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Abstract
Introduction—Endogenous dentin matrix metalloproteinases (MMPs) contribute to extracellular
collagen matrix degradation in hybrid layers following adhesive dentin bonding procedures.
Endodontic irrigants, including chlorhexidine (CHX) and ethylenediaminetetraacetic acid (EDTA)
may help protect the hybrid layer from this process. The objective of the present study was to
determine the exposure time necessary for EDTA to inactivate endogenous MMP activity in
human dentin.

Methods—Dentin beams (2×1×3 mm) were prepared from mid-coronal dentin of extracted third
molars. The beams were demineralized in 10 wt% phosphoric acid which also activated
endogenous MMPs, and were divided into four experimental groups based on exposure time to
17% EDTA (0, 1, 2 or 5 min). A generic colorimetric MMP assay measured MMP activity via
absorbance at 412 nm. Data were evaluated by Kruskal Wallis ANOVA, followed by Dunn’s pair-
wise comparisons at α = 0.05.

Results—All exposure times resulted in significant inhibition (P<0.001) compared to unexposed
controls. Specifically, percent inhibition for 1-, 2-, and 5-minute exposure times were 55.1±21.5%,
72.8±11.7%, and 74.7±19.7%, respectively.

Conclusions—17% EDTA significantly inhibits endogenous MMP activity of human dentin
within 1–2 min. This may minimize hybrid layer degradation following resin bonding procedures
in the root canal space.
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INTRODUCTION
The first generation of methacrylate-based root canal sealers appeared in the 1970s [1–2].
The material, Hydron, was removed from the market because it absorbed too much water,
swelled out of the confines of the root canal and leached 2-hydroxyethyl methacrylate into
the periapex, causing chronic inflammation. The second generation [3–4] was designed to
bond to NaOCl/EDTA-treated dentin. This dual-cured sealer, EndoREZ (Ultradent, South
Jordan, UT), can be used with conventional gutta-percha or resin-coated gutta-percha points.
The third generation utilizes a self-etching acidic primer to etch into the smear layer,
followed by a dual-cured flowable composite. An example of such a sealer is Resilon
(Resilon Research LLC, Madison, CT) [5]. The fourth generation is essentially a self-
etching flowable composite (RealSeal SE, SybronEndo, Orange, CA) that combines an
etchant, a primer, and a sealer into an all-in-one self-etching, self-adhesive composite [6].
As the etching ability of these sealers is sufficient to uncover and activate MMPs in apical
dentin, the thin hybrid layers created by these sealers may be susceptible to MMP-induced
degradation. Dental adhesives obtain their adhesion by flowing into the spaces between
adjacent collagen fibrils. Once polymerized, this resin-infiltrated demineralized zone is
called a “hybrid layer”. Hybrid layers provide micromechanical retention between overlying
filling materials and the underlying mineralized dentin. The only continuous connection
between mineralized dentin and filling materials are the collagen fibrils of the hybrid layer.

Dentin collagen fibrils contain inactive proforms of proteolytic enzymes called matrix
metalloproteinases (MMPs) [7]. Once mineralized, the MMPs in the dentin matrix are
inactive. They are exposed and activated by acid-etching during adhesive bonding
procedures. If these matrix-bound, activated MMPs are not fully infiltrated with adhesive
resin, they can slowly degrade the collagen fibrils that anchor the fillings to dentin. This can
cause loss of adhesion [8] and gap formation. This has lead to a number of investigations on
the use of MMP-inhibitors to inactivate exposed, activated MMPs [9,10]. The functions of
MMPs are diverse but are mainly associated with degradation of the extracellular matrix
including collagens. Dentin contains endogenous MMP-2, -8, -9, -20 [7] and are involved in
degradation of resin-dentin bonds both in vivo and in vitro [8,10]. MMP-2 and -9 have
traditionally been considered as gelatinases. However, more recent work showed that they
also exhibit collagenolytic activity [11–13] When these inactive zinc- and calcium-
dependent endopeptidases are exposed and activated by self-etch or total-etch adhesives
[14–17], they can degrade type I collagen [18]. As collagen fibrils are incompletely resin-
infiltrated during dentin bonding procedures [19], strategies to prevent bond degradation are
necessary to increase the longevity of methacrylate resin-based root fillings and orifice
barriers.

Several materials have been shown to inhibit MMPs, including some root canal irrigants.
Both 2% chlorhexidine and 17 wt% ethylenediaminetetraacetic acid (EDTA) have been
shown to inhibit MMP activity induced by self-etching adhesives [15,17]. Although the anti-
MMP activity of EDTA is well-known, it is often used at only 0.34–0.68 wt% in anti-MMP
assays. What is not known is how rapidly 17 wt% EDTA can inactivate matrix-bound
MMPs when the latter is used in the context of a root canal irrigant. Thus, the aim of the
present study was to determine the time necessary for 17 wt% EDTA to display anti-MMP
effects on demineralized dentin. The null hypothesis tested was that different exposure times
to 17 wt% EDTA has no effect on MMP activity of demineralized human dentin.
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MATERIALS AND METHODS
Dentin Beams

Twenty-five extracted human third molars were obtained with patients’ informed consent
using a protocol approved by the Human Assurance Committee of Georgia Health Sciences
University. They were stored in 0.9% NaCl containing 0.02% sodium azide at 4°C to inhibit
microbial growth. An ename l-free, 1-mm thick dentin disk was prepared from each tooth
using a water-cooled, slow-speed diamond saw (Isomet, Buehler, Lake Bluff, IL). Each
dentin disk was then used to prepare four 2×1×3 mm. The 100 mineralized dentin beams
were completely demineralized in 10% phosphoric acid at 25°C, and radiographed with an
aluminum ste p-wedge to confirm complete demineralization. The use of 10% phosphoric
acid uncovers the endogenous proteases and activates MMP proforms [14]. The proforms of
all MMPs have an intramolecular complex between the single cysteine residue in the
propeptide and a zinc atom in the active site that blocks the active site. Acids dissociate
cysteine from the active site, thereby activating MMPs by triggering the cysteine switch
[20,21].

Generic MMP Assay
A 96-well plate was prepared for use with a generic MMP assay kit (Sensolyte generic
MMP assay, Anaspec, San Jose, CA) [22]. The assay (Fig.1) involved incubating the treated
dentin beams with a proprietary chromogenic substrate. The latter is a thiopeptide that is
cleaved by the MMPs to release a sulfhydryl group. The sulfhydryl group reacts with 5,5′-
dithiobis(2-nitrobenzoic acid) to produce the colored reaction product, 2-nitro-5-thiobenzoic
acid, which can be detected at 412 nm. Human recombinant MMP-9 (rh-MMP-9) was used
as the positive control in this study as a representative examplr of an MMP found in human
dentin.

Demineralized dentin beams were placed inside the wells of a 96-well plate containing
generic MMP substrate and incubated for up to 3 hrs. The 96-well plate was placed in a
microplate reader (Synergy HT, BioTek Instruments, Winooski, VT) set to measure
absorbance every 5 min. To avoid light-scattering by the 96-well plate, dentin beams were
removed from their wells at 5 min intervals and placed on a Telfon surface, to permit
measurement of the absorbance of the total endogenous MMP activity of the beam. The total
time necessary to read the wells was 30 sec. Dentin beams were replaced in their respective
wells and the incubation proceeded for the next 5 min before re-reading the absorbance. This
procedure was continued every 5 min for 90 min, and then every 15 min for up to 3 hrs.

Demineralized dentin beams were divided into four groups with different EDTA exposure
times: 0 min (substrate control), 1, 2 or 5 min (N=20). A solution of 17 wt% EDTA was
prepared with deionized water, with pH adjusted to 7.4. To measure the ability of 17 wt%
EDTA to inhibit the total MMP activity of dentin, demineralized dentin beams hanging from
30 gauge stainless steel needles were dipped into wells containing 250 μL of EDTA for 1, 2
or 5 min. After the designated time, the beams were removed from the EDTA and dipped
into wells containing 250 μL of distilled water for 2 min to remove the absorbed EDTA, and
then transferred to fresh wells containing 250 μL deionized water for another 2 min. Dentin
beams from the zero time control group were placed individually into wells containing 250
μL of deionized water instead of EDTA, and then sequentially dipped in the water rinsing
wells. These beams were then placed in generic MMP substrate to determine their residual
MMP activity. Each plate contained 5 specimens per group. The early absorbance data (first
45 min) were fitted by linear regression to obtain the slopes of the lines for uninhibited
dentin beams and EDTA-inhibited dentin beams (Fig. 2). The experiment was repeated four
times to generate data derived from 20 beams for each group. The slopes of the lines of
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absorbance versus time were calculated for each specimen and then averaged. The
maximum absorbance for each EDTA-inhibited specimen was expressed as a percentage of
the mean absorbance of the uninhibited control.

Data Analysis
The means of all the slopes for beams in the control and 3 EDTA experimental groups were
analyzed using one-way ANOVA on ranks since the distribution of the data failed normality
and equal variance tests. Dunn’s multiple comparison tests were used for pair-wise multiple
comparisons. Statistical significance for all tests were preset at α=0.05.

RESULTS
The effect of different EDTA exposure times on inhibition of endogenous MMPs was
statistically significant (P<0.001). All three EDTA exposure times resulted in significant
inhibition of MMP activity compared to the unexposed controls. When these absorbances
were expressed as a percentage of the control, the percent inhibition for 1-min, 2-min and 5-
min exposure times were 55.1±21.5%, 72.8±11.7%, and 74.7± 9.7%, respectively (Fig.3).
The 2-min and 5-min EDTA exposures times were also significantly different from the 1-
min exposure time (P=0.018 and 0.006, respectively) but were not different from each other.

DISCUSSION
The results require rejection of the null hypothesis that 17 wt% EDTA exposure time has no
effect on MMP activity of completely demineralized dentin beams.
Ethylenediaminetetraacetic acid is used in endodontics to facilitate easier instrumentation of
constricted canals [30], and to dissolve the inorganic portion of the smear layer created
during shaping of the canal space [24]. The principle effect of EDTA on dentin is surface
softening by chelation of calcium ions. In root canal treatment, removal of calcium by
EDTA affects the superficial 20–30 μm of intraradicular dentin. However, its action is
limited to 50 μm even after exposure times greater than 24 hrs [25].

The present study demonstrates an inhibitory effect of EDTA on the matrix-bound MMPs of
demineralized dentin. As MMPs remain bound to the demineralized collagen matrix as they
exist in vivo, the use of demineralized dentin beams permits simple screening of potential
MMP inhibitors prior to engaging in more time- and resource-intensive studies.

We interpret the results as showing that 17 wt% EDTA pretreatment of dentin beams for as
little as 1 min significantly lowered the endogenous MMP activity of completely
demineralized dentin beams, by chelating both the calcium and zinc ions from the enzyme
that are necessary for their optimum function [26]. Presumably, one could have allowed the
beams pretreated with 17 wt% EDTA for 5 min to process the generic MMP substrate for 60
min and then transferred the beams to wells containing physiological levels of zinc (26 μM)
or calcium (2.5 mM) or both to see if the activity of endogenous MMPs could recover after
replacement of these critical ions. If the enzymes could recover, the slopes of those curves
should increase to that of the control beams that were never exposed to EDTA. This is but
one example of how one can use the generic MMP substrate with completely demineralized
dentin beams to evaluate their sensitivity to experimental manipulation.

Although exogenous recombinant human MMP-9 (rh-MMP-9) was used in this study as a
positive control for the assay, no direct comparisons can be made to the dentin beam
samples that contain MMP-2, -8, -9, -20 and perhaps cathepsins [27]. Accurate absorbance
measurements required that the dentin beams be removed from their wells, thus the
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cumulative incubation time in the colorimetric substrate was slightly less for the beams than
for the soluble rh-MMP-9.

In conclusion, the present study demonstrated significant inhibition of dentin matrix-bound
MMPs by 17 wt% EDTA within 1 min. This may help minimize hybrid layer degradation
following resin-dentin bonding procedures within the root canal system [28]. Chlorhexidine
has been recommended as an additional antibacterial irrigant following canal debridement
with NaOCl and EDTA [29]. Although EDTA is an excellent MMP inhibitor, it is so water
soluble that it may be rinsed off EDTA-treated dentin. Chlorhexidine (CHX) also inhibits
MMPs [9] but binds to demineralized dentin very firmly [30,31] and may sustain MMP-
inhibition much longer than EDTA. As there is no incompatibility between EDTA and
CHX, they could be combined together. Further studies have to be performed to examine the
combined effects of EDTA and CHX in inhibiting matrix bound MMPs in root canals.
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Figure 1.
Schematic of 96-well plate showing how 40 of the 96 wells was used to evaluate the time
required for 17 wt% EDTA to inhibit the total endogenous MMPs in demineralized dentin
beams.
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Figure 2.
A plot depicting absorbance over time of control or 17% EDTA-treated dentin [N = 20].
Higher absorbance demonstrates greater MMP activity. Shaded regions indicate the initial
linear portion of maximum MMP activity.
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Figure 3.
A bar chart showing the residual MMP activity of dentin blocks after different exposure
times to 17% EDTA [N = 20]. Labels on each bar show the activity as a percentage of the
control group mean. Groups labeled with different letters are significantly different (P <
0.05).
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