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Abstract

Aim: To evaluate the effect of three different matrix metalloproteinase inhibitors on resin dentin shear bond strength.

Material and methods: Eighty-eight sound human molars extracted for periodontal reason were ground occlusally to
obtain superficial dentin surfaces. Samples were allocated to following four groups: Group 1 no surface pretreatment was
done; Group 2 Baicalein pretreatment; Group 3 Curcumin pretreatment and in Group 4 Berberine pretreatment was done
before adhesive application. Resin composite restorations were placed after bonding procedures. Shear bond strength test
was done at 24hrs (immediate) and at nine months (delayed). Interfacial adaptation was examined under scanning electron
microscope. Bond strength values were statistically analyzed using two-way ANOVA and post hoc Tukey’s test at a

significance level of p< .05.

Results: Delayed shear bond strength values of Baicalein and Curcumin groups were significantly higher than the control

(p=0.001). However, Berberine treated group showed significantly lower bond strength than the control even at 9 months.

Conclusion Both baicalein and curcumin preserved the resin-dentin bond at 9 months’ storage period. However, berberine

negatively influenced the bond strength both at immediate and delayed evaluation.
Keywords: Matrix Metalloproteinase Inhibitors; Resin-Dentin Bond; Baicalein; Curcumin; Berberine

Clinical Relevance: Incorporation of dentin biomodifiers into dental adhesives may impart MMP inhibitory potential and

using these biofunctional adhesives may help in enhancing the stability of resin dentin interface.
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Introduction

Stability of resin-dentin bond is a pre-requisite for
the longevity of composite restorations. However, dental
composites exhibit limited durability in vivo where resin-
dentin bonded interface is the weakest link. Contemporary
dental adhesives are simplified, user friendly systems which
are water based and more hydrophilic than the conventional
three-step adhesives. They allow water movement across the
interface and do not provide a hermetic seal [1]. The integrity
of the hybrid layer gets compromised due to the MMPs
induced degradation of exposed collagen at the base of the
hybrid layer as MMPs are hydrolases. MMPs are host derived
enzymes, which play a role in degrading the extracellular
matrix. MMPs remain inactive and entrapped in the calcified
dentin matrix. They get activated by acidic agents used
during bonding procedures. Along with this water induced
adhesive degradation also occurs which reduces resin-dentin
bond strength over time [2,3]. It has been reported that
inhibition of MMPs may help in the preservation of resin-
dentin bond. The deterioration of dentin bonding by
endogenous MMPs can be prevented through application of
dentin biomodifiers like MMP inhibitors or collagen cross-
linkers which stabilize the dentin collagen. Crosslinking
improves dentin mechanical properties and improves its
resistance against enzymatic degradations [4,5]. Kiuru et al
observed a lower loss of dentin bond strength with different
MMP inhibitors and concluded that MMP inhibition can
increase the longivity of resin dentin bond strength [6].
Yaghmoor et al also concluded that incorporation of MMP
inhibitors into the adhesive system has a favourable effect on

long term bond strength [7].

Various agents like chlorhexidine, glutaraldehyde,
minocycline, proanthocyanidins, ascorbic acid, EDTA,
carbodiimide, green tea extracts, quercetin, rosmarinic acid,
and cashew nut shell liquid have been investigated to
enhance resin dentin bond durability [8,9]. However, the
effect of these agents on resin-dentin bond durability still
needs to be clarified as there are variations in the
concentration, type of solvent used and time of application of
the biomodifying agents used in various studies. Use of
natural collagen cross-linkers with MMP inhibitory potential

might be advantageous as it induces low cytotoxicity, yet
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providing stable resin—-dentin bond.

Baicalein (BAI) is the major flavonoid found in
Scutellaria baicalensis. BAI has been shown to inhibit
MMP-2 and MMP-9 activity in tumor cells [10]. The
inhibitory effect of BAI on these MMPs may be beneficial in
dental adhesives [11].

Curcumin is a polyphenolic compound extracted
from the plant Curcuma longa L. Curcumin, as isolated from
the natural extracts, contains three major curcuminoids:
curcumin, demethoxycurcumin, and bisdemethoxycur-
cumin. Curcuminoids have been extensively studied against
various metabolic and infectious diseases [12-14]. The
changes in the physico-chemical properties of collagen due to
interaction with curcumin help in the accelerated wound
healing process. Berberine, an isoquinoline alkaloid, can be
isolated from Rhizoma coptidis, Hydrastis canadensis and
Cortex phellodendri. Berberine has MMP inhibitory
properties and has been shown to inhibit MMP 1, 2 and 9 in
human gastric cancer cells [15]. However, the effect of these
natural MMP inhibitors on resin-dentin bond durability has
been controversially discussed in literature and no consensus
has been reached [16,17]. Hence, the aim of this study was to
investigate the effect of MMP-inhibitors Baicalein, Curcumin
and Berberine on the preservation of dentin shear bond
strength and also to observe micromorphology of the bonded

interface under scanning electron microscope (SEM).

Materials and Methods

Eighty-eight extracted human molars were
collected. The teeth free of caries, cracks, were included and
examined under stereomicroscope (SZX10, Olympus, Tokyo,
Japan). Teeth were cleaned and stored in 0.1% thymol
solution for no more than 3 months. The teeth were collected
after obtaining the patients inform consent under a protocol
approved by institutional ethics and review board under

protocol number KDCRC/IERB/11/2019/13.

Eighty tooth crowns were flattened occlusally using
a low-speed diamond saw under water irrigation to expose
superficial dentin. Teeth were placed in an auto polymerizing
acrylic resin in such a way that only roots were vertically

embedded while crown portions were above the resin.
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Following solutions were prepared before starting

with the adhesive procedures:

2.5ug/ml Baicalein solution: 2.5ug/ml Baicalein
solution was prepared by dissolving it in 1% DMSO and 99%

water.

50 uM Curcumin solution: 50 uM Curcumin
solution was prepared by dissolving it in 1% DMSO and 99%

water.

0.4% Berberine solution: 0.4% Berberine solution

was prepared by dissolving it in 1% DMSO and 99% waters

Teeth were randomly divided into four groups (n =
20) according to the dentin pretreatments. Shear bond
strength for each group was evaluated at 24 hours
(immediate) (I) and at 9 months (delayed) (D).

In all the groups, dentin surface was etched with
etchant Detrey Conditioner 36 (Dentsply sirona) for 15
seconds, rinsed with water for 10 seconds and blot dried

before application of MMP inhibitors.

Group 1: No Pretreatment: Acid etching with 35%
phosphoric acid for 15 sec followed by application of distilled
water for 1 min and gentle blot dried before application of
etch and rinse adhesive Adper Single Bond 2 according to

manufacturer’s instructions.

Group 2: Baicalein+DMSO: Application of
2.5ug/ml baicalein (Sigma Aldrich) dissolved in 1% DMSO
on acid etched dentin surface for 1 min and gentle blot dried
before application of the adhesive, Adper Single Bond 2

according to manufacturer’s instructions.

Group 3: Curcumin +DMSO: Application of 50uM
curcumin (Sigma Aldrich) dissolved in 1% DMSO on acid
etched dentin surface for 1 min and gentle blot dried before
application of the adhesive, Adper Single Bond 2 according to

manufacturer’s instructions.

Group 4: Berberine+DMSO: Application of 0.4%
berberine (Vital herbs) dissolved in 1% DMSO on acid
etched dentin surface for 1 min and gentle blot dried before
application of the adhesive, Adper Single Bond 2 according to

manufacturer’s instructions.
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Transparent plastic tube with 3 mm internal
diameter and 2 mm in height and thickness of 0.5 mm was
placed at the center of the dentin surface in all the samples.
The tubes were then filled with a nanohybrid resin composite
Filtek Z250 XT (3M ESPE Dental Products) followed by
light-curing for 20 seconds using 3M Elipar LED curing light.
The plastic tubes were then cut and removed. All the

restorations were completed by a single operator.

Ten samples from each group were stored in
distilled water at 37°C for 24 hours before immediate shear
bond strength testing and SEM analysis. The other ten
samples from each group were stored in artificial saliva (Wet
Mouth, ICPA Heath Products Ltd.) at 37°C in an incubator
for 9 months before shear bond strength and SEM testing.

The specimens were placed in a universal testing
machine (Instron, ADMET, Enkay Enterprises, New Delhi)
and straight knife-edge rod (2.0mm) with a cross-head speed
of Imm/min was applied at the tooth restoration interface.
Shear bond strength (MPa) was calculated by dividing the
load at failure by surface area of the specimen. After bond
strength testing, fractured samples were examined under
stereomicroscope at 10 X magnification to differentiate

failure pattern as Adhesive (a), Cohesive (c) & Mixed (m).
Scanning Electron Microscope Study

Two samples from each group were sectioned
through coronal portion so as to obtain flat dentin blocks and
subjected to treatments according to different groups
followed by composite restoration till the height of Imm.
These were then sectioned bucco-lingually to expose the resin
dentin interface and polished with (Shofu Super Snap
Rainbow Technique Kit Ca) a series of increasingly finer SiC
abrasive papers up to 1,200 grit and highly polished with a

diamond paste.

The specimens were fixed in 10% formalin for 24
hours and subjected to acid-base treatment. Specimens were
immersed in 6N HCI for 30 seconds, rinsed in distilled water
followed by 10-minute immersion in 1% NaOCI, and final
rinse with distilled water. The specimens were then
dehydrated in ascending grades of ethanol upto 100% and
kept in critical point dryer for 30 minutes. The specimens
were gold sputtered and analyzed in scanning electron

microscope.
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Statistical Analysis

Values obtained from the shear bond strength were
subjected to statistical analysis using SPSS (Statistical Package
for Social Sciences) Version 21.0 statistical analysis software.
Level of significance was p <0.05. The statistical tools used
were Tukey’s HSD test, one-way ANOVA (multivariate

assessment), Independent-t test and x test.

Results

Baicalein treated group (Group 2) depicted the

highest immediate bond strength which was significantly

higher than the control. Berberine treated group (Group 4)
showed significantly lower bond strength than the control
during immediate shear bond strength testing. When
compared to the control group, the shear bond strength
values of Baicalein and Curcumin treated group were
significantly higher at nine months (p=0.001). However,
Berberine treated group showed significantly lower bond
strength than the control even at 9 months (Table 1). In SEM
photomicrographs (Figure 1-4) Baicalein and Curcumin
treated groups showed a good interfacial adaptation both at
24 hours and at nine months. However, interfacial gap was
observed in the control group at 9 months and in Berberine

treated groups both at 24 hrs and at 9 months.

Figure 1: SEM photomicrograph of resin- dentin interface of Group 1 (No Pretreatment):

Immediate (1A), Delayed (1B); interfacial gap is evident at nine months.

Figure 2: SEM photomicrograph of resin- dentin interface of Group 2 (Baicalein):

Immediate (2A), Delayed (2B); good interfacial adaptation can be observed at both time periods.
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Figure 3: SEM photomicrograph of resin- dentin interface of Group 3 (Curcumin):

Immediate (3A), Delayed (3B); good interfacial seal is evident.

Figure 4: SEM photomicrograph of resin- dentin interface of Group 4 (Berberine):

Immediate (4A), Delayed (4B); interfacial gap is observed at nine months.
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Table 1: Comparison of bond strength among four groups for immediate and delayed samples

N | Mean | Std. Deviation | Std. Error | P VALUES POST HOC ANALYSIS
P P
BAICALEIN>
IMMEDIATE | CONTROL | 10| 29.014 2.537 0.802 0.001*%, SIG | CURCUMIN> CONTROL>

BERBERINE

BAICALEIN | 10 | 45.493 4.426 1.4

CURCUMIN | 10 | 28.443 3.321 1.05

BERBERINE | 10 | 12.904 2.742 0.867
BAICALEIN>

DELAYED | CONTROL |10 | 18.315 3.928 1.242 0.001%, SIG | CURCUMIN> CONTROL>

BERBERINE

BAICALEIN |10 | 43.63 1.83 0.579

CURCUMIN | 10| 2621 2915 0.922

BERBERINE | 10| 12.561 1.69 0.534

ONE WAY ANOVA
PAIR WISE: POST HOC TUKEY’S TEST
LEVEL OF SIGNIFICANE SET AT P < 0.05
Same superscript letters: non-significant
Different superscript letters: significant
Failure mode analysis: The distribution of failure While more adhesive failures were evident in all the groups
pattern was compared using the chi square test (Figure 5). All after nine months with maximum number of adhesive
the groups depicted mixed failures at 24 hours’ evaluation. failures in the Berberine treated group.
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Figure 5: Failure mode analysis

Discussion

Acid-etch procedure not only creates micro-
porosities to be subsequently filled by adhesive resin, but also
results in activation of dentinal matrix metalloproteases
(MMPs), which degrade exposed collagen at the base of
hybrid layer [18]. This deterioration of the interfacial seal

leads to poor durability of composite restorations [16].

Many MMP inhibitors and collagen cross linkers
have been studied for its use in adhesive dentistry like
glutaraldehyde which is a widely known cross linker but its
cytotoxicity limits its clinical use, proanthocyanidins caused
discoloration of the treated dentin surface, riboflavin needs
an additional light curing step reducing its clinical
acceptability [19,20]. Use of natural MMP-inhibitors like
EGCG, quercetin, baicalein, curcumin and berberine may be
advantageous as compared to synthetic inhibitors and needs
to be investigated as their effect may vary with varying

concentration, time or adhesive system tested [21].

In this study, the results revealed that baicalein
treated group showed significantly higher bond strength
values after 24 hrs and at 9 months as compared to control
and other experimental groups. These results indirectly

support the collagen stabilization ability of BAIL. BAI is a

plant polyphenol similar to proanthocyanidins [22]. In
accordance with our study, Zheng et al also showed that BAI
was more effective in improving the enzymatic resistance of
the dentin collagen matrix as compared to proanthocyanidins
and quercetin [23]. They stated that due to its potential MMP
inhibition and cross-linking properties, BAI could stabilize
collagen fibrils and protect the integrity of the hybrid layer.
In agreement with our results, Yi et al proved that ethanol
wet bonding and baicalein enhanced the durability of resin -
dentin bond [24]. In consensus with our study Li et al
reported that Baicalein in a concentration of 2.5 pg/mL
effectively increased microtensile bonding strength and
resin-dentin bond durability and in a concentration range of
0-5.0 pg/mL it did not influence the conversion of adhesives
[11].

MMP inhibitory mechanism of BAI may be
attributed to various reasons: BAI could compete with the
active center of the enzyme or cross-link and alter the three-
dimensional structure of MMPs [12]. It also might cross-link
with dentin collagen fibers, changing the recognition sites of
MMPs in collagen, thereby preventing their complexation
with MMPs and resulting in the loss of enzymatic activity
[11]. The hydrophobic nature of BAI may reduce water
absorption thereby decreasing hydrolytic breakdown of
collagen. Due to the polyphenolic structure of BAI it can

JScholar Publishers
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directly scavenge free radicals. Chu et al explored the effect of
various concentrations of BAI on the viability and cell cycle
arrest of human dental pulp cells (HDPCs) and on the
expression of matrix metalloproteinases (MMPs) and
cathepsins in HDPCs [25]. They demonstrated that BAI at
concentrations below 25 umol/l did not affect cell viability in
HDPCs while effectively inhibiting the expression of MMP-2,
MMP-9, cathepsin-B, and cathepsin-K in HDPCs and
improved the strength of aged resin-dentin bonding. They
used baicalein in three different concentrations with 12.5

pmol/l showing the highest resin-dentin bond strength [25].

Baicalein could also inhibit the formation of S.
mutans biofilm, thereby preventing restoration failure caused
by secondary caries [26]. Chen et al depicted that the baicalein
group substantially reduced enamel demineralization under
biofilms and concluded that novel baicalein method is
promising to inhibit dental caries by reducing biofilm

formation and protecting enamel hardness [27].

Curcumin treated group depicted significantly
higher shear bond strength values than control group at 9
months demonstrating that curcumin also preserved resin-
dentin bond. This may be attributed to MMP inhibition
ability of Curcumin as it chelates catalytic Zn>" ions in MMPs
and also causes crosslinking of the collagen fibrils thereby
decreasing enzymatic degradation. Moreover, positively
charged Curcumin has affinity for negative charges on the
active sites of MMPs."” Increase in tensile strength was
observed in curcumin treated collagen, which suggests new
crosslinking in collagen.” Our results are supported by the
study of Seseogullari et al who evaluated the endogenous
MMP activity of demineralized dentin matrix following 1 and
5 min pretreatment by 20uM curcumin and 200 pM and
found a significant reduction in MMP activity after 1 min of
crosslinking treatment with curcumin [28]. Seseogullari et al
in a subsequent research evaluated the effect of 50 or 100 uM
curcuminoids on the dentin endogenous protease activityand
reported decreased endogenous protease activity-mediated
degradation in dentin [29]. 50-100 uM curcuminoids
inhibited rhMMP-9 activity up to 50%. Similar to our study,
Atay et al reported that after twelve months, bond strength of
curcuminoids group was significantly higher than the
controls and suggested the potential use of curcuminoids as

protease inhibitors [30].
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Curcumin is also being investigated as a root canal
irrigant [14,31,32,33]. However, it is well known that
turmeric concentrations have been correlated with increase
in the reddish-yellow staining of nanohybrid composite
resins, therefore use of curcumin may pose an aesthetic

challenge.

Berberine treated groups demonstrated very low
bond strength in both immediate and delayed testing.
Although Tu et al proposed that berberine may slow
periodontal degradation in periodontitis through regulation
of MMPs and can in vitro effectively suppress the induced
MMP-9 expressions in the induced macrophages but
berberine seems to lack short term inhibition against
endogenous dentin proteases [15]. Further studies are needed
to assess the interactions of berberine with endogenous

dentinal MMPs and methods for clinical application.

There were certain limitations of the study like lack
of intrapulpal pressure during bonding, caries affected dentin
was not studied and MMP inhibition was not directly
evaluated. However, higher bond strength values at nine
months in baicalein and curcumin groups suggest probable
collagen stabilization which resulted in improved resin-
dentin bond durability. Also, storing extracted teeth in
thymol does not seem to have influenced dentinal MMP
activity as reported in previous studies [34,35]. DMSO was
used as a solvent for bio-modifiers in all experimental groups
for standardization. Since DMSO was used with all agents in
the current study, so relative comparisons could still be made
amongst various biomodifiers notwithstanding that DMSO

itself enhances dentin bonding [36].

Conclusion

Baicalein treated group showed the highest
immediate and delayed bond strength values than other
experimental groups. Both baicalein and curcumin preserved
the resin-dentin bond at 9 months’ storage period. However,
berberine negatively influenced the bond strength both at
immediate and delayed evaluation. Further research is
needed to determine a suitable clinical concentration and to
explore the possibility of adding baicalein into dental
adhesive to improve the stability of hybrid layer and maintain

the durability of resin dentin bond in long term.
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