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In vitro evaluation of gingival fibroblasts proliferation and smear layer
formation in pre-conditioned root surfaces
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ABSTRACT

Objective
The objective of the present study was to evaluate, in vitro, fibroblastic proliferation on chemically conditioned root surfaces.

Methods

Forty single-rooted human teeth, were cut into fragments and divided into four groups (n=20): Gl (control) — scaling and root planing (SRP);
Gl — SRP + conditioning with 10% citric acid; Glll — SRP + conditioning with 24% EDTA gel and GIV — SRP + conditioning with 50 mg/ml of
tetracycline hydrochloride. The fibroblasts were placed on these surfaces and cell proliferation evaluated using Trypan Blue stain. Smayer layer
formation was analyzed using Scanning Electron Microscopy.

Results

The results revealed that the chemical conditioners used were incapable of effectively removing the smear layer. However, when compared to
the other groups, Glll showed the best results regarding removal of the smear layer (p<0.05). GI demonstrated the greatest cell proliferation
at all studied time intervals compared to the chemically treated groups (p<0.05).

Conclusion
The results of the present study reveal that all demineralizing agents evaluated presented lower cell proliferation levels when compared
to the control group. In addition none of the chemical conditioners used removed the smear layer completely.

Indexing terms: Chemical treatment. Periodontal debridment. Periodontal disease.

RESUMO

Objetivo
Avaliar in vitro a proliferacao de fibroblastos em superficies radiculares, previamente condicionadas quimicamente.

Métodos

Para este estudo, 40 dentes unirradiculares humanos higidos, extraidos por acometimento periodontal irreversivel, foram seccionados em
fragmentos radiculares e divididos em 04 grupos (20 espécimes/grupo) de acordo com a aplicacdo do condicionamento 4cido: Gl (controle) -
apenas submetidos a raspagem e alisamento radicular (RAR); GIl— RAR + condicionamento com &cido citrico a 10%; GllI- RAR + condicionamento
com gel de EDTA a 24%, ph 7,0; e GIV- RAR + condicionamento com 50mg/ml de cloridrato de tetraciclina. Adicionalmente, as células foram
plaqueadas sobre estas superficies e foi avaliada a proliferacao celular por meio do corante vital azul de Trypan. Para a andlise da morfologia
ultraestrutural foi utilizado Microscopia Eletrénica de Varredura (MEV).

Resultados

Os resultados demonstraram que em relacdo a proliferacdo celular, os condicionadores quimicos utilizados ndo foram capazes de remover
efetivamente a smear layer. Entretanto, no grupo tratado com EDTA (Glll) foi observado uma maior remocao (P<0,05) na quantidade de smear
layer quando comparado aos demais grupos. No grupo controle (Gl) pode-se observar uma maior proliferacao celular em todos os tempos
(24h, 48h, 72h) quando comparado aos demais grupos que sofreram tratamento quimico (P<0,05).

Conclusao
Considerando os agentes desmineralizantes avaliados, a maior remocao de smear layer e proliferacao celular foram alcancados com o gel de
EDTA a 24%, quando comparado ao grupo condicionado com cloridrato de tetraciclina 50 mg/ml, ap6s 72 horas de cultivo celular.

Termos de indexacdo: Processos quimicos. Desbridamento periodontal. Doencas periodontais.
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INTRODUCTION

Periodontal disease is characterized by a chronic
inflammatory process, in which the main agent is the
bacterial biofilm'-2. Its progression is associated to subgingival
bacterial colonization?, whose toxins are absorbed and fixed
to the cement surface?, acting as a barrier to the attachment
of periodontal tissues?®, consequently promoting irritation,
collagen fiber degradation®, progressive alveolar bone,
cement and periodontal ligament destruction’.

Root surface conditioning of a tooth affected by
periodontal disease aims to remove dental calculus, bacterial
biofims and their toxins?®2, which consequently contributes
to a reduced inflammatory process, periodontal tissue
repair'®'? including formation of new supporting tissues'>'.
However, mechanical debridement procedures are known
to create a layer of organic, mineralized waste, also known
as smear layer, which covers the prepared root surface and
obstructs the dentinal tubules' ', serving as substrate for
bacterial growth and making periodontal attachment to the
root surface more difficult'".

Therefore, an alternative method to remove
the smear layer is the combination of debridment and
chemical root conditioning, which may be capable of
decontaminating, detoxifying and demineralizing the root
surface, thus opening the dentinal tubules and exposing
the collagen matrix>""'4'¢ which is fundamental for
recolonization of cells involved in periodontal repair? %1214,
promoting a urface that is biologically compatible with
both epithelial and connective issues?'2417-18  Many
substances have been used with this objective in mind,
mainly in solution form, including citric acid, tetracycline and
ethylenediaminetetraacetate acid (EDTA)'.

Citric acid was the first chelating agent to be
used'™. It features antimicrobial action'®'*2°, promotes
superior fibrin interlinking® and intensifies mesenchymal
cell adhesion via biochemical mechanisms'!, accelerating
cementogenesis'>'. However, high concentrations of this
chemical conditioner must be avoided®, since an extremely
acidic pH results in necrosis, denatured collagen and
unfavorable periodontal repair on adjacent tissues’®.

Tetracycline hydrochloride (TTC-HCI) is another
chemical conditioner that increases extracellular matrix
protein bond to dentin, and stimulates growth and fibroblast
fixation*>"". In addition, it increases the effectiveness of
fibronectin, a collagenase inhibitor?’ and it also features
presenting anti-inflammatory™ as well as antibacterial
properties>'?, all of which are maintained for between 48
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hours and 14 days*?', due to adsorption and slow release
by dentin®.

Regarding an alternative to low pH conditioners,
EDTA is a chelating agent with a neutral pH" that is
bactericidal’” and exerts a demineralizing effect®, exposing
the dentin matrix proteins without changing the biochemical
and structural properties of the periodontal tissues?'27.

Therefore, the present study aimed to evaluate, in
vitro, the structural morphology of root surfaces conditioned
with 10% citric acid gel, 24% EDTA gel, and 50mg/
ml tetracycline hydrochloride, as well as to compare the
proliferation of human fibroblasts cultivated on these surfaces.

METHODS

Selection and preparation of specimens

This study was approved by the Research Ethics
Committee of Sdo Leopoldo Mandic University, Campinas,
SP. Brazil (no. 2009/0083).

Forty single-root human teeth with advanced
periodontal disease were obtained for this study. The
patients selected in this study presented generalized chronic
periodontitis (20), with more than 30% of sites showing
concomitant probing depth (PD) and clinical attachment
level (CAL) > 4 mm and, at least one tooth requiring
extraction due to advanced periodontitis [sites with PD and
CAL >7mm with bleeding on probing (BoP) and mobility].
Following extraction, the teeth were rinsed in distilled water
in order to remove organic debris and stored at 4°C in 0.1%
Thymol (LAFAN®, Varzea Paulista, Sdo Paulo, Brazil). Once
all samples were obtained, they were submitted to scaling
and root planing (Gracey 5/6 curettes, Sao Paulo, Brazil) by
an experienced, trained and calibrated professional (NMFL).
The crowns were removed 2mm below the cementoenamel
junction, using an ISOMET 1000 (Buehler®, lllinois, USA)
saw. The root was then cut longitudinally into 80 10mm
(length) by 2mm (width) fragments.

The specimens were sterilized in an autoclave
(Cristofoli, Brazil) and randomly divided into four groups
(n=20) according to the acid conditioner to be applied to
the root surface: Gl (control) were submitted to scaling and
root planing (SRP) only; Gll underwent SRP and conditioning
with 10% citric acid; GlIl — SRP, as well as conditioning with
24% EDTA gel, pH 7.0; and GIV - SRP with conditioning
using 50mg/ml tetracycline hydrochloride capsules, all
commercially avaiable.

The conditioning agents were applied to the root



surface for three minutes, creating mechanical friction using
a sterile swab. All specimens were then rinsed in 10ml of
sterile pH 7.4 phosphate buffered saline (PBS) and used for
the following experiments.

Structural root analysis (Scanning Electron Microscopy)

Eight scaled root fragments were used for this
stage, either with or without conditioning with the different
demineralizing agents. Scanning Electron Microscopy (SEM)
was used to analyze the root structure. The specimens were
fixed in 4% Formaldehyde/0.1M Glutaraldehyde Cacodylate
Buffer, pH 7.4, for one hour at room temperature, rinsed
in the buffered solution and dehydrated to critical point in
successive HMDS. The specimens were then mounted on
metal platforms (stubs) before analyzing their morphological
structure using SEM (Jeol 6100 USA Inc., Peabody, MA,
USA). These analyses were performed by a trained examiner
blinded to the treatment groups.

Cell culture

Fibroblasts from the gingival mucosa were obtained
from explants of healthy human attached gingiva. The cells
were then cultured in Dulbecco’s modified Eagle’s medium
(DMEM) (Sigma, St Louis, MO, USA) supplemented with
1% antimycotic solution (Sigma), containing 10% fetal
bovine serum (Cultilab, Campinas, SP, Brazil). The cultures
were incubated at 37 °C in a humidified environment (5%
C0O2 /95% air), and assessed every 24 hours. Once the cells
reached subconfluence, they were harvested with trypsin
and then subcultured. The fibroblast cell cultures used in the
following procedure were from passages three to six for all
experiments.

Cell proliferation assay

For the proliferation test, cells were grown on 24
well plates (Corning, NY, USA) at an initial density of 110
cells/mm2 per well on the root surfaces. After 24, 48 and
72 hours, cells from three randomly selected wells were
detached using 0.05% trypsin and counted in a Neubauer
chamber in order to calculate proliferation indices.

Statistical Analysis

Data relating to cell proliferation were analyzed
regarding the assumptions of a normal distribution and
equality of variance and were submitted to two-way analysis
of variance (ANOVA) and the Tukey test. Statistical calculations
were performed using SPSS 20 (SPSS Inc., Chicago, IL, USA),
with a 5% significance being adopted for all analyses.
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RESULTS

Scanning Electron Microscopy Analysis

Morphological analysis was performed on the
central cervical region of the root fragments. The control
group (Gl) showed little exposure of the dentinal tubules,
due to the presence of a smear layer (Figure 1A), when
compared with the citric acid (Gll, Figure 1B) and EDTA
(Glll, Figure 1C) groups. However, the citric acid group
(Figure 1B) also showed low exposure of dentinal tubules
due to a smear layer when compared with the EDTA group
(Figure 1C), which demonstrated higher exposure than the
other groups. A large quantity of substance residue was
observed covering the dentinal tubules in the tetracycline
hydrochloride group (GIV, Figure 1D).

Cell Proliferation Assay

Analysis of wvariance revealed a significant
interaction between the type of treatment received and time
(p < 0,001). At 24 hours, there was no significant difference
in cell proliferation, regardless of the treatment applied
(10% Citric Acid, 24% EDTA, or 50 mg/ml Tetracycline
Hydrochloride) to the root fragment (Table 1 e Figure 2).
However, at 48 hours cell proliferation in groups I, Il and
IV was significantly lower than observed for group I. After
72 hours, cell proliferation for group | was also significantly
higher compared to the other groups. When comparing
groups I, Il and IV only, group Il presented a fibroblast
count that was significantly higher than that of group IV,
while group II did not demonstrate a significant difference
compared to group Il (p>0.05) (Table 1 and Figure 2).

In addition, when the root fragment was subjected
to treatment with 10% Citric Acid, 24% EDTA gel or 50
mag/ml Tetracycline Hydrochloride, there was no significant
difference (p>0.05) in fibroblast proliferation over time
(Table 1 and Figure 1). However, in the absence of surface
conditioning, the fibroblast count was significantly higher
(p<0.05) after 72 hours, intermediate after 48 hours and
lower after 24 hours (Table 1 and Figure 1).

DISCUSSION

Over the years, scaling and root planning has
been proposed to promote a biocompatible root surface
for the adjacent periodontal tissues'®?'?2. However, this
conventional approach produces a fine smear layer over
the root surface, which may compromise tissue healing®#°.
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Therefore, the combination of chemical and mechanical
treatments to the root surface has been suggested to
decontaminate and remove the smear layer'®", decalcify
the root surface, and expose the dentin collagen matrix,
aiding in the formation of a new connective tissue fiber
attachment>®'", In the present study, one may observe
that when compared to the other groups, the application
of 24% EDTA for three minutes achieved an increased
dentinal tubule exposure, with a larger diameter, due
to a significant, though not complete, removal of the
smear layer. Similarly, other studies have demonstrated
a demineralized root surface when using 24% EDTA
for three minutes® with removal of the smear layer and
exposure of the dentin matrix'®. Many studies have shown

C.

that co-treatment with citric acid for two minutes results
in exposure of the dentin tubules, leading to intertubular
dentin surface porosity, which corresponds to exposed
collagen fibers and proteoglycans’'®'°. In the present
study citric acid at 10% was used demonstrating a capacity
to expose root surface collagen, similarly to Blomlof and
coworkers study®> On the other hand Fontanari et al.??
used a 1% citric acid solution for 1 minute and were
not able to demonstrate effective demineralization when
applying it to the root surface. However, in this study,
the group in which 10% citric acid was used for three
minutes presented a greater dentin tubule exposure when
compared to the control group, despite an incomplete
removal of the smear layer.

Figure 1. Morphological analysis on the central cervical region of the root fragments after different treatments. A- Control Group (Gl). B — Citric Acid Group (Gll). C — EDTA
Group (GlIl). D - Tetracycline Hydrochloride Group (GIV). Note the increased smear layer quantity in Figures A and D when compared to Figures B and C. Bar= 20 pm.
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Table 1. Means and standard deviations for number of fibroblasts, in terms of root fragment conditioning and evaluation time.

Grou Time
P 24 hours 48 hours 72 hours
1.09 x 10* Ac 1.52 x 10* Ab 2.03 x 10* Aa
Control (GI) 011 x 10 014 x 10 (016 x 10
o . 0.73 x 10* Aa 1.00 x 10* Ba 0.68 x 10* BCa
10% Citric Acid (Gll) (015 x 10%) (0.04 x 10%) (0.24 x 109
0.72 x 10* Aa 0.70x 10* Ba 1.05x 10* Ba
24% EDTA gel (Gl) (0.06 x 109 (0.10 x 109 0.18 x 109
50 mg/mL Tetracycline 0.84 x 10* Aa 0.67 x 10* Ba 0.53 x 10* Ca
Hydrochloride (GIV) (0.07 x 10%) (0.39 x 109 (0.17 x 104

Note: Means (standard-deviation) followed by different upper- and lowercase letters indicate a significant intra- and intergroup difference, respectively

(Anova e Tukey, alpha of 5%).
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Figure 2. Cell growth of fibroblasts cell cultures after 24, 48 and 72 h. Gl=control;
Gll= 10% Citric Acid; Glll= 24% EDTA gel; GIV= 50 mg/mL Tetracycline
Hydrochloride. The error bars represent the standard deviations.

The use of subgingival tetracycline hydrochloride
capsules has been shown to result in significant quantities
of residue capable of obliterating the dentinal tubules?°,
which corroborates the findings of the current study, in
which, 50 mg/ml Tetracycline Hydrochloride was applied
for three minutes to the root surface. A significant
amount of residual medication was observed covering
the dentinal tubules, most likely due to the components
present in the Tetracycline capsules not being completely
dissolved, which could also produce an irregular surface
following demineralization?°.

In this study, when using 24 % EDTA gel, fibroblast
proliferation after 72 hours was significantly higher
(p<0.05) than in the 50mg/ml Tetracycline Hydrochloride
group. However, the use of 24% EDTA and 10% Citric
Acid did not reveal significant differences in terms of
fibroblast proliferations, which is in agreement with other
in vitro studies>'"'¢2% where both of the aforementioned
chemical conditioners represent adequate substrates for
fibroblast adhesion. Moreover, the current study revealed
that after 72 hours, greater cell proliferation was seen

for the control group compared to the groups submitted
to chemical conditioning. These findings are similar
to those by Baker et al.'?, which suggests that these
results are most likely due to the chemically treated root
surfaces not having been rinsed sufficiently to remove
the conditioning agents, resulting in cell, structural and
biochemical damage, as well as platelet dysfunction.
These findings are corroborated by an animal study
using dogs by Zandim et al.’®, who evaluated cement
and bone formation, as well as epithelial migration over
dehiscent areas after the application of a chemical root
conditioner. They demonstrated a greater formation of
root cement when EDTA had been applied, while the
least bone formation was seen in the group treated
with Tetracycline Hydrochloride. However, there was no
significant difference between the groups.

Therefore, the results of the present study reveal
that none of the chemical conditioners used removed the
smear layer completely. However, the EDTA group was
able to remove the largest amount of smear layer when
compared to the other groups. Thus, it may be a suitable
alternative for tissue repair in periodontics.

CONCLUSION

The results of the present study reveal that all
demineralizing agents evaluated presented lower cell
proliferation levels when compared to the control group.
In addition none of the chemical conditioners used
removed the smear layer completely.
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