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ABSTRACT

Introduction

Peri-implantitis is precisely known to be a pathological disease involving dental implants that is
distinguished by increasing bone loss and inflammation of the peri-implant mucosa. peri-implant
mucositis, is characterized, however, by mucosal inflammation surrounding the implant without
accompanying bone loss. Peri-implantitis is estimated to occur in 10% at the time of implant
placement and 20% of patients after five to ten years of use.

Materials and methods

2D/3D structures were generated, and protein structures retrieved for docking using AutoDock
Vina. ADME and toxicity properties were evaluated using SwissADME and ADMET]ab.
SMILES were generated for screening, and toxicity parameters including hERG, hepatotoxicity,
AMES mutagenicity, and skin sensitization were predicted to assess pharmacokinetic and safety
profiles

Results

Docking (binding score —3.33) suggests sulfate inhibits protein 6JZK, disrupting biofilm-forming
Fimbriae-A in Streptococcus mutans. Sulfate and iron oxide, with oxidizing and Lewis acid
properties, may prevent biofilm formation on implants. Increasing iron oxide surfaces could
enhance inhibition, though further research is needed to address oxidation stability and corrosion
issues.

Conclusion

Iron oxide and sulfate exhibit inhibitory effects via oxidizing properties, reducing biofilm
formation. Thus, iron-based or stainless steel implants may serve as effective alternatives to
titanium implants
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INTRODUCTION
Over the past 30 years, implant dentistry has been successfully incorporated into contemporary

dentistry. According to estimates, 450,000 implants are put in place each year in the US to help
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patients with dental treatment. Complications are common, though. Dental professionals today
must deal with peri-implantitis, which can cause marginal bone loss (MBL) and ultimately
implant rejection.(1).Peri-implantitis is precisely known to be a pathological disease involving
dental implants that is distinguished by increasing bone loss and inflammation of the peri-implant
mucosa. peri-implant mucositis,is characterized, however, by mucosal inflammation surrounding
the implant without accompanying bone loss. Peri-implantitis is estimated to occur in 10% at the
time of implant placement and 20% of patients after five to ten years of use (2).The correct
diagnosis is necessary before peri-implant disease can be controlled. It is not usually considered
a pathological state when there is limited bone loss from the implant's first thread. A recent theory
defines peri-implant health as the lack of bone loss beyond the alterations in crestal bone level
caused by early bone remodeling.(3)

The main habitat of P. gingivalis is the subgingival sulcus of the human oral cavity. It can thrive
in deep periodontal pockets with limited sugar availability because of its ability to transform
amino acids into energy. The following resident of dental plaque is P. gingivalis, an obligatory
anaerobe.(4).One potential function of Lipopolysaccharide in P. gingivalis is the disruption of
innate host defense by interfering with leukocyte distribution close to bacterial growth. In
contrast to the Lipopolysaccharide of other Gram-negative organisms, the innate host defense
system does not effectively identify the Lipopolysaccharide of P. gingivalis. (5)

In current dentistry, the biological problems that might occur with osseointegrated implants are
becoming increasingly prevalent. These difficulties primarily refer to inflammatory issues
brought on by a bacterial problem. Peri-implant mucositis and peri-implantitis are two clinical
variations that can be differentiated. Both disorders share the presence of an inflammatory lesion,
however only the latter variety manifests with loss of supporting bone. Mucositis is expected to
occur before peri-implantitis.(6). Over the last decade, there has been evidence of a connection
between periodontitis and systemic issues such as obesity, rheumatoid arthritis, and
cardiovascular disorders. Periodontal infections, especially Porphyromonas gingivalis (P.
gingivalis), have been implicated with the onset or worsening of systemic diseases. P. gingivalis
expresses a variety of virulence factors that help the organism survive, spread, and sustain
systemic inflammation.(7)

The process of biofilm formation is intricate, dynamic, and multistage. Bacteria first cling to
biotic or abiotic surfaces by developing surface appendages (initial adhesion). The formation of
a three-dimensional structure with microcolonies where various species can interact with one
another is the next stage of biofilm maturation. Cells leave the biofilm at the final stage, which
permits the creation of new biofilms (biofilm dispersal). A comprehensive understanding of the
pathogenic mechanisms behind biofilm formation is beneficial for developing novel treatment
approaches for P. gingivalis infections.However, there is still much to learn about the molecular
mechanisms behind P. gingivalis biofilm formation. The complexity of biofilm production is
demonstrated by the differential expression of about 18% of the P. gingivalis genome when the
bacteria is cultured as a biofilm. (8)

Biofilm-mediated resistance has been associated with inadequate antimicrobial penetration into
the matrix, increased expression of drug-resistant genes, and decreased metabolic activity of cells
residing in the biofilm. Biofilms have been the focus of extensive investigation for many years
due to their role in more than 80% of all bacterial illnesses in humans. About 700 microbial
species find a home in the mouth cavity, where they build intricate and dynamic multispecies

biofilms known as "dental plaque." Periodontitis and peri-implantitis are two of the damaging
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periodontal illnesses that have been linked to the oral Gram-negative anaerobic bacterium P.
gingivalis, which usually colonizes subgingival biofilms late. The pathogenicity of P. gingivalis
is demonstrated by a variety of virulence factors that interact with the host defense system and
cause tissue colonization and destruction.(9)

MATERIALS AND METHODS:
2 dimensional and 3 dimensional structure of dental material was assumed.

l

Protein structure was retrieved from protein database

!

Molecular docking analysis was done by Autodoc vina software

In silico pharmacokinetic properties (ADME), toxicity profiles were examined using
SwissADME,vNN,ADMETIab web tools. The general steps taken during the ligand screening
process. The two-dimensional structures were transformed using the SwissADMEweb tool from
the Swiss Institute of Bioinformatics (SIB) into their streamlined molecular input line entry
system (SMILES).

Toxicity profiles—the hERG potassium channel inhibition (cardiotoxicity), H-HT (Human
Hepatotoxicity), AMES (Ames Mutagenicity) and SkinSen (Skin sensitization)—were predicted
using ADMETIab

Ligand preparation :

ChemDraw 16.0 was used to create and examine the 2D structures (.mol) of each chemical .
Chem3D 16.0 is used to transform each of the compounds (1-4) into a 3D structure (.pdb). For
energy minimization, Chem3D was loaded with the 3D coordinates (.pdb) of each molecule.
Preparation of Macromolecule

The protein target functions as a docking receptor and is obtained from the RCSB Protein Data
Bank (PDB codes 6F86 and 2UV0).15, 22 The receptor's active site was cleared of from bound
ligands and water molecules.

Molecular Docking:

AutoDockTools (ADT), a free graphic user interface (GUI) for the AutoDockVina tool, was used
for the molecular docking investigations.23 The compounds (1-4) were docked against the
protein's active site using AutoDockVina and standard methodology (PDB ID: 6F86 and
2UV0).15, 22, 23 With a grid point spacing of 0.375 A, the grid box was constructed with 58,
58, and 40 pointing in the X, y, and z directions, respectively. The dimensions of the center grid
box are 14.527 A, 56.689 A, and —5.122 A. For every ligand, nine distinct conformations were
generated, scored using AutoDockVina scoring functions (Supplementary materials), and
ordered based on their binding energies (Supplementary materials). The post-docking study was
conducted using PyMOL and AutoDock Tools. For PyMOL analysis of the interactions between
the target receptor and ligands, conformations with the most advantageous (lowest) free binding
energy were chosen.

Statistical Analysis:
The Microsoft Excel document was filled with the collected data. The Shapiro-Wilk test was
used to determine whether the data was normal.
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RESULTS:
Figure 1

Figurel shows Protein 6JZK with Iron oxide

Figure 2

Figure 2 shows Hydrogen bonding between Iron oxide and Lysine and Asparagine

Figure 3

Open Access
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Figure 3 shows Structure of protein 6JZK

Figure 4

Figure 4 shows Structure of prepared protein 6JZK

Figure 5
Fe Fe
/ N / NN
o” o o

Figure 5 shows structure of Iron oxide

Table :1
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Ligands Affinity H-bond | Residual interactions
(kcal/mol) Hydrophobic/Pi- | Van dar
Cation Waals
. Ala-291,
Iron Oxide -3.3 ASn-286 Lys-285

Table 1 shows affinity of Iron oxide

By the results we observed that,Binding score - 3.33 shows that it has inhibitory action. Co-
crystallization ligand is sulfate .Sulphate interferes in inhibiting the protein 6JZK.  Fimbriae -
A protein aids in colonization and biofilm formation.While inhibiting the protein biofilm
formation does not happen. Sulfate ion also inhibits biofilm formation along with iron
oxide.When one protein is getting crystallized means the protein is attaining free energy
minimization .While the activity of the protein is getting stopped then only it is getting
crystallized. That crystallizing ligand is called co - crystallizing ligand(i.e.., sulfate).Sulfate ion
helps in crystallization which means it is a inhibiting agent.So iron oxide( Fe203) and Sulfate(
SO4) oxygen groups and oxygen state plays a major role in inhibitory effect.Sulfate ion and iron
oxide both has oxidizing state .Both are Lewis acid group ( electron donating group).So while
using iron oxide implant ion based surfaces are more and based upon in silico analysis it is
recommended that iron oxide also follows sulfate based inhibiting mechanism . Therefore
increasing the concentration of iron oxide and surface of any implant will prevent biofilm
formation.Further research are validated in need to prevent surface oxidation property of iron
oxide and also further research has to be concluded to stop corrosion behavior of Iron.

DISCUSSION:

The active group had a greater relative frequency of periodontal disease-causing bacteria, such
as P. gingivalis, on the taxonomic bar plot, but a lower relative frequency of lactic acid bacteria
on the taxa heat map. According to the "keystone pathogen" and "microbial shift" ideas, an
increase in the number of cancer-causing bacteria can result from the biofilm's nutrition source,
making it more pathogenic. A prior study by Hashimoto et al. that showed a higher relative
proportion of P. gingivalis in the active group adds weight to these hypotheses.(10).According to
Cortelli et al.'s study, bacterial frequency increased from peri-implant/periodontal health to peri-
implantitis/periodontitis but not from mucositis/gingivitis. Compared to implants, teeth had a
tendency to have more germs.(11)In this review conducted by Erica et al.,we discussed a variety
of peri-implantitis therapy options based on biomaterials. Dental implants can be physically and
chemically modified to lessen microbial adherence, however this does not prevent peri-
implantitis. Additionally, antimicrobial compounds can be carried by biomaterials as carrier
coatings to help the prevention and/or treatment of peri-implant mucositis and peri-
implantitis.(12).According to this review by Alves et al., the oral microbiome dysbiosis may be
the source of an unequal concentration of different bacterial species, which, due to its bacterial
variety, helps to a persistent biofilm formation.(13).It is crucial to emphasize that the course of
an implant is not always determined by corrosion's effects. Because biological reactions vary
from one person to another, the potential biological consequences may not be experienced by all
implant-wearing patients.(14).Many factors, including the presence of excess cement after
prosthetic installation, the microbial factor, each person's genetic susceptibility to peri-implant
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disease, the significance of traumatic occlusal forces, the significance of titanium particles
diffused in the surrounding tissues, and the biological reaction they may initiate, are the focus of
current theories on the pathogenesis of peri-implantitis.(1).Interactions between the host and
microbiome may aid in the development of periimplantitis. According to this review by Alves et
al., the oral microbiome dysbiosis may be the source of an unequal concentration of different
bacterial species, which leads to a robust biofilm production due to its bacterial variety.(13).The
main reasons for peri-implantitis are bacterial adhesion and biofilm development. The adhesion
is a very complex process that can be impacted by a variety of risk factors, including systemic
oral environmental variables and local factors affecting the interaction of bacteria with the
implant. Numerous studies have given us cutting-edge materials and techniques to stop bacteria
from adhering to dental implants. A multidisciplinary approach is required to address the issue
of bacterial adherence, particularly on dental implants.(15)

CONCLUSION:

Iron oxide( Fe203) and Sulfate( SO4) oxygen groups and oxygen state plays a major role in
inhibitory effect.Sulfate ion and iron oxide both has oxidizing state .Both are Lewis acid group (
electron donating group).So while using iron oxide implant ion based surfaces are more and
based upon in silico analysis it is recommended that iron oxide also follows sulfate based
inhibiting mechanism . Therefore increasing the concentration of iron oxide and surface of any
implant will prevent biofilm formation.Iron based and Stainless steel implant can be potential
alternative to Titanium implants
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