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ABSTRACT

STATEMENT OF PROBLEM

The partially edentulous conditions can be treat#k conventional removable
prosthesis, fixed restorations or dental implarigental implants are the most
recommended treatment modality due to their succatss Although it may lead to
complications in few cases, as they are prone ¢tebal colonization which may result
in bone destruction and implant failure. The managat of peri-implant disease aim to
reduce bacterial adherence while leaving the intpdarface intact and improving the

prognosis of the implant.

PURPOSE

The aim of this present study is to evaluate thiecafy of Garcinia
Mangostana (mangosteen) incorporated Nano bio gelnst S. aureusand P.

gingivalisperi— implantitis pathogens adhered to Titanium Zinconia discs.

METHODS

A total of 60 discs of commercially available pufganium grade 4 and
Zirconia were fabricated of diameter 5 mm and ahviof 2 mm (ASTM F67). The
discs were subdivided into four groups as contral axperimental. Th&arcinia
mangostandruit was authenticated and the extract was foateal using the pericarp
of the fruit. The extract was prepared in hydroatdw and phosphate buffer solution.
The prepared extract was subjected to antibactesahy (MIC and MBC) using
serum dilution and disk diffusion method. Once W& and MBC values were
achieved the formulation of the nano bio gel wasied out. The gel formulation was

carbopol based and % of the hydroalcoholic extract was used along witheo

XVii



ingredients. Once the nano bio gel was formulatesl Ttitanium and Zirconia discs

were subjected to antibacterial testing in vitrongglisk diffusion method.

RESULT

The collected data was subjected to statisticallyaisa using two way
ANOVA and Tukey’s multiple post hoc. There was istatally significant difference

between the control and experimental group (P §)0.0

CONCLUSION

This present study showed that the G. Mangostat@porated nano bio gel
has greater antibacterial activity against earlyi paplant pathogens in Titanium
implant material. On the other hand when compé#wetie Chlorhexidine (CHX) gel
control group (TC and ZC), the experimental grodijE (@and ZE) showed higher

inhibition of S.aureusandP.gingivalisperi implant pathogens.

KEYWORDS

garcinia mangostana, Chlorhexidine gel , peri-imptes, nano bio gel, disc diffusion.
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I ntroduction

INTRODUCTION

Prosthodontics is the dental specialty pertainmghie diagnosis, treatment
planning, rehabilitation, and maintenance of thal éunction, comfort, appearance,
and health of patients with clinical conditions asated with missing or deficient
teeth and/ or maxillofacial tissues by using biopatible substitutes. The treatment
options for missing single or multiple teeth varfesm a removable partial denture,

fixed partial denture and dental implahts.

Dental implant prosthodontics is the selection,nplag, placement, and
fabrication of missing teeth and/ or associatedicstires, and maintenance of
restoration(s). Dental Implant is any object or email, such as an alloplastic
substance or other tissue, which is partially anpletely inserted or grafted into the
body for therapeutic, diagnostic, prosthetic, opexknental purposes. By definition
of dental implants any artificial, biocompatible tex@al is considered as an implant,
here onwards the term dental implant would speddificdenote the dental implant
used for therapeutic purposes in oral implantologe treatment of a partially
edentulous patient has various phases, thus iextlg is complex and the treatment
requires intelligent planning and efficient exeontt It is therefore obvious that the
implants should have certain health promotional prelventive values which are
correlated with the dentist's concept of requirkdrapy, as well as certain physical
characteristics which yield restorative and remeditues that are in congruence with

patient needs and desires.

The goal of modern dentistry is to restore nornagitgur, function, comfort,
esthetics, speech and health regardless of th@hgiradisease or injury of the

stomatognathic system. However the more teethiarppas missing the more arduous
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I ntroduction

this goal becomes with traditional dentistry. Agesult of research advances in
implant designs, materials and techniques havetdegdredictable success in their
application and several types of implants are nowailable for use and

rehabilitation of different clinical problenss.

There are four main types of dental implant desitpas have been developed
and used in clinical dentistry, including a subpsteal form, blade form, ramus
frame, and endosseous form. However, here we wilis on endosseous implants

which are the most frequently used implants in idegttoday?>

One of the most important developments in dentglamtology occurred in
1957, when a Swedish orthopedic surgeon calledi®gar Branemark started to
study bone healing and regeneration and discovidrad bone could grow in the
vicinity of Titanium (Ti) and that it could be adleel effectively to the metal without
being rejected. Branemark thus named this phenomé&sseointegration,’ and he
performed many more experiments using both animalreuman subjects. He defined
this process as “Direct structural and functionareection between ordered, living
bone and the surface of a load bearing implant’silnple words it is a direct bone
implant interface formed when an implant is allowedheal in bone in an undisturbed

manner; it is analogous to functional ankylofs.

The U.S. Food and Drug Administration approved tise of Ti dental
implants in 1982, and in 1983 Dr. Matts Anderssewedoped the Procera (Nobel
Biocare, Zurich, Switzerland) computer-aided desigind computer-aided
manufacturing (CAD / CAM) method of high precisiorepeatable dental crown
manufacturing. Recent progress in the last certtag/concentrated on materials and

techniques to improve quality and anchorage of ampWith the bone’
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I ntroduction

Implant therapy offers many advantages over comwealt fixed or removable
treatment options. The survival and success raggoried by many implant
investigators often exceed the success rates dititnaal dental treatment. The
success and predictability of osseointegrated danfdants have forever changed the
philosophy and practice of dentistry. Patient'sentptions from a treatment plays a
potential role to their final satisfaction from theeatment outcomes, the ever
increasing awareness among the patients have imgrolve expectation of the
treatment. The dental implant has brought paradgmit in the conventional
treatments, patients have better treatment outcandsquality of life with dental
implants. Although dental implants have greatercess rate, it may sometimes lead
to implant failure due to various factors. In recgears, use of dental implants has
increased significantly as an important treatmenotlatity for the reconstruction of
the dental system; however, concomitant with timsrease in the use of dental

implants, the incidence of peri-implantitis hasremsed, to6.

The term peri-implantitis was introduced in the @98 describe a destructive
inflammatory process affecting the soft and hasbues around osseointegrated
implants, leading to the formation of a peri-imglgrocket and loss of supporting
bone. The prevalence of peri-implantitis was regbrto be around 20-40%.
Clinicians should monitor the surrounding tissuarssigns of peri-implant disease by

observing changés.

The two principal phenomena in peri implantitis avieicositis and Peri-
implantitis. On the one hand, mucositis is char@td by the presence of an
inflammation confined to the peri-implant mucosal aeversible in case of effective

treatment. And on the other hand, peri-implantiischaracterized by a loss of
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I ntroduction

supporting bone, both anatomically and radiograghjicconfirmed, combined with

an inflammatory reaction of the surrounding saftieS.

Bacterial peri-implant pocket colonization is paftthe initial peri-implantitis
pathways. Micro-organisms most commonly associatéth implant failure are
aerobic and anaerobic. Gram-negative motile tygreserobes i.d>orphyromonas
gingivali, Prevotella intermedia, Actinobacillus actinomycetemcomitans, Bacteroides
forsythus, Treponema denticola, Prevotella nigrescens, Peptostreptococcus micros
and Fusobacterium nucleatum are involved in the pathogenesis of peri
implantitis. These species were found significaathhigher levels in peri-implantitis
sites. High levels ofPorphyromonas gingivalis increased the risk for further
attachment loss in patients. Within an hour after installation of dental implants,

bacteria can be identified and a complex biofilrfoisned within 2 weeks’,

Saphylococcus aureus is a Gram-positive aerobic bacteria and it is pathe
early colonizing bacteriaStaphylococcus aureus has a strong affinity to Titanium
surfaces and its presence in infection is importanthe development of peri-
implantitis. Such forms of peri-implant contamimati will be especially rapid in
partially dentulous patients with an active perio@d disease: peri-implant sulcus
colonization by these microorganisms will be seemfthe first month following the
implant's contact to its prosthetic part. The baakecommunities present in peri-
implant space frequently differ widely from thoseufd in neighbouring teeth's
sulcus.*

In view of the homogeneity, treatment protocolsduge treat gingivitis and
periodontitis have been used for management ofipgiant mucositis and peri-

implantitis respectively. The management of peplantitis can be non-surgical and
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surgical. While the primary line of treatment isyagurgical disruption of biofilm and
reduction of bacterial loads, additional surgicedgedures and adjunctive therapies

like use of mechanical debridement and use of &piclorhexidine (CHX}?

Chlorhexidine gluconate (CHX) is commonly prescdbas non-surgical
antimicrobial agent in management of peri-implastiCHX works against Gram-
positive and Gram-negative anaerobic and aeroliteba, fungi, yeasts as well as
several viruses. It is prescribed as a rinsingtswiu(0.2%) or in gel topical form
(1%). Although, Chlorhexidine has side effectsisas discoloration of teeth, tongue
and restorative materials, dysgeusia, desquamgjfiivgivitis, burning of mucous
membrane and sometimes allergic reactions. Com@bt conjunctiva can cause
permanent damage and accidental contact with t@dpum can cause ototoxicity.
Contact sensitivity to CHX was first reported byli@a (1962). CHX is known to
elicit allergic contact dermatitis, including cormal contact dermatitis, generally
after prolonged and repeated application (Krautheinal. 2004). It can also cause
contact urticaria, photosensitivity, fixed drug giion and occupational asthma. On
the whole, although sensitivity to CHX is rare,stliomplication should be kept in
mind during its application. Therefore its use dtdoe limited to a maximum of 3

weeks*?

The treatment goal in peri-implant disease is thuce the bacterial load, shift
the bacterial composition of the biofilm, and imyeocleanability of the affected
implants. To overcome the side effects and toxioftythe commercially available
CHX gel, alternate methods to control the infectawa the herbal compounds, which
are non-toxic and safe to use. Among many herbalpooindsGarcinia mangostana

(mangosteen) has antibacterial, antiviral and antifungal projest An improvised

Page 5



I ntroduction

herbal extract formulated as nano bio gel couldevelutionary adjunctive therapy in

early phases of peri-implantitis.

Garcinia mangostana (mangosteen) has a long history of use as a medica
plant, mostly in Southeast Asia. The fruits@fmangostana are the most treasured
part of this plant and are famous for the remankgileasant flavour. Therefore,
mangosteen was even named as the ‘Queen of Trofnai$’. The fruit G.
mangostana has been used for hundreds of years around théd,wanostly in
Southeast Asia, as a medicine for a great varietgeglical conditions. Over the past
decades, it was shown that mangosteen contains &igbunts of bioactive
ingredients. Its pericarp contains a variety oftkanes, such as-, -, y-mangostins
which have remarkable biological activities such astioxidant, antitumoral,
antibacterial, antiviral, antifungal, antiallergend anti-inflammatory properties. The
antibacterial activity against Saphylococcus aureus, methicillin-resistant
Saphylococcus aureus (MRSA), Saphylococcus epidermidis, Bacillus subtilis,
Propionibacterium acnes, Pseudomonas aeruginosa, Salmonella enteritidis,
Salmonella typhimurium, Proteus sp, Klebsiella sp, Escherichia coli, Enterococcus
spp, and vancomycin resistant Enterococci (VRE) of the mangosteen has been
reported. The major constituents from the xanthivaetion of G. mangostana were
found to bea -mangostin and y -mangostin. This plant was claimed to have a
remarkable antiinfammatory effect and to reducel celmage. The herbal G.
Mangostana has not reported any side effects, hieramild reform the traditional

non-surgical management of peri-implant patholbyy.

Nanogels in medicine applications have a highlynpsing future. Nanogels

could be used to deliver active drug compounds amtrolled drug delivery
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applications. Nanogels are hydrophilic and ampliphpolymer chains that are
swollen nano-sized networks. These can be configtoceaccommodate biologically
active molecules through physical cross-linking.nbigels can easily incorporate
drugs, bio-macromolecules, and proteins of low makr mass availability of
various polymer systems and ease of alteratiomeaif tharacteristics have rendered
nanogels formulations advantageous. They have highcompatibility and
biodegradability. The biggest advantage of these iggeduced premature leakage of
the drug from the solution. Nanogel appears torbexaellent candidate to improve
the design of gels for optimum delivery of druggte target cells rather than to the
normal cells:* Hence Nano gels incorporated with the G. Mang@stserbal extract

is a promising and versatile oral drug deliveryteyss.

In one such effort nano bio gel is combined withrdBda mangostana to yield
clinically acceptable therapeutic results in treziof peri-implantitis. This present
study intended to formulate and evaluate a GarcMangostana (Mangosteen)
incorporated nano bio gel for their antibacteriativaty against peri-implantitis

pathogens.
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Need for the Study

NEED FOR THE STUDY

Dental implantology has revolutionized dentistryniany ways. Replacement
of the lost tissues using the conventional techesgmay not be always possible due
to complex and challenging clinical conditions. wéwver implant dentistry can
overcome this problem even in complex situatioke faw atrophy, compromised
health condition etc. Acceptance of osseointegratgdant supported prosthesis has
thus increased by the patients. Implant therapyersffmany advantages over
conventional fixed or removable treatment optiond & the treatment of choice. The
survival and success rates reported by many impheetstigators often exceed the

success rates of traditional dental treatment.

The term peri-implantitis was introduced in the @98 describe a destructive
inflammatory process affecting the soft and hastues around Osseointegrated
implants, leading to the formation of a peri-imglgrocket and loss of supporting

bone.

The management of the peri-implantitis is non-safgiand surgical, non-
surgical treatment modality is the primary linetiefatment. Chlorhexidine gluconate
(CHX) is commonly prescribed as non-surgical antnwibial therapy in treatment of
peri-implantitis. CHX works against Gram-positivedaGram-negative anaerobic and
aerobic bacteria, fungi, yeasts as well as sewemades. It is prescribed as a rinsing
solution (0.2%) or in gel form (1%). Chlorhexidihas side effects of discoloration of
teeth, tongue and restorative materials, tasteasitbe, burning of mucous membrane

and sometimes allergic reactions.
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To overcome these side effects, the customizedashins herbaGarcinia
mangostana (Mangosteen) which is locally available in Indso(thern regions) and

has antibacterial properties.

Garcinia Mangostana (Mangosteen) pericarp containariety of xanthones,
a-, B- and y-mangostins which have remarkable biological ati#igi such as
antioxidant, antitumoral, antibacterial, antivirantifungal, antiallergic, and anti-
inflammatory properties. The antibacterial activitgf Garcinia Mangostana
(Mangosteen) agains&taphylococcus aureus, methicillin-resistantSaphylococcus

aureus (MRSA) have been reported.

Bioactive agents present within the prepared GaciMangostana
(Mangosteen) extract such as Xanthones are sntiaflar1’p henceknown as Nano

Bio particles.

Nanogels are used to deliver all biologically aeti@gents and drugs in a
controlled and sustained release manner. Avaitglofi various polymer systems and
ease of alteration of their characteristics havadeeed nanogel formulations

advantageous.

This present study intends to formulate and evala@aGarcinia Mangostana
(Mangosteen) incorporated nano bio gel for thetinaicrobial activity against peri-

implantitis pathogens.
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Hypothesis

HYPOTHESIS

NULL HYPOTHESIS:

There is no difference in the antimicrobial effect on the peri-implantitis
pathogens when treated with Garcinia Mangostana incorporated nano bio gel and

Chlorhexidine.

RESEARCH HYPOTHESI S

There is a difference in the antimicrobial effect on the peri-implantitis
pathogens when treated with Garcinia Mangostana incorporated nano bio gel and

Chlorhexidine.
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Aim and Objectives

AlM OF THE STUDY

To investigate the efficacy of Garcinia Mangosté@mangosteen) incorporated
Nano bio gel agains® aureus andP. gingivalis peri— implantitis pathogens adhered

to Titanium and Zirconia discs.

OBJECTIVES

1. To evaluate the efficacy of Garcinia Mangostanar{testeen) incorporated
nano bio gel againg?. gingivalis and S aureus peri— implantitis pathogens

adhered to Titanium and Zirconia discs.

2. To evaluate the efficacy of Chlorhexidine gel agaiP. gingivalis and S.

aureus peri— implantitis pathogens adhered to Titanium Zindonia discs.

3. To compare the antimicrobial activity of GarcinieaMjostana (mangosteen)
incorporated nano bio gel with chlorhexidine geHQ againstP. gingivalis
and S aureus peri— implantitis pathogens adhered to Titanium Zirdonia

discs.
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Review of Literature

REVIEW OF LITERATURE

1. Sennerby L (1991)conducted a study to examine key implant factdrst t
determine the bone-metal interface reactions tbatioaround a Titanium screw.
At the ultrastructural level, interfacial reactidiesexperimental Titanium implants
are studied. Tissue reactions to CP Titanium ver$itanium-baluminum-
4Vanadium are examined, and relevant surface cdemistecs and surface
structure for achieving reliable osseointegratian, well as probable bonding
processes over the bone-to-Titanium interface patkned. This article indicates
that elements linked to the implant alone do nattade the bone-metallic
interfacial responses, but that other factors sichurgical technique and loading
circumstances are equally significant for estabiigta reliable osseointegratidh.

2. A. Mombelli (1993) did a study to evaluate peri-implantitis microbigy and
antimicrobial treatment. Gram-negative anaerobidsronade up 41% of the
microbes cultivated from failed implants. Fusobeate species and Prevotella
intermedia were frequently found at high levels amthese species. The bacteria
in the successful implants had very low cultivablenbers, and the majority of
them were gram-positive coc@i.

3. Gerald mcdonnell (1999)studied antibacterial activity of Chlorhexiding.i$
bactericidal and fungicidal, however it does noll kir limit the growth of
bacterial spores or mycobacteria. It has a low romfeeffectiveness against
viruses, however it is effective in destroying sysf Acanthamoeba species at
high doses'’

4. Yu-Ling Huang (2001)did a study evaluate Garcinia mangostana for igerds,
and four novel compounds were discovered: three omixanthones,

garcimangosone A (1), garcimangosone B (2), andimangosone C (3), and a
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benzophenone glucoside, garcimangosone D. (4).ti@péblMR and MS) and
chemical approaches were used to determine thectwtes of these four
compounds. Garcinia mangostana L. (Guttiferae} frulls have been reported to
be used as an anti-inflammatory, astringent, andtréat diarrhoea. 1,8-
desoxygartanin, R-mangostin, and -mangostin arengntioe several xanthones
found in them. 1-6 From the EtOAc section of thisnp's fruit hulls, we isolated
four novel compounds: three minor xanthones, gangosone A (1),
garcimangosone B (2), and garcimangosone C (3)adehzophenone glucoside,
garcimangosone D (4.

. Gintaras Juodzbalys (2003)created an acid-etched implant surface similar to
that produced by sandblasting and acid etching,tamdmpare it to the surfaces
of various commercially available screw-type impg&anAn electron microscope
was used to scan all etched surfaces, and digitafjés were created for visual
evaluation and description. A mixture of sulfuriedahydrochloric acids produced
the most similar surface to the sandblasted/acibleet surfacé’

. Wanlop Weecharangsan (2006}%tudied the antioxidative and neuroprotective
properties of different extracts from mangosteeit fiulls (Garcinia mangostana
Linn., GM). In this study, four extracts were usedater, 50% ethanol, 95%
ethanol, and ethyl acetate. The antioxidative agtof the extract was determined
using the 2,2-diphenyl-1-picrylhydrazyl free-radisaavenging test at doses of 1,
10, 50, and 100 g/ml. Two extracts (water and 5@88arel) were chosen for their
protective activity in NG108-15 neuroblastoma ce#lgainst HO, induced
oxidative stress and cell viability using the 35jmethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay based on thee fadical scavenging activity.

All of the extracts were shown to have antioxidatproperties. The free-radical
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scavenging activity of the water and 50% ethandlagxs was high, with 1C50
values of 34.98, 82.24 and 30.76, 81.66 g/ml,eetypely. On NG108-15 cells,
both water and 50% ethanol extracts showed neuexgirge action. For both the
water and 50% ethanol extracts, the greatest gctiwias reported at a
concentration of 50 g/ml. Except at a high conedian of 100 g/ml, none of the
extracts were hazardous to the cells in a cytoiiyxiest. The findings suggested
that water and 50% ethanol extracts from the GM fnull could be effective
neuroprotectants?

. José Pedraza-Chaverri (2008ylid a review of mangosteen's phytochemistry and
pharmacology. Mangosteen has long been used td $iga infections and
wounds due to its anti-inflammatory properties. @yery, various urinary
problems, cystitis, and gonorrhoea are among therailments for which it is
used. The evolution of this botanical medicatiortoina widely utilised
nutraceutical is highlighted in this review. Mango® is currently readily
available all over the world. As a result, reseantbh mangosteen's phytochemical
ingredients and biological activity has increaseédiree same time. Individual
xanthones as well as extracts of G. mangostana evaleated in depth for their
biological activity.*

. Stefan Renvert (2008)did a review of the literature to assess non-satgi
therapy options for peri-implant mucositis and pemplantitis. Mechanical non-
surgical therapy has been shown to be successthkitreatment of peri-implant
mucositis lesions. Furthermore, using antibactemaluth rinses in addition to
mechanical therapy improved the outcome of suchogitis lesions. Nonsurgical
treatment for peri-implantitis lesions was foundlie ineffective. Clinical and

microbiological characteristics were only little fllenced by the use of
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chlorhexidine. Adjunctive local or systemic antitids, on the other hand, have
been demonstrated to minimize bleeding during piplind probing deptts.

9. Lindhe J Meyle (2008)conducted a study to determine the causes ofipetant
mucositis, peri-implantitis and their managementorPoral hygiene, dental
cement, a history of periodontitis, and cigaretteoking are all risk factors.
Mechanical debridement is required in the treatnoéngeri-implant mucositis in
order to eliminate the plaque. In the treatmenpefi-implant mucositis lesions,
mechanical non-surgical treatment is beneficiali-Peplantitis treatment In the
treatment of peri-implantitis, non-surgical mecleahicleaning of the implant
surface with or without an adjuvant antibacteriehtment is ineffectivé’®

10. Sarin Tadtong (2009) studied the tyrosinase inhibition and antibactea@ivity
of mangosteen pericarp extract against pathogemicoorganisms in the oral
cavity by using the agar dilution method, the redeers discovered that
mangosteen pericarp extract had antibacterialigctigainst pathogenic bacteria
in the oral cavity, including Streptococcus mutéDsIST18777), Porphyromonas
gingivalis (DMST2136), and Streptococcus pyogeridg$T17020) at MICs of
0.01 mg/ml, and Staphylococcus aureus (ATCE?).

11.Arasali Sulaiman Zarena (2009)did a study to evaluate the antioxidant activities
of garcinia mangostana pericarp extract produceadgusarious solvents and
polarity mixes. The fine powder (5g) was extractédth several solvents using a
Soxtec equipment. Ethyl acetate (EtOAc), hexane)(Hxtetone (Ace), and
acetone: water (80:20; AW), methanol (MeOH), andagebl were the solvent
systems used (EtOH). The extractions took two hanctuding a 30-minute first

boil. Following that, the extract was filtered ugiWhatman No. 1 paper. In this
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study it was found that Ethyl acetate and acetaeeappropriate solvents for
extracting antioxidant components from mangost&en.

12.Antonio Fernandez-Barbero (2009)studied the internal structure, refractive
index, and mechanical properties of the polymewogk in this study. They are
known as super absorbent materials since they lisorla hundreds of times their
own weight in solvent. They react quickly to loeavironmental changes, which
is critical in the miniaturisation of devices arkg tdevelopment of microsensors.
Microgels have found use as carriers of therapenédications and as diagnostic
agents since size changes are followed with chaingeterior dimension&®

13.Krisztina Ungvari (2010) evaluated three cleaning solutions in a study.F8@,
(5 min), saturated citric acid (pH 14 1) (1 minj,oblorhexidine gel were used to
cure commercially pure (grade 4) machined Titanidiscs (5 min). The
dimethylthiazolyl-diphenyltetrazolium bromide (MTTand bicinchoninic acid
(BCA) protein content assays were used to studyamuepithelial cell attachment
(24-h observation) and proliferation (72-h obseorgt The Titanium surface is
not harmed by these chemicals. In contrast to bbhladine gel, cleaning with
H,O, modestly promotes human epithelial cell developrien

14.Ravichandran Veerasamy (2011}ytudied Garcinia mangostana leaf extract as a
reducing agent to test a simple and environmentaéndly biosynthesis of silver
nanoparticles. When aqueous silver ions were exptusdeaf extract, they were
reduced and silver nanoparticles with an averagedi 35 nm were formed. UV-
Visible, Fourier transform infrared spectroscopyT+{R), and transmission
electron microscopy (TEM) methods were used to adtarise the silver
nanoparticles. These biologically generated narigpes were also proven to be

highly effective against a variety of multi-drugsigtant human diseas&s.
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15.Irmgard Hauser-Gerspach (2011) studied the gaseous ozone's antibacterial
activity on bacteria adhering to various Titaniund &irconia surfaces, as well as
the attachment of osteoblast-like MG-63 cells tooreztreated surfaces
Streptococcus  sanguinis (DSM20068) and Porphyromongingivalis
(ATCC33277) adhered to Titanium and Zirconia disss substrates. Gaseous
ozone (140 ppm; 33 mL/s) was used to treat the gpstimens for 6 and 24
seconds. Gaseous ozone was found to have selegffiegeency in reducing
adhering bacteria on Titanium and Zirconia witheupacting osteoblastic cell
adhesion and proliferatidf.

16.S. M. V. Palmeira (2012) investigated antioxidant activity of mango peel
extracts. The amounts of polyphenol, anthocyamal, @arotenoid in an acetone
extract of peels were measured. Ripe mango peelsrttae anthocyanins and
carotenoids than raw mango peels, but raw mangds pgleowed a high
polyphenol content. The antioxidant activity of eipand raw mango peels
extracted in acetone was assessed utilising atyaoie antioxidant methods,
including reducing power activity, DPPH free radisaavenging activity, iron-
induced lipid peroxidation in liver microsomes, amsdybean lipoxygenase
inhibition. The IC50 values were found to rangewsssn 1.39 and 5.24 g gallic
acid equivalents. As a result, mango peel extfaatved good antioxidant activity
in a variety of systems and could be employed itraceuticals and functional
foods®

17.Salah Sakka (2012xonducted a study to determine the primary caakesirly
and late implant failure, as a thorough understapaif this unavoidable clinical
fact is critical in the field of oral implantologfthe most common causes of early

implant failure were a lack of primary stabilityirgical trauma, and infection.
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Because the primary bone healing process is dedymarly signs of infection
may indicate a far more serious outcome than if sémme complications occur
later. The most common factors associated withfkitere appear to be occlusal
overload and peri-implantitf.

18.Binit Shrestha (2012)investigated the antibacterial properties of graped on
peri-implantitis microbiota in this study. The geapeed extract was tested using a
disc diffusion test against peri-implantitis midovd found in craniofacial
implants, including reference strains of Staphytmts aureus (S. aureus),
Escherichia coli (E. coli), Candida albicans (GQiedns), and clinical strains of S.
aureus, Klebsiella pneumonia (K. pneumonia), andd@a parapsilosis (C. The
study's findings revealed that grape seed possassibacterial properties that can
be investigated further and developed for use ettkatment of infected skin
abutment interfaces of craniofacial implaffts.

19.Binit Shrestha (2013) The study determined mangosteen pericarp extrast h
antibacterial effects on the peri-implantitis misiata prevalent around
craniofacial implants. The disc diffusion test wased to compare the mangosteen
pericarp extract to peri-implantitis microflora eeénce cultures of
Staphylococcus aureus (ATCC6538), Candida albiceh§CC10231), and
clinical strains of Staphylococcus aureus and Gingarapsilosis. The modified
agar dilution millipore method was used to detesmihe minimum inhibitory
concentrations (MIC) and minimum cidal concentnasigMCC). The extract was
then mixed with a 50:50 solution of polyethylengagll and propylene glycol to
make a paste, which was then evaluated for angkatactivity. It was concluded
that mangosteen extract inhibited S. aureus reterstrain at MIC and MCC of

1.25 mg/mL and 2.5 mg/mL, respectively, and clih&taain at 2.5 mg/mL and 5
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mg/mL. It had little or no activity against Candiddbicans and Candida
parapsilosis, on the other hand, The extract inkiopation with polyethylene
glycol and propylene glycol inhibited S. aureusandose-dependent manner.
Mangosteen extract has antibacterial propertiesnsg®. aureus, which can be
investigated further and developed for application the treatment of
microorganism-induced infection of the skin-abutinamnerface of craniofacial
implants

20.Kruti S. Soni (2015) conducted a study to test a nano-scopic platfamtte
administration of oral drugs. Swollen nano-sizetivoeks made up of hydrophilic
or amphiphilic polymer chains are known as nanogetey are being developed
as drug transport carriers. Low-molecular-mass oiees, bio-macromolecules,
and proteins can all be easily incorporated intoogals. Nanogels appear to have
a bright future in medicine, according to recensesch. Nanogels are
nanoparticles that could be employed in controtleag delivery applications to
distribute active medicinal molecules. This revieawends to provide a broad
overview of oral nanogels, as well as contempotalyication methods and novel
applications*

21.Hyo-Sook Ryu (2015) study was designed to evaluate after CHX conthet,
capacity of modified Titanium surfaces to emit chixidine After preparing four
Titanium surfaces, each sample was treated fohtwws with either whole saliva
or phosphate-buffered saline (PBS). A disc diffasiest utilising Streptococcus
gordonii was used to investigate the antibacteélity of CHX-adsorbed discs.
This research demonstrates that Titanium surfaaagdgs have a major impact on
CHX release, and that SLA and RBM may provide d¢itecCHX absorption

capacity in the saliva-filled oral cavity,
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22.Paula Juliana Pérez-Chaparro (2016kvaluated the current weight of evidence
of the microbiological profile associated with Pienplantitis in this systematic
review. A total of 799 titles were found, with liudies being included in this
analysis. A predetermined form was used to ex@#atf the data. According to
the findings of this systematic review, "Moderateidénce" supports the
association of Porphyromonas gingivalis, Treponefeaticola, and Tannerella
forsythia with the aetiology of peri-implantitisn@ "Some Evidence" supports the
association of Prevotella intermedia and Campyltyaectus with the aetiology
of peri-implantitis >

23.Farzane pakdel (2017)evaluated and compared the antibacterial propgedfe
extracts of Allium sativum and Ziziphora clinopoiies essential oil on S. aureus
and P. aeruginosa in this study. Aqueous and melicaextracts of garlic and
ziziphora essential oil were generated in this ittovstudy done at Tabriz
University of Medical Sciences between March anty A017. The reference
broth macro dilution method and disc diffusion teicue were used in the test.
Because the essential oil of ziziphora has a pestintibacterial impact on S.
aureus, its extract can be utilised as an indepe#naetimicrobial agent or in
combination with other antibiotics to treat S. aisrénfections’’

24.Priscilla R. Varges (2019)In this study a Continuous shear rheometry wad use
to study the effect of physical and chemical vddabon the consistency of
Carbopol940 and 941 gels. Small strain testing wgasl to determine the effect of
polymer concentration, temperature, neutralisatiang different solvents and
neutralizers on the fundamental properties of Qaob@els. Gels were linear

viscoelastic and elastic solids to a first appradion. Creep compliance
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increased linearly with concentration and had mé lio the type of solvent or
neutralizer usetf

25.Yanlong Yin (2020) carried out a study to assess the specific anihcise
capabilities of nanogels as carrier systems fordislevery of a variety of cargo
molecules in comparison to other nanomaterialss&lae soft materials having
crosslinked networks that can store tiny molecoladicines, biomacromolecules,
and inorganic nanoparticles, allowing them to bedu®r therapy and imaging of
a variety of illness conditions. Nanogels' stinmelsponsive behaviour can be
easily controlled by selecting constituent polyraad crosslinker components to
achieve a desired response at the site of actieimggthem the ability to actively
participate in the carrier system's intended fumctrather than being passive
cargo carriers?

26.Woo0-Ri Jung (2021)studied the prevalence and abundance of 9 repeatsen
periodontal pathogens Aggregatibacteractinomycevemtans (Aa),
Porphyromonas gingivalis  (Pg), Tannerellaforgythi (Tf), Treponema
denticola (Td), Prevotella intermedia  (Pi), Fusdbauam nucleatum (Fn),
Campylobacter rectus (Cr), Peptostreptococcus rabias (Pa), and Eikenella
corrodens (Ec) +in the saliva samples of periodbnteealthy subjects (PH) and
patients with periodontitis who underwent supp@rtperiodontal therapy (SPT).
The prevalence and abundance of periodontal patisogethe PH group were
compared with those in periodontally healthy yowudpjects (94 subjects; aged
<35 years) DNA copy numbers Afigregatibacter actinomycetemcomitans (Aa),
Porphyromonas gingivalis (Pg), Tannerellaforsythia (Tf), Treponema
denticola (Td), Prevotella intermedia (Pi), Fusobacterium nucleatum (Fn),

Campylobacter rectus (Cr), Peptostreptococcus anaerobius (Pa), andEikenella
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corrodens (Ec) were analyzed using real-time polymerase chaattien. The
detection frequencies of all pathogens, exéeptwere high in the PH and SPT
groups. Compared with the PH group, the SPT groibéed significantly lower
total bacteria anén abundance and highBg abundance R<0.05). The age-
specific pathogen distribution analysis revealesigaificantly lowAa abundance
and highTf andCr abundance in the PH group. The clinical paramegers
microbial profiles were similar between the SPT dnld groups. However,
patients with periodontitis require supportive ctweprevent recurrence. As the
abundance of some bacteria varied with age, fustmdies must elucidate the
correlation between age-related physiological ckangnd periodontal bacterial

composition*°
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METHODOLOGY

Materials and Methods

A Garcinia Mangostana (Mangosteen) extract wasgueab

A4

Antibacterial sensitivity test was carriedit. (MIC & MBC)

U

Formulation of nano bio gel was done based onffieet&ve concentration.

4

Total sample size n=

]

Y

Zirconia Discs = 3l

Titanium disc = 3(

Z

Y

Z

Y

discs coated with 0.2% CHX

discs coated with Gel.

Control Experimental Control Experimental
group=15 group=15 group=15 group=15
Each plate contained two discs
Disc Diffusion Test
CONTROL GROUP- EXPERIMENTAL GROUP-

O

Plates were incubate

&N

O

Results were subjected for statistical analy
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MATERIALS AND METHODS

SOURCE OF DATA:

This study was conducted in-

* This study was conducted in- KAHER's KLE VKIDS Depaent of

Prosthodontics and Crown & Bridge
 KAHER'’s Dr. Prabhakar Kore’s Basic science reseagaiiter (BSRC)
» Department of Microbiology, JNMC, Belagavi.
» Department of Pharmaceutics, KLE College of PhagmBelagavi.

* Authentication ofGarcinia Mangostana (Mangosteen) - Agharkar Research

Institute, Pune.

METHOD OF COLLECTION OF DATA:

INCLUSION CRITERIA:
» Even disks with a diameter 5 mm and a width ofr@ (ASTM F67).
* Optimal Surface Roughness of O uf was included in the study
EXCLUSION CRITERIA:

» Discs with surface irregularities

Optimal Surface Roughness abovend was excluded from the study.

» Discs with casting defect.
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Materials and Methods

MATERIALS USED IN THE STUDY:

Material Description Manufacturer
Hydroalcoholic solvent Ethanol Fisher Scientific
(175ml/75ml)
Mueller hinton agar Culture media Hi-media
Brucella blood agar Culture media Hi-media

Phosphate buffer solvent (6.8 ph

dihydrogen orthophosphate

Sodium chlosdejum

dihydrate, potassium

chloride, distilled water.

Fisher Scientific

Carbopol gel base Carbopol 940 OEM
manufacturers
Distilled water - -
Garcinia Mangostana (Mangosteen) Pericarp of Garcinia Novel
incorporated Nano Bio Gel Mangostana
Chlorhexidine Gel Hexi gel 1% ICPA Health
products
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Materials and Methods

ARMAMENTARIUM USED IN THE STUDY :

ARMAMENTARIUM DESCRIPTION MANUFACTURER
Incubator Sr.no: ZBCI-08444 Remi elektrotechnik Itd
India
Weighing machine Unibloc weighing balance, ELB Shimadzu Balances
series
Profilometer Surfcom Flex 50 A Zeiss India
Water bath Rectangular water bath Labec
Anaerobic Jar Noair Tecno source
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Materials and Methods

METHODOLOGY:

DETAILS OF THE PROCEDURES CONDUCTED DURING THE

RESEARCH:

MATERIAL PREPARATION -

A total of 60 discs of commercially available pdriganium grade 4 and Zirconia
were fabricated of diameter 5 mm and a width off@ (ASTM F67). The discs were

subdivided into four groups as control and expenitale

1. GROUP TE - Titanium experimental group (Nano bib) ge

2. GROUP TC - Titanium control group (CHX)

3. GROUP ZE - Zirconia experimental group (Nano &t g

4. GROUP ZC - Zirconia control group ( CHX)

SURFACE ANALYSIS -

The surface roughness was examined using Profienm€&he optimal surface

roughness calculated from O uB was used in the study.

The Radiographs evaluation was done using Intrgeahpical (IOPA) X-ray

of titanium and zirconia discs to assess the qgslaiect.
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Materials and Methods

METHOD OF EXTRACTION —

The fruits are cleaned and peeled, and then tHe pezdried and grinded into
powder using an electric blender. The coarse powedesissed through a sieve to form
a fine powder. The total weight of the powder wagris The fine powder sample of
25gms was extracted in Hydroalcoholic solution ¢hvV®&thanol + 75 ml of PBS at
pH6.8) and another 25gms was extracted in Phosihdter solution (6.8 pH) for 3
days using a shaker. Then the extract was filtatedugh blotting paper and

Whatman no.1 paper and the samples were storé€aintil use.

The filtered extract is placed in rotary evaporaeb® C until the reduction
of extract. Afterwards the reduced extract wasdfiemed into a china dish and placed
in water bath at 50C temperature for 3 days. A total of 10 grams yafrbalcoholic

extract and 10 grams of PBS extract was produced

TO CHECK FOR THE ANTIBACTERIAL PROPERTY OF THE

PBS AND HYDROALCOHOLIC EXTRACTS:

To assess antimicrobial properties of the Mangostegtract and 1%
Chlorhexidine gel an in vitro pilot study was cadiout using standard strain of S.
aureus (ATCC 25923) and P. gingivalis (ATCC 3327These strains were
maintained on nutrient agar slope and thioglycolatdium respectively at®4C.
These strains were sub cultured onto agar plate87atC for typical colony
morphology and used for the study. Anti-microbiatiaty was tested as per CLSI
guidelines (Clinical Laboratory Standard InstituBuiidelines) by using Mueller

Hinton Agar and Brucella Blood Agar on 90mm diamegtetri dishes.
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Materials and Methods

The inoculum was standardized by diluting in seeslaline to adjust the
density of 0.5 Mc Farland opacity equivalent to %t 5x1G colony forming units
(cfu/ml). The antimicrobial activity was assessesing sequential dilution method
confirmed with disc diffusion method. This procegluwvas carried out for mangosteen

extract and chlorhexidine gel.

The 100mg of extract was dissolved in 10ml of tésti water and further
dilutions were made to achieve the final concermnatof 100mg, 10mg, 5mg, 2.5mg,
1.25mg, 0.675mg in BHI broth (Mueller Hinton BrotHpr S. aureus and
Thioglycolate Broth for P. gingivalis. The discfd$ion method was carried out using

Mueller Hinton Agar and Brucella Blood Agar.

The MIC was considered as the lowest concentragsulting in negative

subculture. The experiment was carried out in 8aafes for each extract.

Minimum inhibitory and bactericidal concentraticesd Zone of inhibition of

extract against S. aureus and P. gingivalis wabbkshed.

The reported results revealed higher potentiahefltydroalcoholic extract to
prevent S. aureus and P. gingivalis proliferatiompared to PBS extract. The values
of MIC, MBC were recorded at 5 % for hydroalcoholextract The 5%

hydroalcoholic extract was incorporated in the Nhimwgel.
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Materials and Methods

FORMULATION OF NANO BIO GEL —

» The weighed quantity of Carbopol 940 (3gms) wagribigted in 100ml of
distilled water with a help of magnetic stirrer fdrhrs. The soaked polymer

solution was kept for 24hrs for complete hydration.

» Weighed quantity of extract 5gms (5%) was dispeilsethe above polymer

gel with constant stirring at high-speed propéditerhalf hour.

» To above mixture 5% Glycerin, 0.5% Sodium benzoate] 0.01% Methyl

paraben were added as preservatives.

» The ph was adjusted to 7.0 with Triethanolamine QS.

» Final product was stored in air tight containeRabm temperature.

DISK-DIFFUSION TEST -

» The disk-diffusion test was performed to assesseffectiveness of 5%
Mangosteen incorporated nano bio gel aga8etreus and P.gingivalis

standard bacterial strains.

PREPARATION OF STANDARD INOCULUM -

» The standard strain of P. gingivalis (ATCC 332773swinoculated on
enriched brucella blood agar supplemented with lmemd vitamin K at
37°C for 72 - 96 hours.

» The standard microbial strain of S. aureus (ATCO2Z) inoculated on

Mueller hinton agar at 37°C for 18 - 24 hours.
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Materials and Methods

» Fresh isolates were transferred to sterile salimeaamicrobial suspension
was prepared and the turbidity adjusted to 0.5 MaRd standard to yield
approximately 1® CFU/mL. The inoculum was evenly spread on brucella

blood agar and Mueller hinton agar.

METHOD OF INOCULATION — Lawn cell culture

» The agar plate was streaked with standard bacstrahs.

» After the inoculum dries, an 6mm diameter and 3nmeptld well were
punched with a sterile cork borer.

» The sterile pure Titanium grade 4 and Zirconia Walgicated of diameter
5 mm and a width of 2 mm (ASTM F67).

» Each plate contained two discs:

1. Experimental group- The disc was coated with Nano bio gel.

2. Control group- The disc was coated with 1% Chlorhexidine (CHX) gel

» The plates were incubated at 37°C for -
Aerobic — 18 to 24 hours for S. aureus

Anerobic — 72 to 96 hours for P. gingivalis
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Materials and Methods

SETTING UP THE ANAEROBIC JAR —

A catalyst and chemicals such as Sodium hydrogdsonate, Citric acid and
Sodium borohydrate were used to create anaerobidssculture media was placed
inside the jar, the air inside was pumped out agplaced with either unmixed
Hydrogen or as a 10%C0O2+90%H2 mixture. The catagts and the oxygen was
used up in forming water with the hydrogen. The amaeter registers this as a fall in
the internal pressure of the jar. Hydrogen is putnipeto fill up the jar so that the
pressure inside equals atmospheric pressure. Thevga incubated at desired

temperature settings

ZONE OF INHIBITION —

There was absence of bacterial colonies aroundrtieacterial agent forming

a zone of inhibition.
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Materials and Methods

Fig 1: Zirconium and Titanium discs.

i I

Fig 2: Profilometer.
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Materials and Methods

Fig 4: Testing the surface roughness of Titanium dc.
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Materials and Methods

Fig 5: Evaluation of surface defects using IOPA.

i

Fig 6: G. Mangostana (Mangosteen) fruit powder.
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Materials and Methods

BOROSIL

i

Fig 8: Optimisation of extract in evaporator to sejrate ethanol from herbal
extract.
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Materials and Methods

Fig 9: Herbal extract placed in controlled water bah in China dish to facilitate
evaporation to obtain semi solid mixture.

Fig 10: Inoculating loop used fortieaking for inoculation.
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Materials and Methods

Fig 11: P. gingivalis strain on Brucella Blood Agar

Fig 12: S. aureus strain on Mueller hinton agar.
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Materials and Methods

4

w [Himepia EEUETPP P
Citric acid, monohydrate, Pure

‘..

AUTY (1948108) (1694046

|

% 19930521 809 i ] Sodium Borohydride
EMPLURA® = ~/ L )
Sodium = A 40
hydrogen & Ch- 49
carbonate £
= M

Fig 13: Materials: Anaerobic jar, Sodium hydrogen @rbonate, Citric acid,
Sodium borohydrate.

CATALYST CITRATE

CHEMICAL S ‘
fHR ~ REALTION

B
bt

Fig 14: Setting up of anaerobic jar.
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Materials and Methods

Fig 15 : Antibacterial activity of PBS Mangosteen etract against P.gingivalis
assessed by sequential Microdilution.

Fig 16 : Antibacterial activity of HA Mangosteen exract against P.gingivalis
assessed by sequential Microdilution.

Page 40



Materials and Methods

Fig 17: MIC of Mangosteen extract against S.aureuassessed by Disc diffusion
method. (Zone 1 — 0.675mg, Zone 2 — 1.25mg , Zone 3.5mg, Zone 4 — 5mg,
Zone 5 — 10mg).

Fig 18: MIC of Mangosteen extract against P.gingiviss assessed by Disc
diffusion method. (Zone 1 — 0.675mg , Zone 2 — 118§ , Zone 3 — 2.5mg, Zone 4
—5mg, Zone 5 — 10mg).
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Materials and Methods

FORMULATION NANO BIO GEL

CARBOPOL 934

HiMedia

Fig 19 : Materials: HA extract, Glycerine, Sodium kenzoate, Carbopol.

. |
KOAIS18/22061%

[
«Triethanolamine IR
2 for Synthesis) |

~ Trietanolamina
- Triéthanolamine

Fig 20 :Materials: TriethanolamineQS for PH adjustment.
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Materials and Methods

Fig 21: Magnetic stirrer — Carbopol with Distilled water.

Fig 22: Magnetic stirrer —-5% extract added.
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Materials and Methods

Fig 23: G. Mangostana incorporated Nano Bio Gel.
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Materials and Methods

DISC-DIFFUSION METHOD

Fig 24: Two discs placed in the Mueller hinton agaplate, Zone one coated with
1% CHX gel and Zone two coated with 5% Nano bio gel

Fig 25: Two discs placed in the Brucella Blood Agaplate, Zone one coated with
5% Nano bio gel and Zone two coated with 1% CHX gel
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Results

RESULTS

The values of microbial count which revealed thieafof the 5% Garcinia
Mangostana (mangosteen) incorporated Nano biorgkll& commercially available
Chlorhexidine gel were subjected to statisticallysia to draw a conclusion from

experimental data.

Descriptive statistical measures such as Mean, dStdndeviation were
calculated for all the study groups in order tdexively compare the two groups i.e
the Experimental group which was the Garcinia Mat@oa (mangosteen)
incorporated Nano bio gel and the Control groupvinch a commercially available

Chlorhexidine gel.

Comparison between two gels (G. Mangostana nano debd and
Chlorhexidine) against two microorganism (S.aurand P. gingivalis) using two
different implant materials (Titanium and zirconv@ds assessed using statistical tests
which determined the mean zone formation for thetf@b group and Experimental

group was found to be statistically significantg0.05).

Statistical Analysis was done by using the follogviasts:-

*  Two way ANOVA
« TUKEY’'S MULTIPLE POSTHOC.
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DESCRIPTIVE STATISTICS

A. Summary of number of zones in S.aureus organism inwvo gels (Nano

and Chlorhexidine) and two materials (Titanium andZirconia)

Gels and materials n Mean SD SE
Nano gel with Titanium 15 24.60 2.44 0.63
Nano gel with Zirconia 15 25.67 2.44 0.63
Chlorhexidine gel with Titanium 15 22.53 0.92 0.24
Chlorhexidine gel with Zirconia 15 18.80 0.68 0.17
B. Summary of number of zones in P. Gingivalis organm in two gels
(Nano and Chlorhexidine) and two materials (Titanium and Zirconia)
Gels and materials n Mean SD SE
Nano gel with Titanium 15 23.47 0.74 0.19
Nano gel with Zirconia 15 20.40 0.91 0.24
Chlorhexidine gel with Titanium 15 21.33 0.82 0.21
Chlorhexidine gel with Zirconia 15 17.07 0.88 0.23
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Results

1. S.AUREUS

Comparison of two gels (Nano and Chlorhexidine) antivo materials

(Titanium and Zirconia) with number of zones in S.aireus organism by two

U)

way ANOVA
Sources of variation Degrees Sum of | Mean sum F-value p-value
of squares | of squares
freedom
Main effects
Gels 1 299.27 299.27 90.5562 0.0001,3
Materials 1 26.67 26.67 8.0692 0.0063,9
2-way intersection effects
Gels x Materials 1 86.40 86.40 26.1441 0.0001,
Error 56 185.07 3.30
Total 59 597.40

When intergroup comparison was done for the peagenfor antibacterial activity
against peri-implant pathogen using two-way ANO\&fgtistically significant results

were observed with p-value (<0.08Eraph 1)
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Mean value
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3.00
0.00

Graph 1: Comaprison of two gels (Nano and Chlorhexidine) and two materials
(Iitamum and Zirconia) with number of zones in S.AUREUS organism
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Results

Pair wise comparison of two gels (Nano and Chlorhédine) and two materials

(Titanium and Zirconia) with number of zones in S.aireus organism

Gels and materials Nano gel with Nano gel with | Chlorhexidine | Chlorhexidine
Titanium Zirconia gel with gel with
Titanium Zirconia

Mean 24.60 25.67 22.53 18.80

SD 2.44 2.44 0.92 0.68

Nano gel with -

Titanium

Nano gel with P=0.3832, NS -

Zirconia

Chlorhexidine gel P=0.0151,S P=0.0002,S -

with Titanium

Chlorhexidine gel P=0.0002,S P=0.0002,S P=0.0002,9 -

with Zirconia
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Zonesinin S AUREUS

32 Jl

30 T +1.96*Std. Dev.

%g [ +1.00*Std. Dev.

27 O  Mean
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Nano gel Chlorhexidine gel Nano gel Chlorhexidine gel
Titanium Zirconia

Gels

Zonesin S AUREUS
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28 I +1.00*Std. Dev.
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Titanium Zirconia Titanium Zirconia
Nano gel Chlorhexidine gel

Materials

Intergroup comparison by tukey’s multiple postlpwocedures was done and
statistically significant results were observedfew groups. There was statistically
significant result for the groups TE (Titanium expeental group), group TC
(Titanium control group) and Group ZC (zirconia troh group). The comparison
between the group TE and group ZE was not stalftisignificant as there was
difference found between the activity. The expentakgroup had an higher activity.
The titanium implant material had more antibactedetivity when compared to

zirconia against S.aureus peri-implant patho¢g@naph 2 & 3)
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Results

2. P. GINGIVALIS

Comaprison of two gels (Nano and Chlorhexidine) antivo materials

(Titanium and Zirconia) with number of zones in P.Gingivalis organism by

two way ANOVA
Sources of variation Degregs Sum of | Mean sum F-value p-value
of squares | of squares
freedom
Main effects
Gels 1 112.07 112.07 158.4781 0.00001}S
Materials 1 201.67 201.67 285.1852 0.00001}S
2-way intersection effects
Gels x Materials 1 5.40 5.40 7.6364 0.0077,5
Error 56 39.60 0.71
Total 59 358.73

When intergroup comparison was done for the peagenfor antibacterial activity

against peri-implant pathogen using two-way ANO\&fgtistically significant results

were observed with p-value (<0.08Eraph 4)
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Mean value

Graph 4: Comaprison of of two gels (Nano and Chlorhexidine) and two materials
(Titanium and Zirconia) with number of zones in P. Gingivalis organism
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Results

Comparison of two gels (Nano and Chlorhexidine) antivo materials (Titanium

and Zirconia) with number of zones in P. Gingivalisorganism

Gels and materials

Nano gel withNano gel with

Titanium

Zirconia

Chlorhexidine
gel with
Titanium

Chlorhexidine
gel with
Zirconia

Mean

23.47

20.40

21.33

17.07

SD

0.74

0.91

0.82

0.88

Nano gel with

Titanium

Nano gel with

Zirconia

P=0.0002,S

Chlorhexidine gel

with Titanium

P=0.0002,S

P=0.0184,S

Chlorhexidine gel
with Zirconia

P=0.0002,S

P=0.0002,S

P=0.0002,

S -
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Zones in P. Gingivalis organism
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Titanium Zirconia Titanium Zirconia
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Materials

Intergroup comparison by tukey’s multiple postheogedures was done and
statistically significant results were observedfew groups. There was statistically
significant result for the groups TE (Titanium ewxpeental group), group TC
(Titanium control group), Group ZC (zirconia contgooup) and Group ZE (zirconia
experimental group). The experimental group had hégher activity against

P.Gingivalis peri-implant pathoge(Graph 5 & 6)

When comparing the implant material, according revjpus studies titanium
has more affinity towards S.aureus as an earlynizdo. This study showed that the
G. Mangostana incorporated nano bio gel has great®bacterial activity against
early peri implant pathogen in titanium implant erél. On the other hand when
compared to the CHX control group (TC AND ZC), theerimental group (TE AND

ZE) had a better activity against S.aureus andhgixglis peri implant pathogens.
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DISCUSSION

Peri-implantitis is a multifactorial condition which is associated with
inflammation of surrounding structure and loss of supporting bone around the
implant. Failure of dental implants may occur by peri-implantitis and/or lack of
osseointegration. Since bacterial infection is one of the main causes of peri-
implantitis, both reduced bacterial colonization on and elimination of bacteria from
the surface of dental implants are required to treat and even to prevent peri-

implantitis. Two of these bacterial species are S. aureus and P. gingivalis. ©

Although antibiotics are routinely used and are effective against these bacterial
infection, due to the resistance of human pathogenic micro-organisms to these
antibacterial agents and their side effects, use of alternate herbal medicines for the
treatment of these conditions. In addition, herbal medicines are usually more
compatible with the body, and usualy have no side effects; therefore, in chronic
diseases when such medications are used for a long time, they are non-toxic. In

addition, these medications are economical and are readily available. **

Therefore, the goa was to assess antibacterial efficacy of herbal G.
Mangostana incorporated nano bio gel against peri-implantitis pathogens to various
Titanium and Zirconia discs. It could be demonstrated that the G. Mangostana
incorporated nano bio gel disclosed a significant activity to control adherent bacteria
on both materials without causing any surface damages. Adhesion of bacteria on
Titanium implants has already been described both in vivo and in vitro. Dominant
factors influencing bacterial adhesion are surface free energy and chemical

composition, and particularly surface roughness of the material.
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In several different test systems, rough surfaces promoted bacterial adhesion
whereas smooth surfaces minimized it. Irmgard Hauser-Gerspach et al found a
lower bacterial adhesion on Titanium-polished surface (Sa, 0.012 wm) in comparison
to SLA surface (Sa, 1.554 um) in the presence of absorbed proteins which isin line
with the few previous reports. Comparative studies for Zirconia are scarce.
Hisbergues et al. concluded that Zirconia might show a lower bacterial colonization
but a need for further studies, particularly in the presence of absorbed proteins of a

saliva serum pellicle®

Irmgard Hauser-Ger spach et al provides data for Zirconia. It confirms that
the lower surface roughness of the zirconia material, showed lower bacterial adhesion
when compared to Titanium. The results demonstrate that Zirconia may be a suitable
material for implant abutments with a lower colonization potential. The fact that S.
sanguinis adhered to a higher extent to both materials than P. gingivalis could be
related to its nature as a first colonizer. Staphylococcus aureus has been identified in
peri-implantitis lesions by Leonhardt et al and Renvert et al. According to Harris
& Richards et al this is interesting in the sense that foreign bodies are often
colonized by S. aureus and it has been reported that Titanium favors colonization by

S. aureus.”®

Relatively, in our study the customized nano bio gel showed a drastic
reduction of adhered early colonizer S.aureus on Titanium Disc (implant surface). The

results of the formulated nano bio gel was superior to CHX gel.

According to Hyo-Sook Ryu et al , combination of mechanical and chemical
therapy may efficiently control peri-implant infection rather than mechanical

debridement alone. This is because unlike natural teeth, rough implant surfaces
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fabricated for good osseointegration attract oral bacteria and develop a biofilm,
making effective debridement difficult. Limited evidence also suggests that rough
surfaces show greater risk of peri-implantitis than smooth surfaces. Therefore, further
decontamination by adjunctive antiseptic agents is recommended to effectively
eliminate pathogenic bacteria and improve debridement outcomes. Several anti-
plague chemical agents are commercially available, including citric acid, H,O,, and
chlorhexidine (CHX). CHX has some side effects, including bitter taste and the
formation of extrinsic stains on the teeth and tongue as well as cell cytotoxicity
against a human fibroblast. As reported in several studies, CHX has many side effects

and cannot be safely used for more than 3 weeks *

The main aspiration of the present study was to develop a safe non-surgical
adjunctive topical treatment option without side effects to improvise the treatment
standards for the patient. Several studies investigated the phytochemical activity of

the Garcinia Mangostana pericarp and have reported no long term side effects.

According to a study by Farzane Pakdel et al antibiotics are invaluable
medications for the treatment of many human diseases, however, excessive use of
these medications results in microbial resistance. Therefore, researchers have
prioritized research on different parts of plants with medicinal uses in order to

discover new drugs with herbal origins.*

In a study by Binit Shrestha et al the antimicrobial effects of mangosteen
pericarp extract on craniofacial implants were assessed against peri-implantitis
microflora strains of Staphylococcus aureus, Candida albicans and Candida
parapsilosis by disk diffusion test. Mangosteen extract had potential antimicrobial

effects against S. aureus, which can be further studied and developed, to be used in
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the treatment of microorganism induced infection of skin-abutment interface of
craniofacial implants. This study is one of the initial researches, which focuses on the
potential use of G. mangostana as an alternative antimicrobial therapy to reduce peri-
implantitis arising from microbial infection around craniofacial implants, especially
that arising from the proliferation S. aureus. The study concluded that it was active

against S.arues which isin accordance with our study results.*

In this study Ruchadaporn et al examined the activity of alpha-mangostin
against Candida abicans, the most important microorganism implicated in oral
candidiasis. Its activity was compared to Clotrimazole and Nystatin. Results showed
that alpha-mangostin was effective against C. abicans, the minimum inhibitory
concentration (MIC) and minimum fungicidal concentration (MFC) were 1,000 and
2,000 microg/ml, respectively. The C. albicans killing activity of alpha-mangostin
was more effective than Clotrimazole and Nystatin. The cytotoxicity of alpha-
mangostin was determined and it was found that alpha-mangostin at 4,000 microg/ml
was not toxic to human gingival fibroblast for 480 min. The strong antifungal activity
and low toxicity of alpha-mangostin make it a promising agent for treatment of ora

candidiasis.>

Hence, in the present study the novel formulation of G. Manogstana
(mangosteen) incorporated nano bio gel showed significant antibacterial activity at
5% against aerobic S.aureus as well as anaerobic P.Gingivalis when compared to

CHX gél (contral).

This prompts further probing and research into the various theraputic and
pharmacologic applications of Garcinia mangostana (Mangosteen). In one such

attempt the bioactive ingredients from the pericarp of garcinia mangostana were
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incorporated into carbopol based nanobiogel. This in vitro study gave a statistically
significant result against nidus formation of S. aureus and p gingivalis strains. During
the study, no apparent undesirable effects were appreciated against the integrity of
Titanium and Zirconia implant materials, also no changes were observed following

usage of the Nano bio gel.

Hence, Garcinia Mangostana (mangosteen) incorporated Nano bio gel is a
lucrative, promising and reliable alternative for maintenance of early peri-implantitis.
The outcome of this in vitro study can be of further interest in the field of clinical
application in dentistry as it is indicative of the therapeutic aid of Garcinia

mangostana (Mangosteen) in Peri-implantitis management.
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SCOPE OF THE STUDY

In accordance with the results of the present study, a significant reduction of
microbial colony forming unit was observed after the application of the novel G.
mangostana (mangosteen) incorporated Nano bio gel against the selected strains. It is
necessary to establish the effects of this herbal Mangosteen incorporated nano bio gel

on different strains of microorganism in the oral cavity.

Further research could be carried out to include the antimicrobial assessment
of extended time period since microbial growth could vary with different duration of
time. Extended long term effects of the Novel Gracinia Mangostana incorporated

Nano bio gel could be investigated.

This present study could also act as a basis to further research the
antimicrobial  efficacy of various permutation and combination  of
phytopharmaceutical extracts from different parts of the plants as well as
pharmaceuticals composition and optimization of desired antimicrobial properties

over aperiod of time

Further studies could also asses the effect of long term use of the herbal
preparation, evaluate the osteogenic property of the nano bio gel and as the research
was performed in vitro, additional in vivo parameters with varying circumstances and

long-term monitoring can be included.
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LIMITATIONSOF THE STUDY

Thereis scope for further research involving awider area of interest as follows:

1. Asperi-implantitisis caused by multiple complex of microorganism, the effect

of the G. mangostana gel on varying microbial strains was not carried out.

2. It is only possible to carry out quantitative analyses, qualitative analyses

should also be done and must be correlated with quantitative data.

3. A further topographic assessement can be evaluated for different implant

materials.
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CLINICAL IMPLICATIONS

In this present study the use of herba phytopharmaceutical nano bio gel
against peri-implantitis pathogens showed reduced microbial count. Hence the nano
bio gel containing Garcinia Mangostana (Mangosteen) pericarp extract could be

recommended as non-surgical aid in early peri-implantitis.

The use of the herbal Nano bio gel containing Garcinia Mangostana
(Mangosteen) can be preferred over commercially available gel as it was found to be
more effective than commercially available gel, as it overcomes the anticipated ill

effects of long term usage of chemical gels such as chlorhexidine (CHX).

The clinical use of this herbal Nano bio gel as an adjunctive therapy has a

great future prospective even as an preventive measure for biofilm formation.

This gel could revolutionize herba use without reported side effects as an

standard and effective non-surgical adjunctive treatment modality.
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Conclusion

CONCLUSION

This study concluded the use of herbal Garcinia Mangostana (mangosteen)
Nano bio gel significantly reduced the complex strain P.ginigvalis and S.aureus which
leads to early peri-implant pathology in comparsion with commercialy available
topical CHX gel. As established, S.aureus is an early colonizer in peri implantitis and
has an affinity towards Titianium implant material, the present study showed
significant reduction in the bacterial count in titanium implant materia. The
formulated herbal Nano bio gel reported no long term side effects when compared to
commercially available CHX. This opens the door to further investigations. Even

more widely, as a standard clinical trestment modality.
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Summary

SUMMARY

The present study was conducted with the aim ofuatiag and comparing
the effect of the two gel namely Garcinia MangoatgMangosteen) incorporated

Nano bio gel and commercially available Chlorhex&{CHX) gel.

A total of 60 discs of commercially available pufé@anium grade 4 and
Zirconia were fabricated of diameter 5 mm and athviof 2 mm (ASTM F67). The
discs were subdivided into four groups as contral axperimental. The Garcinina
mangostana fruit was authenticated and the extvastformulated using the pericarp
of the fruit. The extract was prepared in hydrohtd@ and phosphate buffer solution.
The prepared extract was subjected to antibactegafly (MIC and MBC) using
serum dilution and disk diffusion method. Once MEC and MBC values were
achieved the formulation of the Nano bio gel watated. The gel formulation was
carbopol based and 5 % of the hydroalcoholic ekivegees used along with other
ingredients. Once the final Nano bio gel was pregathe Titanium and Zirconia
discs were subjected to antibacterial testing irowising disk diffusion method. The
disk-diffusion agar method tested the effectiversddglangosteen incorporated Nano
bio gel againstSaureus and P.gingivalis. An agar plate was first streaked with
bacteria, After the inoculum dried, a 6 mm diametad 3mm depth well was

punched with a sterile cork borer.

The sterile Titanium and Zirconia discs were used.
Each plate contained two discs:

1.Experimental group- disc coated with Nano bio gel.

2.Control group- disc coated with 1% Chlorhexidine gel.
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Summary

The plates were then incubated for 24 hours (aeyaid 48 hours (anerobic)

at 37 °C.

When the antibacterial activity was present, nooc@s grew where the

concentration in the agar is greater than or etquide effective concentration. This is

called the zone of inhibition.

The values of microbial count which revealed thé&edaf of the Garcinia
Mangostana (mangosteen) incorporated Nano bio geél cmmercially available

chlorhexidine gel were subjected to statisticallygsia to draw a conclusion from

experimental data.

The novel G. Mangostana incorporated Nano bio gdldbetter antibacterial

activity when compared to the commercially avaga®BHX (control group).
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ANNEXURE — Il - SURFACE ROUGHNESS VALUES (RA) USING

PROFILOMETER — 0 to 5 microns

GROUP TITANIUM GROUP ZIRCONIA
0.253 0.319
0.249 0.149
0.229 0.299
0.228 0.246
0.258 0.358
0.273 0.152
0.323 0.233
0.252 0.309
0.341 0.208
0.172 0.189
0.145 0.256
0.266 0.321
0.111 0.356
0.278 0.234
0.212 0.244
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Summary of number of zones in S.AUREUS organism itwo gels (Nano and

Chlorhexidine) and two materials (Titanium and Zirconia).

Gels and materials n Mean SD SE
Nano gel with Titanium 15 24.60 244 0.63
Nano gel with Zirconia 15 25.67 244 0.63
Chlorhexidine gel with Titanium 15 22.53 0.92 0.24
Chlorhexidine gel with Zirconia 15 18.80 0.68 0.17

Summary of number of zones in P. Gingivalis organma in two gels (Nano and

Chlorhexidine) and two materials (Titanium and Zirconia)

Gels and materials n Mean SD SE
Nano gel with Titanium 15 23.47 0.74 0.19
Nano gel with Zirconia 15 20.40 0.91 0.24
Chlorhexidine gel with Titanium 15 21.33 0.82 0.21
Chlorhexidine gel with Zirconia 15 17.07 0.88 0.23
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