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Effects of avocado/soybean 
unsaponifiables (ASU) on the treatment 
of ligature-induced periodontitis in rats

Abstract: The purpose of this study is to evaluate the effect of the 
avocado/soybean unsaponifiables (ASU) on the treatment of induced 
periodontitis in rats. Periodontitis was induced in 84 rats via ligature 
placement around the second upper molar, which was removed after 
7 days, and scaling and root planning (SRP) was performed at this time. 
Subsequently, the rats were randomly allocated to four groups with 
21 animals each: One SRP group in which saline solution was administered 
(SS), and three groups in which ASU was administered (0.6 g/kg/day), 
beginning either 7 days before the induction of periodontitis (SRP/ASU-7), 
on the day of periodontitis induction (SRP/ASU0), or on the day of 
treatment (SRP/ASU+7). ASU and SS were administered daily by gavage 
until the sacrifice of the animals (7, 15, and 30 days after SRP). The % bone 
in the furcation area was evaluated by histomorphometry and micro-CT. 
The expression of proteins (TRAP, RANKL, and alkaline phosphatase) 
and mRNA (IL-1β, TNF-α, IL-6, RANKL, and alkaline phosphatase) 
were evaluated by immunohistochemistry and qPCR. The SRP/ASU+7 
group presented a higher percentage of bone fill in the furcation area 
and higher expression of alkaline phosphatase than in the SRP group 
(at 7 and 30 days, respectively). The SRP/ASU0 and SRP/ASU+7 groups 
presented lower expression levels of RANKL mRNA than the SRP and 
SRP/ASU-7 groups at 15 days. ASU administration on the day of the 
SRP treatment of the ligature-induced periodontitis promoted subtle 
beneficial effects on periodontal repair following the treatment of induced 
periodontitis within the experimental period of 7 days.

Keywords: Alveolar Bone Loss; Antirheumatic Agents; Periodontitis; 
Phytotherapy; Dental Scaling.

Introduction 

Periodontitis is an immune-inflammatory disease induced by dental 
biofilm that induces a host response against bacterial antigens, and it is 
evidenced clinically by the resorption of alveolar bone concomitant with 
clinical attachment loss and the formation of periodontal pockets.1 The 
traditional treatment for this disease is scaling and root planing (SRP) 
to remove the bacterial biofilm.2 However, despite the good clinical 
outcomes promoted by SRP in the control of periodontitis,3 the application 
of medications that modulate the host inflammatory response against 
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bacterial challenge has been suggested to be able to 
improve the outcomes of periodontal treatment.4 This 
therapy, termed host modulation therapy, is based on 
the observation that the progression of periodontal 
disease is highly dependent on the expression of 
biological mediators of inflammation and that the 
alteration of the expression of these proteins modifies 
the inflammatory profile of the patients and assists 
in the resolution of this pathological process.5

Several immunomodulatory drugs of the 
inflammatory response have been suggested 
as alternatives for the adjunctive treatment of 
periodontitis.4,5 Among these drugs, some drugs 
are noteworthy due to the positive results observed 
clinically, such as nonsteroidal anti-inflammatory 
drugs (NSAIDs) selective6 or not selective for 
cyclooxygenase-2 (COX-2),7 bisphosphonates,8 and 
low doses of doxycycline.9 However, the therapeutic 
protocol with these drugs has limitations due 
to the induction of side effects.4 Additionally, 
all of these drugs act only by inhibiting the 
anti-inflammatory mediators of inflammation, 
and a good modulating host inflammatory response 
drug has been suggested to also act to stimulate 
the biological mediators of tissue repair.4,10

Avocado/soybean unsaponifiables (ASU) 
constitute a medication produced from the fruits and 
seeds of these two plants in a 1:2 ratio (avocado/soy), 
and this medication is indicated for the treatment 
of rheumatoid arthritis and osteoarthritis.11 This 
medication is considered to be a structural modifier 
of the joint tissues that were previously destroyed 
by the progression of arthritis/osteoarthritis.12,13,14,15 
The mechanism of action of this medication may 
make it applicable as a possible adjunctive agent 
for periodontal treatment. Clinical studies have 
found that ASU reduce the intra-articular space 
and improve joint kinesiology function.2,13,14,15 The 
effects of ASU on the protection and proliferation 
of intra-articular tissues were verified histologically 
in studies with sheep14 and dogs.13 In vitro studies 
have shown that ASU downregulates the expression 
of pro-inflammatory mediators, such as PGE2, 
TNFα, iNOS, IL1β, IL6, and IL8,16,17,18 and matrix 
metalloproteinases, such as MMP2, MMP3, and 
MMP13;18,19,20 ASU also promotes the upregulation 

of the expression of growth factors such as TGFβ1, 
TGFβ2, and BMP217,21,22 and the synthesis of proteins 
of the matrix of the connective tissue, such as collagen 
and agrecans.17,18,23 Furthermore, in vivo studies have 
shown that ASU reduces the expression of iNOS 
and MMP 1313 and increases the secretion of TGF 
β1 and TGF β2.24 

Taking into account the anti-inflammatory and 
proliferative effects of ASU and the good outcomes 
induced by this drug in the treatment of arthritis, 
which possesses a pathogenic mechanism of 
tissue destruction similar to that which occurs in 
periodontitis,25 this study aimed to assess whether 
the use of ASU promoted beneficial effects on 
periodontal repair after the treatment of ligature-
induced periodontitis in rats.

Methodology

This study was approved by the Ethical 
Committee for the use of animals in research of the 
São Paulo State University - UNESP (CEUA 17/2009), 
School of Dentistry of Araraquara, Brazil. All 
procedures performed in these studies were in 
accordance with the ethical standards of this 
institution. Eighty-four male rats (Rattus norvegicus 
Holtzman), weighing 250 - 300 g were kept in an 
environment with controlled temperature (21 ± 1°C), 
humidity (65–70%) and light/dark cycle (12 hours). 
The animals had ad libitum access to a standard 
laboratory diet and water.

Groups 
The 84 animals were randomly allocated to 

four equally sized groups in three follow-up 
periods (follow up at 7, 15, and 30 days after SRP) 
with seven animals per group/period: a) SRP 
group – Administration of saline solution (SS); 
b) SRP/ASU-7 group – Administration of ASU 
(0.6 g/kg/day)26 (Piascledine 300, Expanscience Lab, 
France) beginning 7 days before the induction of 
periodontitis; c) SRP/ASU0 group – Administration 
of ASU beginning on the day of the periodontitis 
induction; d) SRP/ASU+7 group – Administration of 
ASU beginning at the moment of the SRP treatment 
of induced periodontitis. The ASU and SS were 
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administered daily by gavage until the end of the 
follow-up period.  

Induction and treatment of periodontitis 
The animals were anaesthetized with a combination 

of ketamine (0.08 ml/100 g; Rompum, Bayer S.A., São 
Paulo, Brazil) and xylazine (0.04 ml/100 g; Rompum, 
Bayer S.A., São Paulo, Brazil). Ligatures (cotton fibres, 
no. 24) were placed subgingivally around the upper 
second molar on both sides in five animals per 
group/period and in one side in two animals per 
group/period. In these two animals, the side selected 
for the ligature placement was randomly selected. After 
a period of 7 days, the ligatures were removed, and 
scaling and root planning (SRP) was performed once 
with manual instruments (11-12/ 1314-Mini-Gracey, 
Hu-Friday, Chicago, USA)27 with the aid of a stereoscopic 
magnifying lens with 3.5X magnification (DMC 
equipaments, São Carlos, Brazil).

Retrieval of samples 
Euthanasia was performed via an overdose of 

anaesthetic solution. In each of the groups, the maxillae 
were removed in blocks and divided randomly 
into seven hemi-maxillae for histomorphometric/
immunohistochemistry analysis and five hemi-
maxillae for qPCR and micro-CT analysis; two hemi-
maxillae without ligatures were used as controls 
for histology. The hemi-maxillae intended for 
histomorphometric/immunohistochemistry analysis 
were fixed in 4% paraformaldehyde for 48 hours. 
Hemi-maxillae intended for qPCR had the gingival 
tissue surrounding the upper second molars removed, 
immediately frozen in liquid nitrogen and kept at 
-80°C until the extraction of mRNA; the remaining 
blocks containing the teeth and surrounding alveolar 
bone were fixed in 4% paraformaldehyde for 48 hours 
and subsequently scanned in a micro-CT scanner. 

Micro-CT  
The samples were scanned by a microtomograph 

(Skyscan, Aartselaar, Belgium) and subsequently 
reconstructed, spatially reoriented and analysed 
by specific software (NRecon/DataViewer/CTan, 
Skyscan, Aartselaar, Belgium). The bone volume in 
the furcation area in the second molar was measured 

after the delimitation of the region of interest (ROI), 
which was an area of 70 x 45 pixels2, 60 18-µm-thick 
sections, and a threshold range of 55-250 greyscale. 
The values were given as % bone tissue in the ROI. 
A blinded, trained and calibrated examiner (GJO) 
performed the analyses.

Histology - histomorphometry  
After the fixation, the samples were decalcified 

in ethylenediamine tetraacetic acid (EDTA) at 7% 
for 10 weeks and subsequently dried in alcohol, 
diaphanized in xylene and embedded in paraffin. 
Serial sections, 5 μm thick, were prepared in a mesio-
distal direction along the axis of the tooth and were 
stained with haematoxylin - eosin (HE). Histological 
and histomorphometric analysis was performed 
while viewing the images on a computer screen via a 
camera connected to an incandescent and polarized 
light microscope (Leica - Reichert Diastar Products & 
Jung, Wetzlar, Germany) and using image analysis 
software (Image J, Jandel Scientific, San Rafael, USA). 
After excluding the first and the last sections where 
the furcation regions were detected, three equidistant 
sections from each specimen block were selected. 
The following parameters were evaluated in the 
histomorphometric analysis: 1) area of mineralized 
bone within the furcation, expressed as percentage of 
the furcation area (i.e., from the roof of the furcation 
to 1000 μm apically)28 and b linear distances between 
the cemento-enamel junction (CEJ) to the top of 
the alveolar crest (CEJ- CB), at a point where the 
periodontal ligament showed a normal width, and 
the CEJ to the apical termination of the junctional 
epithelium (CEJ- aJE).28 Additionally, a histological 
description of the locations of inflammatory reactions 
and bone remodelling in the furcation region was 
performed. Experienced, calibrated, and blinded 
evaluators (RSN and LGP) performed the histological 
description and histomorphometric analysis.

Immunohistochemistry
Sections were prepared according to standard 

protocols for the identification of tartrate-resistant 
acid phosphatase (TRAP), the receptor activator 
of nuclear factor kappa-B ligand (RANKL), and 
alkaline phosphatase (AP). Immunohistochemical 
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staining for TRAP, RANKL and AP was performed 
using anti-rat antibodies (Abcam, Inc. Cambridge, 
MA, USA) for these proteins (Dilution: TRAP- 1:200; 
RANKL-1:200; AP-1:100). Negative control sections 
were incubated with PBS (omission of the primary 
antibody) to assess background staining. Biotinylated 
immunoglobulin (ABC kit Dako A/S, Denmark) 
was used as a secondary antibody, followed by 
incubation with the avidin-biotin peroxidase 
complex (ABC kit Dako, Glostrup, Denmark). 
Diaminobenzidine (DAB, Dako A/S, Denmark) 
was used as a chromogenic substrate. All sections 
were counterstained with Carrazi’s haematoxylin 
and mounted with Permount. Photomicrographs 
(50X) were taken using a light microscope (LEICA 
microsystem GmbH, Wetzlar, Germany). The 
analysis of TRAP was performed by counting the 
cells in the furcation region and on the top of the 
crestal bone.28 The intensity of AP and RANKL was 
scored with a 4-grade scale: (0) no marking (i.e., 
0% of cells); (1) weak (0–25% of cells), (2) moderate 
(25–50% of cells), and (3) strong (50–75% of cells).27 
These parameters were assessed at the interproximal 
aspects of the tooth (area delimitated by 1,000 µm 
below the CEJ between the mesial root of the 
second molar and the distal root of the first molar 
and between the distal root of the second molar 
and the mesial root of the third molar) and within 
the furcation area (same area of evaluation of the 
histomorphometry analysis of the percentage of 
bone in the furcation area), and the median of the 
values from three regions was used to represent 
each sample. A blinded, trained and calibrated 
examiner (GJO) performed the analyses. 

Total RNA extraction, cDNA synthesis, and 
qPCR analysis

Total RNA was extracted from tissue samples using 
an affinity column system (RNAqueous-4PCR, Ambion 
Inc.) according to the manufacturer’s protocol. The 
quantity and purity of total RNA were determined 
by UV spectrophotometry and the 260/280 nm ratio, 
respectively. The RNA integrity of a subsample 
was confirmed by electrophoresis in formaldehyde 
agarose gels. Approximately 400 ng of total RNA was 
converted into cDNA with random hexamer primers 

and moloney leukaemia virus reverse transcriptase 
in a reaction volume of 20 μL (High capacity cDNA 
synthesis kit, Applied Biosystems). 

The qPCR reactions were performed in a 20-μL 
volume reaction including 10 μL TaqMan qPCR 
master mix (Applied Biosystems), 1 μL diluted 
cDNA, 8 μL deionized water, and 1 μL rat-specific 
predesigned and optimized pairs of primers and 
probe. The pre-optimized cycling conditions were 
as follows: 50°C for 2 minutes, 95°C for 10 minutes 
and 40 cycles of 95°C for 15 seconds and 60°C for 1 
minute. The qPCR was performed in a Real-Time 
PCR System 7500 (Applied Biosystems). The relative 
levels of gene expression for IL-1β, IL-6, RANKL, 
TNF-α, and AP were calculated using GAPDH as 
a normalizing gene.

Statistics
A statistical package (GraphPad Prism 5, San 

Diego, USA) was used to perform all analyses. 
The sample size calculation was based on our 
previous study, which evaluated the effect of ASU 
on the periodontal repair of induced periodontitis 
in rats without performing SRP, with similar 
histomorphometric methodology.28 Thus, with seven 
animals in each group, a minimum average difference 
between groups of 26.20% with a standard deviation 
of 12.91% could be detected with a power of 80% 
and an alpha error of 0.05.  

T he  reproduc ib i l i t y  of  t he  exa m i ners’ 
micro-CT, histomorphometry (% bone fill), and 
immunohistochemistry analyses was analysed from 
duplicate measurements of 10 samples with a 1-week 
interval. No differences between the evaluations 
were shown with the paired t-test and Wilcoxon 
test (p > 0.05). In addition, Pearson’s correlation 
showed an intra-examiner correlation of r = 0.94 
for micro-CT, r = 0.85 for histomorphometry, and 
r = 0.91 for TRAP. Spearman’s correlation showed 
an intra-examiner correlation of r = 0.92 for AP and 
r = 0.94 for RANKL.

The normality of the continuous variables was 
confirmed with the Shapiro-Wilk test (p > 0.05), 
and differences among groups were evaluated 
with ANOVA and Tukey’s post hoc test. Analysis 
of the categorical variables was performed with 
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the Kruskal-Wallis test and Dunns’ test. The level 
of significance was set at p ≤ 0.05.

Results 

Micro-CT 
The micro-CT analysis showed no statistically 

significant differences between groups in any of 
the periods. Additionally, no differences were found 
within each group. Table 1 shows the averages and 
standard deviations of the volumetric analysis 
of % bone tissue. 

Descriptive Histology 
The control specimens of all of the groups presented 

an organized connective tissue without a huge 
inflammatory infiltrate and bone with normal shape 
in all of the periods. Regarding the histological aspects 
of the teeth where the periodontitis was induced, all 
of the groups presented a similar histological pattern 
in which the presence of inflammatory infiltrate in 
the roof of the furcation, the presence of blood vessels 
associated with this infiltrate and surrounding bone 
tissue, and disorganization of collagen fibres were 
found at 7 days. At 15 and 30 days, a reduction in 
the inflammatory infiltrate, which was replaced by 
organized collagen fibres, associated with a reduction 
in the presence of blood vessels and improved bone 
tissue organization was observed. Furthermore, the 
presence of reversal lines demonstrated bone formation 
in all groups. Representative images of the descriptive 
histological analysis are shown in Figure 1.

Histomorphometry 
The SRP/ASU+7 group was shown to present a 

higher % bone in the furcation area than in the SRP 
group after a period of 7 days (p < 0.05). An increase 
in the % bone in the furcation region in the SRP 
group at 30 days relative to that at 7 days (p < 0.05) 
was also shown in the intragroup comparison. Table 
2 shows the averages and standard deviations of 
the % bone in the furcation regions. Regarding 
the analysis of the CEJ-CB distance, there were 
no differences between the groups in all of the 
periods evaluated. In the intragroup analysis, a 
reduction in the CEJ-CB in the SRP/ASU-7 group 

Table 1. Average and standard deviation of the volumetric 
analysis of the percentage of bone detected by micro-CT (%) 
in all of the groups/periods.

Group/Period 7 days 15 days 30 days

SRP 19.71 ± 6.82 22.22 ± 9.34 21.15 ± 4.30

SRP+ASU/-7 18.48 ± 6.16 21.58 ± 5.28 19.40 ± 6.37

SRP+ASU/0 16.73 ± 3.70 18.11 ± 5.24 17.14 ± 7.22

SRP+ASU/+7 17.32 ± 3.70 18.31 ± 4.65 15.02 ± 6.70

SRP: scaling and root planning; ASU: avocado/soybean 
unsaponifiables.
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Figure 1. Representative images of the histological analysis 
in all of the groups/periods of evaluation. The healing pattern 
was similar in all groups, where a reduction in the inflammatory 
infiltrate, an increase in the organization of the connective 
tissue and the formation of osteoid tissue were observed in 
all of the groups with increased evaluation periods. B-Bone; 
T-Teeth; CT-Connective tissue, iCT-Inflammatory infiltration in 
the connective tissue. (100X) HE.
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at the period of 30 days was shown compared with 
that at 7 and 15 days (p < 0.05). Furthermore, in the 
SRP/ASU0 group, a reduction in the CEJ-CB was 
shown at 30 days compared with that at 15 days. 
Table 3 shows the average and standard deviation 
of the CEJ-CB distance.

Regarding the CEJ-aJE distance, there were no 
differences between the groups in any of the follow-up 
periods. In the intragroup analysis, a reduction in the 
CEJ-aJE distance at 30 days compared with that at 
15 days was shown in the SRP/ASU-7 group (p < 0.05). 
Table 4 shows the average and standard deviation of 
the CEJ-aJE distance. 

Immunohistochemistry 
No statistically significant differences were 

detected between groups in any of the proteins 
analysed. Figure 2 shows representative images of 
all groups with respect to the immunohistochemical 
labelling of the proteins evaluated.

qPCR Analysis 
No differences in the expression levels of IL1β, IL6, 

or TNFα mRNA between the groups at any period 
of evaluation were observed. RANKL mRNA was 
expressed at higher levels in the SRP and SRP/ASU-7 
groups than in the SRP/ASU0 and SRP/ASU+7 groups 
at 15 days (p < 0.05). AP mRNA was expressed at 
higher levels in the SRP/ASU+7 group than in all 
of the other groups at 30 days (p < 0.001). Figure 3 
shows a graphic representation of the averages and 
standard deviations of the mRNA expression of AP, 
RANKL, IL1β, IL6, and TNFα in relation to GAPDH 
gene expression. 

Discussion

The results of this study showed that in general, 
the adjunctive use of ASU exerts a subtle additional 
effect on periodontal repair after the treatment 
of induced periodontitis, as demonstrated by 
histologic, histomorphometric and micro-CT analysis. 
Furthermore, despite the higher expression of AP in the 
SRP/ASU+7 group than in all of the other groups and 
a lower expression of RANKL in the SRP/ASU0 and 
SRP/ASU+7 groups than in the SRP and SRP/ASU-7 

Table 2. Average and standard deviation of the percentage 
of bone fill in the furcation (%) in all of the groups/periods.

Group/Period 7 days 15 days 30 days

SRP/SS 9.90 ± 10.65a,b 17.57 ± 10.68 35.05 ± 18.48b

SRP+ASU/-7 20.30 ± 15.51 24.34 ± 18.75 33.38 ± 21.08

SRP+ASU/0 24.27 ± 14.78 26.60 ± 17.89 32.71 ± 16.76

SRP+ASU/+7 29.84 ± 16.34a 25.12 ± 12.07 38.25 ± 19.15

SRP: scaling and root planning; SS: saline solution; ASU: avocado/
soybean unsaponifiables. ap < 0.05-Intergroup differences, 
One-way ANOVA and Tukey’s post test; bp < 0.05-Intragroup 
differences, One-way ANOVA and Tukey’s post test

Table 3. Average and standard deviation of the CEJ-CB (mm) 
in all of the groups/periods.

Groups/Periods 7 days 15 days 30 days

SRP/SS 1.59 ± 0.27 1.53 ± 0.15 1.30 ± 0.17

SRP+ASU/-7 1.27 ± 0.18a 1.54 ± 0.31b 1.04 ± 0.14a,b

SRP+ASU/0 1.33 ± 0.29 1.48 ± 0.29b 1.15 ± 0.18b

SRP+ASU/+7 1.38 ± 0.28 1.49 ± 0.31 1.29 ± 0.27

SRP: scaling and root planning; SS: saline solution; ASU: avocado/
soybean unsaponifiables. ap < 0.05-Intragroup differences between 
the periods of 7 and 30 days, One-way ANOVA and Tukey’s post 
test; bp < 0.05-Intragroup differences between the periods of 15 
and 30 days, One-way ANOVA and Tukey’s post test

Table 4. Average and standard deviation of the CEJ-aJE (mm) 
in all of the groups/periods.

Groups/Periods 7 days 15 days 30 days

SRP/SS 0.81 ± 0.36 0.87 ± 0.22 0.61 ± 0.10

SRP+ASU/-7 0.57 ± 0.17 0.83 ± 0.30a 0.64 ± 0.12a

SRP+ASU/0 0.59 ± 0.20 0.75 ± 0.33 0.55 ± 0.15

SRP+ASU/+7 0.49 ± 0.20 0.72 ± 0.18 0.68 ± 0.28

SRP: scaling and root planning; SS: saline solution; ASU: avocado/
soybean unsaponifiables.ap < 0.05-Intragroup differences between the 
periods of 15 and 30 days, One-way ANOVA and Tukey’s post test 
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groups, these differences in gene expression were not 
detected by immunohistochemical analysis.

At the 7-day follow-up, the animals of the 
SRP/ASU+7 group presented a higher percentage 
of bone fill in the furcation regions than the SRP 
group. It can be assumed that this effect must be 
due to anti-inflammatory and proliferative effects 
in the connective tissue that were induced by the 
ASU treatment.13,14,15,17,20,21 However, these results were 
not maintained in the other periods or confirmed 
by the other analyses, such as the CEJ-CB and 
the volumetric % bone analysis performed by the 
micro-CT. The discrepancy between the data obtained 
from the analysis of the % bone in the furcation with 
the data of the distance between the CEJ-CB and 
CEJ-aJE at 7 days might be due to the different areas 
of assessment; while the first analysis was performed 
at the furcation, the other analyses were performed 
in the interproximal region. The discrepancy 
between the results of the histomorphometric and 
micro-CT analyses in the furcation regions might 
be due to the extension of the analysis, because 
only three sections in two-dimensional images 
were evaluated histomorphometry, while micro-CT 
performed a tridimensional analysis of the entire 
furcation region.29 

Comparing the histomorphometric and the 
micro-CT data of this study with those of a previous 
study performed by our research group, distinct 
results were detected.28 The treatment with ASU 
beginning at the day of the ligature removal induced 
a lower degree of bone resorption, a lower number 
of osteoclasts, lower expression of RANKL and IL1β, 
and a higher expression of AP than in the control 
group,28 but these results were not confirmed by this 
study. The different models for the evaluation of the 
periodontal repair after induced periodontitis in rats 
could explain the distinct results presented in these 
studies. In the first study, the model of periodontal 
repair consisted of the removal of the ligatures 7 days 
after their insertion,28 while in this study, SRP was 
performed with manual instruments at the time of 
ligature removal.27,30 Despite the fact that the depths 
of the periodontal pockets were not measured in 
this study, attachment loss verified by the linear 
measures of the CEL-CB distance was shown to vary 

Figure 3. Representative graphs of the average, standard 
deviation, and significant differences among the groups in the 
expression of mRNA for IL1β, IL6, TNF, RANKL, and AP. The 
data were normalized with the housekeeping gene (GAPDH).
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in the range of 1.27–1.59 mm, and it can be assumed 
that the depth of the periodontal pockets formed by 
the induction of periodontitis was less than 1.5 mm. 
Although the manual instruments used to perform 
the SRP had a tip with a reduced size (mini-five), the 
active tip of this curette was relatively large in relation 
to the periodontal pockets that were present in the 
animals of the present study. The trauma caused by 
SRP in shallow periodontal pockets has been shown 
to induce clinical attachment loss in humans.31,32 
The additional trauma in the dentogingival insertion 
caused by SRP may have impaired the possible 
positive effects of ASU treatment in periodontal 
repair. Another explanation for these distinct results 
is that the additional removal of the bacteria debris 
by SRP in this model may improve the outcomes in 
the control group. It is possible that the adjunctive 
therapy with ASU only improved the treatment 
of deep periodontal pockets where SRP presented 
poor clinical outcomes.3 

It was shown in this study that the SRP/ASU0 
and SRP/ASU+7 groups presented lower expression 
of RANKL mRNA than the SRP and SRP/ASU-7 
groups at 15 days. Additionally, it was shown that 
the SRP/ASU+7 group presented a higher expression 
of AP mRNA than all of the other groups at 30 
days. These results indicated that ASU treatment 
produced subtle anti-inflammatory and proliferative 
effects but did not elicit changes in protein synthesis 
or periodontal repair. ASU is considered to be 
similar to medications that modify the structure 
of connective tissue; however, these effects occur 
at a slow rate,12,13 and the increase in the expression 
of AP mRNA at 30 days could represent a possible 
enhancement of the periodontal repair in longer 
periods of evaluation, though this fact cannot be 
proven by this study. 

When evaluating the results presented by this 
study, some clear drawbacks should be considered. 
One limitation of this study was that only one 
concentration of ASU was tested, and despite the fact 
that clinical and pre-clinical studies have shown that 
an increase in the dosage did not produce different 
clinical or histological effects in rheumatoid arthritis 
and osteoarthritis,12,14 in vitro studies have shown 
that ASU produces effects in a dose-dependent 

manner.16,20 Therefore, the impact of different dosages 
of ASU on periodontal repair remains unknown. 
Another limitation of this study is the fact that 
ASU is a slow-acting drug, and this may mean 
that the effect of this drug will be better detected 
in longer evaluation periods. Indeed, previous pre-
clinical studies from our research group detected 
the acceleration of the osseointegration of implants 
inserted in the tibia and greater bone formation in 
critically sized calvaria defects after using ASU for 
periods between 60-75 days33, and this effect was 
associated with increased expression of the growth 
factors BMP2 and TGFβ1.33 Furthermore, due to the 
inconsistent effects of ASU in the different models of 
the evaluation of the periodontal repair after inducing 
periodontitis with ligatures, additional studies on the 
effect of ASU in other models of induced periodontitis 
(e.g., maintenance of the ligature in the position 
or the injection of lipopolysaccharide) and studies 
with animals with conditions that predispose them 
to higher bone resorption (e.g., diabetes, smoking) 
will be necessary to elicit a better understanding of 
the real effect of ASU on induced periodontitis and 
in which situations this drug may produce more 
significant effects. 

Conclusion

Taking into account the results and methodology 
applied, it can be concluded that the use of ASU on 
the day of the SRP treatment of the ligature-induced 
periodontis promotes subtle beneficial effects on 
periodontal repair following the treatment of 
induced periodontitis within the experimental 
period of 7 days.
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