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Abstract: Nanoparticles have been used in numerous fields, various branches of science and
engineering. These were used as a modification and to enhance the activity such as dentistry and oral
investigation. The current survey uncovers that graphene oxide has been used to set up a variety of
functionalized nanoparticles and progressed nanocomposites carriers. Graphene oxide shows potential
in a variety of research examinations, for instance, tooth bleaching, antimicrobial activity, tooth erosion,
teeth implants, toothaches, drug delivery at a specific site. All these usages of graphene oxide to
biomedicine are excellent, and consoling Graphene oxide use in dental science has given amazing
outcomes in antimicrobial activity, bone tissue building, regenerative dental, advancing dentistry
biological materials, and in the treatment of oral cancer. The biocompatibilities of graphene oxide and
its nanomaterial make them approaching units in bone regeneration, osseointegration, and cell
multiplication. Furthermore, its antibiofilm and antiadhesion action encouraged researchers to
formulate graphene oxide for biofilm. Nanostructures are utilized advancements or exploration of
dentistry, and nanocomposite is employed for oral ailment preventive drugs, prostheses, and teeth
implantation. Nanomaterials are further utilized as an oral liquid, mouth wash, or medication,
forestalling and facilitating some oral malady and keep up oral wellbeing.

Keywords: graphene oxide; graphene oxide-silver-titanium nanoparticle; dentistry; nanocomposite
film; nanotube; oral and dental infections.
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1. Introduction

Microorganisms are generally identified and found in periodontal contaminations and
oral maladies. Colonies of oral microorganism are basically observed in the oral with a balance
in a suitable microenvironment [1]. Unwanted reactions take place with respect to the change
in equilibrium [2]. Huge quantities of microorganisms or contaminants are present inside the
mouth cavity of an individual, in accordance with microorganisms as well as parasites,
contaminants, and protozoa structure a bit of a normal microbiota [3]. Late information on a
conventional oral microbiota, at any rate, has been limited to the bacteriome (in this way
suggested as the microbiota) and very compelled to write about the mycobiota [4-6]. A late
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investigation explained the ongoing data on the preface of mold, which is a significant part of
a solid and recipient mouth (oral) microbiota and hence not predecessor conditions analyzed
here [7]. The microbiota has been gathered in exceptional detail, and phylogenesis information
of microorganisms present in oral is amassed in databases focused on the hole of the oral [8].
A task assessment carried out by Human Microbiome assessed that microbiota piece of nine
inside the mouth including the hard feeling of taste, keratinized gingiva, buccal mucosa, tonsils,
subgingival plaque/supragingival plaque, spit, throat, and dorsum (i.e., an upper surface of the
tongue) from around subjects 200 and has been detected family around 185-355, having an
area with bacterial phylum 13-19 [9]. An evaluated sequence of 20-50 varieties and in 6 to 9
phylum was obtained from an individual who volunteers to give samples [10].
Notwithstanding, on the host some positive effect by a couple of infinitesimal life forms, there
are minuscule living beings that sabotage therapeutic administrations, for instance, caries, gum
malady (for example, Periodontitis and Gum disease) [11]. In the tooth connected with the
significant negative impact is brought about by certain microscopic organisms are known for
the significant reason for the negative effects that were connected with a tooth. Tooth pits on
the outside of the teeth and some more are additionally caused by few microscopic organisms.
The microscopic organisms, for example, have a place with Streptococcus genera and the
species nonmutans streptococci, and S. sanguinis (intercourse the mouth and oral
contaminations and sicknesses), Actinomyces as seen in dental plaque on the sound surface and
the S. mutans began to develop on the tooth plaque [12]. As noticed outside of the teeth,S.
mutans are more often than not distinguished microorganisms and huge etiological
administrator of dentistry rot [13]. A causative administrator of contamination of the
endocardium is these types of bacteria, as seen in many cases [14]. S. mutans create in the hole
in the oral which implies a couple of exceptional mechanisms which include (acidogenicity)
times period for induction of corrosion or resistance (acidurance) have a noteworthy role in the
expansion in the basic contaminations alongside the capacity to convey extracellular sugar for
example polysaccharides [ 15-17]. An ATP is produced by Gram-positive S. mutans with
respect to anaerobic breath, and a noteworthy is a cariogenic infinitesimal life form [18]. A
gigantic measure of natural acids delivered by S. mutans, and it elevates to decay the pH scope
of the microenvironment of the hole of oral. Gram-negative anaerobic microorganisms
Porphyromonas gingivalis and Fusobacteriumnucleatum, which are identified with genuine
contamination of the gums, for example, periodontitis and disease in root trench [19-21].

2. Carbon Nanotubes

The carbon nanotubes (CNTSs) have a unique mechanical and electrical characteristic.
The carbon nanotubes strengthen the flexibility due to the covalent bond and the hexagonal
orientation of the C22C. It has good thermal as well as good electrical semi-conductivity [22].
It has the best electrical as well as a mechanical characteristic like the efficiency of heat
transmission, the stability of heat and density is lower, but the strength is higher so it can be
used in the application of dental restoration and other types of applications. Needles of carbon
nanotube are utilizing to bring agents (active) by Kanzius RF therapy, into cells (living) [23].
Geim and Novoselov in 2004, was first successfully made graphene [24]. A carbon allotrope
consists of Sp2 hybridized carbon atoms, a densely folded sheet structure systematizes in a
honeycomb crystalline forged [25]. It forms graphene, the thinnest material, without any spaces
or structures dislocation, forming a uniform crystalline forged. This character yields the new
physical characteristics of graphene [23]. Graphene increases the speed of light by acting
https://biointerfaceresearch.com/ 9681



https://doi.org/10.33263/BRIAC112.96809703
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC112.96809703

electrons, mostly acting like electrons or neutrons [26]. Graphene is thus used in the converting
of electricity from light using semiconducting materials, i.e., photovoltaics, biological devices,
electrochemical capacitor, for disease diagnosis and its detection, and the construction of
antimicrobial (bacterial) surfaces [27-30]. Graphene is thus used to treatment of types of
biofilms bacteria [31]. For tooth decay by S. mutans and many serious infections of the gums,
i.e., periodontitis, biofilm is most important for oral. Implants are capable of replacing missing
teeth [32]. The biofilms are the most important thing because of their implant failures, and the
biofilms potential caused by S. mutans is a nanocomposite of Graphene/zinc oxide [33]. The
graphene-coated acrylic tooth is used for implantation due to its low cost, rupture strength, and
lower-densities characteristics [33]. In the presence of nanocomposite of graphene/zinc oxide,
anti-biofilm assays show biofilm deficiency [33]. In the making of porous scaffolds, it can
utilize polycaprolactone/graphene [34]. Graphene oxide (GO) is a special characteristic
physical as well as a chemical [35]. Graphene oxide comprises a monolayer of carbon sp2
atoms amid functional hydroxyl as well as epoxy groups on the top and in the perimeter
carboxyl groups [36]. Such functional groups give active sites for metal and metals oxide
hybridization and thus serve as a supporting surface for the growth of nanomaterials from metal
and metal oxide [37]. Graphene’s and its composites have been used for teeth implants, oral
cancer treatment, good antimicrobial components, and imaging [38]. The use of graphene’s
and its nanomaterials as potential antimicrobial components has recently gained considerable
interest in the area of Nano-medicine [39-42]. GO has also been investigated to demonstrate
strong biocompatibility in comparison with other nanocomposites [43]. No research has yet
investigated the anti-biofilm activity of nanocomposites of graphene/zinc oxide and
nanocomposites of graphene/zinc oxide-coated dental surfaces on Streptococcus Mutans to the
best of the authors knowledge [44]. This recent investigation aimed to test nanocomposites of
graphene/zinc oxide’s anti-biofilm as well as antimicrobial activity against S. mutans and the
most important cause of decay infection and access to the coating of nanocomposites of
graphene/zinc oxide in dentistry implant [44]. Graphene and GO are seen as promising
nanocomposites to be applied in biological, clinical, and medical sciences. Up until this point,
considering a couple of reports, it is noticed that graphene, GO, and diminished GO
suspensions can control the development of Escherichiacoli, Streptococcusaureus, and
Bacillus subtilis be that as it may, with insignificant cytotoxicity [45-49]. The impacts of GO
on increasingly dentistry pathogens should be investigated. Due to its creative highlights,
including antibacterial characteristics, realistic nanocomposites, including CNTSs, fullerenes,
and graphene, are viewed as novel and promising agents [50-52]. Graphene oxide nanosheets
have better compound dependability and water solubility [53]. It’s interesting and remarkable
electrical conductivities, mechanical characteristics, enormous surface region, low, warm
extension coefficient, and exceptionally high perspective proportion make it appealing for
various potential applications in a wide range of areas [54-58]. Besides, graphene is a suitable
substrate for biological/chemical reactions and is a biocompatible [59-60]. Like carbon
nanotubes, graphene-based composites have gotten considerable attention for their potential in
medical applications, including bacterial restraint, medicine transfer, and cancer therapy
(photothermal) [61-63]. In this unique situation, graphene-related structures, for example,
graphene nanoparticles, might be an important instrument in the clinical field, additionally
because of their simple, economical, and adaptable creation process [56]. In past examinations,
the antimicrobial action of graphene nanoparticles in opposition to both gram-negative
Pseudomonas aeruginosa and gram-positive S. mutans microscopic organisms were explored,
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and their extremely low cytotoxicity was likewise shown through the in vivo strategy, i.e.,
Caenorhabditis elegans [64-65]. One of the key drawbacks of the wide utilization of graphene
nanoparticles as an antimicrobial operator in dentistry applications, however, is the gray color
and aggregation aptitude when spread in a colloidal suspension [66]. For this analysis, we used
mainly traditional tooth decay bacteria, S. aureus, P. aeruginosa, and E. coli, for assessing the
antibacterial activity of graphene oxide nanosheets in different concentrations [67-72]. The
multifacial purpose, applications, and advantages of the graphene are depicted in Fig. 1.
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Figure 1. Applications (a) and advantages (b) of grapheme in biomedical sciences.

3. Graphene Oxide and its Nanocomposites

Bone morphogenetic proteins (BMPs) are the development elements, and it has multi-
useful that exist to the group of development factor, for example, changing development factor
B (TGF-B). Bone morphogenetic proteins-2 (BMPs-2) has been initiated to assume an
imperative job in the administration of odontoblasts separation, [94] with accepted BMPs
flagging embroiling Smad1/5 [95] or Smad4 [96] as involving the c-Jun N-terminal kinase
pathway [97]. The BMPs-2 can be utilized in enhanced medicinal remedial intervention and all
the instances of abandoned bone, non-combination of bone with the break, expanding porosity
in the bone, for example, osteoporosis and root trench abscission are appeared in Preclinical
and clinical examination [98-101]. When graphene oxide is utilized as a carrier for remedial
protein transmission, then graphene oxide goes about as a sufficient carrier for the controlled
transmission of helpful proteins, similar to BMPs-2 [102]. Graphene oxide, while goes for the
conveyance of bone morphogenetic protein-2 and substance P, the double conveyance of
BMPs-2 and substance P utilizing graphene oxide-Titanium produced new bone union on a
Titanium-embedded site [103]. Kim et al. utilized a graphene-covered Titanium substrate as a
hotspot for the conveyance of BMPs-2, osteogenesis is incited, and substance P, an immature
microorganism enlistment administrator for in situ bone transformation. Graphene oxide was
proficient at releasing bone morphogenetic proteins-2 out of a persistent and steady way. The
transfer of bone morphogenetic proteins-2 and substance P utilizing graphene oxide helps the
bone advancement on titanium embedded in the mouse skull (calvaria). The bone
morphogenetic protein-2 and substance P double conveyance could be utilized to redesign the
osteointegration of dentistry or bone inserts [104].

4. Antimicrobial and Cytotoxicity of Graphene Oxide and its Composites

The meager graphene oxide film with silver (Ag) nanocomposites is stacked onto
titanium (Ti) metallic surface by dint of lessening the metallic sheaths in the electric flow, so
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they structure flimsy cognizant metals covered on a cathode, for example, electroplating and
bright decrease process. The amount of slender graphene oxide film and silver nanocomposites
are controlled by explicit research facility apparatuses. The microbial counter rate and relative
adherence movement of graphene oxide-silver-titanium are exceptionally unrestrained rather
than strains of S. mutans and P. gingivalis. The substance that eliminates microorganisms by
disinfectants, cleaning agents, or an anti-toxin, for example, bactericides component of GO-
Ag-Ti is perceived by the microstructures, amount, position of the total layer in the right
position and apoptosis (counting cell injury, maturing, and demise) and generally connected
quality articulation of S. mutans and P. gingivalis. Henceforth, graphene oxide-silver-titanium
(GO-Ag-Ti) nanocomposite is multiphase, could be viewed as a hint of something better over
the horizon, demonstrating effective organic clinical items to hinder embed related diseases
[105]. Minocycline hydrochloride (Mh), when usefully stacked in a hurry, altered the titanium
surface. The Mh on graphene oxide-adjusted titanium delivered a moderate delivery and
showed excellent enemy of bacterial rate opposite vigorous or facultative S. aureus (anaerobic
microscopic organisms), E. coli (anaerobic microbes), and S. mutans (anaerobic
microorganisms) alongside the agreeing synergistic impact of contact-slaughtering and
discharge executing by graphene oxide just as Mh. At the same time, Minocycline
hydrochloride-graphene oxide-titanium (Mh-GO-Ti) demonstrated brilliant cytological
similarity, which could animate the Human gingival fibroblast cells expansion in vitro (In a
test tube). On the other hand, the results of co-culture suggest that Human gingival fibroblast
cells on Mh-GO-Ti demonstrated magnificent cell bond and maximal cell surface inclusion,
which are vital for embed in clinical application rebuilding because of the essence of S. aureus
[106]. As graphene oxide is advanced from graphene, it presents a few oxygen animal groups
which permit functionalization and combination with the biomaterials that can be accomplished
through compound peeling from graphite. The graphene oxide-based substrate demonstrated
Dental mash immature microorganism (DPSC) linkage, enlargement, and multiplication
expanded numerous article qualities that are upregulated in mineral-creating cells. These
examinations bring new conditions for the utilization of graphene oxide alone or in relationship
to improve the organic movement of dentistry items and ayont this [107]. The examination
acknowledges critical data about the correspondence of human dental follicle cells (hDFCs)
undifferentiated living beings with graphene-based nanoparticles. N-doped graphene reduces
the achievability of the cell at 40 g/ml and changes the mitochondria film potential and
cytoskeleton (is comprised of microtubules, actin fibers) by mechanical effects. It shows a
better than average prosperity profile at 4 g/ml, nearby high cell hostile to oxidant security. GO
shows extraordinary results similar to low degrees of cytological harmfulness and mitochondria
incited hurt, in human dental follicle cells (stem cell). Strangely with these two items, the warm
lessened GO shows extended cytological harmfulness. Considering our examination opens the
opportunity of future use of GO and nitrogen-doped graphene as fillers in various dentistry
nanoparticles items [108]. Silver nanoparticles were reliably kept on the surfaces of diminished
graphene sheets by a clear anyway, especially effective technique. Silver nanoparticles
supported on graphene were viewed as especially dissipated with little gathering. Diminished
graphene-silver nanoparticle (R-GNs/Ag) composites indicated updated antimicrobial
activities toward oral microorganisms differentiated, and unadulterated silver nanoparticles and
one of a kind reduced graphene nanoparticle, which may be credited to the better dispersibility
of silver nanoparticles on graphene surfaces. Regardless, the counter microbial activity of a
decreased graphene-silver nanoparticle can be affected by various components. As needs are,

https://biointerfaceresearch.com/ 0684


https://doi.org/10.33263/BRIAC112.96809703
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC112.96809703

further work on the particular antibacterial segment of reduced graphene-silver is required,
which may help us with improving the antibacterial effects of decreased graphene-silver
against oral microorganisms [109]. Hydroxyapatite/graphene oxide nanocomposites are used
for orthopedic, medication move, and dental explores and treatment. Hydroxyapatite/graphene
oxide shows a fabulous natural similarity [110].
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Figure 2. The growth curve of bacteria (S. aureus, P. aeruginosa, and E. coli) at different concentrations
graphene family for maximum growth inhibition.
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Figure 3. The growth curve in bacteria (S. aureus, and E. coli) for functionalized silver NPs at different
concentrations for maximum growth inhibition.

Figure 4. The growth curve in bacteria (G-AgNPs/PEI and rGO-Ag-CoFe205 are treated in S. aureus, and E.
coli) for multicomponent composite functionalization at the different concentration for maximum growth
inhibition.

Reports of the bacteria’s, i.e., Gram-positive S. aureus, Gram-Negative P. aeruginosa,
and Gram-negative E. coli; growth curve for the families of graphene [73-76], the
functionalized Ag nanoparticles [77-79], photocatalytic functionalized [81-83], functionalized
metals oxides [84-87] and multicomponent reactions-based modified [73, 88-91] at a different
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type of concentration and also the maximum growth inhibition has been measured for all these
three bacteria (Figs. 2-6). The growth curve investigates of E. coli and S. aureus for
multicomponent composite functionalization GO-Ag NPS-PAA at concentrations 24 and N/A
and the study of E. coli for GO-Ag NPs-PDA at concentration 25ug/ml [92-93]. For GO-Ag
NPS-PAA, the maximum growth inhibition of 9.9/11.4mm and for GO-Ag NPs-PDA and the
maximum growth inhibition of 23.7mm [73, 93] was recorded.
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Figure 5. The growth curve in bacteria (E. coli) for photocatalytic functionalization at different concentrations

and maximum growth inhibition.
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Figure 6. The growth curve in bacteria (S. aureus, E. coli, and mixed culture) for functionalization with other
metal ions/oxides at different concentrations and maximum growth inhibition.

5. Oral Cancer

Using the electrochemical procedure, we can recognize the biomarker for oral cancer.
The serum level of cytokeratin fragment-21-1 (Cyfra-21-1) was measured to determine the
cells whether they are associated with epithelial cell cancers or not. Nanoparticles that contain
cerium oxide nanotubes along with GO (ncCeO2-RGO) are used in this field. In situ reduction
of GO is done to get the nanoparticles of cerium oxide and reduced GO. The reaction is carried
out in the presence of hydrazine hydrate. Reduced GO is highly conductive, and this property
helps to make it a perfect material to form nanoparticles and hence can be used
electrochemically along with cerium oxide for the detection of cancers. The cerium oxide
nanotubes provide a large surface area to volume ratio for additional surface adjustment by
anti-Cyfra-21-1, which results in the synergistic property of the nanoparticles. This immune
sensor shows the particular disclosure of cytokeratin piece 21-1 from 0.625pg ml to 15ng ml-
! most decreased affirmation limit 0.625pg ml* with all-inclusive affectability 14.54pA ng*
ml cm™2. Moreover, this immune sensor can check the cytokeratin section 21-1 in saliva tests
as recorded by the unprecedented reaction with the spiked models [111].
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This is basic criteria for the use of graphene oxide in the treatment of oral malignancy
as it was declared that the treatment of graphene oxide limited Wnt signaling and Notch-driven
signaling, and furthermore, signal transducer and activator of transcription proteins 1/3
(STATS) signaling and the atomic factor erythroid 2—related factor 2 (NRF2)- subordinate cell
reinforcement reaction, while the little effect was seen on changing development factor-
B/SMAD-signaling [112]. Regardless, several investigations in this field have been
represented. Usage of graphene oxide in the treatment oral malignant growth has been
represented by Kumar et al. [113], who explored the production of a non-obtrusive, without a
mark, and capable biosensing stage for the disclosure of the biomarker CYFRA-21-1 in oral
malignant growth. They proposed using a zirconium oxides-decrease graphene oxide
nanomaterial for looking at the effect of zirconium oxides nanoparticles; additionally, the
movement of neutralizer antigen acting master trades in the presentation of this immunosensor.
Thusly, more spotlight on such uses could give positive results in the treatment of oral threat
and malignancy [113].

We can apply nitrogen-doped graphene oxide in anticancer prescription transport and
performed both in vivo and in vitro endeavors. In their appraisal, the impacts of ligand thickness
on amazing tumors focusing on the limit of nitrogen-doped graphene oxide were assessed
utilizing folate as a model ligand. KB cells demonstrated that developing ligand thickness
broadened the cell take-up of nitrogen-doped graphene oxide genuinely, yet in vivo data of
tumor assortment of nitrogen-doped graphene oxide exhibited a low fundamental ligand
thickness. The higher tumor assortment of nitrogen-doped graphene oxide by ligand
conjugation over the essential concentrate also realizes better photothermal tumor evacuation
in vivo. Notwithstanding in vitro results, they ensure the powerful usage of nitrogen-doped
graphene oxide as a drug transport device for disease treatment [114].

Platinum (Pt) stacked graphene quantum speck composite (GPt), changed through
polyethylene glycol (PEG), can upgrade the oral threat (oral squamous cell carcinoma)
chemotherapeutic effectuality. Platinum stacked graphene quantum dab composite could
upgrade the repression in the Synthesis period of the cell cycle and lead to cell apoptosis. It
possibly brings the platinum swelling up in both normoxia and hypoxia (province of oxygen
commonality) conditions inside cells. The in vivo yield offered by Platinum stacked graphene
quantum speck composite uncovered that platinum stacked graphene quantum dab composite
could be a model for original composite for malignancy healing treatment by coordinating the
pharmacopeia of the medication for higher tumefaction accumulation and marginally limiting
fundamental poisonousness. Subsequently, the consolidated nanoparticle conveyance is relied
upon to have expanded clinical use in the blink of an eye treatment of malignant growth. [115].
Further, the use of biocompatible Graphene oxide alongside azo-sweet-smelling compound and
strong Polyvinyl liquor (PVA) hydrogels encompassed by curcumin GO-N=N-GO/PVA were
seen as sheltered in the stomach and hence expanding the colon-focusing on ability and abiding
time inside the colon. Accordingly, these hydrogels composites are relied upon to treat
colorectal disease with high profitability and lower harmfulness [116].

6. Tooth Erosion

So, multi-walled carbon nanotube with graphene oxide ties with nano-hydroxyapatite
seemed to outline a cautious layer for dentistry against erosive methodology. Dentistry
treatment with nano-hydroxyapatite achieved extended part carbonate in light of a possible
relationship with counterfeit salivation. Acidulated phosphate fluoride gel treatment identified
https://biointerfaceresearch.com/ 9687
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with multi-walled carbon nanotube with graphene oxides or nano-hydroxyapatite/multi-walled
carbon nanotube with graphene oxides covering reduced the band region identified with the
normal material. This could have happened by surrounding an additional limit, which lessened
the regular framework introduction. SEM micrographs showed that after erosive cycling, the
dentin compensated with acidulated phosphate fluoride and secured with hydroxyapatite/multi-
walled carbon nanotube with graphene oxides held some degree of spread. This suggests by
talking with the dentin, the covering falsely connections to dentin, subsequently making sure
about it during deterioration cycles. Nano-hydroxyapatite, multi-walled carbon nanotube with
graphene oxides and nano-hydroxyapatite/multi-walled carbon nanotube with graphene
oxides-secured acidulated phosphate fluoride dentin extended the carbonate/phosphate extent
and ensured about the dentistry against erosive masters (electrochemical impedance
spectroscopy assessment). These revelations showed that the unfaltering quality of nano-
hydroxyapatite and multi-walled carbon nanotube with graphene oxides following erosive
cycling was likely associated with the headway of a destructive safe surface film, and the
previous utilization of fluoride invigorated this correspondence (explored by electrochemical
impedance spectroscopy). We recognize somewhat the invalid theory attempted here that the
biggest differences were in normal substance and morphology of dentistry for each inspected
item [117].

7. Tooth Aches

In the diagram, the amalgamation of the outstandingly specific and delicate
electrochemical recognizing of paracetamol using nanosized cerium oxide nanoparticles is
adorned with diminished graphene nanocomposite modified anode was represented. The PM
sensor shows a wide straight extent of 0.05-0.600uM with identification just as affectability
limit (S/N = 3) 0.0092uM and 276pA uMicm2, independently. The nanosized cerium oxide
with diminished graphene oxide nanocomposite is found to have incredible selectivity,
affectability, quality, and reusability with the high electrocatalytic development toward
paracetamol. The proposed methodology for explicit acknowledgment of paracetamol in
different examples tests with incredible recoveries can be adequately applied here. Such an
investigation will point of fact, prepare for the disclosure of bleeding-edge paracetamol sensors
that could be inserted for industrious seeing of paracetamol run through different body-liquids
[118].

8. Tooth Bleaching

We picked four sorts of recoloring (D&C Red No.17, D&C Red No0.34, D&C Red
No.36, and D&C Orange No. 4), 3 sorts of lighting up (hydrogen peroxide alone, hydrogen
peroxide cobalt-tetra phenyl porphyrin, and hydrogen peroxide cobalt-tetraphenyl
porphyrin/decreased graphene oxide) and 3 separate light sources (not photo lit up, photo lit
with 245nm, and photo lit with 310nm), on account of the disclosures of this investigation,
cobalt-tetra  phenyl  porphyrin, and Hydrogen peroxide cobalt- tetraphenyl
porphyrin/diminished graphene oxide nanocomposite was used as a gadget for dental
whitening, and it basically extended the blurring viability of hydrogen peroxide [119].
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9. Membranes in Dental

To improve the general capacity of guided bone regeneration (GBR) layers in an oral
medical procedure (surgery), the expansion of graphene must improve the capacity of the film
to keep delicate tissue cells from penetrating the developing bone [120]. The expansion of
graphene must do this while additionally holding fast to the five standards underlines by
Scantlebury: biocompatibility, space-production, tissue joining, and clinical sensibility [121].
While advancing collagen films with graphene oxide and testing its impact on human gingival
fibroblasts, the nearness of graphene oxide on collagen layers brought about lower
deformability, decreased hydration, higher firmness, and expanded unpleasantness in contrast
with non-covered layers. Following three days of culture and the encouraged attachment of
proteins to the film, it was found that these progressions made by the graphene oxide on
collagen evaded any sort of provocative reaction and generally preferred the multiplication of
human gingival fibroblasts. The investigations performed with graphene oxide on collagen
films were finished utilizing two distinct measures of graphene oxide: one at 2ugml™ and one
at 10pgml™, both making the equivalent previously mentioned valuable outcomes to human
gingival fibroblasts [122]. At the point when applied to human dental pulp stem cells, graphene
oxide -covering on collagen films is found to render cells incapable of entering into the layer,
while the more focused graphene oxide covering brings about the development of a thicker cell
layer. These disclosures are made through hematoxylin-eosin recoloring. Graphene oxide
covering of collagen layers is likewise resolved to advance the procedure of osteoblastic
separation, to be perfect with cell suitability in a portion subordinate way, and to diminish
irritation [122,123]. Once more, even though it appears to be truly conceivable that these
graphene oxides covered films can be utilized to improve or supplant the current guided bone
regeneration layers utilized in dental, various conditions, have and ecological variables ought
to be considered before arriving at an authoritative resolution on the use of graphene in layers.

10. Inhibition of Bacteria Biofilms

Microscopic organisms’ biofilms accept imperative employment in dentistry
pathogenic frameworks because of their capacity to endure through different standard
antibacterial administrators. Thusly, it is pivotal to find productive techniques to quell the
creation of biofilms. Starting late, Zisheng Tan and his partners confirmed that graphene oxide
nanosheets could productively subdue S. mutans biofilm game plan over a wide extent of
obsessions during the beginning events of the bacterial biofilm advancement (0-4h).
Peculiarly, because of creating biofilms (six hours), graphene oxide had only an irrelevant
impact [124]. They found that intertwining graphene oxide to a making film could limit the
connection and activity of bacterial cells during the starting season of the biofilm course of
action, and graphene oxide was stunning in slaughtering the S. mutans organisms. Additionally,
the sheet-like structure of graphene oxide could conjugate with cells to shape a representing
inorganic utilitarian layer, which influenced the capacity of the minute living beings to transmit
extracellular polymeric substance. This is basic as extracellular polymeric substance accepts a
basic protective activity in the association approach and restriction against antimicrobial
experts. The low extracellular polymeric substance will instigate less troublesome destruction
of the encircling movies. Wretchedly, inferable from the bountiful extracellular polymeric
substance released, organisms in create biofilms are less tricky to the proximity of graphene
oxide. Finally, the obtained delayed consequences of their work showed that graphene oxide
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nanosheets are astounding in hindering and compensating oral contaminations by encroaching
with the game plan of bacterial biofilms [124].

11. Implants

Ti embeds are starting at now saw as the best exchange for the regular tooth in light of
the fact that how they have positive biocompatibility, are strong and obvious. Nevertheless,
titanium’s naturally dormant quality leaves it feeble to impelling the improvement of strong
tissue. This can make the insert miss the marks making titanium implants the best other option,
yet open to advance [125,126]. The structure of an endosseous implant is made out of a device
that is put on the bone, close by a projection screwed to the most noteworthy purpose of the
establishment and the upper prosthesis, as ousted. Considering the recently referenced
preferred position of graphene oxide - covering concerning human dental mash immature
microorganisms, graphene oxide-Titanium embeds were made. Each way that the additions
were made, they demonstrated that graphene oxide-covering of Titanium embeds makes, for
the most part, improved favorable position over titanium inserts alone. These improvements
are generally concerning cell osteogenic division, yet furthermore with the biocompatibility
and cell development of the supplements too [127-129]. Graphene oxide-covering of titanium
embeds has also been exhibited to make antibacterial properties on these supplements, most
sufficiently when the graphene oxide covering is functionalized with antibacterial substances,
for instance, silver nanoparticles and against contamination operators. Exactly when gotten
together with the serum poison minocycline hydrochloride, the graphene oxide-covering
improves the antibacterial activity against facultative anaerobic or overwhelming infinitesimal
living beings due to the synergic effect of minocycline release butchering and graphene oxide
contact-killing. Graphene oxide-silver covering on Ti has been exhibited to be helpful against
Porphyromonasgingivalis and Streptococcus mutans. It would then have the option to be found
that the graphene oxide - covering with hostile to contamination specialists or silver on titanium
embeds improves the antibacterial attributes of the titanium embeds, shielding infections from
developing in light of the implant being used in the patient [127,130,131].

Despite the fact that graphene oxide-covering with these particular nanocomposites
have antibacterial effects against practically identical and different sorts of infinitesimal
creatures depending whereupon is used, it will, in general, be settled that a graphene oxide -
covering of titanium embeds with one of these nanocomposites would be an improvement to
the standard Titanium insert. These improvements may have the alternative to broaden when
one considers the limit of periodontal tendon foundational microorganisms to fill in as a choice
as opposed to bone marrow mesenchymal stem cells that were referenced previously.
Periodontal tendon immature microorganisms energize the use of graphene oxide as a strong
canvas on which to shape the structure and limit of these periodontal tendon undifferentiated
cells. Periodontal tendon foundational microorganisms seeded onto graphene oxide-secured
stages show a higher extension rate than on graphene oxide alone, and a Sodium-Titanium
substrate is useful as well. Wrapped up from this is the way that a mix of periodontal tendon
foundational microorganisms, graphene oxide, and Sodium-Titanium can make many
remembered overhauls and points of interest for the field of regenerative dentistry [132]. Thus,
likewise with the rest of graphene and graphene-based nanomaterials’applications in dentistry,
the reaching out of these points of interest from systems to embed in a regenerative manner
ought to be furthermore perused and gone after for undeniable favorable circumstances to result
[127]. Graphene has various possible focal points to embed in dentistry; regardless, the
https://biointerfaceresearch.com/ 9690



https://doi.org/10.33263/BRIAC112.96809703
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC112.96809703

nanoparticles that it is joined with and the biological components of each patient’s oral gap
must be considered for every circumstance before any further measure is taken.

12. Applications of Graphene and its Composite Nanoparticle

Nanoparticles have been used in numerous fields used in various branches of science
and engineering. Basically, used as a modification and to enhance the activity such as electrical,
optical, and biological. Nanotechnology is widely used in our day to day life, including its use
in medicine. Using nanotechnology, we can analyze and also can manipulate atoms, chemical
bonds, and molecules present in different compounds. Various types of nanoparticles are used
in nano dentistry. Nanomaterials are used in toothpaste and other rinsing solutions for better
oral healthcare services, which will become less stressful for dental surgeons. The
nanomaterials have been used in the dental filling, polishing of the enamel surface to prevent
caries, and as implant materials in dentistry also that are more effective than the conventional
materials. Some of the nanoparticle act as an antimicrobial agent, thus prevent bacterial growth.
Nanodentistry attracts patients towards dentistry since; it will be cost-effective, timesaving,
and prevent the patient from mental trauma. In this study, below are some of the particles used.
Graphene and its composites are versatile materials that have various characteristic features
such as large surface area, high mechanical properties and can be transferred or deposited onto
different substrates. The combination of these composite materials with different compositions,
structures, and properties can result in composites with tailored physical and chemical
characteristics and modified mechanical properties or bioactivity. Due to the enhanced
capabilities, composites are widely used in dentistry and other biomedical areas.

Table 1. Applications and advantages of graphene oxide and composite nanoparticles.
Nanoparticles Functions

GO and rGO Teeth implants, a biomarker in oral cancers, good antimicrobial activity, hydrophobic material,
cause oxidative damage, cytotoxic nature, induced the least amount of damage to the dental
follicle, decrease dental pathogens, acts as an adsorbing agent, upregulate expression of beta-
catenin protein and activate catenin/wnt signaling pathway, increase the degree of proliferation
and differentiation of cultured cells and led to an acceleration of bone formation, graphene form
derivatives with titanium and utilized in dental implants, bone regeneration, resins, cement and
adhesives, tooth whitening procedure, etc.

GO-AgNPs Antibacterial

GO-AgsPO4 NPs Acts as biomaterials, inhibit corrosion, antibacterial agent, light-sensitive agent

rGO-AgNPs Action is faster than GO, increase activity of GO NPs

rGO-ZnO Oral cancer biomarker with nCeO2-rGO and as reinforcement materials to commercial glass-
ionomers cements (GIC)

GO-ZnO Graphene/zinc oxide nanocomposite (GZNC) forms a biofilm, teeth, fracture-resistant and low-
density property that is suitable for implantation.

GO-CdS The CdS/RGO composite material can be used as a gas sensor for CO:based on its
electrocatalytic behavior.

rGO-Cu20 Antibacterial and CO2 reduction without the need for a noble-metal co-catalyst.

GO-Fes304 Antibacterial, Photosensitive

GO-Fe203 GO-Fe203 hybrid material can act as an efficient heterogeneous catalyst for the degradation of

organic contaminants, which may provide insight into the design and development of high-
efficiency visible-light photocatalyst for water treatment.

GO-MnFe204 Use for adsorptive removal of Pb2+ ions from the aqueous medium, low-cost adsorbents for fast
and effective removal of arsenic from water, a recyclable catalyst for the reduction of p-
nitrophenol

GO-Bi2WOs Photocatalytic activity

G-AgNPs-PA Antibacterial and antioxidant

rGO-Ag NPs-PDDA Antibacterial widely used in various applications such as wastewater treatment plants and
various biological and medical applications

G-AgNPs/PEI Antibacterial, cell culture for weakly anchoring cells, a cationic polymer, carbon dioxide capture

and separation

rGO-PEI-AgNPs-Fe203 Antibacterial

rGO-Ag-CoFe204 Anticancer, antibacterial
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Nanoparticles

Functions

rGO-Ag-CoFe20s

Anticancer, antibacterial

GO-Ag NPS-PAA

Antimicrobial prop enhance, disposable diapers, ion exchange resins, adhesives, detergents,
acrylics,

GO-Ag NPs-PDA

Wound dressing application, antimicrobial, and polymer, coating material, adsorbents coating in
biomedical science

GO-Ag-Ti Antibacterial, inhibit implant-related infections and electrophoretic deposition,

hydrazine hydrate Acts as a reducing agent, oxygen scavenger, source of drug hydralazine in Anti TB, as fuel
polyethylene glycol Polymer, making dental material, fillings, biofilm formation or implants

ncCeO2-RGO Great selectivity, affectability, strength, and reusability with a high electrocatalytic movement

toward paracetamol and sensitive electrochemical sensor, protect human dental stem

Hydroxyapatite/GO NPs

Orthopedic, dental research & treatment has biological compatibility, defensive layers for
dentistry against erosive procedures, fillers in dental or orthopedic applications too

Platinum (Pt) loaded-
graphene quantum dot
composite, modified via
polyethylene glycol

Enhance the oral malignancy (oral squamous cell carcinoma) chemotherapeutic efficaciousness
enhance the confinement in the Synthesis phase of the cell cycle and lead to cell apoptosis,
potentially raises the platinum inflation in both normoxia and hypoxia (state of Oxygen
normalcy) conditions inside cells, cancer remedial treatment therapy, treatment of cancer.
Catalytic ozonation, dental restorations and provide strengths and stiffness

GO-N=N-GO/PVA

Increase colon targeting capability & dwelling time inside the colon and hence colorectal cancer.
Filling, antibacterial

Paracetamol Toothaches, fever, aches in dentistry
Hydrogen peroxide | Bleaching and antiseptic
cobalt

tetra phenyl porphyrin

Electronics, production of singlet oxygen

anti-toxin  minocycline
hydrochloride

Tetracycline antibiotic used to treat bacterial infections

Minocycline
hydrochloride-GO-Ti

Antibacterial, stimulate the human gingival fibroblast cells proliferation in vitro

cerium oxide nanocubes
with rGO

Great selectivity, affectability, strength, and reusability with a high electrocatalytic movement
toward paracetamol, sensitive electrochemical sensor, rescue human dental stem

Sodium- Titanium | Periodontal ligament stem cells expansion with GO, regenerative dentistry, Biocompatibility,
substrate corrosion, strength,
G-Ag- TiO2 Antibacterial, antimicrobial

GO and rGO act as antimicrobial carriers providing development against many strains
of microorganism and cause the least cytotoxic and oxidative damage. This can also be used as
cancer treatment agents. It is found to be used with the biomaterial to enhance the bioactivity
of the materials resulting in better output. Other agents who work as antibacterial and
performing antimicrobial activity are GO-Ag nanoparticle (NPs), GO-AgsPOs NPs, G-AgNPs-
PA, rGO-Ag NPs-PDDA (antibacterial), GO-AgNPs PDA NPs, G-AgNPs/PEI, rGO-PEI-
AgNPs-Fe203, rGO-Ag-CoFe204, rGO-Ag-CoFe20s, GO-Ag NPS-PAA, GO-Ag- TiO2
(prevent infection and has antibacterial activity), minocycline hydrochloride-GO-Ti NPs
(antibacterial) (Table 1). The main composition is GO (Graphene Oxide) which on addition
with different nanoparticles form different product and give additional benefits, and the
reduced graphene oxide (rGO) has several properties teeth implants, oral cancer treatment,
good antimicrobial components, and imaging, restrain the development of E. coli, S. aureus,
B. subtilis and also used in titanium dental implants, membranes for bone regeneration, resins,
cement and adhesives, tooth whitening procedure and enhance bioactivity of biomaterials,
tissue-engineering [133-147].

Some of the composites, along with antimicrobial activity, work as a treatment for
cancer. Such composites provide additional benefits to overcome infections and diseases. Some
of the examples are: rGO-PEI-AgNPs-Fe203, rGO-Ag-CoFe204, rGO-Ag-CoFe20s, etc. GO-
N=N-GO/PVA helps in Increasing colon targeting capability and dwelling time inside the
colon and hence improve colorectal cancer. GO-Ag nanoparticle can also use in toothpaste so
it can prevent further from any infection in the teeth. Hydrogen peroxide cobalt-tetraphenyl
porphyrin /rGO has an important role in dental treatment such as bleaching, mild antiseptic,
relieve mouth irritation, gingivitis, dentures. ZnO is mainly used as temporary fixing contents
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and filling materials, for gingival dressings and together with filling materials as impression
materials. Compounds viz. paracetamol (PCM) helps to cure toothaches in dentistry and fever.
The ncCeO2-RGO with great selectivity, affectability, strength, and reusability, showed high
electrocatalytic movement toward paracetamol [148-151].

Infection is the most common activity performed by the cosmopolitan microorganism,
causing a biofilm formation over the decay. Graphene/zinc oxide nanocomposite (GZNC) has
the potential for the biofilm caused by S. mutans. Acrylic teeth coated with graphene are used
due to its cost-effectiveness, fracture-resistant, and low-density property are suitable for
implantation [152]. Hydroxyapatite/GO NPs are used for treatment in different Orthopedic,
medicine transfer, dental researcher & treatment, has biological compatibility, defensive layers
for dentistry against erosive procedures. Also, work as Fillers in dental or orthopedic
applications, too, and during the process of metabolism, as some ROS (reactive oxygen
species) are produced within the body, which could lead to the harmful output. Hydrazine
hydrate act as a reducing agent, oxygen scavenger, source of drug hydralazine in Anti TB, as
fuel. Polyethylene glycol, GO-Ag NPs-PDA with the application as wound dressing,
antimicrobial, polymer, coating material, adsorbents coating in biomedical science, making
dental material, fillings, biofilms formation. Also, Platinum (Pt) loaded-graphene quantum dot
composite, modified via polyethylene glycol, enhances the oral malignancy (oral squamous
cell carcinoma) chemotherapeutic efficaciousness enhance the confinement in the Synthesis
phase of the cell cycle, and lead to cell apoptosis, potentially raises the platinum inflation in
both normoxia and hypoxia (state of oxygen normalcy) conditions inside cells, cancer remedial
treatment therapy, treatment of cancer. Catalytic ozonation, dental restorations, and provide
strengths and stiffness [153-154].

GO-Fe203 hybrid material can act as an efficient heterogeneous catalyst for the
degradation of organic contaminants, which may provide insight into the design and
development of high-efficiency visible-light photocatalyst for water treatment and GO-Fe304
can be used as a photosensitizing agent in dental treatment like Applications of
PDT(Photodynamic therapy in dentistry) in dentistry is growing rapidly: the treatment of oral
cancer, bacterial and fungal infection therapies, and the photodynamic diagnosis (PDD) of the
malignant transformation of oral lesions. Photodynamic antimicrobial chemotherapy (PACT)
has been efficacious in the treatment of bacterial, fungal, parasitic, and viral infections. The
absence of genotoxic and mutagenic effects of PDT is an important factor for long-term safety
during treatment. PDT also represents a novel therapeutic approach in the management of oral
biofilms. Thus, the oral cavity is especially suitable for PACT because it is relatively accessible
to illumination [155-156]. Antibiotic effect of photocatalytic TiO2 (photocatalytic TiO2 has
antibacterial effect on Lactobacillus acidophilus, Saccharomyces cerevisiae, and E. coli), GO-
Bi2WOes. Since S. mutans that cause dental caries can easily adhere to the tooth surface or
orthodontic devices attached to tooth surfaces, the anti-adhesion effect of photocatalytic TiO2
was monitored [157]. The electrostatic interaction in nanoparticles makes it easy to uptake by
cell walls and hence leads to its disintegration [158]. The large volume of these nanoparticles
penetrates the cell membrane [159]. This mechanism beholds the basic criteria to use such
nanoparticles to acts as an antibacterial and can be used in various medical fields [160].

13. Comparison of Various Nanoparticles

Various kinds of nanoparticles are being used with their distinct functions such as
antimicrobial activity, cancer treatment, drug delivery, use of biomaterial for bone and tooth
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replacement [161]. A comparison can be analyzed of these nanoparticles in terms of their
efficacy, application, cost, etc. Working efficacy and cost play a major role when these
nanoparticles are used in medicine [162]. In accordance with here, cost, as well as applications
of some nanoparticles which impart an important role in antimicrobial activity, are herewith
compared and analyzed with those of others. As suggested, GO-AgNPs have wide applications
for antibacterial activity and are cheap as compared with the other, i.e., GO-AgsPOs NPs [163].
In accordance with it, rGO-AgNPs, as well as rGO-Cu20, both have a similar activity that of
antimicrobial, but when compared to both with their cost, rGO-AgNPs is much cheaper [164].
As proposed, G-AgNPs-PA, G-AgNPs/PEI, G-Ag- TiO2 are of similar function with
antimicrobial activity, while G-AgNPs/PEI is cheapest among all of these three. The rGO-Ag
NPs-PDDA, rGO-PEI-AgNPs-Fe203, rGO-Ag-CoFe204, rGO-Ag-CoFe20s were compared
for their efficacy as well as cost, as analyzed rGO-PEI-AgNPs-Fe203 was cheapest among all
while rGO-Ag-CoFe204, as well as rGO-Ag-CoFe205, were of similar price with almost equal
efficacy [165]. As similar, some other nanoparticles were compared with each other where GO-
Ag NPs-PDA was found to be cheapest as compared with these three nanoparticles GO-Fe3Oa,
GO-Ag NPS-PAA and GO-Ag-Ti. As suggested, hydrazine hydrate, anti-toxin minocycline
hydrochloride, minocycline hydrochloride-GO-Ti when compared with each other was
observed that hydrazine hydrate was cheapest among these three as proposed hydrazine hydrate
was found to be the cheapest of all nanoparticles mentioned above for antimicrobial activity.
Some of the nanoparticles or nanomaterials have a great significance in dentistry, Orthopedic,
wound dressing, etc. [166]. These include GO, and rGO, GO-AgsPO4 NPs, rGO-AgNPs, GO-
ZnO, GO-Ag NPs-PDA, polyethylene glycol, Hydroxyapatite/GO NPs, Sodium- Titanium
substrate. As a proposed comparison between GO and rGO, both of these have an exactly
similar function in dentistry, but when compared in cost, the GO is much cheaper than that of
rGO, and while compared with rGO-AgNPs, it is much more costly than GO and rGO. In
accordance with it similarly, GO-AgsPO4 NPs, GO-ZnO, GO-Ag NPs-PDA were compared in
terms of their wide application as well as cost. It was observed that all three are widely used in
fracture or tooth implantation, but when compared to cost GO-ZnO is the cheapest than all
three mentioned here [167]. A wide application of nanoparticle is marked in cancer treatment
via targeted drug delivery or by other means. Various nanoparticles used for cancer treatment
are rGO-Zn0O, rGO-Ag-CoFe205, G-AgNPs/PEI, Platinum (Pt) loaded-graphene quantum dot
composite, modified via polyethylene glycol, GO-N=N-GO/PVA, Minocycline
hydrochloride-GO-Ti, etc. [168-169]. As suggested when compared these all minocycline
hydrochloride-GO-Ti is much of cost which may be far away from the use of middle-class
person while Platinum (Pt) loaded-graphene quantum dot composite, modified via
polyethylene glycol, has wide application, i.e., used as a chemotherapeutic agent for the
treatment of colon cancer and is cheap, so it's among the reach common people.

14. Conclusions

In dentistry, there is a particular requirement to provide target delivery of drugs and
medicinal approach, which is limited to localized effects only. On such criteria, graphene and
its composites and different nanocomplex with other chemicals fulfill this need. Graphene
forms nanocomposite quite easily compares to others and provide not one but more than one
use at a time. Graphene is utilized mainly in complex nanocomposites and forms complex with
a different polymer like PAA, PEI, polyethylene glycol that provides a target delivery
approach. They provided particularly antibacterial property and used as dental fillings. The use
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of tobacco, cigarettes causes oral cancer in majorly young age adults. GO forms composites
with silver, iron, cobalt. These nanocomposites provide target delivery of drugs and have less
cytotoxicity along with bone regeneration property. Graphene oxide and rGo, along with nano
compositions, are utilized in dentistry for fulfilling enormous purpose. It acts as an
antimicrobial agent in various dental fillings and specifically to reduce the growth of bacteria.
To increase inhibition of different strains of bacteria, GO-Ag nanoparticles are used. Some
other examples are GO-ZnO nanoparticles, rGO-Cu20, GO-Fe30s, rGO-Ag-PA, rGO-Ag-PEI,
GO-Ag-Ti, GO-minocycline hydrochloride-Ti, etc. GO fulfills the basic need of dental
implants and inhibits the growth of dental pathogens. Graphene up-regulates the bone
formation by an increase in the expression of beta-catenin protein in cells, and they are used as
anticancer. Some of the other derivatives of GO that gives cytotoxic activity is rGO-Ag-
CoFe204. Graphene forms complex derivatives with Ti and Ag and its complex give both
antibacterial and decontamination properties. GO portrays hydrophobic property, which makes
it to cause the least oxidative damage, has low cytotoxicity, and induce the least damage to the
dental follicle. This leads to the use of graphene in fillings and dental implants. Graphene with
titanium is used in dentistry as adhesives, fillings, tooth whitening procedures, and dental
implants. Graphene oxide has appeared to bond well with hydroxyapatite, titanium, and
potential biomaterials, and that resulted in the application of implants and fillings. Graphene-
ZnO nanocomposites can play the role of biofilm and hence protect the outermost layer of teeth
enamel. This type of protection is comparably cost-effective and fracture-resistant and suitable
for the implantation process. GO-Fe304, GO-Fe303, GO-MnFe204 are utilized as antibacterial,
photosensitive agents, heterogeneous catalysts for degradation of organic contaminants, low-
cost adsorbents for removal of arsenic from water, etc. GO-CdS composite material is used as
a gas sensor for CO2 based on its electrocatalytic behavior. For toothache recovery,
paracetamol is used, and GO-PCM complex can be used to deliver at a particular target. We
can conclude that the graphene families and its oxides, functionalized metals oxides, and
complex formulations at different concentrations give the vast application in dentistry and cost-
effective too. It has a good antimicrobial property and is used in oral cancer, teeth infection,
and gum related diseases.
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