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ABSTRACT

Aim: Aim of this study was to determine the chemical characteristic of remaining dentine after caries removal with either
experimental chemomechanical caries removal agent (ECMCRA) or Carisolv®.

Materials and Methods: Twenty extracted human third molars were embedded individually in slow curing epoxy resin,
the teeth were decoronated and ground flat the occlusal surfaces. A 280 + 20 um thick layer of partially demineralized
dentine was created on the occlusal dentine surface by pH cycling. After that, the teeth distributed to two groups and
sectioned longitudinally. The first half caries was excavated and a thin layer of dentine was gently scraped off with surgical
scalpel blade and subjected to FTIR analysis which is considered as a remaining dentine without any CMCR agents. The
second halves were obtained after carious tissues removal with either ECMCRA or Carisolv® (MediTeam Dental. Sweden)
respectively according to the manufactures instructions and this is considered as a remaining dentine after caries removal
with either agents. The FTIR spectra of each sample was obtained by ALPHA FTIR spectrometers (Bruker, Germany) with
4.0 cm™ resolution, with the range of 500-4000 cm™. To evaluate the integrity of the collagen triple helix, peak absorbance
ratios of 1235 cm™'/1454 cm ™" were considered.

Results: No disappearance or shift of bands were evident with regard to the mineral and organic content of remaining
dentine. ECMCRA did not promote collagen denaturation.

Conclusions: The chemical analyses in the present study for the remaining dentine after caries removal with either
ECMCRA or Carisolv imply that remaining dentine after removal with either methods of CMCR are insignificant differ
from control dentine.
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INTRODUCTION

These days the prime objective in treating carious lesions is to remove the outer carious dentine, which is infected and non-
remineralizable, while leaving the inner carious dentine intact for remineralization 2.

In recent years, the concept of minimal invasive dentistry (MID) and Atrumatic Restorative Dentistry (ARD) has gained
popularity with the development of new dental restorative materials, a better understanding of the caries process and the
tooth’s potential for remineralization®™. The chemomechanical caries removal methods (CMCR) appeared as an
alternative, overcoming some of the inconvenient aspects of drilling, such as pain and discomfort, eliminating or

diminishing the need for local anaesthesia, and eliminating the noise during carious tissue removal %),

Recently, vibrational spectroscopy, both infrared (IR) and Raman, has been extensively used to study mineralized tissues.
These tissues may have formed of physiologic or pathologic processes and analyses of changes in mineral and matrix
(organic phase) in healthy and diseased tissue provide significant information to asses that tissue quality ©.
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The study of chemical changes produced in the collagen structure, the ATR-FTIR technique is highly indicated . The
infrared spectrum is characteristic of every molecule, and certain groups of atoms give rise to bands that occur close to one
and on the same frequency, irrespective of the structure of the molecule. It is precisely the presence of these characteristic
bands of groups that allow one to obtain useful structural information ©. The purpose of this study was to evaluate the
effects of newly prepared papain-based CMCR on human remaining dentine in terms of chemical structure by use of
noninvasive FTIR methods

MATERIALS AND METHODS

The newly prepared ECMCRA composed of papain enzyme as a main active ingredient, chloramine, potassium oxalate,
toluidine blue, sodium methyl paraben and sterile water. Twenty teeth extracted human third molars were embedded
individually in slow curing epoxy resin (Epofix resin kit, Struers. Denemark) with the aid of rubber mold, then the teeth
were decoronated 2-3mm below the cervical line by the minitom (Struers, Denemark). The occlusal surfaces were ground
flat using 180, 320 and 600grit silicon carbide paper under running water to remove the enamel and expose a flat dentine
surface. The enamel boundaries of occlusal surfaces together with the surrounding epoxy resin were covered with two coats
of nail varnish to avoid the penetration of the solutions’ molecules in any marginal gaps that could exist between the tooth
and the epoxy. A 280 + 20 um thick layer of partially demineralized dentine was created on the uncoated surface by pH
cycling as described in the previous earlier ©*%,

The teeth distributed in two groups (10 teeth per group). The teeth sectioning longitudinally by minitom. The first half after
artificial lesion creation, the caries was excavated with sharpe dental excavator and surgical scalpel blade. The remaining
dentine was confirmed with the use of a sharpe dental probe. After that a thin layer of dentine was gently scraped off with
new surgical scalpel blade and subjected to FTIR analysis and this is considered as a remaining dentine without any CMCR
agents. The second halves were obtained after carious tissues removal with either ECMCRA or Carisolv® (Medi Team
Dental. Sweden) respectively according to the manufactures instructions. The remaining dentine removed in the same
manner of mention earlier and this is considered as a remaining dentine after caries removal with either agents. The FTIR
spectra of each sample was obtained by ALPHA FTIR spectrometers (Bruker, Germany) with 4.0 cm™ resolution, with the
range of 500-4000 cm™.

To evaluate the integrity of the collagen triple helix, peak absorbance ratios of 1235 cm /1454 cm™' were considered™. A
ratio close to 0.5 denotes compromised integrity of the collagen triple helix, whereas a ratio closer to 1 denotes the
maintenance of the integrity of amide 111 and the C-H bond of the pyrrolidine ring of the type I collagen triple helix®>.The
compositional analysis of all samples was performed immediately after treatments using ATR-FTIR spectroscopy.

RESULTS

The main infrared spectra of bands for remaining dentine after carious dentine removal with ECMCRA or Carisolv were
shown in (Table.1).

Table (1): Summarized the typical IR spectrum of remaining dentine of teeth, relative band position, and after
application of ECMCRA or Carisolv.

Compounds Remaining After ECMCRA After Carisolv

dentine

Peak(cm™)
v, of B2-type Carbonate 871 872 872
v, of PO, 960 958 961
H PO,* 1002 1002 1001
HPO,* 1022 1022 1026
amide I11 1235 1236 1239
proline and hydroxyproline 1454 1456 1460
amide |1 1551 1557 1558
amide | 1635 1634 1636
Asymmetric  andsymmetric O-H 2500-3700
stretching
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The most intense bands, corresponding to the mineral phase {PO3?, CO5?} of carious dentine samples, were found at 1100-
900cm**?). Bands of the phosphate (PO,) incorporated within the hydroxyapatite crystals were observed near 960cm™, and
the v PO region which appears as a very strong broad asymmetric band at ~1022cm %) (Fig.1).
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Figure (1): Shows the 500-4000 cm region of the IR spectra of remaining dentine, and the relative band
assignments and position.

Strong peaks assigned to the B-type carbonate substitution (carbonate for phosphate ion) are observed at 872cm™ (v2 CO3

-2 -3 -
mode). The weak bands in the v, CO3 region are attributed to CO3 replacing PO4 ions without an adjacent OH ijon ™.

The amides bands have been observed in the IR spectra of tooth samples above 1500cm™ % The region of the IR active
bands associated with the dentine proteins, are represented by the spectra presented the three main bands of the collagen
fingerprint: amide 1 (1635 cm™) due to carbonyl stretching C-H, amide I (1551cm™) due to the vibrations in the plane of N-
H bond and C-N stretching and amide 111 (1235 cm™) due to C-N stretching and N-H deformation®.

Other bands corresponding to dentine proteins are the CH, bending vibrations at 1450cm™. The peaks identified in 1454cm™
'and in the region between 1417cm™and 1360cm™correspond to the stereochemistry of the pyrrolidine rings of proline and
hydroxyproline respectively ©.

A broad water band near 2500-3700cm * which corresponds to asymmetric and symmetric O-H stretching. The region
(2500-3800cm %) shows overlapping of water, organic material and OH bands. Some observed bands are not exactly
assigned otherwise, the amide A and amide B bonds show weak and broad bands near 3066 and 3318cm %, respectively ©.

Figure (2) displays the mean infrared spectrum of remaining dentine after removal of carious tissues with ECMCRA,
showing corresponding infrared bands of collagen, it was observed that there were no alterations in the bands relative to
amides I, 1l, and slight increase in amide Ill and It is clear to observe that the main absorption peaks of collagen were
preserved in all samples. Thus, the analysis of integrity of collagen triple helix showed that ECMCRA did not promote
collagen denaturation, because the means bands ratios in 1235cm™(amide 111) and 1450cm™(pyrrolidine ring) were 0.9 and
thus close to the one.

Also, no new bands, disappearance or shift of bands were evident with regard to the mineral content. However, there is an
increase in the band area at 1022cm* related to the HPO, .
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Displays the mean infrared spectrum of remaining dentine after removal of carious tissues with

ECMCRA.

Figure (3) displays the mean infrared spectrum of remaining dentine after removal of carious tissues with Carisolv, It can
be noted that the two samples present the bands in the same position, no new bands or the disappearance of bands were
evident. But, there is displacement of absorption bands about 2-4 degree and peaks reduction in amide I, Il and Il1. Also,
reduction and displacement in mineral peaks at 1026cm™ and 960 cm™. The analysis of the integrity of collagen triple helix

value is 0.7.
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Figure (3): Displays the mean infrared spectrum of remaining dentine after removal of carious tissues with Carisolv.

DISCUSSION

FTIR analysis is a powerful tool for dental researchers. It has been frequently used to observe chemical alterations after
different treatments, such as mechanical, chemomechanical and etching with or without further adhesives exposed to

dentine and carious tissue >,
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For different chemical groups, the wavelengths absorbed and the natural frequency of the vibrations are unique and depend
on the existent bond type (C=C, C-H, C=0, N-H, and O-H) ®®. This technique enables analysis of protein linkage to the
crystals without further purification. The method used in the present study by FTIR has been shown to be useful for the

analysis of chemical alterations in sound and carious dentine, without extensive sample preparation and protein purification
(16,20

Nine characteristic bands are termed amide A, B, and I-VII. Current understanding of IR spectra of proteins “. Amides |
and Il are the major bands in the protein IR spectrum. Amide | absorption originates from the C=0 stretching vibration
(70-85%) of the amide group, which gives rise to IR band(s) in the region between ~1600 and 1700 cm @2,

Amide Il comes from the N-H bending (40-60%) and C-N stretching vibrations (18-40%) and is conformationally
sensitive. Amides Il and IV are very complex bands resulting from mixtures of several coordinate displacements. Out-of-
plane motions are found in amides V, VI, and VII. Because of technical and theoretical limitations, only amide bands I-111
are used for investigating protein secondary structure ¢2%%),

According to above results, it was confirmed that the application of ECMCRA does not produce any chemical change in the
microstructure of collagen, nor does it interfere in its integrity. In addition, it was shown a slight increase on relative
intensity of some absorption bands of collagen after ECMCRA application, which suggests that this substance can interact
chemically with collagen. However, the increase on relative intensity of some peaks, including the phosphate ones,
indicates the interaction of this substance with collagen.

This interaction is owing to proline being an amino acid that has an atom of oxygen from the functional carboxylic group;
the proximity to an atom of nitrogen of the adjacent amino acid favours the hydrogen bridge bond type. Therefore, the
proline-rich proteins, such as type | collagen, form highly stable bonds ©*.

Evaluation of the integrity of the collagen triple helix was performed by analysis of the ratio of the absorbance of bands
1235cm™ (amide 111) and 1450cm™ (stereochemistry of the pyrrolidine rings). Although the first band is sensitive to the
presence of the secondary structure of collagen, the second is independent of the ordered structure of collagen “*. For type
| collagen fibers, the integrity of the secondary structure is demonstrated when the value of the 1235/1450cm " ratio is close
to 1. According to Sylvester et al. (1989), values close to 0.5 denote a change in the three-dimensional structure of the type
I collagen triple helix. Changes in this absorption ratio indicate significant structural alterations in the collagen triple helix.
In this study, the value found was approximately 0.9 after application of ECMCRA, significantly higher than that which
would be observed for denatured structures, whose value would be around 0.5 ™.

Fortunately, the presence of native inter- and intermolecular crosslinks of the triple helix of dentine collagen structure
provides the basis for the stability and strength of the collagen fibrils which is responsible for maintaining its mechanical
properties and intended a great influence on the success of the dental restorative procedure on demineralized dentin.

In FTIR analysis, the intensities of amides | and Il are related to the helical structure of collagen and the intensity of amide |
could be used for characterizing the secondary structure of proteins *®. Amides I and Il are the main infrared absorption
bands of the peptide group in collagen. Both bands absorb in different regions depending on whether or not they participate
in hydrogen bonding interactions. Hydrogen bonds affect the vibration frequencies of the participating atoms. The presence
of hydrogen bonds is an indication of polypeptide chains, assuming regular secondary structures. In fact, both amide I and
[ bands absorb in slightly different regions if they are in an A-like helix or in b-sheets ®. Thus, amide bands can be used
to probe the structure of collagen .

After the application of ECMCRA, an increase in adsorbed water was found, as evidenced by the increase at the 3300 cm ™'
peak ®®. This adsorbed water comes from the water that constitutes the gel of ECMCRA. However, a decrease on the
intensity of 1630 cm™ peak was also found, which indicates a slight proteolytic action of ECMCRA, reducing the content of
amide 1. In this case, the effect of absorbed water (which would increase the intensity of 1630cm™ peak) was not observed,
but rather the action of papain on the structure of collagen was evident by the amide | peak, prevailing in relation to the
water adsorption effect.

CONCLUSION
The results of our study showed no significant difference between both the groups in their organic or inorganic contents

after caries excavation, which is in agreement with the previous study by Arvidsson on chemical and topographical
analysis, which showed no major differences between cavities excavated with burs or Carisolv 42",
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