKL and OPG messenger RNA (mRNA) expression, irrespective of 
the presence of 1,25-(OH)2 vitamin D3. However, when inserted into cocultures of mouse 
bone marrow and osteoblastic cells, both ALN and pamidronate interfered with osteoclast 
formation and bone resorption, but did not modify RANKL and OPG mRNA expression. 
The authors reasoned that regulation of RANKL and OPG expression does not mediate 
bone resorption by BPs [35]. Therefore, it could be hypothesized that the bone resorption 
inhibition promoted by the use of locally delivered 1% ALN gel in this study was not 
essentially mediated by the regulation of RANKL/OPG expression. The precise mechanism of 
the inhibitory action of 1% ALN gel on bone resorption has yet to be completely understood.

It has been previously observed that BPs not only induced the secretion of inhibitors of 
osteoclast-mediated resorption by osteoclasts, but also stimulated the establishment of 
osteoblast precursor cells and mineralized nodules, thus leading to the early production of 
osteoblasts [36]. These results are supported by the histological findings of the present study, 
since many active osteoblasts were noticed in the SRP/ALN group at 15 and 30 days.

In this study, 1% ALN gel was subgingivally delivered into the periodontal pockets. The 
advantages of using this technique include the delivery of a substantial concentration at the 
target site with a diminished dose, fewer applications, and excellent patient compliance [37]. 
Local delivery may present major advantages regarding adverse effects and patient acceptability 
when compared to systemic regimens [38]. Gels are easy to prepare and administer, and also 
present higher biocompatibility, reduced allergic host reactions, and rapid elimination through 
the regular catabolic pathway and at the delivered site [25]. In the present study, we found 
ALN gel preparation to be reliable and effortless in terms of clinical manipulation. During the 
experiment, no animals presented any adverse effects regarding its use.
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In contrast to the findings of the present study, others found that ALN had no inhibiting 
effect on bone resorption [39,40]. These contradictory findings could be attributed to many 
factors such as dosage of the medicament, number of applications, administration route, and 
type of formulation (gel or liquid). It remains unclear which medication dose and frequency 
will lead to the best clinical outcomes [26].

Although caution should be exercised when extrapolating results from animal studies to a 
clinical setting, the rat EP model used in the present study provides important data on the 
biological basis of periodontal healing [21,22,30,34].

To summarize, it can be concluded that 1% ALN gel used as an adjunct to SRP enhanced bone 
regeneration in the furcation region in EP in rats.
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