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ABSTRACT

Background: There is evidence that dentine matrix gelatinases are involved in the destruction of carious dentine after
demineralization by bacterial acids. It has also been observed that chlorhexidine, in very low concentrations, inhibits the
activity of these enzymes in mammalian cells. The goal of this study was to determine if the gelatinase activity of carious
dentine may be inhibited by chlorhexidine in clinical use concentrations.

Methods: Gelatinolytic activity was evaluated through zymography and identified by Western blot. The inhibitory effects
of chlorhexidine at concentrations of 0.01%, 0.04%, 0.08% and 1% on the enzymatic activity of softened carious den-
tine samples were determined.

Results: In carious dentine, five bands of gelatinolytic activity were detected, with molecular sizes of 86, 75, 38, 33 and
32 kDa. The two bands of the greatest molecular size corresponded to latent and active metalloproteinase-9, respec-
tively. Concentrations of chlorhexidine that were greater than or equal to 0.04% were sufficient to inhibit gelatinolytic
activity in the observed bands of carious dentine.

Conclusions: These results support the use of chlorhexidine in clinical use concentrations for the treatment and control
of dentine caries. Our study demonstrates for the first time the inhibitory effect of chlorhexidine on gelatinases from car-

ious human dentine.
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INTRODUCTION

The process of dental caries has been defined as an
infectious and transmissible disease that starts with
the demineralization of the enamel and dentine by
acids produced by oral bacteria. This demineralization
occurs when the pH falls below 5.5 during the first
few minutes after the ingestion of sugar and lasts until
subsequent neutralization by salivary buffers. After
demineralization, this process continues with the
destruction of the organic matrix of the dentine."

Dentine is a calcified tissue wherein the organic
matrix represents 30% of its total volume, which con-
sists of collagen (90%) and non-collagen proteins
(10%). During the carious process, the acidic dissolu-
tion of the mineral component of dentine exposes the
organic matrix to hydrolysis via the action of enzymes
derived from both bacteria and the host.?

It has been proposed that many oral bacteria can pro-
duce proteolytic enzymes capable of destroying the den-
tine’s organic matrix. However, until now, there has been
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no evidence that bacteria associated with the initiation
and progression of the carious lesion can produce this
type of enzyme. On the contrary, in vifro experiments
have shown that cariogenic bacteria may only cause the
demineralization of the dentine surface® and that they
would be incapable of degrading collagen i vitro.*

The degradation of the organic matrix of mamma-
lian tissues is mediated principally by proteases that
belong to the family of matrix metalloproteinases
(MMPs). In healthy dentine matrix, MMP-2, MMP-8,
MMP-9 and MMP-20 have been identified,"*~ and
current evidence suggests that these host enzymes are
responsible for the degradation of the dentine matrix
during or after demineralization by bacterial acids."*'°

Through Western blot analysis and zymography,
the gelatinases MMP-2 and MMP-9 have been identi-
fied in their latent and active forms in carious lesions
in softened human crown dentine.! An in vivo study
in rats demonstrated that the inhibition of MMPs by
synthetic inhibitors reduced the progression of caries
under fissures. "’
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Chlorhexidine (CHX) is a broad spectrum antimicro-
bial agent that is frequently used in dentistry to inhibit
bacterial growth and in the control of periodontal dis-
ease.'? Its mechanism mainly involves its antibacte-
rial effect, as well as its interference with the proteolytic
activity of some periodontal pathogens.'? A study of the
action of CHX on purified human MMPs isolated from
human fibrosarcoma cells and mammalian cells deter-
mined that it had a dose-dependent inhibitory action
with regard to the activities of MMP-2 and MMP-9.
This inhibitory effect is associated with a chelating
mechanism.!" However, no experimental evidence
exists regarding the capacity of this antimicrobial to
inhibit carious human dentine tissue gelatinases. There-
fore, the objective of this study was to determine if the
gelatinase activity of carious dentine would be inhibited
through the use of CHX in clinical concentrations.

MATERIALS AND METHODS

This study was approved by the Ethics Committee of
the School of Dentistry at the University of Chile.
After patient authorization was obtained through
informed consent, permanent molars with caries were
extracted and collected. The extracted teeth had
extensive crown destruction due to carious lesions.

Isolation of carious dentine tissue

With the goal of visualizing gelatinase activity in car-
ious crown dentine samples, a pool of 30 teeth
extracted because of caries was collected in health
centres in the metropolitan region. The teeth were
stored in phosphate buffered saline (PBS) and manip-
ulated immediately after extraction. The visible pla-
que (e.g. tartar or organic material) that covered the
lesions was carefully removed, and the teeth were
thoroughly cleaned with sterile PBS.' The softened
carious dentine was removed with a spoon excavator
and combined with lysis buffer solution (50 mM
Hepes, 150 mM NaCl, 1 mM EGTA, 10% glycerol,
1% Triton, and 2 mM MgCI2), as well as a cocktail
of protease inhibitors (1 M NaF, 2 mM PMSF, 2 ug/
ml pepstatine, 2 ug/ml leupeptin, and 1 mM sodium
orthovanadate (Sigma-Aldrich, St. Louis, MO, USA)).
The sample was then shaken and centrifuged at
15000 rpm for 15 minutes at 4 °C. The concentra-
tions of proteins in the supernatant were determined
using bicinchoninic acid (BCA) (Bio-Rad, Hercules,
CA, USA), while the gelatinase activity was deter-
mined by zymography.

Zymography

To determine the gelatinolytic activity of the carious
dentine samples, supernatant aliquots containing
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6 pg of protein were analysed in SDS 10% poly-
acrylamide gels copolymerized with gelatine follow-
ing the Laemmli method' in non-reductive
denaturant conditions. After electrophoresis, the gels
were cleaned in 2.5% (v/v) of Triton X-100 to
remove SDS and incubated overnight in an activation
buffer (50 mM/L Tris, pH 7,5; 5 mM/L CaCly;
1 uM/L ZnCly) at 37°C. The gels were fixed and
dyed with 0.2% Coomassie Brilliant Blue and
destained until clear bands were observed. Purified
human MMP-9 (Chemicon, Temucula, CA, USA)
were used as positive controls. The gelatinolytic
activity was determined through densitometric analy-
sis using the programmes Gel-Pro Analyzer 3.1 and/
or Image]."

Inhibition of metalloproteinase activity

To determine if CHX would inhibit the gelatinases
present in the carious dentine, samples of the superna-
tants from the carious dentine were analysed by
zymography in the presence of gelatine. After electro-
phoresis, the gels were incubated overnight at 37 °C
in activation buffer conditioned with CHX diacetate
in the following concentrations: 0.01%, 0.04%,
0.08% and 1% (Sigma-Aldrich, St. Louis, MO, USA).
The conditioned medium without the inhibitor and
with EDTA was used as control.

Western blot

To determine the presence of MMP-2 and MMP-9 in
the carious dentine, samples of the supernatants from
the carious dentine were analysed by Western blot.
After electrophoresis, the separated proteins were
transferred to a nitrocellulose membrane (PIERCE,
0.45 pm) and were blocked for one hour in 0.1%
TBS-T buffer (Tris-HCl 20 mM pH 7.6, NaCl
137 mM and Tween 20 at 0.1%) with 3% albumin.
The membrane then underwent four 15-minute
washes in 0.1% TBS-T. The membrane was then incu-
bated with the anti-human MMP-2 and MMP-9 pri-
mary antibody (R&D systems) at a concentration of
1:250 in TBS-T for 17 hours. Subsequently, it was
washed four times with 0.1% TBS-T and incubated
with the peroxidase conjugated secondary antibody
anti-Mouse IgG (Pierce Biotechnology, Rockford,
USA) at a concentration of 1:5000 in TBS-T for one
hour. After washing, the positive reaction was identi-
fied by chemiluminescence (Pierce Biotechnology,
Rockford, USA). The membrane was exposed to
radiographic film (Kodak) and developed. The molec-
ular size of the bands was compared with proteins of
known size (Precision Plus protein standards, BIO-
RAD). Negative controls were performed without the
use of the primary antibody.
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Statistical analysis

All experiments were performed in triplicate. The
mean was calculated, and the relative enzymatic activ-
ity percentage and its standard deviation were deter-
mined in relation to the standard enzymatic activity
of MMP-9.

RESULTS

Determination of the gelatinolytic activity in the
carious dentine

In the carious dentine samples obtained from the pool
of the extracted teeth, five bands with gelatinolytic
activity were detected, with molecular sizes of 86, 75,
38, 33 and 32 kDa (Fig. 1, lane 2). The percentage of
gelatinolytic activity corresponding to each band is
shown in Table 1. On average, the 38 kDa band
exhibited 2.7 times more activity than was observed
with the rest of the bands. The molecular sizes of the

1 2
Standard Carious
MMP-9 Dentine
kDa
Pro MMP-9 86
MMP-9 75
38
33
32

Fig. 1 Zymographic pattern of bands with gelatinolytic activity in cari-
ous dentine. Lane 1: carious dentine, lane 2: standard MMP-9.

Chlorhexidine inhibits gelatinases in carious dentine

86 and 75 kDa bands corresponded to the molecular
sizes of the latent and active MMP-9, respectively.
The remainder of the observed gelatinolytic bands
exhibited a smaller molecular size than those
described for the MMP-2 or MMP-9 gelatinases. By
analysing the carious dentine samples by Western blot
assay, bands of molecular sizes of 86, 75, 33 and
32 kDa were identified as latent, active and truncated
form of MMP-9 respectively (Fig. 3). When the sam-
ples were analysed with the anti-MMP-2 antibody,
two new bands with molecular sizes of 67 and
25 kDa were observed (Fig. 3). The gelatinolytic band
of 38 kDa was not identified with the antibodies used
in this study.

In vitro inhibition of gelatinase activity by CHX in
carious dentine

Figure 2 shows the results of the experiment that
determined whether CHX could inhibit gelatinase
activity in carious dentine iz vifro using increasing
concentrations of CHX. The gelatinase activity in car-
ious dentine was completely inhibited by CHX con-
centrations greater than or equal to 0.04% (Fig. 2¢c—
2e, lanes 6, 8 and 10), and a similar effect was
observed for the enzymatic activity of the standard
MMP-9 (Fig. 2¢2e, lanes 5, 7 and 9). All of the
bands with gelatinolytic activity were inhibited at
these concentrations of CHX, including the most
prominent 38 kDa band. The percentages of the rela-
tive gelatinolytic activity observed in the inhibition
assay with CHX are shown in Table 2. In relation to
the control without CHX (Table 1), a CHX concen-
tration of 0.01% partially lowered the enzymatic
activity of the 86, 75, 38, 33 and 32 kDa bands 1.3,
1.5, 1.4, 3.0 and 3.2 times, respectively (Table 2).
CHX concentrations of 0.04, 0.08 and 1% (Table 2)
completely inhibited the relative enzymatic activities
of all bands when compared to the control without
CHX (Table 1).

DISCUSSION

Under the conditions of this experiment involving the
use of carious human dentine tissues, it was possible
to observe the presence of bands with gelatinolytic
activity of different molecular sizes. Two of the bands

Table 1. Profile of bands with gelatinolytic activity found in carious dentine

Band (kDa) 86 (Mean + DS)

75 (Mean £+ DS)

38 (Mean £ DS) 33 (Mean £ DS) 32 (Mean £ DS)

Percentage of relative enzymatic activity 45 + 0.11

56 £0.13

116 £ 0.22 34 +£0.22 45 +£0.17

100% of relative enzymatic activity corresponds to the intensity of the 86 kDa band from the standard MMP-9. Percentage of relative enzy-

matic activity expressed as the mean =+ standard deviation.
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Fig. 2 The effect of increasing concentrations of chlorhexidine on the gelatinolytic activity in carious dentine. (a) Positive control: Incubation in an acti-
vation buffer. (b)-(e) Incubation in activation buffers with increasing concentrations of chlorhexidine. (f) Negative control: Incubation in an activation buf-
fer in the presence of EDTA. Lanes 1, 3, 5, 7, 9 and 11: standard MMP-9. Lanes 2, 4, 6, 8, 10 and 12: carious dentine.

Table 2. The effect of increasing concentrations of chlorhexidine on the percentage of relative gelatinolytic

activity in carious dentine

[Chlorhexidine] Percentage of relative gelatinolytic activity Bands (kDa)

86 75 38 33 32
0.01 36 £ 0.32 38 £ 0.37 82 £ 0.72 11 £ 0.09 14 + 0.12
0.04 0 + 0.00 0 + 0.00 0 + 0.00 0 + 0.00 0 + 0.00
0.08 0 + 0.00 0 + 0.00 0 + 0.00 0 + 0.00 0 + 0.00
1.00 0 + 0.00 0 + 0.00 0 + 0.00 0 + 0.00 0 + 0.00

Relative enzymatic activities expressed as the mean =+ standard deviation.

MMP-2 MMP-9

kDa kDa
86
75

67
33
. 32

28

o MRS

Fig. 3 Western blot for MMP-2 and MMP-9 in carious dentine. Left:
Truncated forms of MMP-2. Right: Latent, active and truncated forms of
MMP-9.

corresponded to the sizes that have been previously
described for MMP-9 and were identified as this
metalloproteinase in the Western blot assay. The bands
of molecular sizes of 33 and 32 kDa corresponded to
truncated forms of MMP-9. Bands of similar molecular

84

sizes have been described in prior studies using zymog-
raphy."'® Additionally, bands of MMP-2 of 67 and
28 kDa, without gelatinolytic activity were observed
by Western blot. The gelatinolytic band of 38 kDa
could correspond to the truncated form of MMP-8
described in other studies,””” or to truncated forms of
gelatinases which have lost the epitopes recognized by
anti-MMP-2 and anti-MMP-9 antibodies. However,
the mere presence of gelatinases in carious dentine does
not indicate their origin. These enzymes could originate
from the dental pulp, saliva, and/or dentine itself, as
has been proposed by various authors.'>7>10

The presence of these molecules in the carious tissue
supports the hypothesis that MMPs immersed in the
mineralized dentine matrix could be activated and lib-
erated after the demineralization process of this tissue
during the formation of caries as a consequence of pH
fluctuations within the lesion, either with or without
the participation of cariogenic oral bacteria.! To
address this issue, Toledano et al.'” used immunofluo-
rescence and found the carious process increases the
activity of gelatinase MMP-2 at different expression
levels in healthy dentine, affected dentine, and
infected dentine samples. They observed the expres-
sion of MMP-2 was more intense in the affected den-
tine than in healthy dentine.
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Our in vitro study demonstrates, for the first time,
that CHX at concentrations of 0.04% or higher com-
pletely inhibits the gelatinases extracted from carious
dentine. These results concur with the study by Gen-
dron et al.'' in which the inhibitory effect of CHX on
MMP-2 and MMP-9 from human fibrosarcoma cells
and mammalian cells was evaluated using similar
concentrations as those described in our work.

The gelatinases and collagenases could also be acti-
vated by the acid conditioning of the dentine that
results from the use of orthophosphoric acid or self-
etching adhesives. The activation of these enzymes
could cause the degradation of the tooth-restoration
adhesive interface, or the hybrid layer, which is a phe-
nomenon similar to what occurs in dentine caries.®'®
In relation to this phenomenon, there is both in vitro
and in vivo evidence that the use of CHX after acid
etching lowers the rate of degradation of the hybrid
layer associated with the action of these enzymes,
which are present in dentine.'” 2!

Additionally, the in vivo study by Hebling et a
demonstrated that the deterioration of the hybrid
layer occurred very quickly. This was due to the adhe-
sion process carried out on top of affected dentine,
which exhibited a reduction in collagen undergoing
the demineralization process resulting from caries.
This accelerated degradation was associated with a
greater increase in the collagenolytic activity of the
affected dentine than in the caries-free tissue, and it
was inhibited by the use of CHX after acid etching.
Moreover, the study of Magalhaes et al.** determined
that the use of CHX in situ reduce dentine erosion
and abrasion. In recent reports,>>** this protective
effect of CHX was associated with their ability to
reduced the degradation of organic matrix from
dentine.

Our results support the use of CHX in topical
applications, taking advantage of its inhibitory char-
acteristics against gelatinolytic activity for use in the
treatment and control of carious dentine. Dental
CHX solutions formulated to control bacterial plaque
are available in a range of concentrations from 0.1%
to 0.2% and therefore may be used for their intended
purpose. CHX could also be incorporated into the
formulation of materials that come into contact with
dentine in preventive or restorative processes to inhi-
bit gelatinases that are activated by caries or therapeu-
tic procedures.
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