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Does resveratrol favor peri-implant
bone repair in rats with
ovariectomy-induced osteoporosis?
Gene expression, counter-torque and
micro-CT analysis

Abstract: This study investigated the influence of resveratrol on
peri-implant repair and its effects on bone-related markers in
ovariectomy-induced osteoporosis in rats. Animals were divided into:
OVX+PLAC (n = 10): ovariectomized animals treated with placebo;
OVX+RESV (n = 10): OVX treated with resveratrol; OVX+PLAC+ZOL
(n = 10): OVX treated with PLAC and zoledronate; OVX+RESV+ZOL
(n = 10): OVX treated with RESV and ZOL; and SHOVX+PLAC
(n = 10): sham ovariectomy treated with PLAC. RESV and PLAC
were administrated after ovariectomy and ZOL after six weeks
after OVX, until the end of experiment. One implant was inserted
in each tibiae of animals 18 weeks after ovariectomy. After 4 weeks,
one implant was removed for counter-torque, and peri-implant
tissue was collected for mRNA quantification of several osteogenic
markers by PCR. The other tibia was submitted to micro-computed
tomography analysis. Reduced counter-torque values, bone-implant
contact (BIC) and bone volume fraction (BV/TV), and higher bone
porosity (BP) were detected in OVX+PLAC group when compared to
SHOVX+PLAC (p < 0.05). OVX+RESV rats presented lower BIC, BV/
TV, and trabecular number (Tb.N), and augmented BP and trabecular
spacing (Tb.Sp) when compared to SHOVX+PLAC (p < 0.05). Higher
Tb.N and connectivity density (Conn.Dn) and reduced Tb.Sp were
observed in OVX rats treated with ZOL, independently of RESV, when
compared to OVX+PLAC and OVX+RESV groups (p < 0.05), whereas
the combination ZOL+RESV promoted lower BP when compared
to OVT+PLAC and OVX+RESV (p < 0.05). Gene expression was not
influenced by RESV (p > 0.05), whereas ZOL promoted up-regulation
of BMP-2 (p<0.05). RESV did not improve peri-implant bone repair in
rats with ovariectomy-induced osteoporosis.

Keywords: Resveratrol; Plants, Medicinal; Dental Implants;
Osseointegration; Osteoporosis; Gene Expression.
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Introduction

Osteopenia/osteoporosis are skeletal disorders
that reduce bone volume and alter bone mineral
density promoting negative effects on bone quality
and deterioration of bone microarchitecture.
Osteopenia/osteoporosis phenotype has been
related to a higher risk for bone fragility and
delayed bone repair.! Previous studies have shown
that ovariectomized rats are characterized by an
osteoporotic phenotype, with a slower healing of
long bone fractures and a delayed tissue repair
of tooth sockets after extractions compared to
non-ovariectomized rats."?

Although systematic reviews of clinical studies
have concluded that peri-implant bone healing was
not influenced by osteoporotic-like conditions,?
other findings support that bone loss around dental
implants was more pronounced in osteoporotic
individuals.*® As limitation, several clinical studies
fail to report whether patients were consistently using
anti-osteoporotic drugs, such as bisphosphonates,
which may influence the pattern of bone remodeling
and the predictability of dental implant therapy in
these individuals.®

Among the recommended antiresorptive drugs,
bisphosphonates are the most frequently used, and
evidence demonstrated that the use of these drugs is
efficient for conserving bone density.” Nevertheless,
the long-term use of bisphosphonates may provide
undesirable effects, including osteonecrosis of the
jaw, atrial fibrillation, bone and joint pain, atypical
femoral fractures, and esophageal diseases, which
have increased the controversy over the broad clinical
use of these medications.?

Thus, the study of alternatives to conventional
antiosteoporotic medications with minimal side
effects is relevant. In addition, the interest regarding
the therapeutic impact of natural agents on bone
repair in osteoporotic circumstances has increased.”*

Among the active substances derived from plants/
food with important biological functions, resveratrol
(trans-3,4,5-trihydroxystilbene) (RESV) is a relevant
agent able to improve bone formation and promote
inhibitory impact on osteoclastogenesis.!121314
Casarin et al.”? revealed that resveratrol therapy
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improved the repair of critical-size bone defects
and the biomechanical retention of implants,
up-regulating the gene expression of essential
osteogenic biomarkers. Promising outcomes were
also described in diabetic conditions, showing that
RESV positively influenced the repair of critical bone
defects in calvaria of animals with induced diabetes
mellitus.”® Additionally, it was demonstrated that
RESV reverses the harmful impact of smoking in
the peri-implant repair, improving the modulation
of bone-related markers." Noteworthy, RESV has
been suggested as a promising agent to alleviate
the progression of osteoporosis.”” Nevertheless,
the impact of this natural substance on the peri-
implant bone repair under osteoporotic conditions
is not yet known.

The elderly population has progressively
increased over the last decade and the combination
of osteoporosis, periodontitis, and fewer teeth is
a significant complication related to aging.’ Thus,
dental rehabilitations with osseointegrated implants
in people with osteoporosis are important therapeutic
alternatives to guarantee satisfactory masticatory
function and adequate nutrition, besides improving
the quality of life of this population, crucial aspects
especially in elderly people.”

Based on the and considering the absence of
information related to the impact of RESV on
bone repair around implants under osteoporotic
conditions, this investigation was designed to
determine, for the first time, the influence of RESV-
therapy on peri-implant repair using microcomputed
tomography (micro-CT) and counter-torque
analysis in ovariectomy-induced osteoporosis in
rats. In addition, gene expression of bone-related
markers was evaluated to better understand the
molecular pathways associated with RESV impact
on peri-implant healing.

Methodology

Animals

This experimental study was approved by the
Animal Care and Use Committee of the university
(Permit Number: 094/16) and performed according
to the ARRIVE guidelines. The animal cohort was
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composed of 50 16-week-old female Wistar rats,'®
weighing 348 + 87 g at the beginning of the study.
The animals were acclimatized for 15 days before
experiments in the Bioterium of the university.
Animals were maintained in temperature-controlled
cages, exposed to a 12-h light-dark cycle, with food
(Labina; Purina 1, Paulinia, Brazil) and water
ad libitum.

Treatment groups

Animals were assigned to five experimental
groups: ovariectomized animals treated with
placebo (OVX+PLAC; n = 10); ovariectomized
animals treated with resveratrol (OVX+RESV; n=10);
ovariectomized animals treated with placebo and
zoledronate (OVX+PLAC+ZOL; n = 10); ovariectomized
animals treated with resveratrol and zoledronate
(OVX+RESV+ZOL; n = 10); and animals submitted
to sham ovariectomy surgery treated with placebo
(SHOVX+PLAGC; n = 10).

Sample size calculation

To calculate the sample size, previous data
from investigations that evaluated the effect of
natural compounds on the osseointegration in at-risk
systemic conditions for peri-implant repair were
used.""?° These studies used similar methodology
for bone-implant contact (BIC) measurements, the
primary outcome variable of this study, based on
micro-CT analysis. The sample size was calculated
using a = 0.05 and 80% power. For the variability
(0 = SD), a value of 5% was used. The minimum
clinically significant value (8) considered was 9%.
It was determined that a minimum sample of 8
animals per group would be needed. However,
considering that some animals may be lost during
follow-up, the number of rats enrolled per group
in this study was 10.

Study design

Study design is presented in Figure 1. Ovariectomy
was performed at day zero. The administration of
resveratrol (10 mg/Kg) and placebo was performed
via gavage during all experiment period* after
ovariectomy surgery. A stock solution of resveratrol
(R5010-500MG, Sigma-Aldrich Ltda., Sdo Paulo,

Brazil) was prepared in Tween-80 (P4780-100 ML,
Sigma-Aldrich, Sao Paulo, Brazil) and further diluted
in water to working concentrations. The placebo
solution was composed of the same quantities of
tween and water as utilized in the preparation of
resveratrol. Zoledronic acid (SML-0223, Sigma-
aldrich, St. Louis, USA) (1 mg/Kg), dissolved in
phosphate-buffered saline (PBS), was administered
after six weeks following ovariectomy until the
end of the experiment by intraperitoneal injection,
twice a week.?? Placebo solution for zoledronic acid,
composed of the same quantities of PBS as utilized
in the preparation of zoledronic acid, was used.
Implant surgery was performed 18 weeks following
ovariectomy and animals were euthanized 4 weeks
after implant placement.

Experimental induction of osteoporosis

After anesthesia, ovariectomy surgery was
performed according to Shuai et al.®® Animals of
the non-ovariectomized group underwent sham
operation as a control group (Sham).

Implant placement

Two titanium implants were inserted in each
animal, one in each tibia. After anesthesia, an incision
of approximately 10 mm was performed, and the
tibiae were exposed by blunt dissection. Bicortical
implant beds were drilled using a rotary speed of
1500 rpm. A screw-shaped, commercially available
pure titanium implant, 4.0 mm in length and 2.2 mm
in diameter (Implacil de Bortoli, Sao Paulo, Brazil),
was inserted in each tibiae until the screw threads
had been totally fixed in the bone cortex'?. The soft
tissues were repositioned and sutured.

Post-operative period

The animals were examined regularly during
the experiment for possible clinical or toxicological
symptoms. Four weeks following the implant
placement, the animals were euthanized by CO,
inhalation. Then, the tibiae were dissected to access
the implants: one of the implants was removed for
torque force assessment and, subsequently, the
peri-implant tissue was stored in RNAlater (Ambion
Inc., Austin, USA) for gene expression analysis. The
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RESV and PLAC
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Ovariectomy
Surgery

Day O Day 42
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Figure 1. Study design diagram.

other tibiae (including the inserted implant) was
removed and stocked in 70% alcohol for analyses
by microCT scans.

Counter torque analyze

Torque force assessment for the removal of
implants was done using a torque meter with a scale
range of 0.1-10 N/cm and divisions of 0.05 N/cm
(Mark-10, BGI, CA, USA). A wrench was inserted
in the implant head to apply torque in the reverse
direction of implant placement until rupture of the
bone-implant interface was signaled by rotation of
the implant. The torque force value achieved was
considered as the torque required for the interruption
of osseointegration.™

Microcomputed tomography analysis
of implants

Non-demineralized specimens were scanned
by a cone-beam micro-CT system (Skyscan 1172,
Bruker, Kontich, Belgium). The x-ray generator
was operated at an accelerated potential of 50 kV
with a beam current of 200 mA and an exposure
time of 650 milliseconds/projection. Images were
concluded with a voxel size of 6 X 6 X 6 mm. The
generated three-dimensional models were rotated
into a standard position until the implant had its
long axis vertically positioned, using an appropriate
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software (Data Viewer v.1.5.0, Bruker, Kontich,
Belgium). In the trans-axial direction, the volume
of interest (VOI) was then defined, including the
bone tissue surrounding the implant threads, as
previously described.* Volumetric analyzes were
done with CT-Analyzer® software (CT-Analyzer®,
version 1.13.5.1+, Bruker, Kontich, Belgium). In each
image, in the vertical direction, 214 standardized
slices equivalent to the extension between the first
and last threads present in the implant body were
selected. In the horizontal direction, it was delimited
the entire region occupied by the implant and that
between the apex of the implant threads and the
implant body. In order to evaluate trabecular bone
tissue in each VOI, a gray scale (0-255) was used.
The following parameters were assessed: a) bone-
implant contact (BIC): percentage of bone tissue
in contact with implant surface; b) bone volume
fraction (BV/TV): percentage of VOI filled with
bone tissue; c) bone porosity (BP): percentage of
porosities present in the bone tissue determined
in the VOI; d) trabecular number (Tb.N): number
(%) of the bone trabeculae present in the VOI; e)
trabecular spacing (Tb.Sp): total of spaces (mm)
between the bone trabeculae present in the VOI;
and f) connectivity density (Conn.Dn): density
(mm3) between the bone trabeculae present in
the VOL*?* BV/TV and BP indicates the portion of
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mineralized bone tissue, and Conn.Dn indicates the
degree of trabecular branching, while Tb.Sp and
Tb.N reproduce the organization and amount of
trabeculae. BIC reflects the ratio of implant surface
in direct contact with bone. All evaluations were
performed by a blind and calibrated examiner
(PH.ES)). For calibration, one-third of the sample
was assessed in two time-periods with a 48-hour
interval. The intraclass correlation coefficient
(ICC) was used to determine the reproducibility
of the examiner in the two evaluations performed.
ICC values greater than 90% were considered to
guarantee the calibration of the examiner.

Analysis of gene expression

Peri-implant samples for gene expression assays
were stored in RNALater solution at -70°C for
mRNA levels quantification of the molecules by
real-time polymerase chain reaction (QRT-PCR): bone
morphogenetic protein-2 (BMP-2), osteoprotegerin
(OPG), receptor activator of NF-KB ligand (RANKL),
and runt-related transcription factor-2 (Runx2).
Total RNA from the biopsies was isolated by the
Trizol method according to the manufacturer’s
recommendation. RNA samples were resuspended
in diethylpyrocarbonate-treated water and stored
at =70 °C. The RNA concentration was determined
from the optical density using a micro-volume
spectrophotometer. Total RNA was DNase treated
(Turbo DNA-frees, Ambion Inc., Austin, TX, USA),
and 1 pg was used for complementary DNA
(cDNA) synthesis. The reaction was carried out
using the First-Strand cDNA synthesis kit (Roche
Diagnostic Co., Indianapolis, IN, USA), following
the manufacturer’s recommendations.

Primers were designed using probe-design
software (Light-Cycler Roche probe design software,
Diagnostics GmbH, Mannheim, Germany). The
amplification profiles, primer sequences, and
lengths of PCR products are shown in Table. The
qPCR reactions were performed in a real-time PCR
apparatus (LightCycler® 96 Instrument, Roche
Diagnostics GmbH, Mannheim, Germany) using a
Syber Green kit (FastStart DNA Masterplus Syber
Green, Roche Diagnostic Co., Indianapolis, IN,
USA), as previously described?. The results were
expressed as relative amounts of the target gene
using GAPDH as the inner reference gene, by means
of relative quantification.

Data analysis

Statistical analysis was performed using SAS
9.3 (Cary, NC, USA). Data were first examined for
normality using the Kolmogov-Smirnov test. Since the
torque force and micro-CT data achieved normality,
parametric methods were used for the comparisons.
Then, one-way analysis of variance (ANOVA) was
used for comparison of the biomechanical retention
of titanium implants evaluation and micro-CT
parameters. When there were significant differences
by ANOVA, a pair-wise comparison was performed by
the Tukey test. Considering that the gene expression
data did not achieved normality, non-parametric
methods were used for the comparisons. Thus,
the significance of differences in the relative gene
expression levels analysis was compared using
Kruskal-Wallis test. When there were significant
differences, a pair-wise comparison was performed
by the Dunn’s test. The significance level established
for all analyses was 5%.

Table. Primer sequences for each gene, amplification profiles, and the estimated length of gPCR product for each gene.

Gene Sequence (5°-3")
BMP-2 GTCCCTACTGATGATGAGTTTCTC
RANKL AGCGCTTCTCAGGAGTT

OPG GCAGAGAAGCACCTAGC

Runx2 GCCACTTACCACAGAGC

GAPDH TGAGTATGTCGTGGAGTCTACTG

Length of gPCR product (bp)

Amplification profile [temperature

("C)/time (s)]
170 95/10, 56/8, 72/8
156 95/5,55/4,72/6
168 95/10, 56/8, 72/7
157 95/10, 56/8, 72/7
159 95/10, 56/8, 72/7
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*Significant difference compared to SHOVX+PLAC (Anova/Tukey; p<0.05).

Figure 2. Means and standard deviations of counter-torque values in all experimental groups.

Results

Torque force evaluation

Data analysis revealed lower biomechanical
retention of titanium implants in OVX+PLAC animals
when compared to SHOVX+PLAC group (p <0 .05).
No significant differences were observed among
the other groups (p > 0.05). Figure 2 demonstrates
the counter-torque force values observed in each
experimental group.

Micro-CT analysis

Ovariectomy promoted negative effects around
the implants, providing reduced BIC and BV/TV
and higher BP in OVX+PLAC group when compared
to SHOVX+PLAC (p < 0.05). In general, the intake
of RESV alone in ovariectomized rats was not able
to optimize the peri-implant bone repair, since
no differences were detected when compared to
OVX+PLAC group (p > 0.05). Both OVX+PLAC and
OVX+RESV presented lower BIC, BV/TV, and Tb.N
percentages and increased values of BP and Tb.Sp
when compared to SHOVX+PLAC group (p < 0.05).
Higher levels of Tb.N and Conn.Dn and reduced
values of Tb.Sp were observed in ovariectomized
animals treated with ZOL, independently of RESV
intake, when compared to OVX+PLAC and OVX+RESV
groups (p < 0.05), whereas the combined use of ZOL
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and RESV promoted lower BP levels when compared
to OVT+PLAC and OVX+RESV groups (p < 0.05).
Figure 3 demonstrates the micro-CT outcomes.

Gene expression levels

Significant up-regulation of RANKL mRNA
levels was found in OVX+PLAC group when
compared to SHOVX+PLAC animals (p < 0.05).
Down-regulation of BMP-2 levels was detected
in OVX+PLAC and OVX+RESV groups when
compared to OVX+PLAC+ZOL, OVX+RESV+ZOL, and
SHOVX+PLAC animals (p < 0.05). No differences were
detected among groups in the levels of OPG, Runx-2,
and RANKL/OPG (p > 0.05). Figure 4 illustrates the
gene expression outcomes.

Discussion

Since the global prevalence of osteoporosis
has increased and considering the higher life
expectancy of word population, rehabilitations with
osseointegrated implants is becoming more necessary,
particularly considering the elevated occurrence of
periodontitis and successive tooth loss in osteoporotic
individuals.’® Considering the favorable proprieties
of RESV on bone metabolism,''2'3* this investigation
studied, for the first time, the impact of daily systemic
use of this polyphenol in reversing the negative
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Figure 3. Means and standard deviations of micro-CT analysis of all groups (A-E). Representative three-dimensional rendered
images of bone repair around the implant in all experimental groups (G).
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Figure 4. Means and standard deviations of gene expression analysis.

impact of osteoporosis on bone healing around
titanium implants. In general, it was verified that
the use of RESV, associated or not with ZOL therapy,
did not improve the peri-implant bone repair in
osteoporotic conditions.

In this study, ovariectomy promoted negative
effects around the implants, providing reduced bone-
implant contact and bone volume and higher porosity

8 Braz. Oral Res. 2023;37:e003

in OVX+PLAC group, besides compromised implants
biomechanical performance, when compared to
SHOVX+PLAC (p <0.05). In agreement with our data,
previous experimental studies have demonstrated
compromised implants biomechanical performance
in osteoporotic-like conditions®. Accordantly, clinical
data have also highlighted that peri-implant bone
loss is more noticeable in people with osteoporosis
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and that osteoporosis may contribute to delayed
healing time around implants, and even implant
failure, especially in augmented alveolar bone.>?

Bisphosphonates, as zoledronate, are the most
used drug to treat the consequences on bone tissue
promoted by osteoporosis. This medication acts
primarily by inhibiting osteoclast-mediated bone
resorption and regularizing the high proportion
of bone turnover.” The relationship between
bisphosphonates-therapy and development of
osteonecrosis of jaw has been reported?, as well as
the benefit of bisphosphonates intake on peri-implant
bone repair under osteoporotic state.” In addition,
micro-CT analyses from the current investigation
revealed that higher amount of trabeculae and
degree of trabecular branching were detected
in ovariectomized animals treated with ZOL,
independently of RESV-therapy, as well as reduced
spaces between trabeculae, when compared to
ovariectomized animals treated with placebo or
resveratrol (p < 0.05). Contrary to the results of
micro-CT analyses, the counter-torque data from
the present investigation did not reveal an impact of
zoledronate on biomechanical retention of titanium
implants (p > 0.05). It is important to highlight that
whereas counter-torque analysis determines the
force required to rupture the bone-implant interface,
micro-CT technique provides a non-destructive
method to study per-implant samples and the option
of performing three dimensional investigations on
a virtual representation of a sample, determining
BIC values and the quality of bone formation based
on additional parameters, as evaluated in this
study. Thus, these are methodologies with different
forms of analysis, which can produce variation
in results, as observed in the outcomes of this
experimental investigation.

Concerning the impact of resveratrol on bone repair
around implants in rats with ovariectomy-induced
osteoporosis, micro-CT analyses showed that RESV
therapy in ovariectomized rats was not able to optimize
the peri-implant bone repair, as it did not improve
bone-implant contact, proportion of mineralized bone
tissue, and amount of trabeculae when compared to
OVX+PLAC animals (p > 0.05), besides presenting
higher bone porosity and amount of spaces between

trabeculae when compared to SHOVX+PLAC (p <0.05).
Despite this finding, previous findings have already
demonstrated that the therapy with resveratrol was
effective to optimize the peri-implant bone repair in
healthy conditions.’? More recently, other researchers
reported the positive impact of this polyphenol in
the presence of chronic cigarette smoke' and the
efficiency of RESV in reversing the negative effect
of alcohol on bone repair around implants in senile
female rats.”® Importantly, data from another study
indicated that the use of RESV on the repair of critical
bone defects in calvaria of animals with induced
diabetes mellitus positively influenced bone repair,
regardless of the presence of insulin.”

The mechanisms attributed to RESV to up-regulate
bone formation and reduce bone resorption has been
supported by various researches."'>"** Interestingly,
numerous studies have established the promising
impact of RESV on bone tissues under osteoporotic
circumstances.>® Khera et al.®” showed that RESV
restores the RANKL/OPG ratio in the femur of rat
osteoporosis model. In vitro experiments demonstrated
that the suppressed osteogenic differentiation of
BMSCs undergoing TNF-a induction is enhanced
by RESV therapy, which may alleviate the advance
of osteoporosis.”” However, to our knowledge, the
current investigation is the first to report the effect
of RESV treatment on peri-implant bone healing in
osteoporotic conditions.

Osteoporosis is a grave skeletal disorder
characterized by an important decrease in
bone mineral density, with deterioration of
microarchitecture of bone tissues.! In addition,
OVX induces oxidative stress and simultaneously
promotes up-regulation of RANKL levels, elevated
production of TRAP-5b, and harmful impact on
bone microstructure.*® Conversely, RESV therapy
in ovariectomized rats may reverse these variations
in vivo, providing antioxidant effects, decreasing
RANKL and TRAP-5b levels, and suppressing
bone microarchitecture breakdown,® consistent
with earlier findings."***? Moreover, it was recently
demonstrated that RESV reversed the negative impact
of smoking on peri-implant repair in the tibia of rats
by down-regulating RANKL/OPG and Lrp-5 levels,
which are related to oscleoclastogenenic pathways.*

Braz. Oral Res. 2023;37:e003 9
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Although RESV promotes positive effects on
bone metabolism both in in vivo experiments and in
molecular assays,'"'>*14? gene expression data and
micro-CT analyses from the present study support that
the harmful impact of osteoporosis on bone tissues
around implants probably outweighs the benefits of
this natural agent. Thus, this therapeutic approach,
as administrated in this study, was not sufficient
to positively modulate the destructive impact of
osteoporosis on peri-implant bone healing. It could
be hypothesized that in the presence of osteoporosis,
the use of higher doses of resveratrol could be
effective. Noteworthy, Zhao et al.* demonstrated
that the effects of RESV on bone mineral density and
trabecular microarchitecture was dose-dependent
in ovariectomized rats, preventing OVX-induced
decrease of bone mineral density in the proximal tibia
and femoral neck with daily RESV doses of 40 and
80 mg/kg. In the current study, the dose used was
10 mg/kg, as utilized previously in other researches
with promising influence on bone repair.!'!>131
Interestingly, Zhao et al.* reported that only higher
doses of resveratrol (40 and 80 mg/kg) stimulated
the binding of RANKL to RANK to decrease
osteoclastic activity, inhibiting bone resorption.
Thus, although the period of RESV therapy in the
current study was longer than that employed in
previous studies,'1213431 further research using
different RESV doses and administration protocols
could be pertinent to determine if this polyphenol
would provide additional benefits on bone healing
around implants in the presence of osteoporosis.

It is important to mention that two of the
experimental groups of the current research
were treated with a well-established drug usually
employed in osteoporotic disorders, zoledronate.
In agreement with the promising outcomes provided
by ZOL-therapy on micro-CT parameters, the gene
expression analysis of peri-implant bone surrounding
implants of this experiment revealed that the
administration of zoledronate in ovariectomized
animals, independently of RESV intake, positively
modulated the gene expression of BMP-2. In line
with our findings, Im et al.**showed a significantly
increased osteoblastic cell number and enhanced
gene expression of BMP-2, besides the up-regulation

10 Braz. Oral Res. 2023;37:e003

of type I collagen and osteocalcin with alendronate
and risedronate in cell cultures. Although the
beneficial effects of bisphosphonates on osteoblast
proliferation, maturation, and differentiation has
been previously evidenced,* other different pathways
may be signalized to provide the anabolic influence
of this drug on osteoblasts and the inhibitory effects
on osteoclasts, distinct from the molecules evaluated
in this study. However, even considering all these
well supported signaling pathways associated
with the positive effects of bisphosphonates under
osteoporotic bone tissues, the potential risk of
bisphosphonates-related osteonecrosis of the
maxillary and mandibular bones in osteoporotic
patients undergoing dental implant therapy cannot
be disregarded, especially depending on the route of
administration and duration of medication therapy.*

Taking into account that the number of patients
with senile or postmenopausal osteoporosis requiring
implant treatment has increased with the growth of
the elderly population,'® the interest in alternative
therapeutic approaches to reversing the harmful
effects of osteoporosis on peri-implant bone loss,
without the risk of relevant adverse effects, is relevant.

Although in the present investigation no signs
of inflammation or bone necrosis were observed,
it is well established that bisphosphonates may
promote innumerous undesirable effects, including
osteonecrosis of jaw,**” highlighting the need for
alternative therapeutic approaches. Recently,
Movahedian Attar et al.’* demonstrated the
protective role of resveratrol against osteonecrosis
after tooth extraction in rats treated with
bisphosphonates. Importantly, it has been described
that bisphosphonates promote anti-angiogenesis
effects, besides inducing overproduction of reactive
oxygen species, which cause damage to cell DNA.%3%
Evidence has demonstrated that resveratrol has
antioxidant effects and may prevent DNA damage
by eliminating free radicals and promoting the
activities of antioxidant enzymes.*?¢ Additionally,
itis relevant to emphasize that resveratrol promotes
pro-angiogenic effects during the tissue healing.®”
Thus, it could be hypothesized that the antioxidant
and pro-angiogenic actions of resveratrol could
positively interfere in eventual osteonecrosis
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occurrences. Furthermore, in vitro findings showed
that resveratrol significantly increased osteoblast
proliferation and differentiation in cells treated
with bisphosphonates, suggesting that the use
of resveratrol could be promising in the clinical
management or prevention of bisphosphonate-
related osteonecrosis of the jaws.*® However, further
investigations are required to support these data.
Another important topic to be mentioned is that,
in the current study, estrogen replacement therapy
was not adopted as treatment. One of the objectives
of this study was to propose an alternative therapy
to avoid substances recognized for promoting side
effects in the presence of osteoporosis, as previously
stated. Several adverse effects may be caused by
estrogen replacement, including vascular events
and breast carcinoma.® In addition, evidence
demonstrated that estrogen replacement therapy in
postmenopausal women did not promote significant
impact on the reduction of dental implant failure

References

rate.*’ Interestingly, recent data of a systematic
review showed that hormone replacement therapy
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Additional investigations should be developed to
confirm the findings from this study, especially
considering that this is the first one, to the authors
knowledge, to determine the impact of resveratrol
therapy in containing the damaging effect of
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