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ABSTRACT

STATEMENT OF PROBLEM

Implant dentistry provides essential functions suabk normal shape,
aesthetics, speech, and health, even in casesaghgf disease, or injury to the
stomatognathic system. Ti6Al4V titanium alloys gmeferred for their mechanical
properties and biocompatibility over traditional tevéals like stainless steel 316L and
cobalt-chromium alloys. However, titanium has laibns as an implant material.
Such as lack of antimicrobial property, bio inegmeavhich leads to increases the risk

of implant failure or loosening.

Surface modification also seeks to improve the anp$ antibacterial
qualities, corrosion resistance, and bioactivityilevhmaintaining its mechanical
qualities and biocompatibility. Although commertyahvailable antimicrobials are
used to address early periimplantitis, their redeatssuboptimal concentrations may
lead to bacterial resistance, while high dosesdiarupt the oral microflora, cause

cell toxicity, and hinder osseointegration.

This research study explores traditional naturaldiiees to achieve
predictable results on specific parameters. TripHdwder (TC), a blend of three
fruits—Emblica officinalis, Terminalia bellericand Terminalia chebula—is rich in
vitamin C, nicotinic acid, and Chebulinic acid, whi have antimicrobial and
antifungal properties. Incorporating TC into a logkl mixture can enhance the
implant osteotomy site by decreasing microbial \atgti Additionally, Cissus
guadrangularis, another herbal remedy, has shotaogsnic potential, which may
facilitate bone formation between the bone and amplimproving bone-implant

contact and osseointegration. The study aims tesadsow well TC and CQ integrate
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in a hydrogel form to address osseointegration amdimicrobial efficacy,

highlighting the potential benefits of these natueanedies in implant dentistry.

AIM

To Evaluate the efficacy of novel hydrogel contagniTriphala and Cissus
Quadrangularis extracts, for antimicrobial activatyd osteogenic potential at the site

of dental implant.

METHODOLOGY

The cytotoxicity, osteogenic potential, and antioimal efficacy of 216
titanium disc specimens were evaluated by dividihgse samples into test and

control groups for comparative analysis.

The hydroalcoholic extracts were prepared using rtieceration method.
Subsequently, the extracts were mixed and subjetbedietermination of the
minimum inhibitory concentration (MIC) and the mimim bactericidal concentration
(MBC). Based on these values, a gel was prepared @arbopol as the base. The

gel was then coated onto the disc using the diprapanethod.

The coated samples were further subjected to vartests, including cell
attachment, cell proliferation, and disc diffusiassay. The MG-63 cell line was

utilized for the study. The collected data was yred using statistical methods.
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RESULTS

Cytotoxicity was assessed using the MTT assay at434 and 72-hour
intervals, and the proliferative index percentagaswdocumented. Osteogenic
potential was evaluated through cell attachmenhgqudViG-63 cell lines at three
different time points (24, 48, 72hours). Cell cauntere recorded after trypsin
detachment. Lastly, the antimicrobial activity bétcompounds was evaluated against
E. coli, P. aeruginosa, and S. aureus using the disc diffusion assay. The diameter of

the inhibition zones was measured and compardtketodntrol groups.

The hydrogel exhibited a significant enhancementi@-63 cell attachment
and proliferation compared to the contr@ls; group. Statistically significant
attachment and proliferation increase was obseest time, particularly at 72
hours. Minimal cytotoxic effects were observed, icating the hydrogel's
biocompatibility. It also demonstrated notable bition against Staphylococcus
aureus and Pseudomonas aeruginosa. E. coli exhibited similar inhibition to the

control group, suggesting comparable efficacy.

This TCQ Hydrogel formulation offers dual benefii;i promoting
osseointegration and preventing peri-implant inéed. Its hydrogel structure
supports cell adhesion and proliferation, whileaitdimicrobial properties target, key

pathogens.
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CONCLUSION

In-vitro research on titanium discs coated withaael TCQ hydrogel showed
substantial cell proliferation and attachment, ss§jigpg potential for bone
regeneration. The gel also exhibited significarttraicrobial activity, comparable to

chlorhexidine, potentially reducing periimplantitis

Further research and development in this area palle the way for new
discoveries and the potential of ancient drugss™ill enable us to identify and
utilize similar or comparable drugs with more refin combinations and

concentrations, which will lead to improved prodpen future developments.

KEYWORDS

Triphala, Cissus Quadrangularis, Antimicrobial edfty, Osteogenic potential,

Titanium Implants, Hydrogel
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I ntroduction

INTRODUCTION

The widespread adoption of dental implants sin@# thccidental discovery
by Dr. Per-Ingvar Branemark has transformed théd figf implantology. Endo-
osseous implants are the primary tool in implamgplenabling the restoration of lost
oral structures. In essence, implantology has emdeag a well-established discipline
with robust clinical protocols and techniqde$o achieve successful outcomes,
clinicians have developed multiple criteria, inghgl biocompatibility, macro and
microscopic geometry, bone morphology, surgica sterility, and the absence of
undisturbed healing phases. Despite the advanceneminplant dentistry over the

decades, there remains a source of faifure.

Implant failures are influenced by various factangluding age, sex, patient
immune response, bone quality, and rejection. Efmilyyres may be attributed to
periimplantitis, inadequate bone density, systedigeases, poor primary stability,
smoking, or surgical trauma. Conversely, late fagucan result from excessive
loading forces, incorrect prosthetic design, bniraumatic occlusion, or neglect of
implant-protected occlusion. Failures occurrindiist few years after placement and

are majorly related to periimplantitis & poor osiseegration.>>

Biomaterial composition, implant geometry and stefa properties,
sandblasting, acid etching, anodizing, plasma spgayaser ablation, and hydrogel
coatings represent a few of the techniques useimprove implant longevity.
Osteointegration and the therapeutic/antibactésiation of the implant coating have
been considered the most important factors forcibrginued functioning of dental

implants®
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I ntroduction

Evaluations of dental implants coatings with diéier materials and
biomolecules have been carried out in recent decadan effort to attain particular
advantageg.For example, adding bioactive coatings to demigdlants, like calcium
phosphates and hydroxyapatite (HA), improves thtease bioactivity and the contact
between the implant and boh&ince the surface plays a crucial role in deteimgin
implant toxicity, loosening, and failure as well iahelp enhance osseointegration,
biocompatibility, and stability, while simultanedysaddressing challenges such as
pre-implantitis; variations in the surface of déntaplant-based biomaterials are

extremely important.

Hydrophilic gels, or hydrogels for short, are framoeks of polymer chains
that are sometimes found as colloidal gels withewgiroviding as a dispersion
medium. They also have an extent of plasticity thaquite similar to that found in
living tissue due to their high-water conténbDepending on whether they are
manufactured or natural, hydrogels can be divided two categories. Numerous
industrial and biological applications make use hydrogels. One of the main
problems with treating infectious diseases is ni@bresistance, which is brought
about by the over use of antibiotics. Using purtira derivatives with hydrogel is a

novel approach to managing microbial resistafice.

Triphala, an Ayurvedic formulation historically andrrently utilized in India,
comprises three fruitsTerminalia chebula, Terminalia bellerica, and Phyllanthus
emblica L; It helps to treat microbial ilinesses, and its etifeeness as an antibacterial

agent has been the focus of several investigations.

Phyllanthus emblica L. possesses carotene, nicotinic acid, D-glucose, D
fructose, riboflavin, empicol, mucic, and phyllenstdcids in addition to being a great

source of vitamin C. On the other had@ minalia chebula is used extensively in
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I ntroduction

traditional medicine because of the great variétgh@mrmacological activity linked to

the plant's physiologically active componetits.

Terminalia bellerica, a medicinal fruit, is a rich source of anthraquie
glycoside, chebulinic acid, tannic acid, terchemtamin C, and various fatty acids.
These compounds collectively exhibit anti-canceopprties by inhibiting the
proliferation and apoptosis of cancer cells. Furtia@e, Terminalia bellerica contains
chebulagic acid, ellagic acid, and its ethyl estmllic acid, fructose, galactose,
glucose, mannitol, and rhamnose. Notably, loweelewf lipid peroxide in treated

wounds indicate that the extract has antioxidafieicef™’

Extensive research has been conducted on alcahatiacts of Triphala, a rich
source of catechins, for its potential against dewgpectrum of microorganisris.
Various researches demonstrated the effectiverfe$sphala in combating various
pathogens, includindg®seudomonas aeruginosa, Shigella sonnei, Shigella flexneri,
Vibrio cholera, Escherichia coli, Enterococcus faecalis, and Staphylococcus aureus.
Notably, Triphala exhibits potent inhibitory actyi against polymorphonuclear
leukocytes-type collagenases (matrix metalloprete®r9), which further supports its
application in treating periodontal diseases. lditlg antimicrobial activity, triphala
also possess other effects like antiseptic, afiirfimmatory, and antioxidant among

others'?

There are over 800 species in the ge@issus, which belongs to the Vitaceae
family and is divided into 13 genera globally. Numes tropical locales, including
Africa, Arabia, South Asia, Sri Lanka, India, anthers are home to these genera.
There are 63 different species and eight genehadia. CQ is a member of the grape
family, & is a dicotyledonous blooming annual herith a thick, meaty, quadrangular

twig. '3
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I ntroduction

This herb is traditionally used to treat bone fuaes, scurvy, tumours,
haemorrhoids, and peptic ulcéfsin India, it is known by various names such as
Bonesetter, Hadjod, or Hadsanka, depending on the region. The drug has
demonstrated the anti-osteoporotic potential iniows preclinical and clinical

settings!®

In-vivo research with CQ extracts were done usingosariectomy-induced
osteoporotic rat model, as well as tests involvitgsed radius-ulna fractures and
unilateral comminuted diaphyseal femoral osteotsmiierats and dogs. Here, the
researchers utilized murine osteoblastic cell (MO@)s to showcase its potential to
promote bone formatiol’” The mechanisms by which CQ aids in fracture regove
are thought to involve its steroidal content, whiigely functions as phytoestrogens

to prevent or minimize bone loss.

Bringing these widely used Ayurvedic drugs to theefront of the dental and
implantology fields is the main aim of this resédar¢hese medications possess the
potential to address two significant challenges oagssed with implants:

periimplantitis and osseointegration.

Triphala will act as a potent antimicrobial ageatprevent periimplantitts
while cissus quadrangularis will assist in ossemjratiort> when combined in a
hydrogel form. This Novel TCQ hydrogel will be cedtonto the grade-V titanium
surface to evaluate the efficacy of both drugs mimrvitro study model, were

cytotoxicity, osteogenic potential & antimicrobefficacy will be evaluated.
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Need for Study

NEED FOR STUDY

Implant dentistry offers normal function, shapesthetics, speech, and health,
even with atrophy, disease, or injury to the stamaathic systerfi TiIBAI4V titanium
alloys are favoured for their mechanical properteesd biocompatibility over
traditional materials like stainless steel 316L @balt-chromium alloys. Yet, titanium

has disadvantages when it comes to implant magefial

As an alloy, titanium is bioinert, which means d@naot form a chemical link
with surrounding tissues. The chance of failurerglant loosening is increased since
it only creates a physical bond with bone tissulictv is less robust than chemical
osseous bonding. Additionally, titanium does notsgass natural antimicrobial
properties, making it susceptible to bacterial on@ation during the initial
implantation phase. Once colonized, bacteria careldp a biofilm that hinders

antibiotic effectiveness, potentially leading téeiction?°

With the materials and technigques available toda titanium implant
usually takes four to six months to fuse with thereunding bone. However, in
situations with poor bone quality or systemic ds&=a longer waiting times are
necessary. Bone response, which includes the gatntity, and quality of bone
formation, is influenced by the implant surface. n€equently, most surface
treatments focus on enhancing osteoprogenitorcsitity to boost new bone growth,

facilitate early Osseo-integration, & ensure greaéeondary implant stabiliy.

Surface modification aims to improve the implardigtibacterial qualities,
corrosion resistance, and bioactivity while mainitag its exceptional mechanical
gualities and biocompatibility. Although various nemercially available

antimicrobials are employed to address early petamttis, their release at
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Need for Study

suboptimal concentrations may lead to bacteridbt@sce’? Conversely, high doses
can disrupt the oral microflora, cause cell toyic&ind hinder osseointegration. An
ethnopharmacological approach utilizing natural tpblgemicals from medicinal

plants is regarded as a safe, effective, and piognidternative to synthetic drugs.

This research study aims to highlight some tradélonatural medicines to
achieve predictable results on the specified patemse Triphala Powder (TC), a
blend of three fruits—Emblica officinalis, Termirmal bellerica, and Terminalia
chebula—is rich in vitamin C, nicotinic acid, andhébulinic acid, which together
have antimicrobial and antifungal properties. Ipowating this into a hydrogel
mixture can enhance the implant osteotomy sitedzyahsing microbial activity?*°
Additionally, Cissus quadrangularis, another herbainedy, has demonstrated
osteogenic potential, which may facilitate bonenfation between the bone and

implant, resulting in improved BIC & osseointegosti*®

The exploration of the potential of combining thed®igs in the field of
dentistry, particularly in implant dentistry, is reently insufficient. Their active
ingredients have the capability to eliminate mie@sland accelerate bone healing. In
terms of application, these drugs can be easilgrparated into a hydrogel form and
applied to the implant surface to achieve potenti@hefits. Consequently, it is
essential to test these drugs in combination toresmddtwo critical parameters:
osseointegration and antimicrobial efficacy. Theppse of this research thesis is to

assess how well TC & CQ integrate in a hydrogehféor these parameters.
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Hypothesis

HYPOTHESIS

Null Hypothesis:

There is no difference in the antimicrobial effiga& osteogenic potential of

titanium coated with a hydrogel of Triphala andd0is quadrangularis.

Research Hypothesis:

There is a difference in the antimicrobial effica&yosteogenic potential of

titanium coated with a hydrogel of Triphala andd0is quadrangularis.

STUDY DESIGN

In-Vitro Study
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Aims & Objectives

AIMS AND OBJECTIVES

>
<

To Evaluate the efficacy of novel hydrogel contagniTriphala and Cissus

Quadrangularis extracts, for antimicrobial activatyd osteogenic potential at the site

of dental implant.

OBJECTIVES

1. To Evaluate the Antimicrobial efficacy of TriphataCissus Quadrangularis

hydrogel.

2. To Evaluate the Osteogenic Potential of Triphala&C&sus Quadrangularis

hydrogel.
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Review of literature

REVIEW OF LITERATURE

John Nicholson in 2020reviewed the properties of titanium and its alloy f
their use in dentistry. This article highlightedrs® of the important aspects of
titanium and its excellence in properties. Theseluote biocompatibility,
mechanical strength & exceptional clinical sucaass which goes up to 99% at

ten years.

Mombelli A et al. in 1987 conducted a study in patients with implant
overdenture treatment done. They analyzed theratiey dividing them into
two groups. One with health peri-implant tissue ambther with inflamed
tissue & failing implants. Their study concludedtthere are different bacteria
associated with healthy and unhealthy tissue sodiog the implants & the
failing implants have similar microbes which areurid in chronic

periodontitis®’

Gerald McDonnell et al. in 1999, investigated the antimicrobial activityy o
Chlorhexidine. It exhibits bactericidal and fungiai properties, but it does not
eliminate or hinder the growth of bacterial spavesnycobacteria. While it has
a low level of effectiveness against viruses, itmdastrates efficacy in

destroying cysts of Acanthamoeba species at high<fS

Lindhe J Meyle et aldid a study in 2008 to look into the reasons aedtment

options for peri-implant mucositis and peri-impliéiat These disorders are
caused by a number of circumstances, such as sqakgarettes, dental
cements, poor oral hygiene, and a history of pentitds. In order to remove
plaque from peri-implant mucositis, mechanical d##ment is crucial. Non-

surgical treatment which includes mechanical denent, remains very
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helpful for peri-implant lesions. However, it camneffectively treat the

conditions & adjuvant antimicrobial treatment isessary’

Stefan Renvert et al in 200&onducted a comprehensive review to assess non-
surgical therapy options for peri-implantitis. Meacical nonsurgical therapy are
effective in management of peri-implantitis. Moreov incorporating
antibacterial mouth rinses alongside mechanicabtheenhances the outcomes
of such lesions. However, nonsurgical treatmenpfm-implantitis lesions has
been found to be ineffective. Clinical and micrdb@ical characteristics were

only marginally influenced by the use of chlorhémi

Antonio Fernandez-Barbero et alconducted a study in 2009 to examine the
hydrogel's polymer network's mechanical propertisernal framework, and
refractive index. These substances are well knoen their remarkable
absorbency, which allows them to absorb solventeraé times their own
weight. They react quickly to changes in the immggienvironment. Because
of their capacity to change size in response tonghs in their internal
dimensions, microgels have been used as both ditigraments and carriers of

medicinal drugs!

Wennerberg A et al in 2010 carried out research that emphasized the
importance of implant roughness on the surfacettairang long-term implant
success and osseointegration. In contrast to smoothcoarser surfaces, the
study found that the optimal roughness value faflsveen 1-2 micrometers
because this level of abrasion efficiently promobsseointegration. Slightly
rough surfaces (Sa between 1.0 and 2.0 micrométax® consistently shown

the best results in clinical triafé.
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10.

11.

Jemat A et al in 2015did thorough analysis, that looked at several dasi
surface treatment options & their influence onniian implants. Despite
titanium's superior mechanical qualities, notabidage roughness was crucial
in promoting efficient BIC, cell proliferation, &edtorquing. As a result, the
most popular method for achieving the necessamaseiroughness on titanium
dental implants was acid etching of the surfacec8ssful dental implants can
be created by fusing titanium's mechanical qualitith a good surface

roughness?

Amparo Mendoza Arnau et al did research that describes the surface
characteristics of dental implants, in 2016. Whileough surface promotes cell
adhesion, an overly rough surface inhibits biolaicresponse and
osseointegration. There is a suggested optimakréogRa roughness (0.77um
+ 0.05um) and Rt roughness (5.25um + 0.55 um). laplant system that was
looked at in the present investigation had a losgare. Additionally, the study
found that the best cell adhesion was attained imedium Ra, indicating that

medium roughness is best for the optimum cell rese®?

Ramesh Chowdhary et alin 2018 investigated cell viability of MG-63 cells
exposed to hydrogel formulations containing aceraarand curcuminoids. The
hydrogel was applied to titanium discs using thgpiatig method, and the MTT
assay evaluated the cell viability. The study rése#hat the hydrogel coated on

titanium discs exhibited good cell viability at Bdurs.>®

Jyotsna Srinagesh et al. (2012)erformed an in vivo study for evaluation of
antibacterial effectiveness of Triphala against sti@ptococci. They compared
the effects of mouthwash made of 6% Triphala & heotmade of 0.2%

chlorhexidine. The study demonstrated that using Bdphala twice daily
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12.

13.

14.

15.

significantly reduced the oral streptococci countlB% after 48 hours and 44%
after 7 days. Notably, the anti-streptococci actbiriphala closely resembled
that of the well-established Gold Standard chloitier 2*

Umey Salma et al. (2020jighlighted in her review article that; Triphalka,
blend of three plants, has been recognized forbdéseficial roles in both
medicine and dentistry. Its minimal side effectswér cost compared to
synthetic compounds, and longer shelf life contebto its popularity as an
alternative. Triphala’s remarkable clinical bereféxtend to its antimicrobial
and antiplaque properties, which are highly valeabldentistry’

Ritam S. Naiktari et al. (2014)compared the potency of 0.2 percent CHX and
Triphala mouthwash. To assess, a RCT was donedpitatized patients with
periodontitis. According to the study, triphala rtfomash works just as well as
0.2% chlorhexidine as an antiplaque agent. It ieffity controls periodontal
disorders in all individuals by drastically lowegirgingival inflammation and
plague formation. Triphala mouthwash is also reabbn priced, widely
available, well-tolerated, and has no known negaeleﬁects?’.6

Christine Tara Peterson et al. (2017)n their review article on the therapeutic
applications of Triphala in Ayurveda, emphasizesl éimtimicrobial potential of
Triphala Churna. Triphala research has shown theadla's effectiveness in
various clinical settings, such as stimulating apgereducing hyperacidity,
exhibiting antioxidant, anti-inflammatory, antibadtl, & various other along
with preventing dental cariés.

Yogesh S. Biradar et al. (2007gassessed antimicrobial activity of Triphala
Churna with hydro and ethanolic extracts. The extrahowed broad-spectrum
antibiotic action against a variety of bacteria;linling those obtained from

pathology labs with established diagnoses and thessent in human
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17.

18.

secretions. Interestingly, broad spectrum inhibitieas seen. In comparison to
the ethanolic extracts, the aqueous extracts slypeater efficacy against every
strain that was tested. Additionally, the extradsmonstrated a stronger
inhibitory zone against bacteria including S. Aweund E. Coli. The extracts'
activity showed a dose-dependent pattern, indigatiat higher concentrations
were necessary for maximum effectiveness. Additlpnahe extracts of
triphala and triphala mashi showed susceptibildyatl of the bacteria that
showed resistance to several of the tested dfugs.

Zaid Omran et al (2020)performed a study that looked into the antibacteria
activity of TAE extracts and other formulations fantimicrobial efficacy
against a range of microorganisms. They came tocth&lusion that the
hydroalcoholic extract of triphala in the drug ngnamulation shown might be
used as an adjuvant antibacterial agent to treadreety of microbiological
infections®®

Sajith Abraham et al. (2005)examined triphala's ability to decrease PMN-type
Matrix-metallo-proteinase (MMP-9) expression in iinduals suffering with
periodontitis. They contrasted MMP-9's activity lwthat of doxycycline, which
is known to have inhibitory action, and Kamillosaanother ayurvedic
medication. According to the study, the medicatiose dramatically reduced
MMP activity. Triphala showed an impressive 76.6%cmase in MMP-9
activity. These results imply that triphala hasembtinhibitory action on PMN-
type MMPs that contribute to the extracellular nxar(ECM) breakdown in
periodontitis®

D.H. Tambekar & S.B. Dahikar (2011) in their study demonstrated, along

with Triphala extracts other herbal extracts areefieial when it comes to
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22.

23.

antimicrobial activity. They suggested the use loése extracts as dietary
supplements but also as an agent to control eriadterial infection$?

V.N. Sumantaran et al. (200y concluded that Triphala guggulu inhibits
hyaluronidase and collagenase activity, which mayabcrucial mechanism
behind its chondroprotective effects. It also eibilkxceptionally high potency
as an inhibitor of both hyaluronidase and collagend he fact that T. chebula
(0.20 mg/ml) totally inhibits both enzymes is notethy and has important
medicinal implications for efforts to develop nemags®*

Aleksandra Tarasiuk et al. (2018)in their review article highlighted that
Triphala's anti-inflammatory and antioxidant quesitare attributed to its high
content of flavonoids, polyphenols, and vitaminT@phala has various types of
acids, including gallic, chebulagic, and chebulinacids which have
cytoprotective and antifungal effecfs.

Zhakaria Ahmed et al. (2019)carried out a study to evaluate five fresh
sample’s antibacterial activity under varied ciraamces. Using disc diffusion
methods. They examined antimicrobial propertiestrgghala for gram -
positive and gram - negative bacteria. Accordinghis study, triphala may be
used to make new oral antibiotics with a broad spetof activity?®

K. Deepika et al. (2020)concluded that a 0.6% triphala solution prevents
plague formation and demonstrates its positive chpan gingival health.
Additionally, it exhibits inhibitory effects on thmicrobial count, particularly
against Streptococcus mutans and Lactobacflus.

Duenpim Parisuthiman et al. (2009)suggested that among its other possible
medicinal uses, Cissus quadrangularis might help ailments that call for the
promotion of bone production. This plant's osteagepotential may help

prevent or postpone osteoporosis in addition tpihgltreat bone fractures. By
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26.

27.

increasing MAPK-dependent alkaline phosphatase jAagtivity, especially
via the p38 MAPK pathway, CQ controls osteoblastativity. This impact
probably starts and intensifies the production afieralized nodules in vitro,
indicating that CQ has an osteogenic activity f@motes bone mending in
vivo.**

Hemal R. Brahmkshatriya et al. (2015)carried out a study to see how C.
guadrangularis affected the maxillofacial fractbealing process. According to
their research, C. quadrangularis speeds up tHnfpeH fractured jaw bones
by dramatically lowering pain, edema, and fractaability.*?

Piyush S. Bafna et.al. (2020)he review study provided a systematic overview
of the botany, applications, phytochemistry, foratwgns, & patents to
investigate the scientific and therapeutic use Qf i@ the future. The findings
showed that this herb, which goes by the name Hadjas analgesic, anti-
inflammatory, anticonvulsant, antibacterial, amicer, anti-osteoporotic, and
bone-healing qualities when extracted using varteakniques?®

Somasundaram Ramachandran et.al. (2021pvaluated the bone-healing
activity of Cissus Quadrangularis (CQ) in Wistabiab rats. They proved that
CQ ethanolic extracts restored bone strength aodested the time it took for
bones to heal. This was because of the high calcomtent and other natural

phytochemicalg®

Nimisha Singh et al. (2013used ostepontin expression as a marker in a study

to evaluate Cissus Quadrangularis (CQ) osteogestienpal. 60 patients with
uncomplicated mandibular fractures participatethantrial; they were split into
two groups. Group A were given 2 capsules of C@.Bwhile Group B were
given 2 capsules of placebo B.D. The conclusion,wa® causes early

remodelling of the fracture callus and speeds agtfire healing®
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30.

Srinidhi Bhat et al. (2022) investigated the impact of CQ Hydrogel on
improving the osseointegration of dental implantsoibone in an in-vivo
investigation. In this investigation, six male &adwhite rabbits were used.
These six rabbits received 24 implants: 12 CQ hyelralip-coated (Test) and
12 uncoated (Control). The dip-coated implants sftbwignificant increase in
bone formation activity?

Praseetha R. Nair et al. (2021¥ystematically examined CQ edible stem as a
source of bioactive compounds capable of triggerimgfeogenesis and
biomineralization in vitro. The work highlights thexceptional capacity of
Cissus guadrangularis aqueous stem extracts toopeoimcreased proliferation,
biomineralization, and early osteogenésis.

Alaa Abdelgader Altaweel et al. (2021)carried out a clinical study to
check Cissus Quadrangularis’s osteogenic potdantralandibular alveolar ridge
distraction. According to their research, giving€lis quadrangularis during the
consolidation phase increases the distracted baag@acity for osteogenesis.
The current study's histology and radiographicifigd also showed that Cissus
quadrangularis enhances bone density in additi@péeding up the production
of new bone. As a result, the bone grows strongel better capable of
withstanding the biomechanical demands of implamlantation in a shorter

amount of time?
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MATERIALS AND METHODS

SOURCE OF THE DATA:

This In Vitro study was carried out in KAHER KLE MBS Department of
Prosthodontics and Crown & Bridge, Department o&rtaceutics KAHER KLE
College of Pharmacy, Gogte Institute of Technold§HER Dr. Prabhakar Kore’s

Basic Science Research Centre and Goa University.
METHODS OF DATA COLLECTION

Inclusion Criteria:

» Identical Titanium disc shaped specimens measurthgym in diameter

and 2 mm in thickness were included in the stud$TM B348)

Exclusion Criteria:

* Specimens with internal and external porosities.

» Specimens with surface irregularities gRium)
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Table No. 1: List of Materials used for hydrogel fomulation, assessment of

osteogenic potential & microbial analysis.

Materials

Description

Manufacturer

Titanium alloy

TYPE-V (Ti-6Al-4V alloy)

Special Mats, Mumbai.

Triphala

Extract (Source- Fruit powder of
Emblica officinalis, Terminalia
bellerica, and Terminalia chebula)

Ayurvedic Rasashala,
Pune

Cissus
Quadrangularis

Extract (Source-Stem of the plant)

Ayurvedic Raaksh
Pune

Chlorhexidine Gel

Hexi gel 1%

ICPA Health products,
India

Phosphate buffer
solvent (6.8 pH)

Sodium chloride, sodium dihydroge
orthophosphate dihydrate, potassiu
chloride, distilled water

n Hi-media, Mumbai, India
m

Carbopol gel base

Carbopol 940

OEM manufacturers

Distilled water

Batch No.: 007M15

Rankem Chemicals,
Avantor, India

Nutrient Agar

Culture media

Hi-media, Mumbai

70% Ethanol

LOT No: 20151011

Changshu Hong sheng
Fine
Chemicals Co., Ltd.

Phosphate Buffer
Saline

LOT No: 0000237353

Hi-media, Mumbai, India

Dulbecco’s Eagle
Medium

LOT No: 0000284912

Hi-media, Mumbai, Indi

Trypsin EDTA

LOT No: 0000297541

Hi-media, Mumbaidia

MTT Reagent

LOT No: 0000173725

Hi-media, Mumbadi#n

Tryphan Blue

LOT No: 2024364

Hi-media, Mumbai, kadi

MG- 63 Cell Line

Human Like osteoblast cells

NC®a8ne
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Table No. 2: Armamentarium for determining surfacecharacteristics, microbial

analysis & evaluation of osteogenic potential fortte test specimen.

Material Description Manufacturer
Profilometer Contact profilometer Taylor Hobson,
Model: - Surtronic S-128 Brazil.
Scanning Electron FE- SEM Carl- Zeiss
Microscope
Laminar Air Flow Model: - Vertical Quest Internatial,
Bangalore.
Micropipette Model No.: 299932 Riviera Glass Pvt,
Ltd., Mumbai
Tissue Culture Plate 24 well plate Tarsons, Korea
Electric Loop Model.: i-therm A1-401 Hi-Media, Mumbai
Sterilization
Anaerobic Jar LOT No:14-1024 Hi-Media, Mumbai
Hemocytometer - Rohem, India
Microscope TCM400 LABOMED, USA
CO; Incubator Galaxy 170-R Eppendorf, India
Micro Titer Plate Epoch Bio-Tek, USA
Reader

Table No. 3 — List of Bacteria used for microbial aalysis.

Bacteria ATCC Number
Escherichia Coli 25922
Pseudomonas aeruginosa 15442
Staphylococcus aureus 25923
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METHODOLOGY:

1. Preparation of Specimen

A total of 216 identical Titanium Grade-V 10 mm xritn (ASTM B348) disc

specimens were used. (Fig, 1)

These discs were sandblasted with 50 um aluminarferminute at a steady
pressure of 4 kg/cm2. To get rid of any remainingpurities, they were then

ultrasonically cleaned for 180 seconds using aeeton

A. Cytotoxicity & Osteogenic potentiat

144 discs were used for cytotoxicity & osteogenameptial which were

subdivided as 72 discs in Study and Coigglgroups each.

» Study Group: Titanium Discs coated with TCQ hydioge

» Controlosy Group: Titanium discs coated with blank hydrogel

They were subsequently separated (n=36) into tmenials of 24, 48, and 72

hours

B. Antimicrobial efficacy:

72 titanium discs were divided as study and cogtsglgroups (n=36)

» Study Group- Titanium Discs coated with TCQ hydioge

» Controlcnx Group — Titanium discs coated with 1 % Chlorhexédgel

They were subsequently separated (n=12) for tgstnisms
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2. Surface Analysis

216 specimens were divided into 6 groups. In eachmdiscs were numbered
from 1 to 36. Quantitative and qualitative surfacrighness evaluations were

conducted on each specimen.

Contact Stylus Profilometer (Surtronic S-128, Taywbson) was used for
guantitative evaluation of surface roughness fer hecimens. Each specimen was

evaluated and average surface roughness was fiagd (

All the specimens were kept on a flat glass slabfaSe profile was evaluated
with the tracking devices which had a diamond pstglus. This was moved over the
disc transversely for 4mm with 0.8mm as cut offglién Average value for these

distances from the center line was calculated.. Big

Field emission Scanning Electron Microscope (Cagisg) was used to
evaluate the surface roughness of random specimem éach group. Their surface

images were taken at 100X, 500X and 1000X magtifinafor clear visualization.

(Fig. 3)

3. Preparation of Extracts

Powder form (5gm) of Triphala and Cissus Quadraarigieach were filtered
through sieve no. 40 were subjected to extractiongrlure. The procedure followed

was maceration to produce hydroalcoholic extr4éts.

Powders of both drugs were mixed with 10% distileater and 80% Ethanol
in individual Erlenmeyer flask (Fig. 4) and wasded in shaking incubator (Excella
E24, New Brunswick) at 36C and 80 rpm for 24hrs (Fig. 5). The supernatant of

both drugs was collected (Fig.6) separately and semeentrated using evaporation
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in water bath (Lab-go water bath) for 6hrs (Fig.The dried extracts were collected
and used for the further study (Fig. 8). Both Extisanixy Were mixed together in 1:1

ratio for further research.

4. Determination of Minimum Inhibitory Concentrations for Extract mix:

A standard protocol was use for testing the MIEscherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus were revived by cultivating them
on Brain Heart Infusion Agar and followed by aewlsicubation. The colonies were
moved to a sterile BHI broth & grown at room tengiare for 24 hours in aerobic
conditions. The organisms were adjusted t6 g€ ml by using 0.5 McFarland's
turbidity standard. A stock solution was prepargddissolving 1 gram of extract
(mix) in 100 ml of solvent (1% DMSO and 99% digtdl water). Six Minimum
Inhibitory Concentration tubes were filled with 1 ai BHI broth. In each tube, 1 ml
of extract (mix) was added, starting with the firgbe and doubling the concentration
until the last tube. 50 pl of each previously prepastrain of Escherichia coli,
Pseudomonas aeruginosa, and Staphylococcus auesusransferred to each test
tube. The tubes were incubated at room temperaagr@pically for 24 hours. The
turbidity was compared to the control, and the iasible tube with turbidity was

noted as the MIC.

Based on the turbidity, the MIC was 12.5 mg/ml fescherichia coli, 25

mg/ml for Pseudomonas aeruginosa, & 25 mg/ml fapBylococcus aureus.

5. Determination of Minimum Bactericidal Concentrations for Extract mix:

Two to three dilution tubes that showed no signgrofvth (turbidity) and the
control tube were subcultured onto blood agar ardkacally incubated for 48 hours

at 37°C in order to measure the MBC. The colorhies tesulted were tallied. The test
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group's colony counts were contrasted with thosta@fcontrol group. The following

interpretation was made of the test results:

a) If there are similar numbers of colonies, iticades bacteriostatic activity only.
b) A reduced number of colonies suggests partialaw bactericidal activity.

c) If no growth is observed, it indicates a compleactericidal effect.

Based on the results the MBC that was establishas 80 mg/ml for
Escherichia Coli, 100mg/ml for Pseudomonas aeruginosa & 100 mg/ml for

Staphylococcus aureus

6. Formulation of Hydrogel

A gel formulation of 0.5% w/v was developed. Thisl gontains 500mg of
drug per 100ml. This concentration is equivalen2@® times the MIC which was
50mg/ml and 50 times the MBC which was 100mg/mlerEifiore, this concentration
was suitable for gel formulation.

Carbopol 930 was soaked in 50 ml distilled waterZé hours. Glycerin was
mixed with this solution at constant stirring, wgsipropeller (100 rpm for 10 minutes).
This solution was mixed with the polymeric solutiosing propeller at 100rpm for 5
minutes. Extractgviy (0.5%) were slowly added to the same solution withstant
stirring under propeller at 100 rpm for half an holio the above mixture 5gm
Glycerin, 0.5% Sodium benzoate, and 0.01% Methyhlpen (Fig. 9) were added as
preservatives. Prepared gel was stored in air tigintainers at room temperature.

(Fig. 10).

To coat the titanium disc with hydrogel, dip cogtimethod was employed.
(Fig. 11) The disc were immersed in freshly pregargdrogel for 30 sec. Followed

by which they were allowed to dry for 5 minufés.
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7. Determination of Cytotoxicity of Hydrogel:

Cytotoxicity was conducted using MTT assay in jdgise for cell division. In
current study this was recorded at three-pointwals (24, 48 & 72 hours). A 12 well

plate was used initially for assessment.

After adding MTT dye, the samples were transferted96-well plates.
Initially, markings were made on the 12-well platessed on the positive control.
Trypan blue was used to count the viable cellss Téas followed by seeding 50,000
cells / well. These wells were then completelyefillwith the media, with each well
having a final volume of 1500microliters. After 2#urs, in each well 200 micro-
liters of MTT dye was added, and the plates weke in silver foil as MTT dye is

prone to photosensitivity. The plates were incutb&be four hours.

Before dissolving the formazan crystals by 1000raliters of DMSO, the
supernatant was discarded. This was followed bysmement of absorbance at
around 570 nm using a spectrophotometer (Fig.1hg proliferation index was
calculated by dividing the absorbance (Optical Dghsf the test & control sample,
multiplied by 100. This procedure was repeated 48rhours and 72 hours. The
percentage of proliferative index was recorded rninExcel spreadsheet for further

statistical analysis.

Formula =

Surviving cells (%) = Mean OD of test compdun X 100

Mean OD at control (untreated cells).
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8. Osteogenic potential of Hydrogel

MG-63 Cell lines were procured for assessment tdagenic potential. These
are human osteosarcoma cell lines. Cell attachme#t evaluated at three-time
frames (24, 48, & 72 hours). For four hours, MGeglis were grown on Contr@lsy
and Study group. After removing the growth mediumattached cells were removed
from the wells by washing them three times with RBS7°C. Trypsin was used to
separate adherent cells. After gathering the @il media in a Falcon tube, they
were centrifuged for three minutes at 3000 rpmeAftiscarding the supernatant, a
micropipette was used to break up the cell pefieErypan blue assay was performed
on the cell suspension, and a hemacytometer waktaseount the cells. For every

sample, the number of cells adhering was notedu(Eil12).

The evaluation of cell attachment and cell protifem was conducted as a
percentage (%), organized into tables, and analytsedtically.

9. Microbial Analysis of Hydrogel

Zone of inhibition method was used to examine thecsnens' antimicrobial
activity againstStaphylococcus aureus, Pseudomonas aeruginosa, and Escherichia
coli. After being moved to sterile Brain Heart Infusibroth, the organisms were
cultured. The turbidity standard of 0.5 McFarlandswused to adjust the growth
concentration to 105 organisms per milliliter. OmlMr Hinton agar, lawn cultures of
Escherichia coli, Pseudomonas aeruginosa, and@isawere conducted. After being
placed on Muller Hinton agar, the titanium discsated with Triphala and Cissus
Quadrangularis Hydrogel were incubated for 24 hoats37°C in an aerobic
environment. The antibacterial activity was evaddaby measuring the zones of

bacterial growth inhibition around the titaniumatisThe zone of inhibition (Fig. 13)
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was measured in millimeters (mm) and compared thiéhcontrolchy group, which

is disc coated with 2% chlorhexidine. The measwaldies will be tabulated and

subjected to statistical analysis.

l

Formulation of TCQ Hydrogel
|

Evaluate Cytotoxicity of TC &
CQ Hydrogel (72 Discs)

Evaluate Osteogenic Potential o
TC & CQ Hydrogel on titanium
disc (72 Discs)

v v

Cell Proliferation by MTT
Colorimetric Assay Hemocytometer

Cell Attachment by

v

v v

v

Test Group Control sy Group Test Group Control sy Group
N= 36 N= 36
|| 24hrs | | 24hrs | | 24hrs 24hrs
(n=12) (n=12) (n=12) ] (n=12)
i 48hrs 48hrs 48hrs 48hrs
(n=12) 1 (n=12) | (n=12) ] (n=12)
| | 72hrs | | 72hrs | | 72hrs 72hrs
(n=12) (n=12) (n=12) | (n=12)
N
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Eva TC &
C Hyogelon ankm e (72
' '

Test Group Controlchy Group

N= 36

Escherichia Escherichia
|| Coli (n=12) [

P. aeruginosa P. aeruginosa
] (n=12)

S. Aureus . Aureus
| (n=12) n=

N J
'

_in
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Figure 1: Grade V - Surface treated Titanium disc

Figure 2: Disc assessment with Profilometer (Surtnoic S-128, Taylor Hobson)

PN Surtronic $128
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Figure 3: Scanning electron microscope images; A0DX, B- 500X, C-1000X
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Figure 4: Powder of both drugs with water & Alcoholmixed in Erlenmeyer
flask A- Triphala, B- Cissus quadrangularis

Figure 5: Shaking incubator (Excella E24, New Brungick)

T

T

1

ew Brunswick Scientific
cella E24 Incubator Shaker Series
2 S N
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Figure 6: Supernatant collection; A- Triphala, B- Assus Quadrangularis

Figure 7: Water bath (Lab-go water bath)
A- Triphala Extract, B- Cissus Quadrangularis Extract

W’tmﬁﬂiﬂ;ﬁ*‘*
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Figure 9: Materials for hydrogel preparation
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Figure 12: Cell Proliferation at 24, 48 & 72hrs

24hrs

72hrs
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Figure 13: Cell Attachment at 24, 48 & 72hrs

24hrs

48hrs

72hrs
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Figure 14: Zone of Inhibition A- Escherichia Coli,B-Pseudomonas
aeruginosa, C- Staphylococcus aureus

Control
)
.

Control
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RESULTS

The cytotoxicity, osteogenic potential and antibael efficacy of a novel gel
formulation which include triphala and Cissus qaadjularis were examined in this
current research. The osteogenic potential wasssesdeusing a cell attachment
procedure involving MG-63 cell lines, which exhibiimparable behaviour to human

osteoblasts.

Cell cytotoxicity was evaluated employing a cellolgeration assay,
specifically the MTT assay, to determine viable!l cgbunts. Subsequently, the
antimicrobial effectiveness was evaluated throughdisc diffusion assay. All
experiments were conducted at three distinct tioiatp: 24, 48, and 72 hours, with a

sample size of 216.

The resulting values of osteogenic potential, meskby the number of cells
attached and the percentage of their proliferaticere analyzed for both the Study
Group & Controlesy Group and antimicrobial efficacy with the StudyGontrol chy)
Groups. Based on the experimental results, cormigsivere drawn using statistical
analysis. For every group, descriptive statistioairics like the mean and standard

deviation were computed.
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Table 4: Summary of Cell attachment in two groups ad three time points

Factors Levels n Mean SD SE 95% CI for mear
Lower Upper
Groups TCQ Hydrogel 36 | 1360120.0 92055.74| 15342.62| 1328972.8 1391267.2
Control 36 | 1336668.8384583.56| 14097.26| 1308049.3 1365287.2
Times 24hrs 24| 1230179(610455.32| 2134.18| 1225764.71234594.5
48hrs 24 | 1380001.4 7.86 1.60 1379998.11380004.7|
72hrs 24 | 1435001.425537.10| 5212.74| 1424218.01445784.8
Interaction| TCQ Hydrogel| 12 | 1240358.3 1585.42 457.67| 1239351,241365.7
with 24hrs
TCQ Hydrogel| 12 | 1380000.8 9.75 2.81 1379994.61380007.0
with 48hrs
TCQ Hydrogel| 12 | 1460000.8 9.75 2.81 1459994.61460007.0
with 72hrs
Control with 12 | 1220000.8 9.75 2.81 1219994.61220007.0
24hrs
Control with 12 | 1380002.0 5.77 1.67 1379998.31380005.7|
48hrs
Control with 12 | 1410002.0 5.77 1.67 1409998.31410005.7
72hrs
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Table 5: Comparison of Cell attachment scores by tarway ANOVA

Sources of Sum of squares DF Mean sum of F-value p-value
variation squares
Main effects
Group 9899698953.00 1 9899698953.00 23627.7904 00*00
Treatment times | 539388521227.00 |2  269694260614.083683.1660| 0.00011%
2-way interaction effects
Group*Treatment| 7586167900.00 2 3793083950.00 9053.0220  0.0001*
times
Error 27653035.70 66 418985.39
Total 556902041115.70 71
*p<0.05

A dependent t test and repeated measure ANOVA wsed to compare the

Study Group's osteogenic potential. Additionallge tantibacterial efficacy of the

Study Group at various time intervals was compargdg an independent t test. The

study group's antibacterial efficacy was comparethgi a two-way ANOVA. P-

values below 0.05 was considered as statisticaghjficant.

The Two-way ANOVA test performed for osteogenic gutial showed

significant differences in terms of MG-63 cell attanent in between both Study and

controlesyy group for 24, 48 and 72hrs. The cell attachmendiggificant in study

group, with p-value 0.0001. (Table 5).
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Table 6: Comparison of two groups with Cell attachrent scores by Tukey’s

multiple post hoc procedures

Groups TCQ Hydrogel Control
Mean 1360120.00 1336668.28
Std. Dev. 92055.74 84583.56

TCQ Hydrogel -

Control P=0.0001* -

*p<0.05

Graph 1: Comparison of two groups with Cell attachnent scores
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Comparison between the groups suggest that StudyupGhas a statistically

significant effect compared to the Confgg) group. The higher mean value in the
Study group (compared to the Conie) suggests that this formulation have an
osteogenic potential. Since p = 0.0001 (< 0.05),car reject the null hypothesis
(which assumes no difference between the groupd) aamclude that this TCQ

Hydrogel produces a significant impact. (Table G&phl)
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Table 7: Pairs of comparison of three time points wh Cell attachment scores by

Tukey’s multiple post hoc procedures

Times 24hrs 48hrs 72hrs
Mean 1230179.58 1380001.42 1435001.42
SD 10455.32 7.86 25537.10
24hrs -
48hrs P=0.0001* -
72hrs P=0.0001* P=0.0001* -
*p<0.05

Graph 2: Comparison of three time points with Cellattachment scores
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Table 8: Pairs of comparisons of interactions of tw groups and three time points

with Cell attachment scores by Tukey’s multiple poshoc procedures

Interactions TCQ TCQ TCQ Control Control Control
Hydrogel Hydrogel Hydrogel | with 24hrs | with 48hrs | with 72hrs
with 24hrs | with 48hrs | with 72hrs

Mean 1240358.33 1380000.83 1460000.8220000.83 1380002.001410002.00
SD 1585.42 9.75 9.75 9.75 5.77 5.77
TCQ -

Hydrogel

with 24hrs

TCQ p=0.0001* -

Hydrogel

with 48hrs

TCQ p=0.0001* -

Hydrogel

with 72hrs

Control with | p=0.0001* | p=0.0001* p=0.00011 -

24hrs

Control with | p=0.0001* | p=0.9999| p=0.0001f p=0.0001* -

48hrs

Control with | p=0.0001* | p=0.0001* p=0.0001%1 p=0.0001* p=0.0001* -

72hrs
*p<0.05
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Graph 3: Comparisons of interactions of two groupsnd three time points with

Cell attachment scores
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The Table 8 & Graph 3 presents a comparison of agdchment scores

between two groups (Study Group and Control) okesd time frames (24, 48, and

72 hours) using Tukey’s multiple post hoc testse Tiean values indicate that Study

group shows a progressive increase in cell attanhroeer time, with the highest

mean observed at 72 hours (1,460,000.83). In cemtize control group also exhibits

an increase in attachment, but at a lower ratd) wie highest mean at 72 hours

(1,410,002.0). The standard deviations (SDs) arey \wmall, suggesting low

variability in the data. The p-values show thatcept for the comparison between

Study group (48 hours) and Control (48 hours) (p899, non-significant), all other

comparisons are statistically significant (p=0.00040.05). This indicates that Study

group significantly enhances cell attachment comgbdo the control at most time

points, reinforcing its potential effectivenesgpnomoting cell adhesion.
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Table 9: Summery of Cell proliferation in two groups and three time points

95% ClI for meaJ\

Factors Levels n Mean SD SH
Lower Upper
Groups TCQ Hydrogel 36 86.7 741 1.2 84.2 89.2
Control 36 94.7| 5.24] 0.87 92.9 96.4
Times 24hrs 24 84.5  6.33 1.29 81.8 87.2
48hrs 24 91.0| 6.47 132 88.3 93.7
72hrs 24 96.5| 4.26) 0.87 94.7 98.3
Interacti | TCQ Hydrogel with| 12 79.0 1.13 0.33 78.3 79.7
on 24hrs
TCQ Hydrogel with| 12 86.0 | 4.07| 1.17 83.4 88.6
48hrs
TCQ Hydrogel with| 12 95.0 | 4.07| 1.17 92.4 97.6
72hrs
Control with 24hrs 12 90.0 407 11 87.4 92.6
Control with 48hrs 12 96.0 4.07 11 93.4 98.6
Control with 72hrs 12 98.0 4.07 11 95.4 100.6
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Table 10: Comparison of two groups and three time @ints with Cell

proliferation scores by two-way ANOVA

Sources of Sum of squares DF Mean sum of F-value p-value
variation squares
Main effects
Group 1152.00 1 1152.00 82.2857 0.0001*
Treatment times 1732.00 2 866.00 61.8571 0.0001*
2-way interaction
effects
Group*Treatment 228.00 2 114.00 8.1429 0.0007*
times
Error 924.00 66 14.00
Total 4036.00 71
*p<0.05

Table 10 presents the results of a two-way ANOVAlgzing the effects of

group (Study vs. Control) and treatment time (28, and 72 hours) on cell

proliferation scores. The main effects for bothugrdF = 82.2857, p = 0.0001) and

treatment time (F = 61.8571, p = 0.0001) are diediby significant (p < 0.05),

indicating that both factors independently influereell proliferation. Additionally,

the interaction effect between group and treatntieme (F = 8.1429, p = 0.0007) is

also significant, suggesting that the effect of tieatment varies over time. The low

error variance (924.00) and high total variance3(400) indicate a strong effect of

the treatment.
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Table 11: Comparison of two groups with Cell prolieration scores by Tukey’s

multiple post hoc procedures

Groups TCQ Hydrogel Control
Mean 86.67 94.67
Std. Dev. 7.41 5.24

TCQ Hydrogel -

Control P=0.0001* -

*p<0.05

Graph 4: Comparison of two groups with Cell proliferation scores
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Table 12: Pairs of comparison of three time pointsvith Cell proliferation scores

by Tukey’s multiple post hoc procedures

Times 24hrs 48hrs 72hrs
Mean 84.50 91.00 96.50
SD 6.33 6.47 4.26
24hrs -
48hrs P=0.0001* -
72hrs P=0.0001* P=0.0001* -
*p<0.05

Graph 5: Comparison of three time points with Cellproliferation scores
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Table 13: Pairs of comparisons of interactions ofo groups and three time

points with Cell proliferation scores by Tukey’s mutiple post hoc procedures

Interactions TCQ TCQ TCQ Control Control Control
Hydrogel | Hydrogel | Hydrogel | with 24hrs| with 48hrs | with 72hrs
with 24hrs | with 48hrs | with 72hrs

Mean 79.00 86.00 95.00 90.00 96.00 98.0(
SD 1.13 4.07 4.07 4.07 4.07 4.07

TCQ Hydrogel -

with 24hrs

TCQ Hydrogel| p=0.0004* -

with 48hrs

TCQ Hydrogel| p=0.0001* | p=0.0001% -

with 72hrs

Control with | p=0.0001* | p=0.1072| p=0.0202 -

24hrs

Control with | p=0.0001* | p=0.0001% p=0.9862 p=0.0028* -

48hrs

Control with | p=0.0001* | p=0.0001% p=0.3739 p=0.0002* p=0.7789 -

72hrs
*p<0.05
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Table 13 presents the pairwise comparisons of psidliferation scores
between Study & contrabs;) over three time frames (24, 48, and 72 hours)gusin
Tukey’'s multiple post hoc-test. The mean valuesicemg that cell proliferation
increases over time in both groups, with the cdngroup consistently showing
higher values. Statistical significance (p-value0<95) is observed in multiple
comparisons suggesting that treatment influenckégpadiferation differently across
time. Notably, Study group at 72 hours is signifita different from its earlier time

points (p = 0.0001).

Graph 6: Comparisons of interactions of two groupsnd three time points with

Cell proliferation scores
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Table 14: Summary of zones of inhibition in two graps and three organisms

Factors Levels n Mean SD SH 95% ClI for meaJ\
Lower Upper
Groups TCQ Hydrogel 36 194 2.69 0.45 18.5 20.3
Control 36 21.3 2.61 0.43 20.5 22.2
Organisms E. coli 24 20.5 2.70 0.55 19.4 21.7
S. aureus 24 18.4 1.74 0.36 17.6 19.1
P. aeruginosa 24 22.2 2.58 0.52 21.1 23.2
Interaction| TCQ Hydrogel| 12 20.0 2.76 0.80 18.2 21.8
with E. coli
TCQ Hydrogel 12 17.3 1.42 0.41 16.3 18.2
with S. aureus
TCQ Hydrogel 12 20.9 2.31 0.67 194 22.4
with P.
aeruginosa
Control withE. 12 21.1 2.64 0.76 194 22.8
coli
Control withS 12 195 1.24 0.36 18.7 20.3
aureus
Control withP. 12 23.4 2.15 0.62 22.0 24.8
aeruginosa
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Table 15: Comparison of two groups and three orgasims with zones of

inhibition scores by two-way ANOVA

Sources of Sum of squares DF Mean sum of F-value p-value
variation squares
Main effects
Group 68.0556 1 68.0556 14.4892 0.0003*
Organisms 173.6944 2 86.8472 18.4901 0.0001*
2-way interaction
effects
Group*Organisms 6.8611 2 3.4306 0.7304 0.4856
Error 310.0000 66 4.6970
Total 558.6111 71
*p<0.05

Table 15 presents the results of a two-way ANOVAlgzing the effects of

two groups (study vs. control) and three organismzones of inhibition scores. The

main effects for both group (F = 14.4892, p = 03)0énd organisms (F = 18.4901, p

= 0.0001) are statistically significant (p < 0.05hdicating that both factors

independently influence the zones of inhibition. wéwer, the interaction effect

between group and organisms (F = 0.7304, p = 0)4i8560t significant, suggesting

that the effect of the treatment does not vary iB@gntly between the different

organisms. The relatively high error variance (B000) suggests some variability in

the data. Overall, the results indicate that bolle ttreatment significantly

antimicrobial impact.
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Table 16: Comparison of two groups with zones of mbition scores by Tukey’s

multiple post hoc procedures

Groups TCQ Hydrogel Control
Mean 19.39 21.33
Std. Dev. 2.69 2.61
TCQ Hydrogel -
Control P=0.0004* -

*p<0.05

Graph 7: Comparison of two groups with zones of inibition scores
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Table 17: Pairs of comparison of three organisms wh zones of inhibition scores

by Tukey’s multiple post hoc procedures

Times E coli S aureus P. aeruginosa
Mean 20.54 18.38 22.17
SD 2.70 1.74 2.53
E coli
S aureus p=0.0028*
P. aeruginosa p=0.0308* p=0.0001*

*p<0.05

Graph 8: Comparison of three organisms with zonesfanhibition scores
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Table 18: Pairs of comparisons of interactions owo groups and three

organisms with zones of inhibition scores by Tukeg multiple post hoc

™

procedures
Interactions TCQ TCQ TCQ Control Control Control
Hydrogel | Hydrogel | Hydrogel | with E coli with S with P.
with E coli with S with P. aureus | aeruginosa
aureus | aeruginosa
Mean 20.00 17.25 20.92 21.08 19.50 23.41
SD 2.76 1.42 2.31 2.64 1.24 2.15
TCQ Hydrogel -
with E coli
TCQ Hydrogel | p=0.0318* -
with S aureus
TCQ Hydrogel | p=0.9041 | p=0.0014" -
with P.
aeruginosa
Control with E | p=0.8234 | p=0.00087 p=0.9998 -
coli
Control with S| p=0.9930| p=0.1268 p=0.6008 p=0.4795 -
aureus
Control with P.| p=0.0035*| p=0.0001*% p=0.065¢9 p=0.1028 p=0.0006* -
aeruginosa
*p<0.05
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In Table 18, the mean values indicate that therobgtoup generally exhibits
larger inhibition zones, particularly against Pruggnosa (23.42 mm), compared to
the Study group. Statistically significant diffecers (p < 0.05) are observed in
multiple comparisons, particularly between Studp@rand Control for S. aureus (p
= 0.0008) and P. aeruginosa (p = 0.0001),. Howekerdifferences between Triphala
Churna Hydro Gel and Control for E. coli (p = 0.828o0n-significant) suggest that
both treatments have a similar inhibitory effectiagt this organism. Overall, the
results indicate that while Study group has antdr@a properties, its efficacy varies

by bacterial species and is showing potent antivbiat properties.

Graph 9: Comparisons of interactions of two groupsnd three organisms with

zones of inhibition scores
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DISCUSSION

Osseointegration, a concept introduced by Per-inBvanemark has made it
possible to create a strong base for modern imglagy. Use of implants in dentistry
has made a paradigm shift in rehabilitating pasiearid has proven to be a reliable
solution for missing teeth. The sterile structuwrahnection Bone implant connection
ensures a long-term stability of implants. In piestades the design modifications and

advancements in them have significantly improveddiiccess ratéé?’

Osseointegration is a dynamic bone remodelling ggsavhich is influenced
by mechanical and biologic factors. This procesststimmediately after the
placement of implant in a cascade, involving oskestit bone formation and
osteoclastic resorption. This ensures a strucamdlfunctional connection, ultimately
stabilizing the implant. The degree of remodelliagnfluenced by implant design,
loading conditions, & factors specific to patiesisch as bone quality & systemic

health®®

However, osseointegration and bone implant con(B¢C) are primarily
improved by surface characteristics, including acef topography, roughness, &

energy®®

Bone-implant contact (BIC) is a crucial factor tligtermines the success of
osseointegration. A higher BIC percentage indicdietter implant stability and
integration with the surrounding boPfeHistomorphometry studies have revealed that
implant surface modifications, such as roughenathses and bioactive coatings,
enhance BIC by promoting osteoblast adhesion. Eurtbre, mechanical loading

plays a significant role in BIC, with early funatial loading facilitating the adaptation
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of bone to the implant. Therefore, achieving optiBEC is necessary for long-term

implant success and minimizing the risk of failtire.

Albrektsson and Wennerberg classified implant sie$aroughness (Sa) as
Smooth surfaces (Sa < 0n), Minimal roughness (Sa = 0.5+im), Moderate
roughness (Sa = 1+in), High roughness (Sa >12n) and the authors concluded that

moderately roughened surfaces appear to offer stinieal benefits than surface?.

Surface roughness plays a crucial role when it sotoecell attachment and
osseointegration. Micro & Nano-rough surfaces priamosteoblast adhesion,
proliferation, and differentiation, leading to fastbone formation. Studies have
shown surfaces with moderate roughness (Ra valug-2fum) enhance BIC &
improve implant stability. Techniques such as séagling, acid etching, and plasma
spraying create controlled roughness, improvinglutal response. Enhanced
roughness facilitates protein adsorption, whichhier regulates cellular interactions

at the implant interfac®.

Marta Romero-Serrano et al conducted a systemeatiew on dental implants
on 3 months prospective studies after the placeniémy concluded that surface
roughness plays a crucial role and is directly edlated with the amount of

osseointegratiorf

The current study evaluated the surface roughreses using a profilometer
(Surtronic S—-128, Taylor Hobson). This device pdes the roughness profile from
the center line within the measuring length. Thiues obtained had a mean range
between 1.2 and 1.7 um. These values coincide thdke found in literature with

similar measurements. To quantitatively assessetimesults, scanning electron
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microscope evaluation was performed to obtain irmaagel00X, 500X, and 1000X

magnification.

Lukaszewska et al in his research proved thatidpedsion of cells on smooth
surface is more than rough surface, but the chllsvshbetter cytoplasmic extensions
and interconnections among them on rough surfaoggesting that they exhibit
better adhesion properties. Along with this thees wignificant increase in vitality of

the cells as wef®

Santos et al proposed that implants with a rougtiase promote better
osseointegration. However, careful manipulatiomrigcial, as this surface treatment
can have adverse effects or alter the titaniumeogidface. Therefore, it's essential to
standardize the surface roughness of titanium soirenconsistent use for evaluating

hydrogel characteristic¥.

To achieve high clinical success rates, variougings have been proposed.
An ideal coating surface along with therapeutieet should possess the following
capabilities: enhanced cell attachment & differatitn, bone apposition & fixation &

minimal dissolution in body fluids

The success of oral rehabilitation using dentallamiz hinges on several
factors. The implantation process demands favoerabteractions between the
titanium surface and the surrounding bone, as waeliresistance against bacterial

colonization. Implant-related infections signifi¢glgrcontribute to implant failure.

Peri-implantitis is a pathology in which inflammati is followed by
continuous bone loss around dental implants. Thiprimarily caused by bacterial
infection. This infection leads to the formationpafri-implant pockets and subsequent

destruction of supporting bon@®.
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Derks & Tomasi (2015) conducted a systematic rewevich revealed that
peri-implantitis affects approximately 10-20% of sea within 5-10 years of
placement. Risk factors like poor oral hygiene, kimg, diabetes, including implant
surface contamination, contribute to the develogmein peri-implantitis. Early
detection and intervention are crucial in prevemsevere complications and implant

failure®’

To prevent peri-implantitis, several methods ar@leyed, focusing on patient
education, maintenance protocols, and implant eerfanodifications. Regular
professional cleanings, antimicrobial rinses, amgproved oral hygiene practices
significantly reduce bacterial load around impla#dditionally, systemic and local
antibiotic therapies have been explored as adjumctieatments. Proper implant
placement, ensuring adequate keratinized tissud, mmimizing excess cement

during prosthesis delivery are also essential priave strategied®

Different implant coatings have been developedeuce the incidence of
peri-implantitis by inhibiting bacterial colonizati and promoting healthy
osseointegration. Silver coatings exhibit strongibacterial properties, preventing
biofilm formation on implant surfacés.Similarly, titanium dioxide (TiO2) coatings
possess antimicrobial and Osseo integrative befeéfiHydroxyapatite coatings
enhance BIC while reducing bacterial adhesion, ngakhem a popular choice in
implantology. The integration of bioactive and amtrobial coatings represents a

promising approach to reducing peri-implantitisidence.

Innovative coatings such as antimicrobial peptidieag-eluting surfaces, and
graphene-based materials are under investigationtieir potential to enhance

implant longevity’® Hans Erling Skallevold et al in their literatueview stated that
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bioactive glass coatings promote osteogenesis wsilaultaneously inhibiting
bacterial growth. Additionally, surface-functiormdd implants with controlled-
release antimicrobial agents hold promise for redycperi-implantitis-related

complications®*

Chlorhexidine, the most widely used and primarynager chemical plaque
control, has earned its reputation as the golddstati” However, its long-term use is
limited due to the increasing resistance it develapd the potential side effects that
can disrupt the oral microflora and cause cellutaxicity.®®> Consequently, the
ongoing research and development efforts haveeshitte focus towards biogenic
agents as potential alternatives.

James X. Liu et al evaluated the cytotoxic natdrehdorhexidine at clinical
level concentrations on human fibroblast cells @3241). This study proved that even

clinically used concentrations can stop the cefjration and its survivabilit§®

Peri-implant infections are primarily caused by rolal colonization of
implant surface&! The most commonly isolated organisms incliieherichia coli
(approximately 20%),Saphylococcus aureus (up to 40%), andPseudomonas
aeruginosa (around 25%) in various in vivo and in vitro maslef peri-implantitis.
These opportunistic pathogens possess strong adheapabilities on biomaterial
surfaces, particularly titanium, where micro-topgguic features facilitate bacterial

retention and biofilm developmefit.

Escherichia coli is capable of adhering to implant surfaces viabfiae and
pili. It produces extracellular polymeric substa¢EPS) which facilitates formation
of mature biofilms. The lipopolysaccharide (LPS)Eofcoli triggers the host immune

response, contributing to peri-implant mucositisd asubsequent bone loss.
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Staphylococcus aureus, a Gram-positive coccus, utilizes adhesins sudibesnectin-
binding proteins to colonize surfaces. It secreétesns and enzymes that degrade
peri-implant tissue, leading to a cascade of infratory cytokines (IL-f & TNF-a).

This initiates osteoclastic activity and peri-impi&®one resorptioff

Pseudomonas aeruginosa is a particularly virulent pathogen characteribgd
robust quorum-sensing mechanisms and multidrugteasie. It adheres to implant
surfaces via flagella and pili, forming thick biofis with an alginate matrix,
rendering it resistant to antimicrobial treatmeifisese bacteria secrete proteases and
exotoxins that impair neutrophil function and rdtawound healing, thereby
intensifying the inflammatory milieu surroundingethmplant and accelerating the

progression to peri-implantitf§.

Triphala, an ancient Ayurvedic formulation comprgiTerminalia chebula,
Terminalia bellerica, & Emblica officinalis, has rdenstrated broad-spectrum
antimicrobial activity. It exhibits substantial iibition against both Gram-positive &
negative bacteria implicated in oral infectionslimling Staphylococcus auré(isnd
Escherichia coli. Its active constituents, likeligahcid, chebulagic acid, and ellagic
acid, interfere with bacterial cell wall integritgnd inhibit biofilm formation,

rendering it an appealing phytotherapeutic optarpkri-implant infectiong!*%3°

Studies have demonstrated that Triphala effectimedydulates inflammatory
markers, including IL-6, TNk, and CRP. By reducing the cytokine-induced

destruction of peri-implant tissues, Triphala efifegly mitigates inflammatiof®

Studies conducted by Vinay Rayudu et al in rat nsyderther support these
findings, revealing reduced inflammatory infiltratand the preservation of alveolar

bone when Triphala is topically applied. These olm#ons align with the
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suppression of osteoclast activity and the enhaesgdession of osteoblast-related
genes, suggesting Triphala’s dual anti-inflammatognd pro-regenerative

properties?’

Sowmiya Kalaiselvan et al in their research, hahweddight on the molecular
mechanisms that underpin Triphala’s anti-inflammat@roperties. Specifically,
Triphala effectively downregulates the activatioh tbe NF-kB pathway, a key
mediator of chronic inflammation associated withriqmplantitis. Moreover,
Triphala-loaded scaffolds or coatings on titaniumplants have demonstrated
substantial antibacterial activity in laboratory pekments, exhibiting sustained
release of bioactive compounds over time. Thisifigdunderscores the potential of

Triphala as a coating agent in dental implant apgitbns’®

Deepa Babu et al measured Triphala’s antioxidapaciéy, using DPPH and
FRAP assays. They suggested the potentiality abxidative properties. This will
help to reduce oxidative stress around implantdchvitan be exacerbated during
bacterial infections. When combined with hydroxyiitpaor polymer-based coatings.
Triphala demonstrates potential, in creating bivacimplant surfaces that resist

microbial adhesion while promoting osteogenéis.

Cissus quadrangularis, a traditional medicinal ppl@mowned for its potent
osteogenic and anti-inflammatory properties, haseghsignificant attention due to
its significant role in bone healing. This planttraxt has demonstrated the
proliferation and differentiation of osteoblasts ilhsimultaneously suppressing
osteoclastic activity, this is because it is packeth flavonoids, ketosteroids, and

ascorbic acid. Numerous animal studies have cemtlgtdemonstrated that Cissus
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accelerates the healing of bone fractures and pesnthe formation of callus,

particularly when administered locally or systertijca®

Histological investigations done by Rahul Mahajdnak in rabbit and rat
models have shown that bones treated with Cissadrgogularis extract exhibit early
mineral deposition, a dense trabecular structune, increased expression of bone
morphogenetic proteins (BMPs) compared to controbugs. Additionally,
inflammatory markers such as IlF-1and COX-2 are significantly reduced in
experimental animals, indicating its anti-inflamorgt effect in bone

microenvironments$:

In vitro assays on human osteoblast-like cells (B8}-have revealed that
Cissus extract enhances osteoblastic function ggupating alkaline phosphatase
activity, osteocalcin, and collagen type | expressiThese cellular responses are
attributed to the synergistic effects of its bidaetmolecules, such as quercet,
sitosterol, and calcium oxalate. Furthermore, G'sstole in bone tissue engineering
has been investigated using Cissus-infused scaffaldhich exhibit superior cell

adhesion and mineralizatidf.

Cissus guadrangularis-coated titanium surfacesyaiing traction in dental
applications, as evidenced by studies demonstrdtieg ability to enhance bone-
implant contact (BIC) in vivo. These surfaces figmieé osseointegration while
simultaneously potentially mitigating inflammatorgsponses, positioning them as
ideal candidates for extending implant longevityartigularly in patients with

compromised bone health or diminished healing tastf*

In this study, dip coating was used to functioralizanium discs with a

bioactive plant extract coating. Dip coating is @lely used technique because it's
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simple, uniform, and reproducible for thin film degition.® The titanium discs were
first ultrasonically cleaned and then immersedhia prepared extract solution for 30
seconds, ensuring complete surface contact anepeafhesion of the coating layer.
Afterward, the discs were air dried for 5 minutesler sterile conditions to allow

solvent evaporation and layer stabilization.

The dipping process was uniformly repeated to ensuansistent coating
across all disc surfaces. This method not onlyadlthe incorporation of thermolabile
compounds but also enables multiple coatings fatrotled drug release and surface

modification.”®

Katja Andrina Kravanja & Matjaz FinSgar in theiview also stated thdip-
coating is advantageous for implant application® da its compatibility with

bioactive molecules and its ability to conform tnplex surface geometriés.

The current investigation delved into the osteogeand antimicrobial
properties of a novel TCQ Hydrogel, uncoveringpitgential to enhance peri-implant
healing and infection control. For osteogenic pb&n cell attachment and
proliferation assays were conducted using MG-63scgls they behave similar to
human osteoblast cell§)Over a time frame of 24, 48 and 72 hours, sigaiftc
differences were observed between the study grodptlze control group. Notably,
the MG-63 cell attachment in the study group wasketwdly enhanced, as evidenced
by highly significant p-values (p = 0.0001). Thesalings suggest that the TCQ
Hydrogel facilitates initial cellular adhesion, &qal step in the early stages of

osseointegration and tissue remodelling.

A progressive elevation in cell attachment was nleseover three days in the

study group, with the highest mean value recordet2ahours. The consistently low
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standard deviations in both groups indicate higpragucibility and minimal

variability. Most intergroup comparisons across dirpoints revealed statistically
significant differences, which further supports ttdea that the hydrogel formulation
creates an environment conducive to cell adhesiwh aonsequently, promotes

osteogenic activity.

Cell proliferation analysis further confirmed thet@ogenic efficacy of the
hydrogel. Both treatment duration and treatmentugraignificantly impacted
proliferation, as evidenced by the main effectthimtwo-way ANOVA. Additionally,

a significant interaction between treatment typé aime was discovered, suggesting
that the proliferative response varied across pwiats in a group-dependent manner.
Notably, the TCQ Hydrogel group exhibited a subsshnincrease in proliferation

over time, while the control group showed relatpeigher values. The increase at 72
hours, which emphasizes the gel's time-depende¢abgsnic effect, was one of the
statistically significant changes across time pomwithin the research group which

the multiple comparisons confirmed.

In terms of antimicrobial activity, the analysivealed that both the treatment
group and the type of bacterial organism signifigannfluenced the zone of
inhibition. While the control treatment generallpoguced larger zones, particularly
against Pseudomonas aeruginosa, the TCQ hydrogel ekhibited effective
antibacterial properties. The study group showeghiicant inhibition against
Staphylococcus aureus and Pseudomonas aeruginaggesting that the hydrogel
formulation has selective but potent antimicrotefficacy. These results correlate
with study done by Yogesh Biradar et al where thewncluded the inhibition of

potential periimplantitis microflora with TriphaBxtracts®
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Collectively, these findings support the hypothesiimt TCQ Hydrogel
possesses both osteogenic and antimicrobial prepeffhe enhanced MG-63 cell
adhesion and proliferation, coupled with its sigraiht antibacterial activity against
key peri-implant pathogens, indicate that this mdeemulation could provide dual
benefits in promoting osseointegration and prewgngeri-implant infections. These
properties hold particular relevance in the contektimplant dentistry, where
microbial colonization and inadequate bone regeimgraontinue to pose significant

challenges.
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SCOPE OF THE STUDY

% This research was aimed to assess the efficacyvof Ayurvedic drugs,
Triphala and Cissus quadrangularis, when combioezl/aluate their potency
in two clinically relevant parameters in implanntistry: osteogenic potential
and antimicrobial efficacy against periimplantitis.

% The results demonstrate the potent osteogenic atihiarobial potential of
the hydrogel, which can be further validated in BmVivo setting.
Additionally, the hydrogel dip coating method cae tested with various
implants, and the responses observed can be adalyse

% These parameters can be tested with other implamtaterials such as PEEK
(Polyether Ether Ketone) & Zirconia.

+ Drugs present in this gel were in their free-fotiates. Further research can be
conducted to develop these drugs in microspheres $astained release.

% Parameters such as Alkaline Phosphatase activityYARANKL, Alizarin

red, & Von Kossa staining can be used to asseds limmte formation and

antimicrobial activity.
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Limitations

LIMITATIONS

This in vitro study lacks clinical validation andas a relatively small

sample size.

Since peri-implantitis is caused by a diverse ramigeicroorganisms, the
study focused only on the predominant microbialaoigms in peri-
implantitis and did not investigate the effect @@ Hydrogel on varying

microbial strains.

The study utilized MG-63 cells, which are osteotddike cells that lack

the ability to differentiate coherently.

While the dipping method is a commonly used hydragating technique,
there may be variations in the uniformity of theattog’s surface on the
substrate. An ideal hydrogel coating method shoeldibit strong

adhesion to the substrate and conform to any arpighape.
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CLINICAL IMPLICATIONS

Periimplantitis and poor osseointegration lead #olye failure of dental
implants. To address this, various methods haven leeployed over the years.
Similarly, this In Vitro study was conducted to @ss the osteogenic & antimicrobial
efficacy of the Novel TCQ hydrogel. This study peovthat the novel TCQ hydrogel
is non-cytotoxic as well as effective in promotimgw MG-63 cell adhesion which in
turn is an indicator for new bone formation. Thé@eo has antimicrobial properties

to eliminate the significant colonizers in periiraptitis.

The TCQ Hydrogel is composed of naturally occurrprgducts, making it
more biocompatible and reducing the likelihood atnmbial resistance. These natural

drugs are safe and offer a promising alternativ@ytahetically derived drugs.

The primary objective of these hydrogels is to ewleathe success rate in
cases of bone deficiency and systemic conditiooh a8 osteoporosis. By expediting
bone healing, they enable immediate or early lagadirotocols & stimulate bone

growth, allowing for implant placement in sitesidi&nt in residual ridge.

With these advantages, TCQ hydrogel presents afibeepromising, and
alternative treatment option to prevent periimglant and facilitate early

osseointegration.
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CONCLUSION

This in-vitro research was performed on titaniuriscel for evaluating,
osteogenic potential & antimicrobial efficacy of Wb TCQ Hydrogel. This study
concluded that the proliferation of cells at 24,d48d 72 hours was substantial,
suggesting that the gel exhibited no cytotoxicityd goromoted cell proliferation,
which is crucial for bone regeneration. Increasaediase roughness values, exhibited
more cell attachment and proliferation, suggestmgubstantial increases in bone

formation & BIC.

The dip coated surface of a titanium disc with tlogel gel, when seeded with
MG-63 cells, exhibited a significant level of attawent at 24, 48, and 72 hours,

suggesting the osteogenic properties of the hydiroge

Additionally, the antimicrobial activity of the mel gel was assessed and
compared with chlorhexidine gel (2%). The studyugr¢TCQ Hydrogel) zones were
comparable to those of the contiehy group, indicating that the gel possessed a
significant antimicrobial activity. This propertyuld potentially reduce the incidence

of periimplantitis.

Further research and development in this area pélle the way for new
discoveries and the potential of ancient drugss ™ill enable us to identify and
utilize similar or comparable drugs with more refin combinations and

concentrations, which will lead to improved progpen future developments.
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SUMMARY

The study investigates the cytotoxicity, osteoggratential and antimicrobial
efficacy of a hydrogel composed of combination ofipfiala and Cissus
Quadrangularis extracts. This research seeks t@oimposseointegration & peri-

implant infection control.

A total of 216 identical Titanium Grade V discs weprocured, each
measuring 10 millimeters by 2 millimeters were usedhe study. The specimens
underwent sandblasting and ultrasonic cleaningy Meere then divided into Study
and Controlosy & Control chy groups to assess the hydrogel’s osteogenic patenti

and antimicrobial efficacy.

A 0.5% w/v TCQ gel was formulated. The gel's cortcation was 500mg per

100ml, which is 200 times the MIC and 50 timeshHiaC.

The specimens underwent surface roughness evaluadiog a contact stylus
profilometer. Qualitative surface analysis was sssd using SEM. The roughness
values ranged between 1.2 and 1.7 um, which aligtts literature indicating that

moderately rough surfaces enhance osseointegration.

Cytotoxicity was assessed using the MTT assay at484 and 72-hour

intervals, and the proliferative index percentage wocumented.

Osteogenic potential was evaluated through cedchthent using MG-63 cell
lines at three different time points (24, 48, 72ispuCell counts were recorded after

trypsin detachment.
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Lastly, the antimicrobial activity of the compoundss evaluated againkt
coli, P. aeruginosa, and S aureus using the disc diffusion assay. The diameter ef th

inhibition zones was measured and compared toch&al groups.

The hydrogel exhibited a significant enhancementi®&-63 cell attachment
and proliferation compared to the congg group. Statistically significant
attachment and proliferation increase was obseoaa time, particularly at 72
hours. Minimal cytotoxic effects were observed, idating the hydrogel’s
biocompatibility. It also demonstrated notable bition against Staphylococcus
aureus and Pseudomonas aeruginosa. E. coli exh#itelar inhibition to the control

group, suggesting comparable efficacy.

This TCQ Hydrogel formulation offers dual benefitd promoting
osseointegration and preventing peri-implant infex. Its hydrogel structure
supports cell adhesion and proliferation, whileaitgimicrobial properties target, key

pathogens.

A study conducted on TCQ hydrogel formulation foenthl implants
highlights its potential to enhance implant longgvireduce infection risk, and

improve osseointegration.

By integrating bioactive and antimicrobial coatingsch as Triphala & Cissus
quadrangularis, researchers can address the dairaies of microbial colonization
and bone regeneration, leading to improved implsmtcess rates and patient

outcomes.
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ANNEXURES Il - SAMPLE SIZE ESTIMATION

SAMPLE SIZE
CALCULATION

Title: Antimicrobial efficacy and Osteogenic potential of Triphala with
Cissus Quadrangularis hydrogel mixture for periimplantitis and
osseointegration”- an in-vitro study

Formula

p1= Prevalence in the*lgroup

pz2= Prevalence in thé"2group
(Zhgﬂx-p)z(px 91+P242)

e o1=1p¢1
(P1—p2)? =192

Z1.a= Significance level
Z1-8= Power

Where,

p1=0.570

p2=0.107

o= 0.430

2= 0.890

Z1.a= Alpha error at 5%

Z,.g= Beta error at 80% power

Sample Size
Total Sample Size

12 (each group)
24 (2 groups for antimicrobial efficacy)
48 (4 groups for osteogenic potential)

Department of Public Health Dentistry,
KLE VK Institute of Dental Sciences,
KLE Academy of Higher Education and Research,
Belagavi, Karnataka
atreypaikhotO1@gmail.com +91 9049735410
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ANNEXURES Ill = TITANIUM DISC QUALITATIVE

EVALUATION

{wo. METAL TEST LAB

1S 9001:2015 Certified "‘“"w (Recognised By Government Deptts & Undertakings)
% Optical Emission Spectrometry
: :’:{‘ﬂms i Office : Gr. Fir. Bhavnagari Bldg., 72, Nanubhai Desai Rd., Khetwadi Main Road, Mumbai - 400 004.
* Ultrasonic Flawr%elanion Phone : 6743 7546 * Mobile : 9224778882 / 9223371637 ® E-mail : metaltestlab2016@gmail.com
% Ultrasonic Thickness Gauging
* Dye Penetrant Testing
TEST REPORT
T/CNo: 1820 DATE  04/03/2022
PARTY NAME : SPECIAL METALS
125. C.P. TANK ROAD.
MUMBALI - 400 004.
REFERENCE §om

MATERIAL DESCRIPTION: TITANIUM DISC

ik GRADE : TIGRS

% C% Si% Mn % P % S% Cr% Mo %

COMP 0,060 1
|
|

REQD |
0.0800
% Co% | Cu% | Nb% | Ti% | V% | W% | Pb%
COMP 8788 | 440 "
B i g | 35000 .
REQOL ~ ~ ~ 4.5000 ~

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

| Ni% | Al% |

| 55000
6.7500
Fe%  N%
|
0.069 - |
|
i
- -
0.4000 = ‘

P Y N

. The above Test Reports relate only to the sample submitted.

. The above samples are not drawn by the laboratory. - o o

. The company orits partners shall in no way responsible for any ﬁnanaa} Ilgbllny dqe to any act of omission or error made.
. No part of this Test Report shall be reproduced without the written permission of this laboratory.

allV, A alli"Hl/eaumya
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ANNEXURES IV — CELL ATTACHMENT READINGS

Cell Attachment
24hrs 48hrs 72hrs
1238500 1379990 1459990
1241200 1380010 1460010
1239800 1380005 1460005
1240300 1379995 1459995
1242100 1380002 1460002
Study Group (TCQ 1237900 1379998 1459998
Hydrogel) 1243500 1380007 1460007
1239600 1380003 1460003
1240700 1380012 1460012
1238800 1379988 1459988
1241400 1380015 1460015
1240500 1379985 1459985
1219990 1379995 1409995
1220010 1380005 1410005
1220005 1380008 1410008
1219995 1379992 1409992
1220002 1380003 1410003
Control (Ost) Group 1219998 1380001 1410001
1220007 1380007 1410007
1220003 1380004 1410004
1220012 1380006 1410006
1219988 1379997 1409997
1220015 1380010 1410010
1219985 1379996 1409996
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ANNEXURES V — CELL PROLIFERATION READINGS

Cell Proliferation (MTT)

24hrs 48hrs 72hrs
78 84 93
80 88 97
79 83 92
77 89 98
81 85 94
79 87 96
Study Group (TCQ Hydrogel 8 a2 o1
80 90 99
79 81 90
78 91 100
80 80 89
79 92 101
88 94 96
92 98 100
87 93 95
93 99 101
89 95 97
91 97 99
Control (Ost) Group 36 92 94
94 100 102
85 91 93
95 101 103
84 90 92
96 102 104
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ANNEXURES VI — ZONE OF INHIBITION READINGS

Zone of inhibition (mm)
Study Group (TCQ
Hydrogel Control (Chx) Group
18 20
20 22
23 23
17 18
16 18
: 18 17
E coli 5> o
20 22
22 20
23 24
24 25
17 20
18 19
20 22
16 19
18 20
15 18
S aureus Lo 2l
17 18
18 20
17 20
18 21
17 19
18 18
20 22
22 26
21 24
21 21
17 26
P. 22 24
aeruginosa 25 26
20 22
18 21
19 21
22 22
24 26
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