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Dose- and time-dependent effects of
taxifolin on viability and mineralization
markers of osteoblast-like cells

Abstract: The current study evaluated the effects of taxifolin
treatments on the viability of osteoblast-like cells, and on the expression
of early mineralization markers, as part of the ongoing search for new
endodontic materials able to induce periapical healing without causing
cytotoxicity. Saos-2 osteoblast-like cells were exposed to different
concentrations of taxifolin (5 and 10 uM), applied as pretreatments either
for 24h and 72h, or continuously throughout the experimental protocol.
Cell viability using the methylthiazole tetrazolium (MTT) assay,
alkaline phosphatase activity using thymolphthalein monophosphate
assays, deposition of mineralized nodules using alizarin red staining,
and expression of ALP and COL-1 by qPCR were determined after 6
and 13 days of treatment. The data were analyzed statistically (p<0.05).
Taxifolin was not cytotoxic in the concentrations tested. Pretreatments
with taxifolin for 24h and 72h at 10 pM stimulated ALP activity, and
increased mineralized nodule deposition by Saos-2 cells. Continuous
treatment with taxifolin was not effective in stimulating ALP activity
and mineralization. ALP and COL-1 gene expression increased
with taxifolin pretreatments, since the highest mRNA levels were
observed after 72h of pretreatment with taxifolin at 10 pM on day 13. In
conclusion, taxifolin was cytocompatible, and induced mineralization
markers when applied for short periods in osteoblast-like cell culture.

Keywords: Osteoblasts; Alkaline Phosphatase; Calcification,
Physiologic.

Introduction

Bone formation is a complex process which involves different cell
types, such as proliferating pre-osteoblasts, bone matrix-producing
osteoblasts, osteocytes (or mature bone-lining cells), and osteoclasts,
which are responsible for bone reabsorption and remodeling. The events
of bone formation are modulated by several hormones and cell products
secreted in response to tissue injury."? In vitro models of osteogenesis
and bone nodule formation have been used to assess the effects of
new compounds on the proliferation, differentiation, and mineralized
matrix deposition of osteoblastic cells.®> A substantial number of genes,
including alkaline phosphatase (ALP), type I collagen (COL-1), bone
morphogenetic protein-2 (BMP-2), and osteocalcin (OCN) are highly
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expressed in the first periods of these processes.
Following extracellular matrix deposition, osteoblasts
begin mineral deposition, which extends along and
within the collagen fibrils.**

A large variety of chronic inflammatory diseases
are associated with bone loss. They occur when
acute inflammation fails to eliminate infectious
and non-infectious agents, such as microbial
pathogens, damaged cells, or toxic products.’ In
dentistry, microorganisms that colonize necrotic
root canal systems, or products released therefrom
can diffuse through apical or lateral foramens,
and cause damage to the periodontal ligament,
cementum, and alveolar bone.® In response to
microbial invasion, host defenses produce a variety
of pro-inflammatory mediators, such as cytokines
and prostaglandins, which are involved in the
induction of inflammatory cell migration and
osteoclastogenesis.”® Chemical-mechanical treatment,
and medicaments with multiple therapeutic effects
are required to eliminate pulp and periapical
infection, control the inflammatory response, and
induce bone mineralization.’

Some authors have explored the osteogenic
potential of natural compounds such as flavonoids
for the treatment of bone diseases.*!1? Taxifolin (or
dihydroquercetin) is a pentahydroxyflavanone found
in several plants, and included in food supplements
by virtue of its broad therapeutic action, including
antioxidant,” anti-inflammatory," antibacterial,* and
anticancer® activities. Taxifolin has been reported
to induce osteoblast differentiation,'>'?and increase
bone sialoprotein and osteocalcin mRNA expression,
as well as levels of secreted osteocalcin,’® which are
important markers of late mineralization produced
by mature osteoblasts. Furthermore, taxifolin has
also been found to inhibit in vitro osteoclastogenesis
in RAW?264.7 murine cells,'®? and in human bone
marrow-derived macrophages (BMMs) induced by
the receptor activator NF-«B ligand (RANKL).""2
The effect of taxifolin on ALP and COL-1 levels,
on early markers of osteoblast differentiation, and
on early mineralization has not yet been studied.
In an effort to further the ongoing search for new
endodontic materials able to induce periapical healing
without causing cytotoxicity,'*"” the present study
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aimed to evaluate the effects of taxifolin treatments
on the viability of a human osteoblast-like cell
line (Saos-2) and the expression of mineralization
markers. The null hypothesis was that the taxifolin-
based treatments do not stimulate the expression of
mineralization markers (ALP activity, mineralized
nodules, and ALP/COL-1 mRNA levels) in osteoblast-
like cells.

Methods

Study design

Taxifolin (#78666, Sigma-Aldrich, Saint Louis,
USA) was dissolved in dimethyl sulfoxide (DMSO,
Sigma-Aldrich), and the stock solution was stored
at -20° C. Table 1 presents the experimental groups
according to taxifolin concentrations and treatment
time points, and Figure 1 shows the experimental
design of the study. Saos-2 human osteoblast-like
cells at passage 34 were cultured in Dulbecco’s
Modified Eagle’s Medium - DMEM (GIBCO, Grand
Island, USA), with 10% fetal bovine serum (FBS;
GIBCO, Grand Island, USA), penicillin (100 1U/
mlL), streptomycin (100 pg/mL), and glutamine (2
mmol/L) (GIBCO). The cells were seeded (2.5x10°
cells/well) in 96-well plates (P0), and incubated
at 37°C in an atmosphere of 5% CO,and 95% air
(Thermo Plate, Fisher Scientific, Pittsburgh, USA)
for 24 h. After incubation (P1), taxifolin treatments
were performed as follows: 24 h pretreatment (P2) -
cells were exposed once to the flavonoid treatment;
72 h pretreatment (P3) - cells were exposed three
times daily until completing 72 h; continuous
treatment (CT) - cells were exposed to taxifolin daily
throughout the experimental protocol (Figure 1)."®
All the cells were cultivated up to two time points
of analysis: 6 or 13 days (P4 and P5). Both pre- and
continuous treatments were assayed with taxifolin
at5and 10 uM (T5 and T10). Aspiration of P2 and P3
was followed by replacement with DMEM, which
was refreshed every 24 h until completion of the
experimental period (6 or 13 days). The control groups
were supplemented with DMEM containing DMSO
at 10 uM (Control DMSO), or not containing DMSO
(Control DMEM). All the assays were performed
in triplicate.’®
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Cell viability analysis

Cell viability was evaluated by using the
methylthiazole tetrazolium (MTT) assay 1 day
(P2), 3 days (P3), 6 days (P4), and 13 days (P5)
after seeding the cells. The MTT assay is based on
the succinate dehydrogenase enzyme produced
by mitochondria, which reduces the MTT salt
metabolically, converting it into formazan crystals.
The treatments or DMEM were aspirated, after which
5 ug/mL MTT (Sigma-Aldrich) was applied to the
wells, and the plate was incubated at 37°C in an
atmosphere of 5% CO,and 95% air for 4 h. Thereafter,
the MTT solution was aspirated, and replaced by
an acidified isopropanol solution to dissolve the
formazan crystals. Cell viability was calculated
by absorbance at 570 nm in a spectrophotometer
(Synergy H1 Hybrid Multi-Mode Microplate Reader,

Table 1. Description of groups chosen for this study.

ereyy C(E)?W?epn? for:‘idc{ n UsselmEn
T5-24h Taxifolin 5 uM Pretreatment of 24h
T10-24h Taxifolin 10 uM Pretreatment of 24h
T5-72h Taxifolin 5 uM Pretreatment of 72h
T10-72h Taxifolin 10 uM Pretreatment of 72h
T5-CT Taxifolin 5 uM Continuous treatment
T10-CT Taxifolin 10 uM Continuous freatment
Control DMSO DMSO 10 uM Continuous treatment

Control DMEM No compound No treatment

<«—> | day
< 3 days

BioTek Instruments, Winooski, USA). The data were
standardized considering mean absorbance of the
control group (Control DMEM) on day 1 as 100%
cell viability.!®?

Alkaline phosphatase assays

Total protein production

The quantification of total protein was performed
according to Leite et al.'® with some modifications.
On the sixth day, the treatments were aspirated, and
200pL of 0.1% sodium lauryl sulfate (Sigma-Aldrich)
previously dissolved in deionized water was added
to each well to lyse the cells. After the solution was
left to rest 40 min at room temperature, it was
homogenized and 100 uL was separated to perform
the ALP activity assay. Next, Lowry reagent
(Sigma-Aldrich) was added to the lysed cells, and
incubated for 20 min at room temperature, followed
by adding Folin-Ciocalteu’s phenol reagent (Sigma-
Aldrich), diluted in deionized water at a ratio of 1:3,
for 30 min. After this period, all the samples were read
in a spectrophotometer (Synergy H1) to determine
absorbance at 655 nm. A standard curve of bovine
serum albumin (BSA, Sigma-Aldrich) was determined
to measure the total protein of each sample.®

Alkaline phosphatase activity

ALP activity was evaluated following a protocol
based on dephosphorylation of thymolphthalein by

6 days

24 h

T0 T1 T2 T3
| | | |

13 days
T4 15

| 1 1 |
Seeded  Additi S —
S:eose_z TAI)Iém Viability

1) Treatment with TAX '
« 24h

2) Continuous treatment with TAX

| Taxifolin

" 5and 10 uM !
72k 120K

Viability Viability
ALP Activity Mineralization

Figure 1. Experimental design of the study.
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ALP - Alkaline Phosphatase Assay Kit-Test Endpoint
(Labtest Diagnostics, Lagoa Santa, Brazil). After six
days of experimentation, one tube containing 50 pL
of thymolphthalein monophosphate 22 mmol/L,
and 500 pL of buffer solution at 300 mmol/L (pH
10.1) was prepared for each well. Then, 50 pL of cell
lysis solution (prepared in the previous assay) was
added to the respective tubes and incubated for
20 min at 37°C. Afterwards, 2 mL of color reagent
was placed in each tube and homogenized. The
absorbance of the solution was determined at
590 nm using a spectrophotometer (Synergy HI).
A standard ALP-based curve (Standard 45 U/L)
measured the ALP activity, whose values were
calculated by dividing the ALP dosage by those
of total protein; the percentage for total protein
was then calculated considering the control group
(Control DMEM) as 100%.'®

Mineralized nodule formation

Alizarin red staining was used to evaluate
the mineralized nodule formation on the final
days of treatment (days 6 and 13). This assay was
based on quantifying the mineralized matrix
produced by osteoblast-like cells. The treatments
were aspirated, and the cells were fixed in 70% cold
ethanol for 2 h. The ethanol was then aspirated,
and each well received 100 pL of alizarin red (pH
4.2; Sigma-Aldrich), after which the samples were
incubated under continuous shaking for 20 min.
The wells were rinsed twice with deionized water,
and incubated at room temperature to dry for 24 h.
Next, mineral nodules of each group were identified
and photographed by using a light microscope
(Olympus BX51; Olympus, Miami, USA) equipped
with a digital camera (Olympus C5060; Olympus,
Miami, USA). Lastly, 150 pL of cetylpyridinium
chloride solution (Sigma-Aldrich) was added to each
well, and maintained under continuous shaking for
15 min to dissolve the nodules. The quantitative
analysis was performed based on the mineralized
nodule formation measured by absorbance at 570 nm
in a spectrophotometer (Synergy H1). The mean
absorbance value of the control group (Control
DMEM) on day 6 was considered as 100% of
mineralized matrix deposition.’®
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ALP and COL-1 gene expression

Based on the results of previous assays, real time
quantitative PCR (qPCR) analysis was performed
only with the highest concentrations (10 uM) of
the pretreatments (24-72 h). On days 6 and 13, the
treatments were aspirated, and the total RNA was
extracted following the protocol of the RNAqueous Kit
(Ambion, Austin, TX, USA). RNA quantification was
performed by determining absorbance with 1 uL of
total RNA in a spectrophotometer (Synergy H1). The
cDNA synthesis was performed using a High Capacity
cDNA Reverse Transcription Kit (Applied Biosystems,
Carlsbad, CA, USA), following the manufacturer’s
protocol. The qPCR was performed by SYBR® Green
reagents (Applied Biosystems, Foster City, CA, USA),
and specific primers and probe sets were designed
for ALP, COL-1, and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) analyses (Table 2). The data
were analyzed using a Step One Plus software program
(Applied Biosystems) with relative quantification of
each mRNA according to GAPDH as the constitutive
gene. Two independent experiments were performed
in triplicate for each group. The data were calculated
according to the 24T equation, using the control group
for the purpose of normalization.?*

Statistical analysis

Experiments were performed on three independent
days using four wells per group. The results were
submitted to the Kolmogorov-Smirnov test to ascertain
normality. Normal data from cell viability, ALP
activity, and mineralized nodule formation are
presented as mean * standard deviation, and were
analyzed using ANOVA and Tukey’s test. Data from
gene expression did not present normality, and were

Table 2. Nucleotide sequence of primers used for each
selected gene.

Gene Sequence
ALP Forward 5'-GACAAGAAGCCCTTCACTGC-3’
Reverse 5'-AGACTGCGCCTGGTAGTTGT-3'
COL-1 Forward 5-CAGCCGCTTCACCTACAGC-3’
Reverse 5'-TTTTGTATTCAATCACTGTCTTGCC-3’
GAPDH Forward 5'-CTCTGCTCCTCCTGTTCGAC-3’

Reverse 5'-TTAAAAGCAGCCCTGGTGAC-3’
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analyzed using the Kruskal-Wallis and Mann-Whitney
tests. Boxplots were constructed to represent these
results. The SPSS 17.0 software program (IBM Corp,
Chicago, USA) was used to run the statistical analysis,
considering p< 0.05.

Results

Figure 2 presents the percentage of Saos-2 cell
viability immediately after exposure to different
concentrations of taxifolin throughout the time points.
There was a significant increase in cell viability,

80017 m Control

00 mT5-24h
400 B T10-24h
B T5-72h
£ 5001
-_g mT10-72h
> 4004 ®@T5-CT
§ 3004 @T10-CT
B
200+
e
<o v |w
O_ o~ (oo [ee) o~
1 day 3 days

regardless of the treatment (p=0.001). No statistical
differences were observed between the pretreatments
and continuous treatments, except for T10-CT at 6
and 13 days. However, all these values were greater
than 80%, as recommended by ISO 10993-12:2012,"
thus showing that taxifolin was not cytotoxic to cells
in the concentrations tested.

Taxifolin at 10 pM for 24-h or 72-h pretreatments
stimulated ALP activity of Saos-2 cells, compared
to the control group (Control DMSO). ALP activity
from cells undergoing other types of treatments did
not differ from the control (Figure 3).

6 days 13 days

°Different lowercase letters show statistical difference among the groups at each time point; *Different symbols show statistical difference among
the time points considering each treatment condition separately. (ANOVA and Tukey test; p < 0.05).

Figure 2. Cell viability (mean/standard deviations) at the time points of 1, 3, 6, and 13 days of treatments with different concentrations
of taxifolin (5 and 10 uM) for 24h, 72h and continuous treatment (CT), using MTT assays. Control: DMEM with 10 uM DMSO.

200 ~
180 ~
160 ~
140 ~

ALP activity/Total protein (%)

Control 24h
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b a b
120 - b b
100 b
80
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15 | To ‘ 75 | o ‘ T5 | 1o
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Different lowercase letters show statistical difference among the groups at each time point. (ANOVA and Tukey test; p < 0.05).

Figure 3. Alkaline phosphatase activity (means/standard deviations) after 6 days of treatment with taxifolin at 5 and 10 uM for
24h, 72h and continuous treatment (CT). Control: DMEM with 10 uM DMSO.
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Figure 4 shows the mineralization ability of
Saos-2 cells at 6 and 13 days in the three forms of
treatment with taxifolin (24 h, 72 h pretreatments,
and CT), determined by alizarin red staining.
There was a significant increase in the percentage
of mineralized nodule deposition over time (p
= 0.001). At 6 days, no statistical difference was
observed among the treatments. At 13 days, taxifolin
at 10 uM for 72 h increased mineralized nodule
deposition by Saos-2 cells. Continuous treatment
with taxifolin was not effective in stimulating
cell mineralization at any concentration tested.
Representative images of alizarin red staining show
an increase in mineralized nodule formation after
24-h and 72-h pretreatments with 10 pM taxifolin
(Figures 5B and 5C), and lower mineral deposition
after continuous treatment with 10 uM taxifolin
(Figure 5D), compared with the control (Figure
5A - DMEM with DMSO at 10 pM).

ALP gene expression increased with taxifolin
treatments, except for T10-72h pretreatment, which
did not differ from the control group (Control
DMSO) on day 6 (Figure 6A). There was also
an increase in COL-1 gene expression on both
days (6 and 13 days); however, no statistical
difference was observed for T10-24h at 13 days
(Figure 6B).

| Control
W T5-24h
300 W T10-24h
B T5-72h
8 mT10-72h
=)
Té 200 4 | T5-CT
c @T10-CT
0
2
S 100 A
<
£
N
O .

6 days

Discussion

The results of the present study showed that
pretreatment with 10 uM taxifolin for 24 h or 72
h was not cytotoxic, and stimulated ALP activity,
mineralized nodule deposition, and ALP/COL-1
gene expression, thus rejecting the null hypothesis.
The MTT results demonstrated that taxifolin at 5
and 10 pM did not cause cytotoxic effects after 1,
3, 6, and 13 days of treatment, compared with the
DMSO group. DMSO 10 uM was used as the control
group, since all tested taxifolin concentrations were
diluted in this solvent. Some treatments with the
highest taxifolin concentration were able to cause
a slight decrease in Saos-2 metabolism, mainly
at the final time points (days 6 and 13); however,
this reduction is not considered a cytotoxic effect
according to ISO 10993-12:2012 recommendations.”
Studies evaluating the stimulatory potential of
taxifolin on osteoblastic differentiation in an
osteogenic medium used higher concentrations' '
than those used in the present study. Since the aim
was to biostimulate the immortalized osteoblast
cell line, low concentrations had to be used to
enhance the mineralization marker expression
over time; these concentrations were tested at later
time points, such as 6 and 13 days."®

13 days

°Different lowercase letters show statistical difference among the groups at each time point. Control: DMEM with 10 uM DMSO; *Different
symbols show statistical difference among the time points, considering each treatment condition separately. (ANOVA and Tukey test; p < 0.05).

Figure 4. Mineralized nodule formation (means/standard deviations) at the time points of 6 and 13 days of the treatment with
taxifolin at 5 and 10 uM for 24h, 72h and continuous treatment (CT), using alizarin red staining.
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Figure 5. Representative images of alizarin red staining showing mineralization ability of Saos-2 cells after 13 days of taxifolin
treatment. A: Control DMEM with uM DMSQO, B: T10-24h, C: T10-72h, and D: T10-CT. White arrows show mineralized nodules.

(Light microscopy, 4X).
A
: |
a
2 a B
- B
b
14 = I

A
3_
a,b
B
2_
b C .
T T T T T T T T T T T T

1 B
Control T10-24h T10-72h Control T10-24h T10-72h Control T10-24h T10-72h Control T10-24h T10-72h
DMSO DMSO DMSO DMSO

6 days 13 days 6 days 13 days

Different lowercase lefters show statistical difference among the groups at 6 days; # Different uppercase letters show statistical difference among
the groups at 13 days. (Kruskal-Wallis and Mann-Whitney tests; p < 0.05).

>
w

Relative ALP mRNA expression levels
(Fold changed)
Relative COL-T mRNA expression levels
(Fold changed)

Figure 6. Expression of alkaline phosphatase - ALP (A) and collagen-1 — COL-1 (B) genes from Saos-2 cells after 6 and 13 days
of treatment with taxifolin.

Saos-2 cells are considered to have a mature can be measured in short culture intervals, or even
osteoblast phenotype;** hence, early osteogenic in a non-osteogenic medium. A study compared
differentiation markers, such as ALP and COL-1, three osteosarcoma cell lines (MG-63, Saos-2, and
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U-2 OS) with normal human osteoblasts using
immunocytochemistry, cellular characteristics, and
proliferation kinetics in a non-osteogenic medium. The
authors observed that Saos-2 cells revealed the most
mature osteoblastic labelling profile, with positive
results for ALP, OC, bone sialoprotein, decorin, Col-I
and collagen III%. In addition, natural compounds
could have effects on cell differentiation and culture
medium containing osteogenic supplements, such as
ascorbic acid, and could mask or overlap the flavonoid
effect. The effects of betulin, a naturally occurring
pentacyclic triterpene, were evaluated in regard to
the differentiation and mineralization of osteoblasts
of two human cell lines (hFOB 1.19 and Saos-2). The
cell lines were assessed with an osteogenic medium
of ascorbic acid and B-glycerophosphate, and also
without these supplements. Betulin increased the
expression of RUNX2, COL-1A1, and OPN genes
in both cell lines in the non-osteogenic medium.
Moreover, the matrix mineralization in osteoblasts
treated with betulin was also enhanced, showing
bone nodule morphology in both cultures, even in
the non-osteogenic medium.”

Both pretreatments (24 and 72 h) with 10 pM
taxifolin were able to enhance ALP activity. Lee et al.?
tested the same concentrations as the present study,
and observed that 5 and 10 uM of the flavonoid
baicalein increased ALP activity in human dental
pulp cells (hDPCs) at the same time points. Some
differences between their study and ours can be
attributed to the characteristics of the flavonoids
and cell types used in both studies, since primary
cells are more sensitive than immortalized cell lines.
Moreover, the hDPCs were incubated in osteogenic
medium, which could stimulate the increase in ALP
activity at lower concentrations of the flavonoid
(5 uM). Similar to the ALP assay, the 24-h and 72-h
pretreatments of 10 pM taxifolin showed better
results for mineralized nodule formation. However
only the T10-72h group at 13 days presented a
significant increase in mineralized matrix deposition,
compared with the control group. Wang et al.”* tested
higher concentrations of taxifolin and noted an
increase in mineralized nodules in a dose-dependent
manner. Our data corroborate these findings for
both pretreatments.

8 Braz. Oral Res. 2021;35:e140

The results of the ALP activity and mineralized
nodule formation assays for pretreatments were
better than those for continuous treatment, and
indicated that low concentrations of taxifolin can
stimulate Saos-2 osteoblast-like cell activity more
effectively when applied for short periods of time
rather than longer periods. There is a threshold of
cytocompatibility for each cell type exposed to any
agent, and excessive concentration of this agent can
reduce the phenotype expression even when the cell
remains viable.®? Taxifolin stimulation seems to have
reached this threshold at 72 h, and any increase in
exposure time past this limit ceased to exert further
positive biostimulatory effects on Saos-2 cells. This
partially explains the reduction in cell viability, and in
the mineralization markers of the Saos-2 cells treated
with 5 to 10 uM taxifolin in continuous mode after 6
or 13 days of the experimental protocols.

ALP gene expression increased with the
taxifolin treatments, except for T10-72h at 6 days.
Corroborating our results, Lee et al.?® showed an
increase in ALP gene expression after 7 days of
baicalein treatment at 10 pM. ALP is an enzyme
attached to the cell surface of osteoblasts; it assists
in the formation of an extracellular matrix, and
renders the matrix competent for mineralization at
the early stage of osteogenesis.”” Taxifolin at 10 uM
for 72 h increased COL-1 gene expression at the time
points evaluated (6 and 13 days). Collagen is the main
organic component of extracellular bone matrix, and
promotes a binding site for mineral components also
at the early stages of mineralization."”® Effects similar
to those presented in the current study were observed
when human umbilical cord-derived mesenchymal
stem cells (HUCMSCs) cultured on a bioactive
surface coated with taxifolin increased COL-1 gene
expression after 14 days.”® It was speculated that
collagenases would degrade the non-mineralized
collagenous membrane - which covers mineralized
bone - prior to osteoclastic resorption, at a later
stage of mineralization.?®

The properties of flavonoids are related to their
structure. Their basic structure is a flavan nucleus
consisting of two benzene rings combined with
an oxygen-containing pyran ring.” Catechol-type
flavonoids, such as taxifolin, present the o-dihydroxy
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(3°4’-diOH, i.e., catechol) structure in the B ring,
and have an important role in metal chelating and
scavenging of free radicals, because of their high
antioxidant properties.”? According to Wang et al.,”?
the osteogenic effect of taxifolin is related to its role
in suppressing the NF-Kp signaling pathway. This
pathway is activated when RANKL - a cytokine
expressed in osteoblasts - is linked to a RANK
receptor, expressed in osteoclast progenitor cells.
NF-Kp signaling pathway activation can promote
the induction of osteoclast differentiation genes,
prolonged survival of osteoclasts, increased bone
resorption,* decreased osteogenic differentiation,
and bone formation.”? Binding between RANK and
RANKL can be blocked by osteoprotegerin when
it links to RANKL, thereby regulating osteoclast
formation, and decreasing lesion progression. Hence,
treatments able to increase the osteoprotegerin level
or inhibit the NF-Kf pathway are potential therapies
to prevent bone degradation.”

Taxifolin significantly suppressed RANKL-induced
gene expression, including tartrate-resistant acid
phosphatase, matrix metalloproteinase-9 and other
markers in the osteoclastogenesis model of human
bone marrow-derived macrophage cultures induced
by the receptor activator of RANKL.* A recent in vivo
study showed that rats with periodontitis treated
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Taxifolin pretreatments (24 h and 72 h)
were cytocompatible and effective in inducing
mineralization markers in osteoblast-like cells.
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