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Effect of grape seed extract (GSE) on
functional activity and mineralization of
OD-21 and MDPC-23 cell lines

Abstract: Recent studies on functional tissue regeneration
have focused on substances that favor cell proliferation and
differentiation, including the bioactive phenolic compounds
present in grape seed extract (GSE). The aim of this
investigation was to evaluate the stimulatory potential of
GSE in the functional activity of undifferentiated pulp cells
and odontoblast-like cells. OD-21 and MDPC-23 cell lines
were cultivated in odontogenic medium until subconfluence,
seeded in 24-well culture plates in a concentration of 2x10*/
well and divided into: 1) OD-21 without GSE; 2) OD-21+10
nug/mL of GSE; 3) MDPC-23 without GSE; 4) MDPC-23+10
ng/mL of GSE. Cell proliferation, in situ detection of alkaline
phosphatase (ALP) and total protein content were assessed
after 3, 7 and 10 days, and mineralization was evaluated
after 14 days. The data were analyzed by ANOVA statistical
tests set at a 5% level of significance. Results revealed that
cell proliferation increased after 10 days, and protein
content, after 7 days of culture in MDPC-23 cells. In situ ALP
staining intensity was higher in undifferentiated pulp cells
and odontoblast-like cells after 7 and 10 days, respectively.
A discrete increase in MDPC-23 mineralization after GSE
treatment was observed despite OD-21 cells presenting a
decrease in mineralized nodule deposits. Data suggest that
GSE favors functional activity of differentiated cells more
broadly than undifferentiated cells (OD-21). More studies
with different concentrations of GSE must be conducted to
confirm its benefits to cells regarding dentin regeneration.

Keywords: Grape Seed Extract; Odontoblast-Like Cells; Cell Line; Cell
Proliferation.

Introduction

Pulpal wound healing, including reparative dentin formation, is a
complex multifactorial process orchestrated by discrete but overlapping
steps of migration, proliferation, and mineralization of pulp cells,' formed
by odontoblast-like cells presumably differentiated from DPSCs.? In
cases where this inherent ability of dentin-pulp complex regeneration
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cannot be achieved, several materials have been
used to enhance this regenerative property, although
some have been reported to exhibit cytotoxic
effects, such as calcium hydroxide-based materials.?
Therefore, a possible alternative is to use extracts
from plants containing polyphenols classified as
proanthocyanidins (PACs), belonging to a category
known as condensed tannins, which are highly
hydroxylated structures capable of forming an
insoluble complex with carbohydrates and proteins.*
The most abundant types of PACs are procyanidins,
containing catechin and epicatechin subunits
(Ferreira 2000). PACs are found in fruits, vegetables,
nuts and seeds, mainly grape seeds; they increase
collagen synthesis and are potent antimicrobial and
antitumorigenic agents.’ Grape seed extract (GSE)
has already demonstrated its biomedical potential
for promoting greater dentin rigidity, based on
the interaction of PACs with dentin collagen.®
Castellan et al.” have reported that extracts rich
in PACs are promising agents in the dental field,
because they enhance the biomechanical properties
and biostability of dentin. In addition, this extract
has antioxidant, antitumor and antihyperglycemic
properties,® making it a compound with broad
pharmacological and medicinal properties.>®
The antioxidant activities of polyphenols may
prevent several pathological conditions associated
with the excessive production of reactive oxygen
species (ROS) and reactive nitrogen species (RNS).
These reactive species can attack key proteins,
lipids and DNA, alter signal transduction pathways,
destroy membranes and subcellular organelles, and
subsequently cause apoptosis or cell death.”® Despite
the positive benefits attributed to the polyphenols
present in GSE, few studies have investigated its in
vitro effects on the activity of cell mineralization from
bone and on the pulp-dentin complex. Results have
shown that PACs inhibit H,O,-promoted apoptosis
in MC3T3-E1 cells, by enhancing the viability of
MC3T3-E1 cells after H,O, treatment, and reducing
apoptotic cell numbers." Park et al.'> observed that
in vivo administration of GSE improved the arthritic
manifestations of collagen-induced arthritis (CIA) in
mice, simultaneously suppressing in vitro osteoclast
differentiation and promoting in vitro osteoblast
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differentiation. When investigating the early effects
of GSE on cells derived from pulp tissue, Santos
et al.”® observed that low concentrations of GSE
were associated with an increase in cell viability,
decreased production of nitric oxide, and increased
synthesis of extracellular matrix by pulp cells from
human third molars.

In light of the scant information in the literature
about the effect of GSE on dental pulp cells with
different levels of differentiation, we performed
a 14-day comparative study between two cell
lines developed by Hanks et al. as spontaneously
immortalized cell lines derived from the dental papilla
of the first molar of fetal mice." The cell lines consisted
of undifferentiated pulp cells and odontoblast-like
cells, i.e., OD-21 and MDPC-23. Therefore, the aim
of this investigation was to evaluate the response
of both cell lines in the presence of GSE, with the
hypothesis that GSE might enhance their functional
activity and mineralization.

Methodology

Cell culture

Two mouse cell lines were used: odontoblast-like
cells (MDPC-23) and undifferentiated dental pulp
cells (OD-21).” The cells were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM, Gibco BRL,
Grand Island, NY, USA), supplemented with 10%
fetal bovine serum (Gibco, Grand Island, NY, USA),
200 mM L-glutamine (Gibco), 50 units/mL penicillin
(Gibco), and 50 pg/mL streptomycin (Gibco), in a
humidified 5% CO, incubator at 37°C. Both cell lines
were cultured in odontogenic medium (OM), which
contained 50 pg of ascorbic acid to stimulate collagen
and extracellular matrix formation, and 2 mM beta-
glycerophosphate to promote the formation and
mineralization of nodules in multilayers. Subconfluent
cells were harvested after treatment with 1 mM EDTA
(Gibco) and 0.25% trypsin, (Gibco), and subcultured
in 24-well polystyrene plates (Falcon; Franklin Lakes,
NJ, USA), at a density of 2 x 10*cells/well (n = 5),
with or without 10 pg/mL (concentration based on
the report by Fujishita et al.'’) of MegaNatural®-BP
GSE (Polyphenolics Inc., Madera, USA). This extract
presents 93.9 g out of 100 g of phenolic compounds,
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composed mainly of oligomers and polymers from
catechins and epicatechins.”

Cell proliferation

Cell proliferation was assessed by the MTT
colorimetric assay [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] (Sigma), after 3, 7 and
10 days of culture. The culture medium was removed,
and the cells were incubated with OM + MTT 10%
solution for 4 hours at 37°C, in a humidified atmosphere
containing 5% CO, and 95% atmospheric air. After
this period, the culture medium was removed from
the wells, and 1 mL of acid isopropanol solution
(Merck, Darmstadt, Germany) was added to each
well under agitation for 5 minutes to obtain complete
solubilization. Aliquots of 150 pL were transferred
to a 96-well plate for spectrophotometric reading
(uQuant, Bio-tek Instruments Inc., Winooski, USA)
at a wavelength of 570 nm.

Total protein content

Total protein content was determined at 3, 7 and
10 days of the experiment. Briefly, proteins were
extracted from each well with 0.1% sodium lauryl
sulfate (Sigma-Aldrich) for 30 min, and mixed 1:1
with Lowry solution (Sigma-Aldrich) for 20 min at
room temperature (RT). The extract was diluted in
Folin & Ciocalteu’s phenol reagent (Sigma-Aldrich)
for 30 min at RT. Absorbance was measured at
680 nm using a spectrophotometer (Cecil CE3021,
Cambridge, UK).

In situ detection of alkaline phosphatase
Detection of in situ alkaline phosphatase (ALP)
was performed at 3, 7 and 10 days. After removal of
the culture medium, the wells were washed twice
with PBS at 37°C. Then 320 mg of Triz reagent (Sigma)
was dissolved in 20 mL of deionized water, and both 7
mg of Fast Red reagent (Sigma) and 8 mg of Naphthol
(Sigma) diluted in 2 mL of dimethylformamide
(Merck) were added. Each well received 1 mL of this
working solution, and the plate was taken into the
incubator in a humidified atmosphere with 5% CO,
at 37°C for 30 minutes. After this time, the solution
was removed from the wells, and the plate was left to
dry at RT for further photographic documentation.

The colored images were converted into binary
images using Image ] software, and then converted
to grayscale, to allow the pixels to be counted for a
quantitative analysis.

Mineralized matrix formation

The mineralized matrix was evaluated after
14 days. After removal of the culture medium, the
wells were washed three times with PBS (Gibco)
at 37°C, 2 mL of formalin 10% was added for
fixation, and the wells were stored for 24 hours at
4°C. Then the formalin was removed, and wells
were dehydrated with increasing sets of alcohol
concentrations (30° 50° 70° and 100°) at one-hour
intervals. After drying, the wells were stained with
alizarinred 2% pH 4.2 (Sigma) for 10 minutes, and
the calcium-rich mineralization areas were revealed
by red staining. A 280 pL aliquot of acetic acid 10%
(Labsynth, Lab Ltda, Diadema, Brazil) was added to
each well for quantification, and the plates were left
under agitation for 30 minutes. The cell layer was
scraped with a pipette; the solution was transferred
to 1.5 mL Eppendorf tubes, heated for 10 minutes at
85°C and cooled on ice for 5 minutes. The tubes were
centrifuged at 13,000 rpm for 20 minutes. An aliquot
of 150 pL of the supernatant was transferred to a
96-well plate, and 40 pL of ammonium hydroxide
10% (Quimibras, Rio de Janeiro, Brazil) was added.
The reading was performed in a spectrophotometer
(Bio-Tek), at a wavelength of 405 nm."®

Statistical analysis

Statistical analysis was performed using Graph
Pad Prism 6.0e® (Graph Pad Software Inc., San Diego,
USA). The data were expressed as mean * standard
deviation, and analyzed by means of analysis of
variance (ANOVA), followed by Tukey’s multiple
comparison test with a level of significance set at
5% (p <0.05).

Results
Cell proliferation
Figure 1 shows that proliferation of both cell

lines increased significantly seven days after culture,
followed by a decrease on the tenth day (p < 0.0001).
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Figure 1. OD-21 (A) and MDPC-23 (B) cell proliferation by MTT assay after 3, 7 and 10 days. Different letters mean statistical
difference set at 5% (ANOVA).
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Figure 2. OD-21(A) and MDPC-23(B) total protein content after 3, 7 and 10 days. Different letters mean statistical difference
set at 5% (ANOVA).

Undifferentiated pulp cells showed no difference Protein content

in proliferation in the presence of GSE, in any of Protein content was significantly higher after seven
the periods studied. Nevertheless, MDPC-23 cells days of culture for both cell lines, with or without
revealed a significant increase in proliferation after GSE treatment, compared with the other experimental
10 days of culture with GSE (p < 0.0001). periods (p <0.0001). Figure 2 shows that GSE did not
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Figure 3. OD-21(A) and MDPC-23(B) quantitative and qualitative alkaline phosphatase (ALP) in situ detection after 3, 7 and 10
days. Different letters mean statistical difference set at 5% (ANOVA).

interfere in protein synthesis in OD-21 cells over the
experimental period, and no statistical differences
were detected. Odontoblast-like cells, however, showed
a significant increase in total protein synthesis after
seven days of culture, followed by a decrease after
10 days (p < 0.001).

In situ ALP detection

In Figure 3, the detection of ALP by means of
in situ staining revealed that ALP was deposited
continuously over the experimental period, with
significantly higher detection after 7 and 10 days of
culture, in both investigated cell lines. The presence
of GSE significantly increased ALP detectionin OD-21
cells on the seventh day of the experiment, whereas
the increase in odontoblast-like cells was observed
after 10 days of culture (p < 0.001).

Mineralization

Deposition of mineralized nodules was detected
and quantified, as observed in Figure 4. Despite the
higher ALP deposition observed by in situ staining
over the experimental periods evaluated, there was
no significant increase in mineralization in either
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Figure 4. Detection and quantification of OD-21 and

MDPC-23 mineralization after 14 days. Different letters mean
statistical difference set at 5% (ANOVA).

of the investigated cell lines. In fact, a significant
decrease was noted in OD-21 mineralization after GSE
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treatment, whereas a subtle, insignificant increase
was revealed for MDPC-23.

Discussion

Recent research has focused increasingly on
natural substances extracted from plants for use as
therapeutic agents.”” GSE is composed essentially of
PACs (proanthocyanidins), and is best known for its
antioxidant action, up to five times more effective
than vitamin C.*® It is a proven nontoxic substance
that is safe for ingestion.”

PACs are phenolic compounds with the potential
for generating a nonbiodegradable collagen matrix.?
Their effect has been studied and confirmed in
restorative dentistry, with positive results in the
treatment of carious lesions,? in the mechanism
of dentin-resin adhesion® and in the resistance to
demineralized dentin biodegradation. Investigations
into the effects of GSE in its functional activity of
mineralizing cells are still incipient. Our results
add new information to the literature, by shedding
light on the influence of PACs in the metabolism of
undifferentiated pulp cells and odontoblasts.

The presence of GSE in the culture medium did
not inhibit the majority of cell activities, as measured
by the parameters evaluated. Proliferation of OD-21
cells was similar in the presence or absence of GSE.
Nevertheless, MDPC-23 cells showed an increase in
proliferation in late culture periods. The concentration
of 10 ug/mL of GSE selected for this investigation
is considered low, and most articles related to this
topic indicate that only high concentrations of GSE
are strong enough to inhibit proliferation, especially
of tumor cells. Earlier reports suggested that the
antiproliferative effect of GSE in high concentrations
could be attributed to the presence of gallic acid
and B2-3,3-di-O-galate in the extract.**?* Yen et al.?
demonstrated that a decrease in cell proliferation
occurs with high concentrations of GSE (50-400
pug/mL), and not with low concentrations (1-10
ug/mL), mainly because of ROS generation and
mitochondrial depolarization.

The influence of protein synthesis on the dentin
matrix structure is essential, mainly regarding collagen
production by odontoblastic cells and their progenitors.

6 Braz. Oral Res. 2019;33:e013

According to Breschi et al.,”” the collagen from
mature dentin cannot be remodeled and is not easily
degraded. The formation of covalent intermolecular
crosslinking is the final modification in collagen
biosynthesis, and is critical for collagen stability.?®
Dentin contains the collagen with the highest number
of intermolecular crosslinks in the human body:.
Crosslinking is a property of collagen molecules
that makes them more closely linked and better
structured, and influences the mechanical properties
of collagen fibrils, thus enhancing resistance and
stabilization.” Thus, breaking these links may result
in severe tissue dysfunction.’® Phansalkar et al.®
stated that the PACs in GSE have a great potential as
dentin biomodifiers, providing rigidity and stability
to the dentin structure. PACs intermediate and
benefit collagen crosslinking, by enhancing collagen
properties with their composition and chemical
structure.” Protein synthesis in both of the cell lines
investigated was not inhibited by GSE; instead, it
increased in MDPC-23 cells, suggesting a positive
effect on the synthesis of proteins important to
extracellular matrix formation.

ALP plays a special role in the mineralization of
bone and dentin matrix, by exhibiting gradual increase
at the beginning of odontoblastic differentiation.*
In our study, GSE did not interfere in the secretion
of ALP in either cell line investigated, and could be
evidenced by staining in culture wells. In addition,
the extract increased ALP deposition significantly in
both cell lines. Our results differ from those of Santos
et al.®, who evaluated the culture of human pulp
cells from third molars, and observed no difference
in ALP production between the control and the
group exposed to the extract. According to these
authors, this could be explained by the contact time
with the grape extract made only on the last day
of differentiation. In contrast, we exposed the cells
throughout the experimental periods, suggesting
that ALP activity underwent stimulation. In addition,
experimental evidence indicates direct stimulatory
action in mineralization after administration of
other polyphenols, like resveratrol. This is mainly
attributed to an increase in ALP activity in osteoblasts,
suggesting a behavior similar to estrogen.®
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In the present study, mineralized nodule
formation decreased in OD-21 cells and showed
a discrete increase in MDPC-23 cells, despite an
increase in ALP activity. The different behavior in
mineralization might be explained by the differential
gene expression that occurs in both studied cell lines,
as evaluated in an earlier report of our research
group.* The report shows great similarities in the
expression of genes associated with odontogenesis,
such as 1110, Traf6, Lefl and Hspa$8, as well as
differences in induction and repression of genes such
as Jak2 and Fas, both associated with proliferation,
differentiation and apoptosis, during the process of
odontogenesis. Thus, further studies of GSE effects on
gene expression may be important toward obtaining a
better understand of both the role of this extract in cell
metabolism and the activity of cells at different levels
of differentiation. Nevertheless, the data obtained are
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promising and suggest that advances can be achieved
with further studies performed with different GSE
concentrations involving different parameters and
in vivo evaluations, with the application of GSE in
deep cavities, and with direct association to pulp
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not inhibit the functional activity of cells associated
with dentinogenesis.
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