Effect of collagen cross-linking agents on the depth
of penetration of bioceramic sealer and release of
hydroxyproline: An in vitro study

K. Hanisha Reddy, Bollineni Swetha', B. Devi Priya', T Murali Mohan?, Duvvuri Lakshmi Malini', M. Sai Sravya?

Associate Professor, 'Assistant Professor, *Professor and HOD, Department of Conservative Dentistry and Endodontics, *Government
Dental College and Hospital, Vijayawada, Andhra Pradesh, India

Abstract

Context: During endodontic treatment, sealers seal off dentinal tubules and prevent microbial aftack. Bioceramic sealers have
excellent bioactivity, but its high alkalinity is found to have detrimental effects on radicular collagen. Collagen cross linkers
have the ability to chemically modify collagen and can prevent the detrimental effects of the sealer.

Aim: This research was aimed to assess the effect of collagen cross-linking agents on the integrity of radicular collagen matrix
and depth of penetration of sealer.

Materials and Methods: Mandibular premolars (n = 48) were taken. Teeth were decoronated; canals were prepared fill
ProTaper size F2 and were irrigated with 5 mL of 2.5% NaOCl, followed by 3 mL of 17% ethylenediaminetetraacetic acid
between instrumentation and finally rinsed with saline following which teeth were divided into three groups based on the
surface treatments: Group 1: 6.5% proanthocyanin (PA), Group 2: chlorhexidine (CHX), and Group 3: saline. Teeth were
obturated using gutta-percha and bioceramic sealer and stored in artificial saliva. Hydroxyproline (HYP) release was assessed
after 14 and 21 days using spectrophotometer. Sealer penetration was assessed using the scanning electron microscope.

Statistical Analysis: Wilcoxon signed-rank test and Kruskal-Wallis test for release of HYP and paired t-test and ANOVA for
sealer penetration were performed.

Results: Significantly lower release of HYP was seen in proanthocyanin-treated group. Sealer penetration was better for both
the proanthocyanin- and CHX-treated groups when compared to saline.

Conclusion: Surface treatment with collagen cross-linkers caused a decrease in the amount of HYP released, indicating lesser
degradation of collagen. Sealer penetration was better due to the removal of smear layer following the surface treatments.
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INTRODUCTION

Root canal treatment requires complete chemomechanical
debridement of the root canal system following which
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three-dimensional obturation of the root canal system
is to be achieved to provide a proper fluid-tight seal.
This is achieved by the use of a sealer along with
gutta-percha.l

Root canal sealers seal off the root canal system, entombing
the remaining bacteria. Various sealers are available,
of which bioceramic sealers are most commonly used
due to its advantages which include its biocompatibility,
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antibacterial property, water sorption, and bioactivity.
Despite these advantages, these sealers have a limitation
of causing high alkalinity, which may have detrimental
effects on exposed collagen.?

The exposed collagen fibers are fragile and can be
easily attacked by endogenous proteases, leading to
biodegradation of the dentin eventually leading to fracture
of tooth.P!

Cross-linking has become an important method to slow
down the biodegradation rate and enhance the mechanical
properties of the collagen. Collagen cross-linking agents
which can provide intra and intermolecular cross-links
include riboflavin, proanthocyanin, chlorhexidine (CHX),
genipin, green tea, epigallocatechin gallate, Biocalein,
Quercetin, Naringin, Cardol, and Cardinal."

Proanthocyanin (PAs) are polyphenolic bioflavonoids
obtained naturally in plant metabolites. They lead to stable
hydrogen bonding and generate nonbiodegradable collagen
matrix. They are found to be nontoxic cross-linking agents./>*

The aim of the present study was to assess the effect
of collagen cross-linking agents on the integrity of the
radicular collagen matrix and the depth of penetration of
the sealer.

MATERIALS AND METHODS

Freshly extracted mandibular premolars (n = 48) with
mature apex were taken. Teeth with caries or developmental
defects were excluded from the study. The teeth were
cleared of tissue debris.

Preparation of specimen

For the preparation of the tooth samples, the mandibular
premolars were decoronated at a length of 12 mm from
the apex. Canal preparation of the decoronated premolar
was done till F2 ProTaper with the use of 5 mL of 2.5%
NaOCI for 1 min between instrumentation and following
which 3 mL of 17% ethylenediaminetetraacetic acid was
used for 1 min to remove the smear layer. A final rinse
was done with the use of saline. 6.5% proanthocyanin was
prepared by dissolving 6.5 g of grape seed extract (INLIFE
Grape Seed Extract Proanthocyanidins >95%) in 100 mL of
distilled water.”#!

The samples were randomly divided into three groups
based on the surface treatment performed.

*  Group 1: 3 mL of 6.5% proanthocyanin for 1 min (n = 16)
*  Group 2: 3 mL of 2% CHX for 1 min (n = 16)

*  Group 3: Saline for 1 min (n = 16).

The canals were now dried with absorbent paper
points and obturated with gutta-percha and a

bioceramic sealer (NINETEN NT BIOCERA FLO). The
teeth were now stored in artificial saliva at room
temperature.

Assessment of hydroxyproline release
Assessment of the amount of hydroxyproline (HYP) released
in the storage medium was performed using HYP assay
to determine the solubilized collagen peptides from the
dentin cylinder as follows:

Two hundred microliters of vortexed storage medium was
gathered from each tube and placed in an individually
labeled ampule. The HYP content was analyzed using a
spectrophotometer in the transmission mode at 558 nm.
The HYP released from solubilized collagen peptide
fragments (Sa) was calculated using a regression equation
derived from absorbance values obtained from known
concentrations of HCl hydrolyzed HYP!®! [Figure 1].

Sa/Sv = C

Sa = The amount of HYP, calculated from the standard
curve (in ug)

Sv = The volume of sample hydrolysate added to the
tube (in uL)

C = Concentration of HYP in the sample.

Assessment of sealer penetration

The samples were stored at 37°C and 100% humidity
for 2 weeks. The roots were embedded in resin.
Thereafter, the samples were transversely sectioned
at 2 and 5 mm from the apex. The samples were
dehydrated and mounted on a tub and gold-sputtered.
The specimens were observed in a scanning electron
microscope (SEM) at 15 kV accelerating voltage with X 2500
magnification.?
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Figure 1: Hydroxyproline standard curve
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Statistical analysis

The amount of HYP release and the amount of sealer
penetration were tabulated and statistically analyzed
using SPSS (Statistical Packages for the Social Sciences,
version 21.0., IBM Corp., Armonk, NY, USA). The amount of
HYP released was analyzed using Wilcoxon signed-rank and
Kruskal-Wallis test. The sealer penetration depths were
assessed using paired t-test and ANOVA test. The level of
significance was set at P = 0.05.

RESULTS

Release of hydroxyproline

The mean amount of HYP released was least in the
proanthocyanin-treated group both after 14 and
21 days (275.166 Ug and 297.666 Ug, respectively) followed
by CHX [Table 1 and Supplementary Figure 1].

Sealer penetration

Proanthocyanin and CHX groups did not exhibit any statistically
significant differences in the quantity of sealer penetration,
according to post hoc test [Supplementary Table 1].

w B¢

The amount of sealer penetration for proanthocyanin- and
CHX-treated group was found to be highest both in the
middle and apical third [Table 2, Figure 2 and Supplementary
Figure 2].

DISCUSSION

The use of bioceramic materials as sealers has two main
benefits, their biocompatibility and the presence of calcium
and phosphate, which improves their setting properties and
results in a chemical composition and crystalline structure
similar to materials made of tooth and bone apatite,
improving the bonding of the sealer to the root dentin.!"”

Despite the bioactivity of bioceramic sealants, the high alkalinity
of these substances may harm the collagen matrix of the dentin.
They weaken the intermolecular connections between collagen
fibrils, causing the interfacial dentin’s collagenous component
to deteriorate and its permeability to increase.!'"

According to Yang et al., the degradation of collagen fibrils
canreduce the flexural strength of dentin, its microhardness,

SEM HV: 10.0 kV
— 15,7 | SEM MAG: 2.50 kx Det: SE

WD: 20.94 mm

Figure 2: Sealer penetration at a magnification of x2500 (1a) at coronal third, (1b) middle third, and (lc) apical third for
proanthocyanin-treated groups (2a) at coronal, (2b) middle, and (2c) apical third for chlorhexidine-treated groups. (3a) at
coronal, (3b) middle, and (3c) at apical third of saline-treated groups
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Table 1: Comparison of hydroxyproline release among the groups

Group Timeline (days) n Mean SD Mean difference Test statistic P

PA 14 8 275.1667 21.36742 —22.500 —1.572 0.116
21 8 297.6667 13.36663

CHX 14 8 351.8333 9.43221 —30.166 —1.992 0.046*
21 8 382.0000 16.43168

Saline 14 8 963.3333 7.84007 —35.000 —1.992 0.046*
21 8 998.3333 28.84903

CHX: Chlorhexidine, SD: Standard deviation, PA: Proanthocyanin, * P<0.05 significant in group 2 and group 3 showing least amount of hydroxyproline release in group 1

Table 2: Comparison of sealer penetration among the
groups

Group Timeline n Mean SD  Mean difference ¢ P

PA Middle 8 36.0000 4.51664 19.1667 8.548 0.000*
Apical 8 16.8333 1.94079

CHX Middle 8 42.8333 4.44597 20.333 8.661 0.000*
Apical 8 23.5000 4.08656

Saline Middle 8 24.6667 4.27395 11.500 6.252 0.002*

Apical 8 13.1667 2.78687

CHX: Chlorhexidine, SD: Standard deviation, PA: Proanthocyanin, * P<0.05 more
significant in groups 1 and 2 showing better penetration of sealer compared to saline

and the resistance of the root to fracture.'” Type I collagen
contributes to most of the radicular dentin, of which 9.6%
of collagen is constituted by HYP. Moreover, HYP stabilizes
the triple helical structure of collagen. Therefore, the
amount of HYP released can serve as a marker for assessing
the degradation of collagen.!>'4

According to Mishra et al., the surface treatment can directly
interfere with dentin permeability and quality of bond
strength of the root canal filling materials, consequently
impacting the success of endodontic therapy.!"!

Pretreatment of radicular dentin collagen with exogenous
collagen cross-linking agents, before the application
of sealer might result in mechanical and biological
stabilization of collagen.!"®l

Proanthocyanins cause the dentin proteases sites into
inactive mode by lowering their molecular mobility,
causing conformational changes to their structure, or
by converting their negatively charged ionized carboxyl
groups to positively charged amides which are responsible
for collagen degradation and they also cause stable
inter- and intramolecular cross-links in the collagen that
hampers degradation.?"!

Proanthocyanin was used for surface pretreatment in the
current study, as it is nontoxic and possesses excellent
biocompatibility, antibacterial, and antioxidant properties.
Proanthocyanins are known to inhibit bacterial proteases
and host-derived matrix metalloproteinases. It can also
enable collagen biosynthesis by binding to proline-rich
proteins, such as collagen, and facilitates the activity of
enzyme proline hydroxylase that can result in achieving
long-term collagen stabilization.!'s!

2.5% NaOCl was used in this study. The use of higher
concentrations of NaOCl can result in dissolution of
organic matter and can induce the degradation of dentinal
collagen through the breakdown of carbon atom bonds and
disorganization of protein structure, resulting in dentin
degeneration."!

HYP release can be estimated by chromatographic
method or spectroscopic method. Spectrophotometric
determination of HYP is adequately reproducible.?
Therefore, spectrophotometer was used in this study for
the estimation of HYP.

In our study, the release of HYP was assessed on 14" and
21 day. This is because, there is an initial high release of
HYP which is followed by stable release of HYP.?!l

In the present study, the amount of HYP released is least
in proanthocyanin-treated group, which indicates that the
amount of collagen degradation is least. This is explained
by the fact that proanthocyanin serves as a collagen
cross-linker, stimulating the interfibrillar, intrafibrillar, and
intermicrofibrillar cross-links in the collagen and protecting
it from degradation by exogenous collagenase. This
improves the biomechanical characteristics and biostability
of dentin collagen.??

The amount of HYP release was found to be less
in CHX-treated group. This may be owing to CHX’s
capacity to cross-link collagen, which may be brought
by its cationic characteristics and strong affinity for both
organic (hydroxyapatite) and inorganic (collagen) dentin
structures.!®!

Sealer penetration depths were assessed in this study. This
is because sealer penetration depths and their interfacial
adaptations are important factors in the determination of
the success of root canal treatment. SEM was used as the
defects at the submicron level are often observed at high
magnification.l?*l

According to the present study, sealer penetration was
better for proanthocyanin- and CHX-treated groups
compared to saline. This can be attributed to the fact that
proanthocyanin has the capacity to dissolve the smear
layer and CHX-containing surfactant in its composition,
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increases the surface energy, wettability, and enhances
the cationic properties of dentin, thereby making sealer
penetration better./?>26!

Penetration of sealer was found to be lesser in the apical
region compared to middle and coronal. This could be due
to decreased tubular density, presence of sclerosed dentin,
reduced effectiveness of irrigant in the apical region,
thereby reduced smear layer removal.l?”8!

The limitation of the present study was the preparation
method used for preparing SEM specimens. There is a risk of
tearing or smearing of GP and sealer while sectioning of the
filled root. Slight discoloration was observed in specimens
treated with proanthocyanin. Further studies need to be
conducted to know its role as a when used in vivo.

CONCLUSION

The alkalinity of the bioceramic sealer is one of the many
causes of root fracture following obturation, but it is also
one of the least understood. Collagen degradation can
therefore be stopped using collagen cross-linkers, which
will also stop the root fracture from happening.

Within the limitations of this study, surface treatment with
proanthocyanin and CHX following irrigation caused a
decrease in the amount of HYP released, which indicates
that there is lesser degradation of collagen in the root
dentin. Sealer penetration was better due to the removal
of smear layer for the surface treatments groups.

Hence, the usage of cross-linkers can be implied in our root
canal procedures before obturation so as to prevent the
root degradation changes which eventually lead to fracture
of tooth which were caused by the bioceramic sealer and
also for better sealer penetration.
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SUPPLEMENTARY FILES

Supplementary Table 1: Post hoc analysis for sealer
penetration

Post hoc analysis

Comparison between Mean difference P
PA

CHX —6.833 0.083

Saline 11.333 0.001*
CHX

Saline 19.166 0.000*

CHX: Chlorhexidine, PA: Proanthocyanin

Supplementary Figure 1: Hydroxyproline levels at different
times between the groups. CHX: Chlorhexidine
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Supplementary Figure 2: Comparison of penetration depth
at different levels between the groups. CHX: Chlorhexidine



