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ABSTRACT

STATEMENT OF PROBLEM

Success of a dental implant relies on its ossegriat®n process. Ever since
osseointegration concept aroused, there have hewhar of techniques and materials
that have been developed to increase the bone ninptentact and decrease the time
required for osseointegration. One of the reasondmplant failures are related to
periimplantitis and others related to inadequataeebto implant contact eventually
causing mobility and implant loss. Hence, the phiiig of successful tissue
integration would be greatly enhanced if the tissiegration occurs before bacterial
adhesion could take place. Therefore, it was intperghat an implant/ coating should
have both antibacterial and osseointegrative ptigserSurface modification in the
form of hydrogel scaffolds which promote bone ghowds well as impart an
antibacterial effect could be an advantage by reduthe time for osseointegration
and helping in immediate loading protocols. Theitiah spectrum and toxicity of
available antimicrobial agents have concerned farmative therapies. The use of
herbal agents has emerged as an alternative &amigeperiimplant bacteria compared

to commercially available Chlorhexidine.

AIM: To assess the antimicrobial efficacy@dlendula officinalis hydrogel against
Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, Staphylococcus
aureus and the osteogenic potential of Calendula offitsndydrogel coated on

titanium



MATERIALS AND METHODS

A total of 270 titanium disc shaped specimen meagut0 mm x 2 mm
(ASTM B348) which were free of voids and porositigere used in the study. The
discs were sandblasted and their surface roughwas®valuated quantitatively using
Profilometer and qualitatively using Scanning HiectMicroscopy. MIC, MBC was
evaluated for Calendula officinalis extract againstPorphyromonas gingivalis,
Aggregatibacter actinomycetemcomitans and Staphylococcus aureus. At the desired
concentration, the gel was formulated using CarbopdO, glycerine and
Triethanolamine. The cytotoxicity of the gel to 19B2ells was evaluated. The gel was
coated on the titanium discs by dipping method #edantimicrobial efficacy of the
gel coated on the discs was assessed using dissidif assay against the three
organisms in comparison to the control which cdesi®f titanium discs coated with
1 % Chlorhexidine gel. Osteogenic potential wasleatad by assessing the cell
attachment using hemocytometer and Cell proliferaby MTT Assay using MG-63
cells on Calendula officinalis treated titanium adisin comparison to machined
titanium discs at time intervals of 24, 48, 72 lsourhe resultant data was tabulated

and subjected to statistical analysis.

RESULTS

The results showed that the hydrogel showed antiiial efficacy against the
three organisms testedggregatibacter actinomycetemcomitans showed the highest
zone of inhibition as compared to the other twoaaigms for the hydrogel treated
group. Porphyromonas gingivalis and Staphylococcus aureus showed similar zone of
inhibition. However, the study group showed lesg®re of inhibition as compared to

specimens on the contggl group. The cell attachment was higher for the sigrdyip



at all three time intervals as compared to therotsit group. There was a statistically
significant difference in the cell attachment bedwehe time intervals for the study
group. The cell proliferation was higher in thedst@roup with statistically significant

results at all three time intervals studied.

CONCLUSION

Within the limitations of this invitro study, titfum surfaces treated with
Calendula officinalis hydrogel was found to be efiiee against periimplantitis and
had increased cell attachment and cell prolifenatib MG-63 cells at all three time
intervals with a greater effect size as comparethazhined titanium surfaces. This
opens the door to further investigations for anlanpcoating having osseoconductive

as well as antibacterial properties.

KEYWORDS: calendula officinalis, chlorhexidine, coated mgils,

osseointegration, quercetin, titanium.
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I ntroduction

INTRODUCTION

Natural teeth are commonly lost due to caries,ogemtal diseases and trauma
that affect the patient's appearance, speech, hadntasticatory system. Dental
implants have become a popular solution to restorssing teeth, masticatory
function, and esthetics thereby improving patienislity of life! Dental implants
are fixtures that are surgically embedded in thelane to substitute the root part of
the tooth? The dental implants are biocompatible and mad#asfium and its alloys.
Ti-6 aluminum-4 vanadium (Ti6Al4V) is the most cormnty used titanium alloy and
is preferred due to its superior mechanical prapernd excellent biocompatibilify.
They are left undisturbed where bone healing tpkese in which bone grows around
the implant which is termed as osseointegrationisuedtical for long term prognosis.
Osseointegration may be affected by a number dbfacincluding the material

properties, surface topography, and geometricalifea of dental implants

Osseointegration may also be affected in casesowf bone density and
guantity. This can be caused by systemic disordées osteoporosis or be
encountered as a side effect of radiotherapy. $irchmstances imply a challenging
bone healing situation. Under these conditions, sineival rate of dental implants
may decrease to 55% which would require additichaface modifications that

would stimulate new bone formation and promoteyeaskeointegration.

Considering that the biological tissues establish iaterface with the
materials’ surface, the surface modifications ecbkarnhe materials’ biological

response and osseointegration without affectingttie propertie$.

Page 1



I ntroduction

Therefore, enhancement of the osteoconductive piepeof dental implants

is always desired to achieve clinical success.

There are various techniques pertaining to surfacelifications that have
been researched and applied to improve biologigddse properties, that support the
mechanism of osseointegration, these include stthtea methods such as
sandblasting, acid etching or a combination of bdthe additive methods include

plasma spraying, hydroxyapatite coating and alsdilcg with biomimetic agent8.

Most of these implant surface treatments aim aaeaimg the activity of bone
forming cells and their mediators to increase t#w bone formation hence promoting

early osseointegration and higher secondary imjsility. ®

One of the surface chemical modifications to furthstimulate
osseointegration is the coating of implant surfagils biological components. Many
different types of surface coatings have been megaon recent years. These include
coatings with peptides, growth factors, calcium gpimtes and lipids. Different
organic coatings, biopolymers and biomimetic agehéve been explored on
biomaterials used for dental implants which carepoally influence cellular activity
during peri-implant healing, and promote an intiemabone-implant contact,
promoting osseointegration by the proliferationosteoblast$.Biomaterials such as
polymeric matrices, hydrogels and nanoporous negri@ave also been evaluated as a

means of surface modificatich.

Hydrogels used as one of the implant surface naatiins are polymeric

networks onto which matrices for tissue engineexngdrugs can be incorporated
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I ntroduction

which have a sustained release directly at theo$iteterest which can be used as an

antimicrobial, to accelerate bone healing or bbth.

The two main areas of concern in dental implantapge are biomaterial
centered infection and successful tissue integratidection after implant placement
still remains one of the major complications in @mmplants even though optimal

aseptic surgical practices are followed and modetibiotic regimes are uset.

In the competition for colonization of the implasurface, the probability of
successful tissue integration would be greatly eobd if tissue integration occurs

before bacterial adhesiolt.

Significant advancements have been made in implaffaice modification as a
result of requirement to mitigate biofilm formatiém reduce the occurrence of peri-
implantitis, accelerate osseointegration for rdpatling, or in cases of deficient bone
at the recipient sit& Therefore an ideal implant/ implant coating shohéve both

antibacterial and osseointegrative properties.

With growing resistance to antibiotics and sideeefi§ associated with certain
antimicrobials which impair osseointegration andseacell toxicity there is a search
for natural products with less or no side-effeatsl @araditional medicines are now
being considered as alternativdsPlants are known to synthesize aromatic
substances, usually phenols or their derivativeisiware intensely antimicrobial and

antioxidant in naturé*

Calendula officinalis commonly called marigold, belongs to the Asteracea
family. Calendula officinalis contains various phytochemicals, the flavonoidrgetn

is considered of great importance due to its arfilisimmatory, antitumor, antioxidant
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I ntroduction

and cicatrizing effect¥ These phenolic structures namely quercetin complitx
extracellular soluble proteins and bacterial cedllsvand are capable of disrupting

microbial membranes based on their lipophilic retfur

Quercetin is also known to enhance human ostedikas¥iG 63 proliferation
and differentiation through MAPK signaling and iease the expression of some of
the prominent markers of osteoblast differentiatfjmocess such as osteopontin,

osterix, RunX2 , osteoprotegrin and osteocaltin.

The anti-inflammatory effect ofalendula officinalis extract might be due to
the inhibition of anti-inflammatory cytokines anglctocoxygenase-2 and subsequent
prostaglandin synthesis. Quercetin has shown taifgigntly increase osteoblast
differentiation and induced mRNA expression of gpabtein and osteocalcin in the
osteoblast culture. It increased serum osteocddsiels and the activity of alkaline

phosphatase, contributing to bone tissue preserviti

Considering these advantages and propertie€abéndula officinalis this
study was undertaken with an intend to assess\aldate the antimicrobial efficacy
and osteogenic potential of titanium when surfasEated with a hydrogel of

Calendula officinalis.
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Need for the Study

NEED FOR STUDY

Implant dentistry is unique because it has thatgltd accomplish the goals of
normal function, contour, aesthetics, speech amattthesgardless of atrophy, disease,

or injury to stomatognathic systef.

TisAl 4V, are the most popular titanium alloys used foplemts due to their
excellent mechanical properties and superior bigedihnility in comparison to
conventional materials such as stainless steel 3Hsld cobalt—chromium
alloys. However, titanium in its use as implant enals have some limitations.
Titanium as an alloy is bioinert lacking the alilto form any chemical bond with
surrounding tissues, it only forms physical bonthwihe bone tissue and the stability
of this physical bond is less than chemical osséousling leading to a higher risk of
failure or implant loosening. Titanium lacks natuaatimicrobial properties, easily
allowing bacterial colonisation during the earhagds of implantation. Following
colonisation, the bacteria can grow to form a hiofihat interferes with the function

of antibiotics leading to subsequent infectith.

The titanium implant requires 4-6 months for Osstgration with the
adjacent bone using the current materials and tgobs, however in cases of
impaired quality of bone, systemic diseases lomgating periods are required. Bone
response refers to the rate, the quantity and ulétg and is attributed to the implant
surface behaviour. Therefore, majority of the implsurface treatments aim at
increasing the activity of osteoprogenitor cellsl #meir mediators to increase the new
bone formation and promote early osseointegratiod ligher secondary implant

stability *°
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Need for the Study

The purpose of surface modification is to simultarsdy maintain the
excellent mechanical properties and biocompatybitf the implant, while also

optimising its antibacterial properties, resistatmeorrosion, and bioactivity®

Various commercially available antimicrobials aresed to treat early
periimplantitis, however these antimicrobials reka at suboptimal concentrations
are likely to promote bacterial resistance, whetdgh doses of antimicrobials may
alter the oral microflora, generate cell toxicitydaimpair osseointegratior’ The
ethnopharmacological approach by using natural qaingmicals isolated from
medicinal plants are considered to be a safe, tefeecand good alternative to

synthetic drugs”’

Calendula officinalis is a well-known therapeutic herb that was used for
decade. There are numerous biologically active @amgs that are found in different
components of the plant such as in its leaves kweefs. These compounds include
carotenoids,flavonoids, saponins, sterols, pheradids, lipids which are therapeutic
and are used both in-vitro and in-vivo. It is repdrto have medicinal properties and
is widely used as an anti-inflammatory, analgeaitjseptic and in healing wounds.
In dentistry, it is effective in the treatment abmucositis, gingivitis, periodontitis.
Calendula extract promotes wound healing by bogstieovascularisation and the
rate of hyaluronic acid deposition. In bone woungaluronic acid can accelerate

new bone creation by promoting mesenchymal ceféaihtiation?*

It is a very promising plant that needs indeptreaesh that can be used to
extract active ingredients, to synthesize differgntgs, to prevent various diseases,

and also used to manage different patholofies.
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Need for the Study

The research related to the antimicrobial and gsteic potential of
Calendula officinalis hydrogel on titanium surfaces are at sparse. Hinsaequired
to evaluate the effect o€alendula officinalis on periimplant pathogens and its
osteogenic potential for early osseointegrationdehtal implants. Therefore, this
invitro study was undertaken with an intent to eas the antimicrobial efficacy and

osteogenic potential @alendula officinalis hydrogel coated on titanium disc surface

Page 7



Hypothesis

HYPOTHESIS

NULL HYPOTHESIS. There is no significant difference in the antimicrobial

efficacy and osteogenic potential of titanium coated with hydrogel of calendula

officinalis.

ALTERNATIVE HYPOTHESIS. There is a significant difference in the

antimicrobial efficacy and osteogenic potential of titanium coated with hydrogel of

calendulaofficinalis.
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Aim and Objectives

AlM AND OBJECTIVES

AlIM OF THE STUDY:

To assess the antimicrobial efficacy of Calendula officinalis hydrogel against
Porphyromonas  gingivalis, Aggregatibacter  actinomycetemcomitans,
Staphylococcus aureus and the osteogenic potential of Calendula officinalis

hydrogel coated on titanium.

OBJECTIVES:

To assess the antimicrobial efficacy of Calendula officinalis hydrogel against
Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans,
Staphylococcus aureus.

To compare the antimicrobial efficacy of Calendula officinalis hydrogel with
chlorhexidine gel (CHX) against Porphyromonas gingivalis, Aggregatibacter
actinomycetemcomitans, Staphylococcus aureus.

To assess and compare the osteogenic potential and proliferative nature of
osteoblast like cell on titanium with and without subjecting it to hydrogel of

Calendula officindlis.
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Review Of Literature

REVIEW OF LITERATURE

1. K. J. Bundy et al in 1980investigated the bacteriostatic properties of pure
metals. The effect of 16 pure metals on the imwvgrowth of Streptococcus
mutans was studied under both aerobic and anaerobic tonsli With less
consistency nickel, titanium, iron, and vanadiurhibits the ability to inhibit
growth of the organism. Threshold concentratiors/alwhich growth did not
occur were identified. As measured by threshold ceatrations, wide
variability between metals exists in the ability itthibit the growth, with
cobalt being particularly effective at small concations. This implies that,
sensitivity on the part of the organism is diffdréor different metals. The
threshold concentration varied between aerobic anderobic conditions.
Sreptococcus mutans appeared more resistant to the effects of the Imeta
under anaerobic conditions even though little défee in the amount of

corrosion was detectetf.

2. Gregory R. Parr et al in 1985highlighted the important dental materials
aspects of titanium and its alloys. A successfalgierm implant requires
biocompatibility, toughness, strength, corrosiosiseance, wear resistance,
and fracture resistance. Titanium and its alloys ianportant in dental and
surgical implants because of their high degree iotcdmpatibility, their
strength, and their corrosion resistance. The sllopst commonly used for
dental implants are of the alpha-beta variety. kfse, the most common
contains 6% aluminum and 4% vanadium (Ti-6Al-4V¥tek heat treatment
these alloys possess many favorable physical ardhanéecal properties that

make them excellent implant materi&fs.
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Review Of Literature

Mombelli A et al in 1987compared the microbiota associated with successful
and failing osseointegrated titanium implants. Tiierobiota associated with
oral endosteal titanium hollow cylinder implantdIjl were studied using
microscopic, immunochemical and cultural methodgrdbiological samples
from five edentulous patients with successfullyoirporated implants serving
as abutments for overdentures for more than one wese compared with
samples from 7 patients with clinically failing itapts. These peri-implant
sites harbored a complex microbiota with a larggprtion of gram- negative
anaerobic rods. Control sites in the same patieatbored small amounts of
bacteria. The microbiota in control sites of unssstul patients and in site of
successful patients were very similar. On the ba$ithese results, it was
suggested that "peri-implantitis" be regarded ageaspecific infection, which

yields many features in common with chronic adetgdontitis.?*

Sennerby L et al 1991conducted a study to examine key implant factoas th
determine the bone-metal interface reactions tleauroaround a Titanium
screw. At the ultrastructural level, interfacialacions to experimental
Titanium implants are studied. Tissue reactionsC® Titanium versus
Titanium-6aluminum-4Vanadium were examined, andeva&ht surface
characteristics and surface structure for achiexgtigble osseointegration, as
well as probable bonding processes over the bofl@aaium interface, are
outlined. This article indicates that elementsdidko the implant alone do not
dictate the bone-metallic interfacial responses,that other factors such as
surgical technique and loading circumstances anallq significant for

establishing a reliable osseointegration.
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Review Of Literature

Ong et al in 1992selected 19 patients for evaluation of periimpkpdce with
age ranged between 22 to 77 years with a minimuguirement of two
osseointegrated branemark titanium implants. Alhichl variables were
assessed for Aggregatibacter actinomycetemcomitans, Porphyromonas
gingivalis and Prevotella intermedia and total of 37 sites were examined.
Patients were prescribed 0.2% chlorhexidine gluomaouthwash daily as
oral homecare hygiene regimen. The results shoeadf 37 sites had more

proportion of anaerobes than aerolf®s.

Gerald Mcdonnell et al in 1999 studied antibacterial activity of
Chlorhexidine. It is bactericidal and fungicidabviever it does not kill or
limit the growth of bacterial spores or mycobaaeidt has a low order of
effectiveness against viruses, however it is effecin destroying cysts of

Acanthamoeba species at high doseS.

Lauk et al in 2003 studied the antibacterial efficacy of medicinal nla
extracts against periodontopathic bacteria. Thehalic extract ofCalendula
officinalis was found to be antibacterial agaif&rphyromonas gingivalis ,
Prevotella intermedia, Fusobacterium nucleatum and Actinomyces species.
Among all the organisms, it inhibitéelisobacterium and Actinomyces at very

high MIC. %

Ethan Basch et al in 2006putforth a systematic review which included
statistical analysis of scientific literature, pimacology, kinetics/dynamics,
interactions, adverse effects, toxicology and dpsof Calendula. The
constituents of calendula are triterpenoids andofl@ids with at least eight

bioactive triterpendiol monoesters identified ie #xtracts of dried calendula
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flowers. The active components of calendula’s arftemmatory activity are
thought to be the triterpenoids, particularly faschdnonoester. In case of
wound healing there was a reduction of epithelimatime, an increase in

wound strength in wounds that were topically trdatéth calendula?®®

Lindhe J Meyle et al in 2008conducted a study to determine the causes of
peri-implant mucositis, peri-implantitis and theimanagement. Poor oral
hygiene, dental cements, a history of periodontérsd cigarette smoking are
all risk factors. Mechanical debridement is regaiine the treatment of peri-
implant mucositis inorder to eliminate the plaglre.the treatment of peri-
implant mucositis lesions, mechanical non-surgicedtment is beneficial. In
the treatment of peri-implantitis, non-surgical ima&aical cleaning of the
implant surface with or without an adjuvant antiieai@l treatment is

ineffective.*°

Stefan Renvert et al in 2008did a review of the literature to assess non-
surgical therapy options for peri-implant mucosit&d peri-implantitis.
Mechanical nonsurgical therapy has been shown tocsumeessful in the
treatment of peri-implant mucositis lesions. Fumthere, using antibacterial
mouth rinses in addition to mechanical therapy oupd the outcome of such
mucositis lesions. Nonsurgical treatment for pempliantitis lesions was found
to be ineffective. Clinical and microbiological chateristics were only little
influenced by the use of chlorhexidine. Adjunctivecal or systemic
antibiotics, on the other hand, have been demdasdtt® minimize bleeding

during probing and probing deptf.
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Antonio Fernandez-Barbero et al in 2009studied the internal structure,
refractive index, and mechanical properties of fh@lymer network in
hydrogels. They are known as super absorbent raltaince they can absorb
hundreds of times their own weight in solvent. Thewgct quickly to local
environmental changes. Microgels have found itsassearriers of therapeutic
medications and as diagnostic agents since sizegelaare followed with

changes in interior dimensiorié.

Wennerberg A et al in 2010in their study putforth that the roughness of an
implant surface is a key factor in osseointegra#ind in the long-term success
of the implant. The study concluded that the optimughness value is in
the range of 1-2um, as this provides an optimum degree of roughtess
promote osseointegration, compared to the smoatheyugher surfaces. The
best clinical results have been obtained with matgdy rough surfaces (Sa

between 1.0-2.0m). *

Krisztina Ungvari et al in 2010 evaluated three cleaning solutions in their
study, 3% H202 (5 min), saturated citric acid (p4 1) (1 min), or
chlorhexidine gel were used for commercially pugrafe 4) machined
Titanium discs (5 min). The dimethylthiazolyl-diphdtetrazolium bromide
(MTT) and bicinchoninic acid(BCA) protein conterstsays were used to study
human epithelial cell attachment (24-h observatianyl proliferation (72-h
observation). The Titanium surface is not harmedtlgse chemicals. In
contrast to chlorhexidine gel, cleaning with H2Og&dwastly promotes human

epithelial cell development?
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Raquel Lourdes Faria et al in 2010conducted a studyo compare the
antimicrobial effect of mouthwashes containir@alendula officinalis,,
Camellia sinensis and 0.12% chlorhexidine digluconate on the adloeresf
microorganisms to suture materials after extractibaonerupted third molars.
The microorganisms tested wel@aphylococcus, Streptocococcus mitis,
Pseudomonas and Candida. The three mouthwashes tested reduced the
number of microorganisms adhered to the suturespaced to the control
group. The study concluded thedlendula officinalis and camellia sinensis
presented antimicrobial activity against the adheeeof microorganisms to

sutures but was not as efficient as chlorhexidigeidonate *

Pragtipal Saini et al in 2012conducted a study to evaluate the effects of
Calendula officinalis on gingival fibroblasts mediated collagen degriaxtat
and MMP activity. Lactate dehydrogenate assays werformed to determine
the non-toxic concentrations of Calendula, doxyieycland quercetin. Cell-
mediated collagen degradation assays were perfortnecgxamine the
inhibitory effect on cell mediated collagen degtaala Gelatin zymography
was performed to examine their effects on MMP-2ivagt The study
concluded that Calendula inhibits HGF-mediated aggh degradation and
MMP-2 activity more than the corresponding concatidn of quercetin. This
may be attributed to additional components in Gduda other than

quercetirt®

Leila Maria Leal Parente et al in 2012studied theangiogenic activity of
Calendula officinalis extract and fractions was evaluated through the

chorioallantoic membrane and cutaneous woundstimaalels. The healing
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activity of the extract was evaluated by the sam&rmeous wounds model
through macroscopic, morphometric, histopathologic, and
immunohistochemical analysis. The antibacterialvagtof the extract and
fractions was also evaluated. This experimentalystevealed that Calendula
officinalis presented anti-inflammatory and antiteaial activities as well as
angiogenic and fibroplastic properties acting inpasitive way on the

inflammatory and proliferative phases of the hepfinocess®’

Marcelo H. Napimoga et al in 2013studied the effect on quercetin on bone
loss and inflammation in a rat periodontitis modelduced by A.
actinomycetemcomitans infection. effects.Thus, Subcutaneous treatmert wit
quercetin reduced\. actinomycetemcomitans-induced bone loss and 131
TNF-a, IL-17,RANKL, and ICAM-1 production in the gingiVéissue without
affecting bacterial counts. These results dematestrthat quercetin exhibits
protective effects imA. actinomycetemcomitans-induced periodontitis in mice

by modulating cytokine and ICAM-1 productiofi.

Jemat A et al in 2015conducted a review which covered several basic
methodologies of surface treatment and their effext titanium implants.
Significant surface roughness played an importal® in providing effective
surface for bone implant contact, cell proliferatioand removal torque,
despite having good mechanical properties. An atitied surface-modified
and a coating application on commercial pure titaniimplant was most
preferable in producing the good surface roughnBsss, a combination of a
good surface roughness and mechanical properti¢sanfum could lead to

successful dental implants.
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Xureb M et al in 2015 conducted a systematic review of the current dental
implant coating materials and novel coating techegSeveral materials have
been identified to coat dental implants includirgjcaum , hydroxyapatite,
bone stimulating factors among others. The mostncomcoating techniques
include plasma spraying and hydrocoating in whioh tnaterial was directly

applied to the surface from the solutidh.

Amparo Mendoza-Arnau et al in 2016conducted a study to characterize the
surface topography of dental implants. A rough emplsurface improves
cellular adhesion however, too rough a surface drmasseointegration and
biological response. An ideal Ra roughness rangé7fumz+ 0.058um) and
Rt range (5.258um + 0.554) have been proposedtha&llimplant systems
analysed in this study had lower scores. This saldg found that a medium
Ra achieved the best cell adhesion, coming to theclosion that high

roughness is not necessary in order to achieveesecell responsé"

Laura K. Uribe-Fentanes et al in 2016conducted an in vivo study to
evaluate the action @@alendula officinalis essence on bone preservation after
extraction.Calendula officinalis 10% was used as an irrigant during surgical
extraction of third molars and was continued ascatimvash for a week while
in the control group saline was used. Periapicdiographs were taken and
alveolar ridges and depth of alveolar bone weresoneal and compared with
control group. There was statistically significaetidence to state that

Calendula officinalis favorably affects bone preservation after extoacfi?

Joanna Trycia M. Alexandre et al in 2017conducted an animal study to

evaluate the anti-inflammatory and antiresorptivibeats of Calendula
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officinalis on alveolar bone loss in rats. Rats received safiolution or
Calendula (10, 30, or 90 mg/kg) 30 minutes befmatlire and daily until the
11th day. Out of the concentrations of Calendufecioglis used, 90 mg/kg
reduced bone loss, neutrophilia, the levels ofipflemmatory mediators, and
RANKL expression, while it increased OPG immunopwesicells and BALP

serum levels which are important markers for bawgzneration*

Shrinidhi Maji Shankar et al in 2017 conducted a study to assess the
efficacy of Calendula officinalis against five oral microbes as compared to
gold standard Chlorhexidine gluconat®orphyromonas gingivalis and
Prevotella intermedia were sensitive toCalendula officinalis, while
Fusobacterium nucleatum and Aggregatibacter actinomycetemcomitans
exhibited reduced sensitivityCalendula officinalis took longer than
chlorhexidine digluconate 0.2% to exhibit lethal#ggainst all the organisms
that it inhibited. Aggregatibacter actinomycetemcomitans and Prevotella
intermedia were inhibited byCalendula officinalis at 30 minutes, there was no

inhibition of Porphyromonas gingivalis by Calendula officinalis. **

Shiva Charan Yadav et al in 201tonducted an invitro study to evaluate the
antimicrobial activity ofCalendula officinalis against various periopathogens
Porphyromonas  gingivalis, Aggregatibacter  actinomycetemcomitans,
Fusobacterium nucleatum, Tanerella forsythia. The Minimum Inhibitory
Concentration was established by tube dilution w@etHPorphyromonas
gingivalis showed sensitivity at the concentration of 048/ml,
Aggregatibacter  actinomycetemcomitans showed sensitivity at the

concentration of 25y/ml, Fusobacterium nucleatum showed sensitivity at the
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concentration of 1Q@/ml while Tanerella forsythia showed resistance

through out. *3

Ramesh Chowdhary et al in 201&onducted a study to evaluate the cell
viability of MG-63 cells with the Hydrogel formuled at different
concentrations from acemannan and curcuminoidsedoan titanium discs.
Discs were coated with hydrogel using dipping mdtaad MTT Assay was
used to assess the cell viability of osteoblast IMG-63 cells. The study
concluded that acemannan and curcuminoid hydragged on titanium discs
had good cell viability at 24 hours however chagdime concentration of the

extracts had no effect on the proliferation of s:éf

Darius Gleiznys et al in 201%onducted a study with an intend to analyze the
effect of polyphenols and flavonoids substratesnfi@alendula officinalis,
Salvia fruticosa, Achillea millefolium, and propolis as immunomodulatory in
the production of IL-1b and IL-10 in peripheral btbleukocytes of patients
who were diagnosed with periimplant mucositis coragato patients with
healthy implant tissue. The levels of IL-1b deceshsiore considerably in the
mucositis group than in those of healthy groupratite treatment with the
plant extracts at only 10.0 mg/mL concentrationedé results suggest that
this herbal solution might offer a new potential fioe development of a new

therapeutic path to prevent and treat peri-impancositis.*®

Yanlong Yin et al in 2020carried out a study to assess the specific and
distinctive capabilities of hydrogels as carriesteyns for the delivery of a
variety of cargo molecules in comparison to othenomaterials. These are

soft materials having crosslinked networks that caore tiny molecular
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medicines, biomacromolecules and inorganic nanmpest allowing them to

be used for therapy and imaging of a variety afeils conditions. Nanogels'
stimuli-responsive behaviour can be easily corgmlby selecting constituent
polymer and crosslinker components to achieve aatkgesponse at the site
of action, giving them the ability to actively paipate in the carrier system's

intended function rather than being passive caagpers.*®

Samira Camargo et al in 2020valuated the influence of titanium coatings
Titanium Nitride (TiN), Quarternized Titanium Nitle (QTiN), Silicon
Carbide (SiC), Quarternized Silicon Carbide (QSi@) monomicrobial
biofilm adhesion and the viability of human ostexsté in contact with this
coated titanium. All the coatings exhibited a lowefilm coverage compared
to the uncoated samples which was confirmed by 8ogn Electron
Microscope (SEM) images. Fluorescence images demabed that the
osteoblast cells adhered and proliferated on thiases. These coatings may
possess the ability to prevent the developmenenfimplantitis and stimulate
osteointegration, thereby an ideal implant coatstgould possess both

antibacterial and osseointegrative properfies.

Nader Tanideh et al in 2020conducted a study to compare the effects of
Calendula officinalis and Hypericum perforatum on antioxidant, anti-
inflammatory and histopathologic indices of indugediodontitis in male rats.
Each group was treated with a mix of two plants salihe. The plant group
showed decreased I3 lincreased the antioxidant parameter in compatison
the control group. There were significant histopédbical differences

between the treatment group and the control grébp. study concluded that
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mixed hydroalcoholic extract ofCalendula officinalis and Hypericum

perforatum might be considered as an adjunctive treatmemédapdontitis.*®

Raluca-Adriana Milutinovici et al in 2021 conducted a review which
focused on the most used plants in the dental,fiefpecially on active
phytocompounds. The main phytocompounds foun@atendula officinalis

are flavonoids, tannins, polysaccharides, phendwds, tannins and
saponosides. Its therapeutic property is due taritrease in hyaluronic acid
deposits due to the flavonoids contained in calendlihe main biological
actions that give utility to calendula in dentakatment is due to anti-
inflammatory action by reducing proinflammatory akines, antioxidant
effects due to the content of flavonoids and cats and

immunomodulatory effects due to the content of satgharides?

Moustafa K. El-Sayed et al in 202Tonducted a study assess the effects of
Calendula based topical formula on palatal wounalihg after free palatal
graft surgery in comparison to oxidized regenerateliulose. The surgical
sites were divided into two groups based on togmahula used i.e Calendula
based, oxidized regenerated cellulose. Palatal ddwealing was assessed
using photo-digital planimetry on the day of thegawy and; at seven and
fourteen days, post-surgical and pain was assdssesual analogue scale at
one, four and seven days post-surgical.This stuslycloded that topical
Calendula could be equivalent to oxidized regereratllulose to be used for

faster and better healin.

Karthikeya Patil et al in 2022 gave an overview of the use of Calendula and

its pharmacological effect€alendula officinalis belonging to the Asteraceae
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family is a fragrant herb that has been used idlittcmal medicine for
centuries. Alkaloids, flavonoids, and saponins fatend in ethanolic extract.
Flavonoids and saponins are found in aqueous éxtR@astoquinone,
phylloquinone, tocopherol, and ubiquinone are salafrom quinone in
different sections of Calendula officinalis. Quercetin, isorhamnetin,
isoquercetin, and other flavonoids were also emthcfrom Calendula
officinalis. The methanol extract o€Calendula officinalis showed better
antibacterial activity than most of the bacteristéd and was better than the
ethanol extractCalendula officinalis preparations are mostly used as a wound
healing medicine for inflammations of the skin, mus membranes, tissue

repair, scars, blisters:

Bharath Kumar Ayyanahalli Matta et al in 2022 conducted an in-vitro
study to analyze the cytotoxicity and hemostatigpprties of gelatin sponge
andCalendula officinalis. The MTT assay showed 7@alendula officinalis to
be cytocompatible, and there was an increase ih preliferation. This
concentration when incorporated in the gelatin gpotook 4.60sec for clot
formation. Hence, it could be concluded that wi@alendula officinalis is
incorporated into a gelatin sponge, it shows malecompatibility and
cytocompatibility, reduces the time for clot formoat, and could be used as an

alternative to other hemostatic agefts.

Mayur Khairnar et al in 2022 conducted a study to evaluate the efficacy of
Calendula officinalis in reducing dental plague and gingival inflammatio
The patients in the test group were advised to hawal of tincture of

calendula as a mouthwash for six months. Cliniealameters like the plaque
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index, gingival index, sulcus bleeding index andl drygiene indessimplified

were recorded at baseline, third month and sixthtmorhere was statistically
significant reduction in the scores of all param®gtevhen the third month
scores were compared with the sixth month scordmih groups. The study
concluded that calendula mouthwash was effectiveeducing dental plaque

and gingivitis adjunctive to scaling-

Nian Liu et al in 2022 conducted a study to evaluate the antimicrobial and
osseointegrative properties of quercetin coating 3@Printed Ti6Al4V

Implant. The study concluded that quercetin-loadprgvided a feasible
alternative for coating on 3d printed titanium irupis with enhanced rapid
osseointegration as shown by its rapid cell adimesiod proliferation and
confirmed by Scanning Electron Microscopy imaged anti-inflammatory

properties, and the specific mechanisms of quergathmoting osteogenesis

and anti-inflammation through modulating polaripati®
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MATERIALSAND METHODOLOGY

SOURCE OF DATA:

This in vitro study was conducted in KAHER KLE VK®Department of
Prosthodontics and Crown & Bridge, Department o&rRtaceutics KAHER KLE
College of Pharmacy, Gogte Institute of Technold§HER Dr. Prabhakar Kore’s

Basic Science Research Centre and Goa University.

This research was intended to evaluate the antiik efficacy ofCalendula
officinalis  hydrogel against Porphyromonas gingivalis, Aggregatibacter
actinomycetemcomitans, Staphylococcus aureus and the osteogenic potential of

Calendula officinalis hydrogel coated on titaniuanface.
METHOD OF COLLECTION OF DATA:
INCLUSION CRITERIA:

* ldentical Titanium disc shaped specimens measudiingim in diameter and 2

mm in thickness (ASTM B348).
EXCLUSION CRTERIA:

» Specimens with internal and external porosities.

» Specimens with surface irregularities. (Ra> 4um)

Page 24



Materials And Method

Table No. 1. - List of Materials used for hydrogel formulation, microbial

analysis and assessment of osteogenic potential

Material Description Manufacturer
Titanium Alloy TYPE V (Ti-6Al-4V alloy) Special Metls , Mumbai,
India
Calendula Officinalis| Hydroalcoholic Kuber Impex Ltd , Indore,
extract India

Chlorhexidine Gel Hexi gel 1% ICPA Health produdtslia

Phosphate buffer

Sodium chloride, sodium
solvent (6.8 pH)

dihydrogen orthophosphate
dihydrate, potassium chloride
distilled water

Himedia, Mumbai, India

Carbopol gel base Carbopol 940 OEM manufacturers

Distilled water Batch No.:-007M15 Rankem Chemicals,

Avantor, India
Nutrient Agar Culture media Hi-media, Mumbai, India
Blood agar Culture media Hi-media, Mumbai, India

70% Ethanol LOT No. : -20151011 Changshu Hongslieng

Chemicals Co., Ltd.

Phosphate Buffer

LOT No.0000237353
Saline

Hi Media, Mumbai

Dulbecco’s Eagle

LOT No.0000284902
Medium

Hi media, Mumbai

Trypsin EDTA LOT No.0000297540 Hi media, Mumbai

MTT Reagent LOT No0.0000173715 Hi Media, Mumbai

Tryphan Blue LOT No. : - 2024334 Hi Media, Mumbai

MG- 63 Cell Line

NCCS, Pune
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Table No. 2: - Armamentarium used for evaluation of surface characteristics,

microbial analysis & assessment of osteogenic potential of the test specimen

Material

Description

M anufactur er

Profilometer

Contact profilometer

Model: - Surtronic S-128

Taylor Hobson,Brazil.

Scanning Electron

Microscope

FE- SEM

Carl- Zeiss

Laminar Air Flow

Model: - Vertical

Quest International,

Bangalore.

Micropipette

Model No. : - 299932

Riviera Glass Pvt, Ltd.,
Mumbai

Tissue Culture Plate

24 well plate

Tarsons, Korea

Electric Loop

Sterilization

Model.:-i-therm A1-401

Hi-Media, Mumbai

Anaerobic Jar

LOT No.:- 14-1016

Hi-Media, Mumbai

Hemocytometer - Rohem, India
Microscope TCM400 LABOMED,USA

CO2 Incubator Galaxy 170R Eppendorf, India
Micro Titre PlateReader Epoch BioTek, USA
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METHODOLOGY:

1 Preparation of specimen

A total of 270 commercially available identical &ium Grade V 10 mm x 2

mm (ASTM B348) disc shaped specimens were usdtkistudy. (Fig 1)

For antimicrobial efficacy, 90 titanium discs weaunsed and divided as study and

controlua groups (n=45)

Study Group- Titanium Discs surface treated witleicdula officinalis hydrogel

Controlsa Group — Titanium discs treated with 1 % Chlorhexédgel

The study and contrgh groups were further subdivided into three subgraqupd5)
based on the microorganisms testedPoephyromonas gingivalis, Aggregatibacter

actinomycetemcomitans, Staphylococcus aureus.

For osteogenic potential, 180 titanium discs weseduwhich were divided as Study

and Contradp groups.

Study Group -Titanium Discs surface treated witleicdula officinalis hydrogel

ControbpGroup - Machined titanium discs

The study and contrgégroups were further divided based on cell attachraed cell
proliferation assays (n=45). These groups wereisigsd (n=15) based on the time

interval tested i.e. 24 hours, 48 hours, 72 hours.
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These identical Titanium discs were sandblastedlfoninute at a constant
pressure of 4kg/cfrwith 50 pm alumina. The discs were ultrasonicalaned using

acetone for 180 seconds to remove any residuahoonants.
2. Surface analysis

The specimens in each group were numbered from4btdrhe specimens

were subjected to surface roughness evaluationtitptarely and qualitatively.

The quantitative analysis of Surface roughnesshefspecimens was carried
out using Contact Stylus Profilometer (Surtronit 28 — Taylor Hobson). An average
roughness profile ()8 was evaluated for each specimen to describe bl
roughness of the surface. Each disc was placed ftat aurface with surface to be
tested facing upwards. The Profilometer determiiedsurface profile along 3 lines
on the surface by means of a tracking device. Tée specimens were mounted and
diamond point-stylus was made to run with a trarswvédength of 4 mm and cut off
length of 0.8 mm and the arithmetical average valiuall absolute distances of the
roughness profile from the center line within theasuring length were calculated.
(Fig 2) Each group had 45 test specimens with fRemeasured by the Profilometer.
To evaluate the surface roughness qualitativelgcispens from each group were
examined under field emission Scanning Electronrdéicope (SEM , Carl Zeiss).
The SEM photographs were made at 100X, 500X an@X 0Mhagnification for better
visualization. (Fig 3) Random specimen from each- sgroup were selected and
subjected to Scanning Electron Microscopy. The ispexes were rinsed with distilled
water, dried, and fixed onto an aluminum cylinde3 (mm in diameter and 10 mm in

height). The topographic observations of the pelissurface were compared with
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each other as a complement to the quantitativdtsesbtained by surface roughness

assessment.
3. Toassesstheantimicrobial efficacy

a. Determination of Minimum Inhibitory Concentration (MIC) for

Calendula officinalis:

A standard procedure for performing the Minimumilbitory Concentration
test was followed.Porphyromonas gingivalis ATCC 33277 andAggregatibacter
actinomycetemcomitans ATCC 33384 were revived by plating on Blood Agaida
was incubated in an anerobic chamif&aphylococcus aureus ATCC 25923 were
revived by plating on Brain Heart Infusion Agar awds incubated in an aerobic
chamber. Isolated colonies were transferred talestBrain Heart Infusion broth and
incubated at 3T for 48 hours anaerobically while f&aphylococcus aureus it was
incubated at 3 for 24 hours aerobically. The growth concentratieas adjusted to
10° organisms / ml by using 0.5 McFarland's turbiditgndard. A stock solution was
prepared by dissolving 1 gra@alendula officinalis extract in 100 ml solvent (1 %
DMSO and 99% Distilled Water). A 1 ml of the Braieart Infusion broth was added
in six Minimum Inhibitory Concentration tubes. Irirst Minimum Inhibitory
Concentration tube containing 1 ml broth, 1 miCafendula officinalis extract (stock
solution) was added. After mixing well, 1ml wasnséerred in second Minimum
Inhibitory Concentration tube. This was continuiéid(®™) tube. From the last well 1
ml was discarded, by following this serial dilutighe following concentration of the
Calendula officinalis was achieved i.e., 10, 5, 2.5, 1.25, 0.625, 0.3drhgrhen to
each such test tube 50 pl of earlier preparednstrai Porphyromonas gingivalis,

Aggregatibacter actinomycetemcomitans andStaphylococcus aureus were added. The
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tubes were then incubated. Turbidity in the Minimimhibitory Concentration tube
indicates growth of the Porphyromonas gingivalis, Aggregatibacter

actinomycetemcomitans and Staphylococcus aureus implying that it was resistant to

Calendula officinalis.

Based on the results MIC was established as 5SmfgmPorphyromonas

gingivalis, 2.5 mg/ml forAggregatibacter actinomycetemcomitans and 5 mg/ml for

Saphylococcus aureus

b. Determination of Minimum Bactericidal Concentrations (MBC) for

Calendula officinalis

To determine bactericidal concentration, the MIQuttbn tubes with no
visible growth (no turbidity) were subcultured oriitood agar and incubated for 48
hours at 37C anaerobically. FoBaphylococcus aureus it was subcultured on BHI
agar and incubated for 24 hours at°87in an aerobic chamber and the resultant
colonies were counted. The resultant colony coimthe test group were compared
with the control group. The test results were imteted as followslf there are similar
number of colonies which indicated bacteriostatativity only, while reduced
number of colonies denotes a partial or slow bagted activity. If no growth is
observed it indicated a complete bactericidal ¢ffBased on the results the MBC it
was established as 5mg/ml @orphyromonas gingivalis and Staphyl ococcus aureus

and 2.5mg/ml foAggregatibacter actinomycetemcomitans.
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c. Cytotoxicity evaluation:

The MTT solution was prepared using 5 mg MTT reagenl ml of
Phosphate Buffer Saline (PBS — pH 7.4) and CytottyxiAssay was performed on
mouse fibroblast strain L929. In vitro growth inkidn effect of Calendula officinalis
was assessed by ELISA reader by determination a@iversion of MTT into
“Formazan blue” by living cells. The 50ul of 400@lls/ml cell suspension were
seeded into each well in a 96 well micro titer @lahd final volume was made up to
150 pl by adding Dulbecco's Modified Eagle MediubMEM) media. Dilution of
Calendula officinalis was prepared at a concentration of 10 % DMEM m&@a@u| of
the Calendula officinalis was added to the wells and incubated for 24 hours,
presence of 5 % CQat 37C into CQ incubator. After 24 hours, 20ul of 5 mg/ mi
MTT reagent was added to the wells. The plate washbated for 4 hours in dark
place at room temperature. (The plate was coveitd aluminium foil, since MTT
reagent is photosensitive.). The supernatant wasfutly removed without disturbing
the precipitated Formazan crystals and 100 ul ofS0Mwas added to dissolve the
crystals formed. The optical density (OD) was measdat wavelength of 570 nm.
The study was performed in triplicates. The resaftiresents the mean of three
readings. Results demonstrated favourable celilitialvith the tested concentration.

The 10mg/ml Calendula concentration resulted in%0&ell viability.

Formula

Surviving cells (%) = Mean OD of test camnpd %100

Me@b at control (untreated cells)
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4. Formulation of hydrogel

The weighed quantity of Carbopol 940 (3gms) wadgribisted in 100ml of
distilled water with a help of magnetic stirrer fdhrs. The soaked polymer solution
was kept for 24hrs for complete hydration. Weighiedntity of extract 10gms (2%)
(Fig 4) was dispersed in the above polymer gel wihstant stirring at high-speed
propeller for half hour. To above mixture 5% Glyioe0.5% Sodium benzoate, and
0.01% Methyl paraben were added as preservativespH was adjusted to 7.0 with
Triethanolamine. (Fig 5) Final product was storedair tight container at room

temperature. (Fig 6).

Each titanium disc in the study group was thentembavith calendula officinalis
hydrogel by dipping methoth which the disc was immersed in freshly prepared

hydrogel for 45-60 seconds. (Fig 8)

5. Microbial analysis-

The disc-diffusion method was used to assess tfecteeness of 2%
Calendula officinialis incorporated hydrogel and 1 % Chlorhexidine geb (F)
which were the study and conty@l group respectively again®orphyromonas
gingivalis, Aggregatibacter actinomycetemcomitans , Staphylococcus aureus

standard bacterial strains.

The standard strain ofPorphyromonas gingivalis (ATCC 33277) was
inoculated on blood agar supplemented with haemehwetamin K at 37°C for 72 -
96 hours. The standard strain Afgregatibacter actinomycetemcomitans (ATCC
33384) was inoculated blood agar supplemented lwéitmin and vitamin K at 37°C

for 72 - 96 hours. The standard microbial strairSafphylococcus aureus (ATCC
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25923) inoculated on Nutrient agar at 37°C for 134-hours. Fresh isolates were
transferred to sterile saline and a microbial sosjpe was prepared and the turbidity
adjusted to 0.5 McFarland standard to yield appnatxely 106 CFU/mL.The

inoculum was evenly spread on Blood agar and Nttragar. The agar plate was
streaked with standard bacterial strains. Afteritleeulum dries, a 12 mm diameter
and 3mm depth well was punched with a sterile dmter. The sterile discs were

placed.

Each plate contained two discs:

1. Study group- The discs were surface treated wither@ala Officinalis

hydrogel.

2. Controlya group- The discs were surface treated with 1% @ekidine

(CHX) gel.

The plates were incubated at 37°C for - aerobi& +0124 hours fo&aphylococcus
aureus and anerobic — 72 to 96 hours Rarphyromonas gingivalis, Aggregatibacter

actinomycetemcomitans

Zone Of Inhibition: There was absence of bactedbnies around the antimicrobial
agent forming a clear zone around this agent wiviaf the zone of inhibition.(Fig 9)
The zone of inhibition was measured in millimetgrsn), tabulated and subjected to

statistical analysis.
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6. Assessment of Osteogenic Potential:

A total of 180 titanium discs were subjected tofate characterization. The
specimens were divided into study group (n=90titen discs coated with calendula
officinalis hydrogel and contrgb (n=90) titanium discs without any surface
treatment. The resultant specimens were subdivitho two groups for cell
attachment assay (n=45) and cell proliferation &)=4he specimens were further
subdivided into (n=15) each subgroup for cell dttaent and cell proliferation for
different time intervals studied i.e. 24 hours,irs, 72 hours respectively. MG-63

cell lines (osteoblast like cells) were used teeasshe osteogenic potential (Fig 10)

a. Cdll attachment-

The tryphan blue exclusion test was used to askessumber of viable cells.
The viable cells with an intact cell membrane mixath dyes will take up the dye
and will have a clear cytoplasm whereas a nonviaelewill have a blue cytoplasm.
The MG 63 cells were cultured onto specimens inctivetrobp and study group (Fig
11A). The culture medium was removed after 24,8 & hour time interval and the
wells were washed thrice using Phosphate-buffergldtisn (PBS) at 37°C to
eliminate unattached cells. Tryphan blue was addethe cell suspension and the
adherent cells were then enzymatically countedgusihnemacytometer.(Fig 11B) The
unstained cells in the first set of 16 squares wewnted followed by moving onto

the next set. Cell attachment was expressed asithber of cells.
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b. Cdll Proliferation-

A 50ul of 1 x 1@ cells/ml cell suspension was seeded into eachmietiotiter
plate and final volume was made up to 16®y adding DMEM media.1Q0 of the
above dilutions was added to the wells and incubftte 72 hours, in presence of 5 %

CO2, at 37C into CQ incubator.

After 72 hours, 20l of 5 mg/ ml MTT reagent was added to the wellee T
plate was kept for 4 hours incubation in dark placeoom temperature.(Fig 12) The
supernatant was removed without disturbing the ipitated Formazan crystals and
200l of DMSO was added to dissolve the crystals fornidwe optical density (OD)
was measured using micro titre plate reader at\elagth of 570 nm at 24,48 and
72 hours. (Fig 13)

Formula: Surviving cells (%) = Mean OD of testrqmound X 100
Mean OD at control (untreated cells)

The cell attachment and cell proliferation in stualyd control group was
evaluated as percentage (%), tabulated and subjéztstatistical analysis to draw

the conclusion from resultant data.
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Determination of MIC, MBC, Cytotoxicity oCalendula officinalis

.

Formulation ofCalendula officinalis hydrogel [

v

Microbial analysis (90 disc shaped specimen) [

v

Surface profile was analyzed quantitatively by poofieter and qualitatively
by Scanning electron microscope.

v

Microbial analysis by Disc Diffusion Assay i

v v

] 1

Study Group Controja Group
Titanium discawith Calendula Titanium discs with
Officinalis hydrogel (n=45) ] Chlorhexidine (1 %) gel. (n=45)}
| Porphyromonas [ Porphyromonas
gingivalis (n=15) gingivalis (n=15)
Aggregatibacter Aggregatibacter
[~ actinomycetemcomitans [ actinomycetemcomitans
(n=15) (n=15)
Staphylococcus aureus | | Staphylococcus aureus
(n=15) (n=15)

N\ /

Resultant zone of inhibition was measured in miiers (mm) and was
tabulated and subjected to statistical analysis.
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Osteogenic Potential (180 Titanium discs)

AN

Cell Attachment evaluated by Cell Proliferation evaluated using

| |
| |

haemocytometer MTT Colorimetric Assay
Study Group ControbpGroup { Study Group ControbpGroup
Titanium discs with Machined titanium | Titanium discs with Machined
Calendula Officinalis discs l Calendula Officinalis titanium discs
hydrogel (n=45) (n=45) ] hydrogel (n=45) (n=45)
24 hours 24 hours 24 hours 24 hours
‘ (n=15) [— (n=15) ‘ (n=15) ‘ (n=15)
48 hours 48 hours 48 hours 48 hours
(n=15; (n=15 (n=15; (n=15
72 hours | 72 hours | 72 hours | 72 hours
(n=15) (n=15) (n=15) (n=15)

The cell attachment (number of cells) and cellifemdtion (%) was measured,
tabulated and subjected to statistical analysis.
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FIGURE NO 1: DISC SHAPED TITANIUM SPECIMENS

FIGURE NO 2: QUANTITATIVE EVALUATION OF SURFACE

ROUGHNESS OF SPECIMEN USING PROFILOMETER

PN Surtronic 5128

AMETEK"

1.47v™
8.00""
6.00¢"
2.00""w

x ¢ TAYLOR
HOBSON®
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FIGURE NO 3: QUALITATIVE EVALUATION OF SURFACE ROUGHNESS

OF SPECIMEN USING SCANNING ELECTRON MICROSCOPY.

A: 100X B:500X C:1000X

EHT =20.00 kv’ Signal A = SE1 Date 115 Nov 2021 X i EHT =20.00 kv ignal A= SE1 Dale 115 Nov 2021
WD = 9.5 mm Mag= 100X Time :14:16:42 1 WD = 95 mm Mag= 500X Time 14:26:42

EHT = 2000 kv Signal A= SE1 Date 15 Nov 2021
WD = 95mm Mag= 1.00KX Time :14:25:33

Page 39



Materials And Method

FIGURE NO 5: ADJUSTED pH VERIFIED USING DIGITAL pH METER

)

FIGURE NO 6: CALENDULA OFFICINALISHYDROGEL
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FIGURE NO 7: CHLORHEXIDINE GEL 1%

it

<N i L
®
HEXIGEL

FIGURE NO 8: COATING OF TITANIUM DISC WITH HYDROGEL BY

DIPPING METHOD
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FIGURE NO 9: ZONE OF INHIBITION AGAINST PERIIMPLANT
PATHOGENS
A: STAPHYLOCOCCUSAUREUS B: PORPHYROMONASGINGIVALIS
C: AGGREGATIBACTER ACTINOMYCETEMCOMITANS

FIGURE NO 10: MG-63 CELL LINESUSED TO ASSESS OSTEOGENIC
POTENTIAL
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FIGURE NO 11:

A: SPECIMENS SEEDED WITH MG-63 CELLSFOR ASSESSING CELL

ATTACHMENT

B: EVALUATION OF ATTACHED CELLSON HEMOCYTOMETER
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FIGURE NO 12: WELL PLATE WRAPPED IN ALUMINIUM FOIL FOR

MTT ASSAY TO ASSESS CELL PROLIFERATION

FIGURENO 13: MTT ASSAY TO ASSESSCELL PROLIFERATION OF

THE TEST AND CONTROL op SPECIMENSAT 24,48 ,72 HOURS
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RESULTS

This present study evaluated the antimicrobiateatfy ofcalendula officinalis
hydrogel coated on Titanium discs againgtorphyromonas gingivalis,
Aggregatibacter actinomycetemcomitans, Staphylococcus aureus and its osteogenic
potential by assessing the cell attachment andpeellferation of MG-63 cells on
hydrogel coated surfaces at 24, 48, 72-hour tirtervals. The antimicrobial efficacy
was assessed by disc diffusion method and for getéo potential, the cell
attachment was assessed using hemacytometer vefflilproliferation was assessed

by MTT Assay at 24, 48,72 hours.

Table 3: Summary of antimicrobial efficacy interwfszone of inhibition (in
mm) in study and contrgh groups and three organisms iRorphyromonas

gingivalis, Aggregatibacter actinomycetemcomitans and Staphylococcus aureus

Table 4: Comparison of two groups (Study and cdmio and three
organisms Rorphyromonas gingivalis, Aggregatibacter actinomycetemcomitans and

Saphylococcus aureus) with mean zone of inhibition (in mm) by Two-wayN®VA

Table 5 and Graph 1: Pair wise comparison of sarmdycontrgha group with

respect to zone of inhibition by Tukeys multiplespboc test.

Table 6 and Graph 2: Comparison of study group @mirobe group with
respect to cell attachment at different time inaés\24,48,72 hours by independent t

test
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Table 7 and Graph 3: Comparison of different timrvals with respect to
cell attachment in study group and corgpobroup by dependent t and repeated

measures of ANOVA

Table 8 and Graph 4: Comparison of study group @ndrobp group with
percentage of cell proliferation at different timetervals 24, 48, 72 hours by

independent t test

Table 9 and Graph 5: Comparison of different timernvals with respect to
percentage of cell proliferation in study group aodtrobe group by dependent t and

repeated measures of ANOVA

The resultant values of antimicrobial efficacy e@rms of zone of inhibition
(mm) and osteogenic potential by means of celchtteent (number of cells) and cell
proliferation (%) of specimens in Study Group, Golta, Controbp Group were
subjected to statistical analysis to draw conclusitom the experimental data.
Descriptive statistical measures such as meandatdrdeviation were computed for
all the groups. Pair wise comparison of study gréupantimicrobial efficacy was
done using two-way ANOVA. Pair wise comparison tfdy group for osteogenic
potential was done using dependent t test and tegbeameasure ANOVA and
comparison between different time intervals wasedosing independent t test. The p

value of <0.05 was considered statistically sigaifit.

The mean and standard deviation was calculatethéostudy group (titanium
discs surface treated witalendula officinalis hydrogel) and contrgh group

(titanium discs surface treated with 1 % Chlorhaadyel).
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Table 3 shows the summary of antimicrobial efficanterms of zone of
inhibition for the study group with discs treatedhnCalendula officinalis hydrogel
and contrgha group consisting of discs treated with 1 % Chlortigre gel against
Porphyromonas gingivalis, Aggregatibacter Actinomycetemcomitans, Saphylococcus

aureus.

The mean and standard deviation for the zone abiindn (in mm) for the
study and contr@la group was calculated using Two way ANOVA. Theresvea
statistically significant difference in the zone inhibition between the two groups.
(p=0.0001*) and between the three organisms (p£&Y0 The pair wise comparison
of the two groups for the mean zone of inhibitiomswcalculated using Tukeys
multiple posthoc. The mean value and standard tlemidor the study group was
14.33+£1.48 and 17.47+1.85 which was statisticatipiicant (p=0.0001*) (Table 4,5

and Graph 1).

The mean and standard deviation for the cell attectt on study group and
controbp group was calculated by independent t test. Thanmalues of the cell
attachment of the number of cells in the study grai®3200 + 43515) at 24 hours, 48
hours (242488 +38229) and 72 hours (280110 + 338&0¢ statistically significant
(p = 0.0001*) as compared to the congrobgroup showing an increased cell

attachment in the study group at all three-timerils. (Table 6 & Graph 2)

On comparison between the time intervals within ¢ineups, there was a
statistically significant difference in the celltathment between 24-48 hours
(49288.20 1£62595.74) (p= 0.0055*) and 24-72 ho@89(0.00 + 45513.34) (p=

0.0001*) between the study and congeayroup. (Table 6)
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The mean and standard deviation for the cell attectt for the study group
and contrabp group at different time intervals were calculatsihg dependent t test
and repeated measure of ANOVA. There was a statistisignificant difference in
the cell attachment in the study group between &4durs (0.0087*), 48-72 hours
(0.0086*), 24-72 hours (0.0001*) with an effectesiof 59 %. However, in the
controbp group there was no significant change in the agichment and had an

effect size of 19%. (Table 7 & Graph 3)

The mean and standard deviation for the cell praiion for the study group
and contradp group was calculated by independent t test. Thenmvalues of the cell
proliferation in the study group (88.27 + 3.73Rdthours, 48 hours (85.07 £5.28) and
72 hours (83.80 + 2.54) were statistically sigrafic (p = 0.0001*) as compared to the
controbp group showing an increased cell proliferationha study group. (Table 8 &

Graph 4)

The mean and standard deviation for the cell gation for the study group
and contrabp group at different time intervals were calculatsing dependent t test
and repeated measure of ANOVA. There was a ncsttaliy significant difference
in the percentage of cells in the study group betw24-48 hours (p = 0.1117), 48-72
hours (p= 0.2766) however there was a statistictipificant difference in the 24—

72-hour time interval (p=0.0050*)(Table 9 & Graph 5
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Table 3: Summary of antimicrobial efficacy interms of zone of inhibition (in mm)
in study and controlya groups and three organismsi.e Porphyromonas gingivalis,

Aggregatibacter Actinomycetemcomitans and Staphylococcus aureus

95% CI for mean

Levels of Factor N| Mean SD S
Lower | Upper
Study group 45 1433 148 0.22 13.89 148
Controlya group 45| 17.47 1.8% 028 1691 18.02
Porphyromonas Gingivalis 30 1573 3.02 055 14/616.84
Aggregatibacter 30| 16.77| 1.81 033 1609 17.44
ACtInomycetemcomltanS
Staphylococcus Aureus 30 1520 166 0/29 1462 815.7
Study group with Porphyromonas| | - | 15 641 106 027 1302 14.18
Gingivalis
Study group with Aggregatibacter| - | 15 55| 1 60l 041 1465 1642
ACtlnomycetemcomltanS
Study group with Staphylococeus| , o | 15 67| ggs| 024 1336 14.37
Aureus
Controls group with Porphyromonas, . | 12 571 553 73 1630  10.43
Gingivalis
Control, group with Aggregatibacter, . | 14 541 100 026 17.45 1855
ACtInomycetemcomltanS
Controlia group with Staphylococeus o | 16 551 (64 017 1618  16.89

Aureus
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Table 4: Comparison of study and controlya groups and three organisms

(Porphyromonas gingivalis, Aggregatibacter

actinomycetemcomitans

and

Staphylococcus aureus) with mean Zone of inhibition (in mm) by two way

ANOVA
Degrees
o Sum of Mean sum
Sources of variation of F-value | p-value
squares of squares
freedom
Main effects
Groups 220.90 1 220.9000 95.3852 0.0001*
Organisms 38.07 2 19.0333 8.2186  0.0005*
2-way inter action effects
Groups x organisms 14.60 2 7.3000 3.15p2  0.0479*
Error 194.53 84 2.3159
Total 468.10 89

*p<0.05

This table concluded that there was a significaiife@nce in the

antimicrobial efficacy in terms of zone of inhiloiti between the Study and Coniol

group as well as between the three organisms
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Table 5: Pair wise comparison of two groups (Study and controlya) with mean

Zone of inhibition (in mm) by Tukeys multiple posthoc procedures

Groups Study group Contggd group
Mean 14.33 17.47
SD 1.48 1.85
Study group -
Controlya group P=0.0001* -

*p<0.05

On pair wise comparison of the groups, it showestadistically significant

differences in zone of inhibition (in mm) among Bieidy and Contrgly, Group.

Graph 1 : Comparison of Study and Controlya groups with mean zone of

inhibition (in mm)

25.00

20.00

15.00

Mean+/-SD

10.00

5.00

0.00 -

Study group Controua groug
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Table 6: Comparison of study group and controlop group with respect to cell

attachment at different time intervals 24,48,72 hour s by independent t test

Time points Study group Contrgk group t-value p-value
Mean SD Mean SD
24hrs 193200.00 43515.51| 57121.383 8665.1} 11.8781  0.0001*
48hrs 242488.20 38229.07| 57097.33 6068.66 18.5497  0.0001*
72hrs 280110.00 33860.53| 50725.00 7446.95 25.6248 0.0001*
24hrs-48hrg 49288.20| 62595.74 -24.00 10959.f9  3.00%4 0.0055*
24hrs-72hrg 86910.00| 45513.34 -6396.33 1277581  7.6445 0.00p1*

*p<0.05

This table demonstrates statistically significanffedence in the cell

attachment between the study and control groupd,d8,72 hours. Also, there was a

statistically significant difference in the celltaethment between 24-48 and 24-72

hour time intervals between the study and cosgrgtoup.
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Graph 2: Comparison of study group and controlop group with respect to cell

attachment at different timeintervals of 24,48,72 hours.

Mean+/-SD
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325000.00
300000.00
275000.00
250000.00
225000.001
200000.00
175000.001
150000.007
125000.001
100000.007
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50000.00-
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0.00-

24hrs

57097.33
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Table 7: Comparison of different time intervalswith respect to cell attachment in

study group and controlop group by dependent t and repeated measures of

ANOVA
Time Mean ) % of Effect

Group ) Mean SD ) SD Diff. t-value | p-value| F-valug
point Diff. change size
24hrs | 193200.00 43515.51 20.671* 0.596
48hrs | 242488.20 38229.07 -49288.20 62595(74 -25/583.0496 | 0.0087*
24hrs | 193200.00 43515.51

Study

9rouP | 7ohrs | 280110.00 33860.53 -86910.00  45513[34 -44/9&.3957 | 0.0001*
48hrs | 242488.20 38229.07
72hrs | 280110.00 33860.53 -37621.80 47765(39 -15/583.0505 | 0.0086*
24hrs | 57121.33| 8665.17 3.413* 0.1p6
48hrs | 57097.33| 6068.6¢ 24.00 10959.[79 0.04 0.0085.993a@

Control | 24hrs | 57121.33] 8665.17

oP

group | 72hrs| 50725.00] 7446.9% 6396.33 1277581 11.p0 0.9390.0729
48hrs | 57097.33| 6068.6¢
72hrs | 50725.00 7446.95 6372.33 8655.32 11.16 2.86110128*

*p<0.05

This table demonstrates statistically significanffedence in the cell
attachment between 24-48 hours, 48-72 hours antR24eurs with respect to the
study group with an effect size of 59 % as compdeeil9% in the contrgb group

with statistically significant change seen only8t72 hour time interval.
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Graph 3: Comparison of different time intervals with respect to cell attachment

in study group and controlop group.

350000.00
325000.00
300000.00
275000.00
250000.00
225000.00
[mn]
< 200000.001
= 175000.00
= 150000.001

125000.001
100000.001

75000.001 57121.33 57097.33 50725
50000.001
25000.001
0.00

Study Group Controb group
8 24hrs 0 48hrs 0 72hrs
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Table 8: Comparison of study group and controlop group with percentage of cell

proliferation at different time intervals 24, 48, 72 hours by independent t test

Study group Contrgkgroup
Time points t-value p-value
Mean SD Mean SD
24hrs 88.27 3.73 80.13 4.44 5.432 0.0001*
48hrs 85.07 5.28 73.21 3.11 7.490 0.0001*
72hrs 83.80 2.54 75.13 4.07 6.997 0.0001*
24hrs-48hrs -3.20 7.30 -6.93 5.68 1.560 0.1299
24hrs-72hrs -4.47 5.19 -5.00 4.94 0.288 0.7754

*p<0.05

The table shows statistically significant differenia the cell proliferation at

24 , 48 , 72 hours between the study and castrgfoup. However there was no

significant change was seen at 24-48 and 24-7XHmetween the two groups.
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Graph 4: Comparison of study group and controlop group with percentage of

cell proliferation at different timeintervals 24, 48, 72 hours.

Mean+/-SD

100.00

24hrs

48hrs
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l Controbr group

72hrs
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Table 9: Comparison of different timeintervalswith respect to per centage of cell

proliferation in study group and controlop group by dependent t and repeated

measur es of ANOVA (*p<0.05)

Group Tir.ne Mean| SD M?an S_D %ol t-value | p-value
point Diff. Diff. change
24hrs 88.27 3.73 1.6974 0.1117
48hrs | 85.07 5.28 3.20 7.30 3.63

Study 24hrs 88.27 3.73 3.3304 0.0050*

group | 7onrs | 83.80 254 4.47] 519  5.06
48hrs 85.07 5.28 1.1320 0.2766
72hrs 83.80 2.54 1.27 4.38 1.49
24hrs 80.13 4.44 4.7227 0.0008*
48hrs 73.21 3.11 6.93 5.68 8.64

Controbp 24hrs | 80.13 4.44

group 72hrs 75.13 4.07 5.00 4.94 6.24 3.9180 0.0015*
48hrs 73.21 3.11
72hrs 75.13 4.07 -1.93 5.02 -2.63 -1.4874.1591

This table demonstrated that there was no sigmifickfference seen in the

cell proliferation for the study group at 24-48 adftt72 hours however statistically

significant difference was seen at 48-72 hour tinterval.
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Graph 5: Comparison of different time intervals with respect to percentage of

cell proliferation in study group and controlop group.

Mean+/-SD

Study Group

Controbr group
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DISCUSSION

Currently, dental implants have become an integratt of dentistry.
Enhancing of dental implant osseointegration hanlen area of research for more
than four decades now. Researchers have tried froacrogeometry to
microgeometry, change in materials, drill sequence=tc., to enhance
osseointegration. It is well acknowledged that dwerall success and survival of
implants depend on the quality and quantity of hombe, presence of sufficient

primary stability at the time of implant placemesmd formation of a direct BIC?

Osseointegration consists of a series of bone rrmglednd remodeling
processes. It has actually been defined as thectdstuctural and functional
connection between living bone and the surface lofad-bearing artificial implant.
The success of osseointegration depends on théyguhstribution, and amount of

bone present at the site of the dental impfnt.

However, osseointegration and BIC are mainly enddrizy implant surface

characteristics, such as surface topography, chigmisughness, and enerd?.

Titanium is the most widely used material for déntaplants due to its
minimal toxicity, resistance to corrosion, high rhanical resistance, and
biocompatibility. ~ Titanium implants have always damstrated better

biocompatibility results and a better long-termgosis.*°

Albrektsson and Wennerberg classified implant sig$aas Smooth surfaces
with a surface roughness (Sa < @rh), Minimally rough surface (Sa = 0.54in) ,

Moderately rough surface (Sa = 1i#), Rough surface (Sa >p2n) and the authors
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concluded that moderately roughened surfaces sedrad some clinical advantages

over smoother or rougher surfaces.

In the present study for the surface characteosatjuantitative evaluation of
all the disc-shaped specimens was assessed usintacCostylus Profilometer
(Surtronic S-128 — Taylor Hobson) respectively. fnefilometer is a contact stylus
instrument used to measure surface profiles anghress. This parameter describes
the overall roughness of a surface and is the geesidthmetical value of all absolute
distances of the roughness profile from the celier within the measuring length.
Profilometer determined the profile along 3 lines the surface by means of a
tracking device. An average roughness profile (Ra$ evaluated for each specimen
to describe the overall roughness of the surfadee flesults obtained by surface
profilometry showed that all tested specimens hatean average surface roughness
(Ra) within the range of 1.34 to 1.h#. To compliment the surface roughness values
resulted on quantitative evaluation, the specimemse subjected to Scanning
Electron Microscopy (100X , 500X, 1000X) to evakiathe surface roughness

qualitatively.

The optimum value of average roughness found ifitésature is 1-2im, >3
which coincided with average roughness values whigas obtained from

profilometric readings of the current study.

According to Lukaszewska et al, surface topograilfiyences osteoblastic
morphology; on rough surfaces, cells have a smalererage area and are less
dispersed than on smooth surfaces. However, théybiexrumerous cytoplasmic

extensions, phylodapy, and interconnections, whinbicate greater adhesion
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properties compared to smooth surfaces. An incrigasellular vitality was observed

over time on rough surfaces with respect to smeotfaces”

Lima et al suggested that implants with a roughfaser induce
osseointegration better than machined ones, mportant that they be manipulated
carefully, as this surface treatment can have atheginfluence or can modify the
surface of titanium oxid€> Hence it is important to standardize the surfacghness
of the titanium so that a constant surface roughresild be used to evaluate the

characteristics of the hydrogel.

Although Titanium implants have high clinical susserates, coatings of
various materials have been advocafdn effective coating surface should be able
to do the following: Improve cell attachment, califferentiation, and bone
apposition; allow bone fixation; limit the rate dissolution in the body fluids; and

function in a therapeutic way’>’

The success of oral rehabilitation using dentallamis depends on numerous
factors. The implantation process requires goodramtions between the titanium
surface and surrounding bone tissue as well assta@sie against bacterial
colonization since implant-related infections aesponsible for a large part of

implant failure.®

Studies indicate that around 29.48% (implant-based) 46.83% (subject-
based) of dental implants suffer from peri-implantcositis and around 9.25%
(implant-based) and 19.83% (subject-based) deveknpimplantitis. Peri-implant
mucositis is a biofilm-induced inflammation loc&d on the soft peri-implant

mucosa, without any evidence of supporting bons. ltidevelops from healthy peri-
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implant mucosa around osseointegrated dental irtsplafier the accumulation of
bacterial biofilms. The major clinical sign of pémplant mucositis is bleeding on
probing, although it can also present erythemallswgeand suppuration. However,
with good oral hygiene and biofilm control, it cée reversed. Nonetheless, if left
untreated, the inflammatory process may progredstrégger the gradual destruction

of the bone surrounding the implant, resultingéniimplantitis.>®

These types of infections, when untreated, resulimplant loosening and
require implant removal. The ideal dental implamtodd have both enhanced
osseointegration properties and protection frombtheteria that cause peri-implant
mucositis>®°To achieve this, titanium and its alloys with seganodifications were
chosen as the go-to material in commercialized amisl due to its properties such as
great resistance to corrosion, biocompatibilityd @ood tolerance by the biological

environment, amongst otherg2%6*

Inorder to control and prevent the accumulatiobaxdteria around the implant
since bacterial adhesion occurs immediately aftgrlantation and results in biofilm
formation. Biofilm is also resistant to many antinoibial agents, making it difficult to
treat once establisheth.In order to prevent bacterial infections, surfaoatings with
antimicrobial properties were hypothesized to bel@able solution for this problem.
The titanium surface may be treated by adding naseor agents in the form of

coatings™

Coating materials such as silver, copper, zincortigixidine, and some
antibiotics presented to be a promising solutior thu antimicrobial properties that
would fight bacterial colonization. Nonetheless thethods required to modify and

incorporate coatings in the implant surface are glemnand antibiotics can cause
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bacterial resistance and further generate celtalacity. Furthermore, while trying to
achieve maximum antimicrobial properties, bioconiplity and osseointegration
properties may be lost. Hence a balance will alwlagsthe key to determine the

potential of a coating?

Chlorhexidine is the most popular and the primaggra for chemical plague
control and has earned its eponym of gold standgutlit cannot be used on a long
term basis due to its growing resistance and e sifects that can impair the oral
microflora and generate cellular toxicity. Hende search for alternatives continues,

and the focus has shifted toward biogenic agéhts.

Calendula officinalis is well known by its anti-inflammatory activity he
flavonoid quercetin is considered of great impartadue to its anti-inflammatory and
antioxidant effects It has been reported that QChlen extract lowered
lipopolysaccharide-induced IL-1, and -6, TNF-alphaterferon and acute-phase
proteins levelS! In periodontal diseases, as a gel or mouthwaslen@ala has shown
positive effect on gingivitis treatment and has rbeesed as specifically in
periodontitis, and also has been used in the tesatrof periimplant mucositis,
hence it was required to evaluate the antimicroleffficacy and the osteogenic

potential ofCalendula officinalis as a hydrogel coated onto titanium surfaces.

The hydrogel-based treatment for bone tissue eagmg seems rather
promising. However, the hydrogel formulation bioeré&ls employed for bone
regeneration are either synthetic biomaterialsreraacombination of synthetic and
natural biomaterials. When applied within the badeéect, these synthetic or natural

non-modified hydrogels are generally not condudos¢he cellular influx. However,
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creating hydrogels with positively charged domaase improved the hydrogel’s

ability to encourage cellular adhesion within itreimodels®?

Listgarten et al in their study concluded that beat flora around implant has
found to be similar to that of microbial flora armmli natural teeth, include
Streptococci, Veillonella speciesCapnocytophaga speciesFusobacterium nucleatum
etc. %% While, Actinomyces species,Prevotella intermedia, and Porphyromonas
gingivalis are the bacteria associated with peri-implantiisiilar to those associated
with  periodontitis® High levels of periodontopathic bacteria including
Porphyromonas  gingivalis, Prevotella  intermedia and  Actinobacillus
actinomycetemcomitans confer an increased risk for periodontffisActinomyces
species are considered as early colonizers, wRilevotella intermedia and
Porphyromonas gingivalis are considered as secondary colonizers of theibf

different prosthetic materiaf€.%*°

In addition, others have reported on the preseric&aphylococcus aureus
and enteric rods in cases with peri-implantitisilif@ dental implants have been
associated with low antibodly titer and avidity lsve Saphylococcus aureus.?® Also,
in vitro studies have confirmed its strong affinitg titanium surfaces. Thus,
Saphylococcus aureus infection may be of importance in the developmeiperi-
implantitis induced by bacterial infectiGhin the absence of adequate oral hygiene,
there is formation of the acquired pellicle follaey bacterial attachment with initial
colonizers followed by cell-to-cell adhesion witlicendary colonizers on the implant

surface.

After surface roughness evaluation, all the testcspens from study group

were coated witlealendula officinalis hydrogel and specimens in the conjrogroup
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were treated with 1% Chlorhexidine gel. Three baaitestrains were used to assess
the antimicrobial efficacy nameliorphyromonas gingivalis strain ATCC 33277,
Saphylococcus aureus strain @ ATCC 25923, and Aggregatibacter

actinomycetemcomitans strain ATCC 33384

The antimicrobial efficacy can be assessed by warimethods such as
adhesion methods, biofilm formation, however thestkmown and basic methods are
the disk-diffusion and broth or agar dilution methoThese are simple and effective
in which the diameter of the clear zone aroandantibiotic-paper disk enables us to
directly, and elegantly, visualize the inhibitorgtency of an antimicrobial agent. The
major advantages over other methods are its siitypliow cost, the ability to test
enormous numbers of microorganisms and antimicradggents, and the ease to

interpret results provided’®®

The antimicrobial efficacy of specimens in study aontrolya group were
comparable, théggregatibacter actinomycetemcomitans showed the greatest zone of
inhibition compared tdtaphylococcus aureus and Porphyromonas gingivalis. The
zone of inhibition for the specimens in con{olgroup was higher compared to

specimens in study group with respect to all orgasitested.

The findings were in accordance with the studiesdooted Shankar et
Lauk et af®, Yadav et & which concluded thaCalendula officinalis showed
antibacterial activity against periodontal pathagemowever its efficacy was not on
par with chlorhexidine gluconate 0.2 %alendula officinalis contains flavonoids
most important being quercetin. These are phersiligctures which contain one
carbonyl group and complex with extracellular séduproteins and bacterial cell

walls. They are also capable of disrupting micrbbreembranes based on their
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lipophilic nature.* It was shown that the strong anti-inflammatorypase of
Calendula officinalis extract might be due to the inhibition of anti-arfimatory
cytokines and cyclooxy-genase-2 and subsequenttagitaadin synthesi¥. Like
chlorhexidine, calendula also has the property utfstantivity as demonstrated by

Schmidgall et al in his ex-viviaboratory model*®

In a study conducted by Khairnar et°athere was a significant reduction in
the plague and gingival index after using Calendolataining mouthwash which was
in accordance to the study conducted by Yusofflet’a which reported that a
calendulacontaining mouthwash was effective in reducing gieque index and
gingival index score during its study period, thsréhese mouthwashes containing
calendula were effective against the periodontahg@gens which are commonly

associated with periodontal diseases.

Calendula exerts anflammatory activity through reducing the level of
proinflammatory cytokines like H1p, IL-.6, TNF-.a, in lipopolysaccharidéenduced
animals and also inhibits the expression of the -Zogene. Flavonoids and
carotenoids are potent antioxidant components déndala, which have free
radicalscavenging activity against the free radicals imlasedependent manner.
Treatment with the extract of calendula enhanceddtel of endogenous antioxidant
catalase, superoxide dismutase, and glutathion@nimals. The polysaccharide
fraction of calendula has an immunomodulatory effacstimulating the phagocytic

activity of human granulocyted'

Osteogenic potential for the specimens in the otgitand study group were

evaluated by assessing their cell attachment alhghrodileration using MG-63 cells
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(osteoblast like cells) on the hydrogel treatedesi@s which acted as study group and

machined titanium discs which were congeadroup.

MG -63 cell lines were used because it can retardifferentiated phenotype
over consecutive subcultures and shows a fastewtigrthan the primary bone-
forming lines making it a good in vitro model. Tkesell types are associated with
initial cell material characterization that is knovor its high proliferation potential
due to its capacity to continuously divide and gitvereby finding its use in various

invitro and biocompatibility studie"2

In this study,cell adhesion was evaluated usingrijghan blue exclusion test.
The viable cells with intact cell membranes mixathwdyes will take up the dye and
will have a clear cytoplasm whereas a nonviablewe#l have a blue cytoplasm, this
test is a simple and rapid technique measuringéleviability and adhesion whereas
the cell proliferation was assessed using MTT Assdyich measures the cellular
metabolic activity and is an indicator of cell vil#ly, proliferation and cytotoxicity.
MTT Assay is a colorimetric reaction that can besilgameasured from cell
monolayers plated on multiwell plates, it is depamtdon mitochondrial respiration

and indirectly serves to assess the cellular eneagwcity of a celf®

The results of this study indicate that there wasghaer cell adhesion in the
hydrogel coated titanium surfaces at 24 , 48 andoi2s. The essential finding of this
investigation was that the hydrogel enhanced eathesion of MG-63 to the titanium
alloy surface. This can be attributed to the p@gabn complex which makes the
surface hydrophilic and proteins interacting thidougnctional groups which were

consistent with findings of Studies done by Pasittal, Zhao et al’®, Qu et al’®
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who have shown that hydrophilic surfaces are mespansive to cell attachment

using different kinds of models and materials.

The higher cell attachment may also be due to erase in surface area and
roughness of the surface. It is known that surfapegraphy could also play a role in
cell attachment and proliferation on implants as been studied by Lukaszewska et

al 55

When compared between the time intervals within gheups there was a
definite increase in the cell adhesion in the styidyup between 24-48 , 48-72 and 24-

72 hours showing a greater effect size as comgartee contralp group.

Cell proliferation was evaluated by the MTT ass@glls were seeded onto
discs and evaluated at intervals of 24, 48 and gi@&<h There was a higher cell
proliferation on the specimens in the study grotpalathe time intervals tested,
however these changes were not significant at 24m8 24-72 hours between the

study and contrebk group.

When compared between time intervals there werstatistically significant
results at 24-48 hours, however, significant ddfere was seen at 24-72 hour time
interval indicating that there was a functional anation as well as proliferation at 48
hour time interval. There was no statistical chasgen between 48-72 hours which

could be due to cell confluence in the study group.

These results were in agreement with the studywcied by Alexandre et'3l
in which there was a reduction of BALP enzyme (emeyproduced by osteoblast
which is a specific indicator of global bone foriat activity) that putforth an

essential anabolic effect edlendula officinalis on the alveolar bone. Calendula has
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high content of flavonoid quercetin, which has bedmown to enhance human
osteoblast-like MG63 proliferation and differeniiat, through MAPK signaling. It
has also shown to increase the expression of nsarkesociated with osteoblast
differentiation process which include osteopontosterix, osteoprotegerin, and
osteocalcirt? It was also reported that quercetin reversed rihibition of osteoblast
differentiation induced by lipopolysaccharide amttreased alkaline phosphatase

activity and mineralizatiof’

Saini et al reported that quercetin, the main fferd found in Calendula
extract, has a major role in the pharmacologicigot$ of this plant®. Zhou et al in
his invitro study concluded that quercetin sigrafidly increased osteoblast
differentiation and induced mRNA expression of gpabtein and osteocalcin in

osteoblast culturé®’®

Napimoga et al in his in-vivo periodontitis modelrats showed that quercetin
inhibited bone loss in periodontitis models, insex@d serum osteocalcin and the

activity of alkaline phosphatase, contributing tmé tissue preservatiof.

Alexandre et al in their ex-vivo study put forthathcalendula officinalis
extract has the potential to modulate the inflanumatesponses and consequently
prevent the osteoclast activation via the RANKL-O#@& and also induce osteoblast

activity.®

Collagen is the main constituent of periodontabigent, which plays an
important role in maintaining the architecture kvé periodontium. De Almeida ef@l
showed that breakdown of collagen is one of thenmaarkers in the progression of

periodontal disease. Their study concluded thanchila extract reduced the collagen

Page 70



Discussion

breakdown and increased the concentration of caflagrhese results were in
agreement with the study conducted by Tanideh &tialwhich the lowest grade of
collagen breakdown was seen in periodontitis inducds treated with Calendula

compared to control group.

Within the limitations the findings of this studyggest that Calendula
officinalis extract showed antimicrobial activityittv potential therapeutic uses in the
prevention of early periimplantiis and to enhantee process of early
osseointegration. The osteogenesis, induced bplilssic cells, is characterized by a
sequence of events, involving cell attachment, pailiferation and followed by the

expression of osteoblast phenotyffe.

The study investigated the response of osteobkesMG-63 cells which were
cultured on to the characterized titanium disc axe§ with novel hydrogel of
Calendula officinalis. The results showed that all discs, coated withirdnyel
independent of the surface roughness were effectigainst the predominant
preimplant bacteria with enhanced cell attachmegit, proliferation compared to the

specimens in machined titanium surface.

Even though Chlorhexidine is a gold standard awctiotiial agentCalendula
officinalis can be used as therapeutic alternative to thedatdndrugs without any

adverse effects.

Based on the above findings the study showed tmattéstedCalendula
officinalis product may represent an alternative method taoedperiimplantitis

bacteria and also promote early osseointegration.
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SCOPE OF THE STUDY

» The present study evaluated the microbial efficacy and osteogenic potential of
titanium discs coated with a hydrogel of Calendula Officinalis.

* The results of the present study can be applied and investigated In Vivo
conditions.

» Other implant materials such as zirconia and polyetheretherketone (PEEK),
can be used to check the efficacy of this hydrogel on microbial efficacy and
osteogenic potential.

» Since periimplantitisis a polymicrobia biofilm, the hydrogel can be evaluated
for its efficacy against other periimplantitis bacteria.

* The hydrogel can be further tested for the duration of drug release,
disintegration rate etc.

» Further research is suggested to assess the differentiation of cells with
parameters like alkaline phosphatase activity (ALP), receptor activator of
nuclear factor kappaB ligand (RANKL) , Alizarin Red staining and deposition

of calcium deposits with Von Kossa Staining.
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LIMITATIONSOF STUDY

Thisis an in vitro study; all the clinical conditions have not been studied and

the sample sizeisrelatively smaller.

As peri-implantitis is caused by multiple complexes of microorganisms, the
effect of the Calendula officinalis hydrogel on varying microbia strains was
not carried out and only predominant microbia organisms in periimplantitis

were included in the study.

The study used MG-63 cells (osteoblasts like cells) is an osteosarcoma cell

line which lack coherence in the capacity of cell differentiation

Even though the dipping method is considered one of the commonly used
hydrogel coating methods, there could be variation in the uniform thickness of
the surface of the substrate. An ideal hydrogel coating method should have
strong adhesion to the substrate and conformation to a substrate with an

arbitrary shape.
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CLINICAL IMPLICATIONS

In this study, the results showed that Calendula officinalis hydrogel and
Chlorhexidine had a definite reduction in the periimplant bacteria. Commercially
available Chlorhexidine had a more significant zone of inhibition as compared to

Calendula.

Although various commercially available antimicrobials are used to treat early
periimplantitis, these released at suboptimal concentrations are likely to promote
bacterial resistance, whereas high doses of antimicrobials may alter the ora
microflora, generate cell  toxicity and impair  osseointegration.The
ethnopharmacological approach by using natural phytochemicals isolated from
medicinal plants are considered to be a safe, effective, and good alternative to

synthetic drugs.

When compared machined titanium surfaces to the calendula hydrogel treated discs,
the hydrogel showed a significant increase in the cell attachment and cell proliferation

of osteoblast like cells with a greater effect size.

With an aim of improving the success rate in cases of bone deficit and in
systemic conditions like osteoporosis these hydrogels would expedite the bone
healing thereby enabling immediate or early loading protocols along with
stimulating bone growth to permit implant placement in sites that lack sufficient
residual alveolar ridge. With these advantages, calendula officinalis hydrogel can be
considered as a beneficia, promising and aternative treatment to prevent

periimplantitis and help in early osseointegration.
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CONCLUSION

Within the limitations of this in vitro study the following conclusions were

drawn.

The Calendula officinalis hydrogel showed antimicrobial efficacy against few
most common periimplant pathogens namely Porphyromonas gingivalis,

Aggregatibacter Actinomycetemcomitans and Staphylococcus aureus.

The Calendula officinalis hydrogel showed higher antibacterial activity
against Aggregatibacter Actinomycetemcomitans compared to Porphyromonas
gingivalis and Staphylococcus aureus. However, the antimicrobial efficacy was lesser
compared to routinely used Chlorhexidine Gluconate gel. The Calendula can be used
as a natural therapeutic option in early periimplantitis conditions. On comparing the
osteogenic potential, the cell attachment was higher on titanium surfaces which were
treated with hydrogel of Calendula officinalis at all the different time intervals tested.
The effects size of cell attachment was found to be significantly higher compared to
machined titanium surface. The cell proliferation was higher on titanium surfaces
coated with hydrogel of Calendula officinalis at different time intervals studied
compared to machined titanium surface. However, there was no significant difference

in the cell proliferation among the different time interval s tested.
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SUMMARY

The present in vitro study was carried out to evaluate the effect of
antimicrobial efficacy and osteogenic potential of Calendula officinais hydrogel

coated on titanium surfaces.

A total of 270 identical titanium disc shaped specimens measuring 10 mm in
diameter and 2 mm in thickness were procured. 90 titanium discs were used for
antimicrobial efficacy which were divided as study group (n=45) and controlya group
(n = 45). The resultant specimens were subdivided into (n=15) in each subgroup to
assess the antimicrobial efficacy against Porphyromonas gingivalis, Aggregatibacter
actinomycetemcomitans and Staphylococcus aureus strain. To assess the osteogenic
potential 180 titanium discs were used and divided as study group (n=90) and
controlop group (n=90) which was further divided into two groups for cell attachment
assay (n=45) and cell proliferation (n=45). These specimens were subdivided into

(n=15) in each subgroup for different time intervals studied i.e. 24, 48 , 72 hours.

All the specimens from each group were subjected to Surface roughness
evaluation quantitatively using Profilometer and one specimen from each group was
subjected to Scanning Electron microscope to assess the surface roughness
qualitatively. A mean roughness profile was evaluated for each specimen to describe
overall roughness of the surface. SEM evaluation was done at 100x, 500x and 1000x
magnification to visualize and compare the surface profile of all the groups

gualitatively so asto provide a constant surface roughness for evaluation

After surface roughness evaluation, for the antimicrobial analysis the discs in
the study group were coated with a Calendula officinalis hydrogel using dipping

method while those in controlya group were coated with 1 % Chlorhexidine gel.Three
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bacterial strains were used to assess the antimicrobial efficacy on the test materials
namely; Porphyromonas gingivalis strain ATCC 33277, Aggregatibacter
actinomycetemcomitans strain ATCC 33384 and Staphylococcus aureus strain ATCC

25923. Antimicrobial efficacy was assessed using Zone of Inhibition.

Osteogenic Potential was evaluated by assessing the Cell Attachment and Cell
Proliferation of MG-63 cells on Calendula officinalis hydrogel coated surfaces and
machined titanium which was the controlop at 24 , 48, 72 hour time interval. The cell
Attachment was evaluated using hemocytometer while Cell Proliferation was assessed

using MTT Assay.

The resultant data were tabulated and then subjected to statistical analysis to

draw conclusion from experimental data. (p<0.05)

The results showed that the hydrogel was effective against the three organisms
tested. Aggregatibacter actinomycetemcomitans showed the highest zone of inhibition
as compared to the other two organisms for the hydrogel treated group. The cell
attachment was higher for the hydrogel treated group at all three time intervals as
compared to machined titanium discs. There was a statistically significant difference
in the cell attachment between the time intervals for the study group. The cdl
proliferation was higher in the study group with statistically significant results at all
three time intervals. Hence, Calendula officinalis hydrogel could be used as surface
coating which has antibacterial and osteogenic properties to prevent periimplantitis

and to aid in early osseointegration.
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Annexures

ANNEXURE- Il

CERTIFICATE OF ANALYSIS OF CALENDULA EXTRACT

Kuber Impex Ltd

Certificate of Analysis

Product Name : Calendula Extract 1%
Botanical name : Calendula officinalis
Batch Number : DSHE125/S/CE.50
Plant parts used : Flower
Solvent used : Hydro Methonolic
Principal | Consti. : Flavones 01.0%
Mfg. M : APRL,2019
Exp.M :MAR,2022
Tested Parameters Specifications j Results
Physical Parameters
Description Light Brown Colour Powder. Complies
Identification Flavones By TLC Complies
Odour & Taste Slight Biter & salty Complies
LoD as par IP NMT 5.0 %w/w 3.35%
PH 1% Solution 4-7 4.5
Solubility in water NLT 80%w /v 89.65% w/v
Chemical Parameters
1. Heavy Metal NMT 10ppm Complies
Arsenic (As) Less than Zppm Complies
Lead (Pb) Less than 1ppm Complies
Mercury (Hg) Less than 1ppm Complies
Cadmium (Cd) Less than 0.5ppm Complies
2. Active ingredient - Assay
Total Flavones NLT 01.0% w/w 1.87%w/w
Microbiological Tests
Total Aerobic Plate Count NMT 5000Cfu/gm 700fu/gm
Total Yeast & Mold NMT 100Cfu/gm 20cfu/gm
E. Coli Absent Negative
Salmonella Absent Negative
S. Aureus Absent Negative
Others
Packaging Packed in Food grade HDPE Bags sealed into HDPE Containers
Storage Air tight container, protect from heat & moisture

i\

Kj‘:"‘ .‘! .
T o el

SAEEF
@l

CIN:-U52311MP1997PLC0O11825

¥ 304-305, The Magnet Tower,
16/1 New Palasia, Indore 452001 (MP) INDIA
O 4917314727800, 4727999,

@ contact@kuberimpex.com

WEBSITE!-WWW.KUBERIMPEX.COM | WWW.HERBSEXPORTER.COM
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Annexures

ANNEXURE - Il

CERTIFICATION OF GRADE V TITANIUM DISCS

ukasce > METAL TEST LAB

IS0 9001:2015 Certified ‘.. ¥ (Recognised By Government Depits & Undertakings)
# Optical Emission Spectrometry
: :M' o Office : Gr. Fir. Bhavnagari Bldg., 72, Nanubhai Desai Rd., Khetwadi Main Road, Mumbai - 400 004.
* Ulrasonic Flaw Detection Phone : 6743 7546 » Mobile : 9224778882 / 9223371637 + E-mail : metaltestiab2016@gmail.com
e
TEST REPORT
T/CNo: G/40321 DATE 04/03/2021
PARTY NAME * SPECIAL METALS
REFERENCE 5 =
MATERIAL DESCRIPTION: TITANIUM DISC
GRADE *TIGR.S
= — e ‘ -3 - o
% | C%o | Si% | Mn% | P% | S%_. Cr% | Mo% . Ni% | Al%
| | |
COMP | 0.0580 ‘ = [ 2 ‘ _ = - i 600 |
1 I ‘
— 2 i [ ‘ L, 1 s = | |- | 5.5000
| 0.0800 " - ‘ el X =2 d 6.7500 |
— o = - - |  — 1 —
| % | Ca% | cu% | No% | Tim | vu | wu | —Pb% | e | N%
| ‘ ‘ \ ‘ !
COMP'| - = grept Bogw | = o | | 0068 -
4 o R i
’ - | = ‘ - | - 3.5000 i -3 . - ‘ 2 = ‘
REQD '

= . 3 ‘ 4 45000 | - L2 | 04000 | -
I i e &

REMARK: THE ABOVE MATERIAL CONFIRMS TO TITANIUM GR.5 W.R.T.
ELEMENTS SPECIFIED.

. The above Test Reports relate only 1o the sample submitted.
. The above samples are not drawn by the laboratory.
. The
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