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ABSTRACT

BACKGROUND: The focus of caries research has lately switchedthe
development of approaches for early identificateomd non-invasive treatment of
caries lesions. These can be a major advancemehe ialinical management of the

disease.

AIM: To evaluate and compare the re-mineralizing p@knf Ocimum basilicum

varnish and fluoride varnish.

METHOD: Ocimum basilicum seeds extract was prepared using Soxhlet method
which was vortexed with IP graded chemicals to iobtaarnish. 99 Extracted
Premolar teeth samples collected and stored in fodfbalin solution. Each enamel
surface was marked with an area 4x4mm on the mitidie of the buccal surface and
covering the remaining surface with two coats afl aesistant nail varnish. The study
samples were then subjected to demineralizatiombyersing in artificially prepared
demineralizing solution with a final pH of 4.5 fd8 hours at 37°C. Teeth were
divided in groups using computerized table of randmmbers with 33 samples each.
Each group was subjected for re-mineralization évdaily with respective agents for
4 minutes for 30 consecutive days using applicéporEach tooth was longitudinally
sectioned by cutting through the centre of the elamndow to make a ground-
section of approx. 0.2-0.4 mm thickness. Each gresewdion obtained was analyzed
for depth of the lesion by capturing image with eamattached to light microscope
(LeicaTM DM 2500). The lesion depth was measuredfthe surface of the tooth to
the maximum depth using the Image J software (bagad image processing

program). The data were evaluated using ANOVA augt poc analysis.

Xi



RESULTS: The mean (x SD) pre-treatment lesion depth actiessgroups ranged
from 242.11 + 26.144m to 352.66 + 34.53idm. Comparisons between piest lesion
depths in all groups were statistically insignificgp = 0.380). The reduction in mean
lesion depth after pH cycling was maximum for grolp followed by group 2
(p<0.001) indicative of effective remineralizationgp@H cycling. However, there
was considerable increase in mean lesion depthoupg3 withp=0.028. The highest
lesion depth recovery rate of 45.938% was recordedfluoride varnish group,
followed by 36.015% ir©Ocimum basilicum varnish group. However, the lesion depths
in placebo group were increased by 3.5%. Inter granalysis for lesion depths
revealed statistically significant difference bykéy’'s post hoc analysigp<0.001).
The MTT assay results obtained for thebasilicum varnish and the fluoride varnish
control revealed it to be non-toxic to gingivalrbblast cells as the viability of cells
was maintained.

CONCLUSION: The Ocimum basilicum varnish demonstrated homogenous layer of
mineral deposition. However, remineralizing effigawas slightly lesser than the
fluoride varnish. Hence the nov@l basilicum based remineralization agent appears
potential as a non-invasive alternative to topitabrides in the therapy of early

caries lesions.
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I ntroduction

INTRODUCTION

“An ounce of prevention is worth a pound of cure-"Benjamin Franklin

“Dental caries is an irreversible microbial diseakéhe calcified tissues of the
teeth, characterized by demineralization of thegaaic portion and destruction of
the organic substance of the tooth, which ofteddea cavitation™ It is a complex
process where multitude of factors influence anitiaie the progression of the
diseasé. The caries signs range from the earliest moleailtarations in the apatite
crystals of the tooth, to a visible white-spot ¢@sl A continual imbalance in
pathological and physiological factors results e dissolution of apatite crystdls.
Uniqueness of dental caries disease lies withirmehavhich is both acellular and
avascular, and hence lacks the ability to repakelfitthrough a cellular proce3s.
Therefore, the prevention and biomimetic treatm@hinitial caries in enamel, has
been one of the paramount challenges faced by Idaatf@ssionals and public health

communitie$

The cariogenic bacteria essential for the diseasgression, namely the
streptococcus mutanand lactobacilli species, produce organic acids during the
fermentation of carbohydratéshis reduces the salivary pH below the “criticéd”p
of 5.5, leading to abnormal loss of minerals frdme £namel surface or subsurface
known as demineralizatiorf Bacterial activity initiates with the production of
organic acids, which penetrates the tooth througbtals. When the acid dissolves
through a susceptible area on the surface of aatrysalcium and phosphate ions
leaches into the neighboring aqueous phase bettheearystals. If electronegative

fluoride ions are in an adequate concentrationrgacor during demineralization, it
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I ntroduction

can adsorb at the crystal surface and markedly bihhthe process of

demineralizatiort®

Fluoride is a preventative substance whose highostatic activity has
captivated dental researthThe current concept indicates that fluorides fiomct
primarily through a topical mechanism by inhibitioof demineralization and
enhancement of re-mineralization as well as bybitinig the enzymatic activity of
cariogenic bacteri&. Fluoride levels in oral fluids can be found at ldswels for
several hours after brushing, which has been showrave a significant impact on
enamel remineralizatiolf:** Despite its profound efficacy in preventing caries
progression, it has certain limitatioHsEluoride does not completely eliminate caries,
although excessive fluoride concentrations might degrimental to the teeff.
Furthermore, calcium and phosphate ion availabititgy restrict fluoride retention
and net remineralisatidfi.Nonetheless, concerns have recently been raisad e
large range of prescription and over-the-counteorfle medications currently being
promoted in every nation, which has boosted fluwra@bnsumption to potentially
hazardous levels. Fluoride is often described as a double-edged dwsrexposure
to both high and low-levels of fluoride can usbental and skeletal harmful effects
on the neurological system, cardiovascular systgastrointestinal disorder, genetic
damage and reproductive effetisHowever, the recent fluoride classification as a
chemical neurotoxicant could raise safety conceansong the general public

regarding the use of high concentration fluoridedpicts:®

Preventing caries extension by remineralizatioexgemely desirable and is
one of the cornerstones of minimal invasive demtiThe buffering function of

saliva allows calcium and phosphate ions to comagnbnto the tooth and produce
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I ntroduction

new minerals, facilitating remineralisation. Re-gralization is the body's natural
mending mechanism for non-cavitated subsurfaceuesiriesion$’ Despite the fact

that fluoride remains the cornerstone of current-imvasive dental caries control,
there are new and developing approaches that campkyed as fluoride substitutes.
Thus, contemporary research has focused on dewglopintoxic, biocompatible, and
cost-effective anticariogenic agents that mightaleled to toothpaste, mouthwash,
and diet in order to reduce caries experiénthere is certainly a need for cutting-
edge remineralization technologies that can suppgherfluoride, fill the void in its

remineralizing action, and result in a more conglainsolidation of carious lesions.
Therefore, it has been advocated to use medicifalt pextracts which have a

profound effect on caries prevention with minimudverse effects.

Currently, the modern approach in medicine is tngnb utilizing ingredients
derived from naturé World Health Organization (WHO) reported that hérba
medicine is currently used by 80 percent of the Iadk®rpopulation for some
component of primary health careNatural products with potent pharmacological or
biological activities play a very important role imedicine.Secondary metabolites
and essential oils with therapeutic value aboundnedicinal plants. The primary
benefits stated for medicinal plant therapeutiggyasa many diseases are their safety,

in addition to being affordable, effective, anddigaavailable?*

Among the plants renowned for their medicinal ubefss, genucimum
plants are rich in phenolic compounds and have Highapeutic prospects. Basil
seeds are authenticated &cfmum basilicurhbelonging to the family Lamiaceae’
which is an annual plamopularly known as “Sweet basil” and is used irhbdnhani

and Ayurvedic systems of medicifieBasil is a well-known herb, regarded for its
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affluent and spicy, gently peppery flavour with tsimf mint and clove, and has been
frequently used as a food component to flavour ectidnery, baked goods, and meat
items?® Basil seeds are commonly used as an emollientaasaurce of nutritional

fiber in beverages and ice desserts. The seedasact to diminish body heat and

nervous debility’”%

Basil seed is black in colour and oval in shapé wiean dimensions of 3.11+
0.29mm (length), 1.82+0.26mm (width) and 1.34 +nh® (height). It is used both as
a culinary and an ornamental herb. Basil, widelpwn as the "King of Herbs,"
includes a high concentration of phytochemicalg thave substantial nutritional,
antioxidant, and health benefits. This plant may fbend all over the world,
particularly in the tropical regions of Asia, Afdacand central as well as south
America. Sabja seeds, falooda seeds, and tukaseeds are some other names for
sweet basil seeds. Basil seeds possess a generosestpge of carbohydrates (42%),
fats (25%) and proteins (20%) and are a magnifiseatce of fiber. Usage of seeds
are superior to leaves in growth performance asfahmer contain a much higher
content of protein and lipid relative to leaves. e8tvbasil seeds contain a high
concentration of polyphenolic flavonoids, partigiyeOrientin and Vicenin; essential
oils such as eugenol, citronellol, linalool, limoee citral, and terpineol; vitamin A,
vitamin C, and vitamin K; and minerals such as gsitan, manganese, copper,
calcium, magnesium, and folates. Active compoundsnd in basil seeds are
planteose, mucilage, and polysaccharides. Furthesmgecondary metabolites of
plants including phenolic and flavonoid have belkoven to exhibit pharmacological
properties such as antioxidant, antibacterial, vamati anti-diabetic, anti-
inflammatory, antiallergic, anticancer, neurodegatiee and vasodilatory effects.

Furthermore, several types of research have bedpriaken to demonstrate that
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sweet basil seeds offer numerous advantages suwleight reduction, good skin,

cooling impact, acidity prevention, anti-inflammagtpanticancer, and so off:*°

Nowadays, traditional medicinal practices form anrinsic aspect of
complementary or alternative medicine. Plant-derivphytochemicals having
therapeutic qualities might be exploited in medaratdevelopment as a single
therapeutic agent or in combination formulationie Tapproach used is mostly
determined by the solubility and volatility of tt®empounds to be separated. Basil
seeds contain a high amount of calcium 2240mg (24#%commended daily dose
{RDD}) and Phosphate concentration of 2630mg (56%DR which is required for
re-mineralizatiorf’ There exist numerous experiments previously cmiet to test
the remineralizing efficacy of various herbal proth individually and in
combination, on extracted permanent teeth, utiiziarious deand remineralization
techniques. Of this, only a few have been repottedemineralize carious lesions
effectively. Limited studies in the field of them@eralization potential o©cimum
basilicumseeds prove to be the lacunae as evidenced awvtikable data. Hence, the
rationale of this in vitrostudy was to evaluate and compaeimum basilicum
varnish on the remineralizing potential of initedamel caries so that it might be used

as an alternative to commercially marketed fluosidenishes.
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Aim & Objectives

AlM AND OBJECTIVES

AIM OF THE STUDY::

To evaluate and compare the re-mineralizing potential of Ocimum basilicum varnish

and fluoride varnish on initial enamel caries

OBJECTIVESOF THE INVENTION:

1. To assess the re-mineralizing potential of Ocimum basilicum varnish by light

microscopy method and measurement using Image J software.

2. To assess the re-mineralizing potential of fluoride varnish by light microscopy

method and measurement using Image J software.

3. To compare and evaluate the re-mineralizing potential of Ocimum basilicum
varnish with fluoride varnish and placebo by light microscopy method and

measurement using Image J software.

NULL HYPOTHESIS:

There will be no difference in re-mineralizing potential between fluoride varnish and
Ocimum basilicum varnish on initial enamel caries after application twice daily

consecutively for 30 days.

ALTERNATIVEHYPOTHESIS:

There will be a difference in re-mineralizing potential between fluoride varnish and
Ocimum basilicum varnish on initial enamel caries after application twice daily

consecutively for 30 days.
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Review of Literature

REVIEW OF LITERATURE

Studies on antimicrobial activity, antiplaque activity of Ocimum basilicum

1.

An invitro study bylkram et al 2021, concluded that Ethyl acetate fraction and
crude ethanolic extract from leaves of Ocimum l@sh showed good
antibacterial effectiveness against ESBLs and qanam resistant organisms
than other fractions. A total of 80 multidrug réaigt gram-negative rods were
included. Agar dilution method was performed to edetine minimum
inhibitory concentration of crude ethanolic extraotl different fractions i.e., n-
hexane, chloroform and ethyl acetate of Ocimum licash leaves against
multidrug resistant gram-negative rods i.e., exéehdpectrum beta lactamases
and carbapenemase producers. Multi-inoculator veasl Gior inoculation. This
finding may also promote the effective use of Osilzaum herb and its
components in modern medicine.

An invitro study byKalra et al., 2019 concluded that the essential oil of two
varieties of Tulsi showed good antimicrobial adjiviagainst the common
anaerobic and aerobic organisms of the oral caGgymmercially available
essential oil of two varieties of Ocimum i.e. Ocmisanctum and Ocimum
basilicum were procured and checked for their actibrial activity in-vitro.
Five common oral pathogens were selected (two &emuid three anaerobic).
The activity of oils was compared with chlorhexiglinThe zone of inhibition
produced by Ocimum sanctum oil was maximum for Rprgmonas gingivalis
(55 mm) followed by Prevotella intermedia (48 mmhe zone produced was
much wider than that of chlorhexidine. For Fusobaain nucleatum, the zone

was equivalent to control. For aerobic bacteriajm@en sanctum, showed
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Review of Literature

almost equal efficacy as of chlorhexidine but tiffea produced by Ocimum
basilicum oil was lesser than control. The activitys more pronounced against
anaerobes and was found to be better than chlalinexi

Dr Ramprasad Vasthare in 2019conducted research to test in-vitro the
antibacterial efficacy of commercially availablesestial oil extracts of different
varieties of Ocimum (Tulsi) on common oral pathogerherein the organisms
were incubated on respective culture media. Agdt difusion method was
used to check their activity. The oils were testedliluted form and 1 in 10
dilutions. The activity of oils was compared withlarhexidine. The essential
oil of two varieties of Tulsi showed good antimibia activity against the
common anaerobic and aerobic organisms of theaandty. The activity was
more pronounced against anaerobes and was foundbetobetter than
chlorhexidine. Ocimum sanctum oil produced a widene of inhibition as
compared to Ocimum basilicum for all the test sisai

An invitro study byWiwattanarattanabut et al., 2017 concluded that the
Cinnamon and sweet basil essential oils had immwesanti-cariogenic and
antiplaque effects and may be proposed as alteenatid effective supplements
to promote oral health status. Essential oils esihifrom sweet basil (Ocimum
basilicum), cinnamon bark (Cinnamomum zeylanicungweet fennel
(Foeniculum vulgare), kaffir lime (Citrus hystriX)lack pepper (Piper nigrum),
peppermint (Mentha piperita), and spearmint (Mergheata) were primarily
examined for their antimicrobial activities againgte cariogenic bacteria
(Streptococcus mutans KPSK2 and Lactobacillus rassing the agar disk

diffusion and broth microdilution methods, respeely. All selected essential
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Review of Literature

oils showed different degrees of antimicrobial \tti against the planktonic
form of both cariogenic bacteria.

Ahmed et al., 2016studied the effects of ethanolic extract of sesdet basil
(Ocimum basilicum) against different bacteria sahE. coli, S. aureus, S.
epidermidis, P. aerugionsa and the fungi Candilitecans. At a concentration
of 100 mg/ml, Ocimum basilicum caused a marked ease in zone of
inhibition (mm) on this bacteria and fungi growthhibition zones sizes were
different and increased according to concentratbrextract and again the
growth was completely inhibited in the highest camtcation. A similar
outcome was observed using 24 hours incubatiorogheaf bacterial growth.
Furthermore, Ocimum basilicum had dependent corationt effect on this
bacteria inhibition; it extended the diameter afieanhibition.

Gajendiran et al., 2016studied the antimicrobial, antioxidant and antesmn
screening of Ocimum basilicum seeds. basil (Ocinhasilicum) seeds were
used as the raw material for evaluation of the@abtive compounds. Active
components of the seeds were extracted using Sosplgaratus with two
different solvents petroleum ether and methanokilBseeds extract exhibited
strong antibacterial activity against nine pathogelpacteria. The strongest
inhibitory activity of basil seeds extract was alveel against Pseudomonas
aeruginosa, Escherichia coli, Shigella dysentesiag Klebsiella pneumoniae.
As per DPPH assay, the maximum free radical scangnactivity (73.85%)
was shown by petroleum ether extract and the miminaativity (34.20%) was
shown by methanol extract of basil seeds. Morecasticancer activity results
clearly indicated that the basil seeds are a pialesburce of stable bioactive

compounds.
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Freires et al., 2015conducted a systematic review to discuss the aatiipial
activity of Essential Oils and their isolated catostints in view of a potential
applicability in novel dental formulations. Most dhe knowledge in the
literature is based on in vitro studies assesdiegeiffects of EOs on caries-
related streptococci (mainly Streptococcus mutamg) lactobacilli, and on a
limited number of clinical trials. The most pronmgi species with antibacterial
potential against cariogenic bacteria is: Achilldmustica, Baccharis
dracunculifolia, Croton cajucara, Cryptomeria jajpan Coriandrum sativum,
Eugenia caryophyllata, Lippia sidoides, Ocimum doagum, and Rosmarinus
officinalis. In some cases, the major phytochema@ahpounds determine the
biological properties of EOs. Menthol and eugenetevconsidered outstanding
compounds demonstrating an antibacterial potentfahly L. sidoides
mouthwash (1%) has shown clinical antimicrobiakefé against oral pathogens
thus far. This review suggests avenues for furthen-clinical and clinical
studies with the most promising EOs and their isolaconstituent’s bio
prospected worldwide.

An invitro study byAdam et al., 2015concluded that Ocimum basilicum leaf
extract showed strong antimicrobial activity agawesrious strains of bacterial
pathogens at all concentrations. 100 bacterial 4&sins of Escherichia coli,
Pseudomonas aeruginosa, Proteus mirabilis, Kldhsigbneumoniae,
Staphylococcus aureus and Enterococcus faecalis amnmolled in the study.
Ethanolic extracts of Ocimum basilicum leaves we@repared at varying
concentrations. Against Klebsiella pneumoniae theais significant difference

of antimicrobial activity of leaf extract at condeation of 50pg/disc when
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compared with the antibiotic’s ciprofloxacin, ergimycin and gentamicin
(p=0.001, 0.006 and 0.009) respectively.

Vlase et al., 2014xamined the in vitro antioxidant and antimicrdlaietivities
and to characterize the polyphenolic compositiorthef ethanolic extracts of
Hyssopus officinalis, Ocimum basilicum and Teucridnamaedrys. Qualitative
and quantitative analysis of the major phenolic pounds were conducted
using high-performance liquid chromatography codple mass spectrometry
(HPLC-MS). The total polyphenols, caffeic acid datives and flavonoids
content was spectrophotometrically determined. &teegracts contained a large
amount of the polyphenolic compounds (77.72, 175&71d 243.65 mg/g,
respectively), and they showed a good antioxidativity, as witnessed by a
number of methods. T. chamaedrys had a high arbinia activity. Besides
their antioxidant activity, the antimicrobial effeaf these extracts confirms the
biological activities of these herbal medicinal gwots.

An invitro study byKaya et al., 2008reported that O. basilicum extracts
possessed antibacterial activity and caused lysts eradicated bacteria by
degrading bacterial cell walls. The antimicrobiadtiaties of chloroform,
acetone and two different concentrations of metharacts of Ocimum
basilicum L. were studied. These extracts weretest vitro against 10 bacteria
and 4 yeasts strains by the disc diffusion metiwtile the chloroform and
acetone extracts had no effect, the methanol dgtsttowed inhibition zones
against strains of Pseudomonas aeruginosa, Shigslle, Listeria
monocytogenes, Staphylococcus aureus and two eliffestrains of Escherichia
coli. The cells of microorganisms, which were tegatind untreated with plant

extracts, were observed by using the scanning reteanicroscope. It was
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observed that the treated cells were damaged. @&bdts indicated that the
methanol extracts of O. basilicum exhibited theiraigrobial activity against
tested microorganisms.

11. An invitro study byAdigizel et al., 2005suggested that O. basilicum extracts
possessed compounds with antimicrobial propertgginat C. albicans and
some bacterial pathogens. Ethanol, methanol, axahieeextracts from Ocimum
basilicum Labiatae (sweet basil) were investigédoedheir invitro antimicrobial
properties. A total of 146 microbial organisms Ingimg to 55 bacteria, and four
fungi, and a yeast species were studied using ledifitision and minimal
inhibition concentration (MIC) method. The resuibs/ed that none of the three
extracts tested have antifungal activities, buticandidal and antibacterial
effects. All three extract of O. basilicum were feient in terms of their
antibacterial activities. The hexane extract shoveedtronger and broader
spectrum of antibacterial activity, followed by thmethanol and ethanol
extracts, which inhibited 10, 9 and 6% of the l4&tbrial strains tested,

respectively.

Studies on the chemical composition and properties of Ocimum Basilicum:

12. Nazir et al., 2021analyzed Basil (Ocimum basilicum L. var. thyrsiflp seeds
for its physico-chemical, phytochemical, functignahd hydration properties.
Proximate composition showed that the seed co@®&@ % moisture, 9.40 %
protein, 33.01 % fats, 5.20 % ash, 43.50 % carb@tigd and 36.30 % total
fibre. Gas chromatographic-mass spectrometric arsaghowed the presence of
omega fatty acids such as alpha-linolenic acid1026), palmitic-acid (13.72

%), stearic-acid (8.26 %), oleic-acid (1.53 %), chidioic-acid (1.17 %) and
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traces of gamma tocopherol, gamma linolenic-acidd ssqualene. The
phytochemical analysis of seed showed the presefic&8.24 mg GAE/g
phenolic compounds, 0.525 mg QE/g flavonoids, 1516&fg alkaloids, 0.97
mg/g saponins, and 0.134 mg/g triterpenoids. Aroaitant activity of 30.30 %
was observed. Furthermore, higher values for walbsprption capacity (37.72
g/g) and lower values for oil absorption capaciéyOé g/g) were observed.
Besides, low values for syneresis (7.37 %) andgh emulsification capacity
(95.50 %) was obtained. Hydration studies indicdted the presence of ions
decreased the water absorption and swelling povWdrasil seed. Scanning
electron microscopy depicted an oblong shape asth@oth surface of basil
seed. Findings suggest that basil seed can beassadoromising ingredient in
food industry.

Rezzoug et al.,2019nvestigated the chemical composition and antiamxid
antimicrobial, and anticancer activities of ethaneixtracts (EEs) and essential
oils (EOs) from two species in the Lamiaceae fap@lgimum basilicum L. and
Thymus algeriensis Boiss. & Reut., cultivated ie thigerian Saharan Atlas.
Phenolic compounds in the EEs from both plants vesayzed by HPLC and
demonstrated a rich flavonoid content. Chemicallysis of the essential oil
from Ocimum basilicum revealed 26 unique compoumdt) linalool (52.1%)
and linalyl acetate (19.1%) as the major compouits.results suggest that the
bioactive compounds found in the ethanolic extraoig essential oils from
Ocimum basilicum and Thymus algeriensis, with dieer antioxidant,
antimicrobial and anticancer activities, may hawnddicial applications in

nutraceutical and pharmaceutical technologies.
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Bucktowar et al in 2016 published a review article on sweet basil seeds
(Ocimum basilicum) in world Journal of Pharmacy @&tdhrmaceutical sciences
wherein he described in detail classification, cannmames, habitat, cultivars
of ocimum basilicum, how to obtain sweet basal sebdneficial effects of seed
on health conditions along with methods and lastljritional analysis which
concludes that Contains many polyphenolic flavogorith in essential oils,
high fibre contents, low in calories, contains gaodgounts of vitamins, minerals
such as calcium (244% of RDD) and Potassium ( 56%MD@D). Hence the
author concludes that Sweet Basil Seeds is knowrémch to be a ‘Grains
Royales’ (English: Royal Seeds) due to a numbdriadden health benefits they
possess. Sweet Basil seeds were once a rarely ksesehto us but slowly these
small black seeds have grabbed the attention optidic due to the fact that
they come with a myriad of medicinal uses.

Parikh et al., 2016 conducted a Preliminary phy¢ocical analysis using
various solvent extract. Aim of this study to detere total phenolic and
flavonoid content of methanolic extract Gcimum basilicum seed. Defatted
powdered materials ddcimum basilicum seed were extracted with Methanol.
The level of phenolic and flavonoid content wased®sined by Folincoicalteu
method and Aluminum chloride colorimetric methodhagallic acid and rutin
as standard. Determination of phenolic content Wb % 0.15 (mg GAE/ g
extract), while flavonoid content determined byarohetric method AICI3 is
3.28 £ 0.27 (mg RE /g extract).

Razavi et al., 200%onducted a study for optimizing the gum extractimm
basil seed. A central composite rotatable desigs aaplied to evaluate the

effects of temperature, pH and waigrd ratio on the yield, apparent viscosity
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and protein content of water-extracted Basil seadh.gAll of the variables
significantly (P < 0.05) affected the extractiorelgi, whereas the effect of
waterseed ratio on apparent viscosity and the effects of pH and waterseed ratio
on protein content were not significant (P > 0.08umerical optimization
determined the optimum extraction conditions basedhe highest yield and
viscosity and the lowest protein content as beémaperature 68.79C, pH 8.09
and wateseed ratio 65.98:1.

Study byBravo et al., 2008indicated that the mixture of compounds contained
in the O. basilicum ethanolic extract was capalblenfbuencing the processes
related to foam cell formation through the reduttid cholesterol synthesis and
the modulation of the activity of surface scavengeceptors. The study
investigated the effects of ethanolic extract of @asilicum on lipid
accumulation in human macrophages. Macrophageriegdtwith 60ug/ml, but
not 20ug/ml, of the extract reduced newly synthesized tang®d cholesterol
by about 60% and decreased scavenger receptoxstyatly about 20-30%,
evaluated by the internalization of cholesteroriear by [3 H] CE-aggregated-
LDL. These findings encourage further studies imva detailed fractionation
of the O. basilicum ethanolic extract to identifhetcomponents which reduce
macrophage lipid accumulation

Hussain et al.,2007 studied the chemical composition, antioxidant and
antimicrobial activities of the essential oils framarial parts of basil (Ocimum
basilicum L.) as affected by four seasonal, narsalymer, autumn, winter and
spring growing variation. The hydro-distilled es&noils content ranged from
0.5% to 0.8%, the maximum amounts were observednter while minimum

in summer. Samples collected in winter were foumdbe richer in oxygenated
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monoterpenes (68.9%), while those of summer weghehniin sesquiterpene
hydrocarbons (24.3%). The contents of most of tienical constituents varied
significantly (p < 0.05) with different seasons.eThssential oils investigated,
exhibited good antioxidant activity as measuremditsDPPH free radical-
scavenging ability, bleachirfizcarotene in linoleic acid system and inhibition of
linoleic acid oxidation. Evaluation of antimicrobiactivity of the essential oils
and linalool, the most abundant component, agaibatterial strains:
Staphylococcus aureus, Escherichia coli, Bacillustiss, Pasteurella multocida
and pathogenic fungi Aspergillus niger, Mucor mumedFusarium solani,
Botryodiplodia theobromae, Rhizopus solani was ss&sk by disc diffusion
method and measurement of determination of minimunhibitory
concentration. The results of antimicrobial assiagkcated that all the tested
microorganisms were affected. Both the antioxidemd antimicrobial activities
of the oils varied significantly (p < 0.05), as seas change.

19. Mathews et al., 1992studied major food constituents of Ocimum basiticu
seeds. The constituents responsible for the swepnoperties of these seeds,
when dispersed in water were investigated. Ocimweds contained a
reasonable amount of hemicellulose and cellulossounting for their
hydrophilic character. They were high in fibre aadsociated nutritional

properties, and considered as a new non-convehgoneace of fibre.

Studies on pharmacological and health benefits of Ocimum Basilicum:

20. Borysiuk et al., 2022studied the anticonvulsant activity of Ocimum basm
leaf essential oil using in silico method. The paggeamines the analysis of the

structure of essential oil of Ocimum basilicum gsiPASS-forecast. With the
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help of PASS software, the anticonvulsant actieftyndividual compounds that
are part of O. basilicum was predicted. Essentidd (EO) might have
anticonvulsant by interfering with GABAergic newarsmission.

Mouslli et al., 2022studied the efficacy and safety of gel productstaining
Ocimum Basilicum (OB) essential oil for treatingnac The prepared gels were
applied alone on twenty volunteers suffering frazneavulgaris. The number of
inflammatory lesions and the number of non-inflartona lesions were
significantly reduced at 1- to 4 weeks after tremtin It was found that the
prepared gel had effectively treated acne vulgaiikout side effects. The dry
leaves of OB extract had faster effect compared whte fresh OB leaves
extract.

Antonescu et al., 202konducted a review to explore the therapeuticryiate
of Ocimum basilicum and Trifolium pratense in raat with their
phytochemical profile and to highlight the pharmlagecal activity of aqueous
or ethanol extracts The antioxidant, antimicrobgattiviral, antifungal and anti-
inflammatory activity of Ocimum and Trifolium spesi are summarized in this
review in order to explore the therapeutic potérdfaOcimum basilicum and
Trifolium pretense in relation with their phytocheal profile and to highlight
the pharmacological activity of aqueous or ethaexitacts. Special attention
was devoted to the dermal pathology and wound mga&ifects, in the context
of multiple skin conditions such as acne, eczemiss,bpsoriasis and rashes.
Both extracts (Trifolium sp. and Ocimum sp.) araraaterized by high content
of antioxidant compounds, which are also respoasibr the radiance and
resistance of the skin and the slowing down ofati&g process by maintaining

estrogen levels. Moreover, the potential combinféeceof the mixed extract is
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pointed out in terms of future applications for wduhealing, based on some
preliminary results obtained from a “scratch tests8ay performed with respect
to human dermal fibroblasts.

Batista et al., 2021 studied the antinociceptive Effect of Volatile €il
from Ocimum basilicum Flowers on Adult ZebrafistheTlvolatile oil of the O.
basilicum flowers was obtained by hydro distillatiand analyzed by GC-MS,
and the antinociceptive action is evaluated byed#ht stimuli using motor
parameters. The analysis of the chemical profémitfied fourteen components
with linalool (1) as a major chemical constitueri6.37%). The oral
administration of volatile oil did not show any &etoxicity or behavior effects
in all tested doses. The volatile oil has a phaotwagcal potential for the
treatment of acute pain by modulation of opioidteys N-methyl-d-aspartate
receptors (glutamatergic receptor), and the trabhseceptor potential vanilloid
subtype 1 and acid-sensing ion channels. Togethese data provide support
for analgesic properties of the volatile oil anaibute to suggest that the adult
zebrafish model presents the cheapest, cost-effecppharmacological
alternative for the discovery of novel analgesics.

Dhama et al., 2021published a comprehensive review which highlightieel
phytoconstituent profile, medicinal values, thergmeapplications, and salient
beneficial health aspects of O. basilicum, whichulddelp in further exploring
this wonderful herb for designing effective phareaticals, drugs and
medicines for safeguarding various health issudsuaians and animals, while
supporting its traditional use in curing variousmants, diseases and health-
promoting effects. c. The chemical constituenta gfven plant essential oil, per

se, Ocimum basilicum, varies widely depending engbographical area as well
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as the applied extraction technique. The therapgatiential of O. basilicum is
broad and ever expanding. Most of the potentiavidies of O. basilicum are
proven either at in vitro or in vivo levels. Hendarther studies have to be
conducted in the clinical models of the diseaseevtaluate and prove the
efficacy of the herb in managing different diseases

Seyed et al., 202published a review on the attribution of Ocimunsibbeum in
the prevention and management of neurodegenerdis@der. The review
concluded Ocimum basilicum to be a novel resourcer fhew
pharmacotherapeutic discovery and development.oAgh these efficacious
plant genera of prime importance and has potemtélical and socioeconomic
importance, the pivotal evidence for its neuroprtite potential in novel
clinical trials remains lacking. However, with theailable wealth of obtainable
literature on this medicinal plant, O. basilicummay function as promising
therapeutics for the treatment of NDs.

Bravo et al., 2021published a systematic review was to study theeouistate
of knowledge and explore the enormous potentidlasil seeds as a functional
food and source of functional ingredients to beorporated into foods. Basil
(Ocimum basilicum L.) is found worldwide and is dsen the food,
pharmaceutical, and cosmetic industries; howeter nutritional and functional
properties of the seeds are scarcely known. Bas#éds contain high
concentrations of proteins (11.4—22.5 g/100 g)hwit the essential amino acids
except S-containing types and tryptophan; dietdmef(soluble and insoluble)
ranging from 7.11 to 26.2 g/100 g lipids, with liec (12-85.6 g/100 g) and
linolenic fatty acids (0.3—75 g/100 g) comprisinige t highest proportions;

minerals, such as calcium, potassium, and magnesiurhigh amounts; and
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phenolic compounds, such as orientine, vicentima sosmarinic acid. In
addition, their consumption is associated with s@vbealth benefits, such as
the prevention of type-2 diabetes, cardio-protectioantioxidant and
antimicrobial effects, and anti-inflammatory, afder, anticoagulant, and anti-
depressant properties, among others. The focusso$ystematic review

A study byKhan et al., 2020concluded that 5% Ocimum basilicum-based (OB)
emulgel is an innovative therapeutic approach imme The aim of the study
was to formulate and evaluate the efficacy of tapapplication of OB-based
emulgel on wound healing in animal model. The pregpaormulations (OB
emulgel) were assessed for FTIR analysis, stalsilitdies, physical appearance,
rheological behavior, spreadability, patch/senijtitest and in vitro drug
release. The in vivo wound healing effect was eat@ld and compared with
commercially available Silver Sulfadiazine creame@th in wound-induced
rabbits by macroscopic and histopathological ewéerrhe formulated OB
emulgel exhibited good physical properties. Theasé profile of emulgel was
satisfactory and released 81.71 = 1.7% of the @mu@50 min. In vivo wound
healing studies showed that OB emulgel exhibited lilghest percent wound
contraction similar to the commercial product (p0:5). Histopathological
assessment showed marked improvement in the skioldgical architecture
after 16 days of OB emulgel treatment.

Shahrajabian et al.,2020 published a review article on the chemical
components and pharmacological benefits of Basiin@m Basilicum). Basil
is one of the most important crops with essentilsl @s well as polyphenols,
phenolics, flavonoids and phenolic acids and sugdethe usage of basil in

both food and pharmaceutical industries. Basil hesn shown positive effects
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against viral, fungal, bacterial and some infetiodBasil leaves have been used
in treatment of fevers, coughs, flu, asthma, brdigshinfluenza and diarrhea.
Basil Seed Mucilage, commonly known as basil saed.Basil seed mucilage
can be considered as thickening, stabilizing, €dissitute, texturizer, surface-
active and emulsifying hydrocolloid. The most imaoit pharmacological uses
of basil are anti-cancer activity, radioprotectaaivity, anti-microbial activity,
anti-inflammatory effects, immunomodulatory actyianti-stress activity, anti-
diabetic activity, anti-pyretic activity, anti-arttic activity, anti-oxidant activity,
as a prophylactic agent and in cardiovascular dsea

Mohammadali et al., 2020investigated the beneficial therapeutic effectBidif
tablet and Ocimum basilicum (Basil) aqueous extaachypercholesterolemia-
induced cognitive deficits and oxidative stresshippocampus tissues of rats.
Hippocampal A (1-42) level was measured. High-cholesterol dig¢CD)
significantly increased serum cholesterol, indudegosition of A plaque,
altered hippocampus morphology, and impaired menfanction, whereas
receiving Basil extract or Dill tablet increasediaxidant potency in serum and
hippocampus and normalized HCD-induced deleteredtests. Therefore, they

can be used as hypocholesterolemic agents.

An in vivo study on rats bshazwani et al.,202G6showed that raw or irradiated

basil has a therapeutic effect on cardiac damagmmted by arsenic. Albino
rats (n=32) were divided into four groups as fokoWontrol" group received
distilled water, "As" group received arsenic(10ngg/k "As+Basil" group
received raw basil(400mg/kg) along with arsenicnfiitkg) and "As+lrr. basil”
group received 400mg/kg of irradiated basil (10kGpng with arsenic

(10mg/kg). To estimate the effect of gamma-irradiaton the antioxidant
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properties in basil, Fourier-transform infrared ([RY spectroscopy was used.
This analysis revealed an increase in the antiokgdaompounds in irradiated
basil as compared to raw basil. Rats exposed ®n@rshowed a significant
increase in serum lipid profile, cardiac enzymesva#l as increasing the heart
oxidative stress with a decline in their antioxita he administration of raw or
gamma-irradiated basil leaves to arsenic exposedsignificantly reduced the
accumulation of lipids and enzymes in serum accaoneplaby an improvement
in antioxidant and oxidative stress of the heart.

Eftekhar et al.,, 2019 studied the Immunomodulatory and anti-inflammatory
effects of hydro-ethanolic extract of Ocimum basilh leaves and its effect on
lung pathological changes in an ovalbumin-induadwodel of asthma. Wistar
rats were divided to six groups; non-sensitizedys#ized to ovalbumin,
sensitized and treated with dexamethasone (L@®L), and O. basilicum
extract (0.75, 1.50 and 3.00 mg/mL) in drinking evafor 21 days. The
improvement effects of O. basilicum on pathologichinges, immunological
and inflammatory markers in sensitized rats conigarar even more potent
than dexamethasone suggests the therapeutic @btefnthe plant in asthma.
Herrera et al., 2019studied the effect of Ocimum basilicum, Ocimumiael
and Rosmarinic Acid on Cerebral Vascular Damage @hronic Hypertension
Model. administering angiotensin Il (AGII; 0.2 pg/kntraperitoneally (i.p.) for
12 weeks) activates the hypothalamic—pituitary—aalre(HPA) axis, which
caused an increase in corticosterone levels, as agelin proinflammatory
cytokines (interleukin L (IL-1p), interleukin 6 (IL-6), and tumor necrosis factor
alpha (TNFe)) and macrophage chemotactic protein 1 (MCP-1d, decreased

anti-inflammatory cytokines (interleukin 10 (IL-1@nd interleukin 4 (IL-4)).
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On observing the behavior in the different modeds, anxiogenic effect
(elevated plus maze (EPM)) and cognitive impairm@ewmater Morris maze
(WMM)) was observed in animals with AGII. By adnstering organic extracts
from Ocimum basilicum (Oba-EtOAc) and Ocimum sell@se-EtOAc), and
some doses of rosmarinic acid (RA) (6 weeks pgpas)), the damage caused
by AGII was stopped by re-establishing corticostercserum levels and by
decreasing the proinflammatory cytokines and MCP-1.

Mili et al., 2019 published a review on Herbs and Herbals Therapp&ngue
wherein it was desribed that Basil fundamental l@d normal insecticidal
properties that shield from mosquitoes, makinglzatieatment and a safeguard
technique. The review explained many home solutfonghe control of dengue
fever are furthermore free from reactions, for ephan utilization of
Ipecacuanha, basil, Echinacea, papaya, Astragilasm, grape, kari path,
peacock flower, giloy and orange juices etc. As aocures are effectively
accessible, reasonable, important and exceedinglyley it is prescribed to
dengue patients to utilize these home cures.

Patel et al., 2019studied the antihypertensive potential, anti-imifaatory
action, and cytotoxicity of Salvia (Chia) and OcmmyBasil) Seeds In vitro
assays were used to determine ACE inhibition artdisffammatory activity.
The cytotoxicity assay for crude extract of defattdhia and basil seeds was
done on human histiocytic lymphoma cell line (U93%) MTS assay. ACE
inhibition activity assay showed that ethanolic &iedtane extracts of both seeds
have distinct ACE inhibitory activity. Both seedtects had shown higher
activity at 150 and 50 pg/mL concentrations respelst Results of anti-

inflammatory assay showed maximum protection of KIBRiuman Red Blood
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Cell Membrane Stabilization Method) at 50 and 73mlgconcentrations for
both seeds in ethanolic and methanolic extractsS M3say showed 73.20% and
70.85% cytotoxicity of Chia and Basil seeds at 02.8nd 50ug/mL
concentrations respectively. IC50 values of Chid Basil seeds were found to
be 14.09ug/mL and 23.46pg/mL. This study providégcton for future
investigation concerning detailed assessment afpeeaitic potential of Chia
and Basil seeds.

Karima et al., 2019studied the histological changes that may occuuimlic
mucosa of adult male albino rats given aspirin dnel protective role of
Ocimum basilicum administration. Fundic mucosa epian treated group
showed disorganized fundic glands, desquamatiosudface epithelial cells,
mononuclear cell infiltration and congested bloo@ssels. Statistically
significant increase in the mean area percent tbdgen fibers and decrease in
the mean thickness of mucous film in PAS stainetices of fundic mucosa of
aspirin treated group. These changes were reduteithei coadministration
group. It was concluded that Ocimum basilicum agseextract has beneficial
protective effects against the deleterious effetesspirin on the fundic mucosa.
Purushothaman et al., 201onductednolecular Docking Studies of potential
anticancer agents from Ocimum basilicum L. agamshan colorectal cancer
regulating genes. The chemical constituents of Qoinbasilicum were studied
against human colorectal biomarkers such as KRARAS| BRAF
(Oncogenes); PIK3CA, P53, DCC (Tumor suppressoesgjetinrough molecular
docking. Autodock 4.2 software was used to undedsthe drug-biomolecular
interactions; binding mechanism of drug (ligand}l aeceptor (target); binding

energy and bond length. The mutant type proteingheSe markers were
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analyzed with specific to their expression codogairsst these O. basilicum
constituents. Results revealed that constituent®.adbasilicum have excellent
binding energies against colorectal cancer genes.

Sestili et al., 2018ublished a review on potential effects of Ocimib@asilicum
on health. The current status of OB as a nutracautihe pharmacology of its
bioactive components, the rationale for its indmat, and its safety were
covered in the review. Due to the polyphenolic #adonoidic content, OB can
be considered as an important ingredient in healtbis; OB preparations may
be effective as chemo preventive agents or adjmtierapy in the treatment of
different clinical conditions. From a toxicologicglerspective, since the
tumorigenic potential of alkenyl benzenes is coratied by other OB
constituents such as nevadensin, it can be corgtlttdg OB consumption in
food and preparations is safe. The only concemtaslto OB essential oils: in
this case, a concentration limit for alkenyl bereeishould be precautionary
defined, and the use of plant chemotypes with ndowr levels of these
alkylbenzenes for the preparation of essentialstitsuld be made compulsory.
Miraj et al., 2016 published a review on the pharmacological effée@damum
basilicum. The study overviewed the therapeutiea§ of Ocimum basilicum
than its nutritive and industrial effects. OBL pesses an inhibitory effect on
platelet aggregation induced by ADP and thrombitt {6 dosedependent and
results in an anti-thrombotic effect in vivo whidkvelops progressively over 7
days and disappears over 3-7 days. The possibikypettensive effects of
OBL extract in renovascular hypertensive rats weamened. The effects of
OBL on blood pressure, cardiac hypertrophy and &€, consistent with an

effect on ET-converting enzyme, and warrant furteeploration. The in vitro
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hypoglycemic activity of basil (Ocimum basilicum)qweous extract was
investigated. It concluded that basil aqueous ektra antioxidant and possibly
a-glucosidase and-amylase inhibiting activities, offered positive nedits to
control diabetes. The effects of Ocimum basilicum tincture in acute
inflammation induced with turpentine oil in Wistarale rats was evaluated.
Ocimum basilicum tincture significantly reduced ttegal leukocyte count,
monocyte percentage, activation of circulating [tate.

An in vivo Study was carried out dyodrigues et al.,20160 investigate the
chemical composition and systemic anti-inflammatacyivity of the Ocimum
basilicum essential oil (EOOB) and its major comgrarestragole, as well as its
possible mechanisms of action. The Ocimum basilicessential oil was
obtained by hydro distillation and analyzed by GG&:Mhe anti-inflammatory
action was verified using acute and chronic in viests as paw edema,
peritonitis, and vascular permeability and granwdtoos inflammation model.
The anti-inflammatory mechanism of action was aredyby the participation
of histamine and arachidonic acid pathways. Themated profile analysis
identified fourteen components present in the didewil, within them:
estragole (60.96%). The in vivo test results shoted treatment with EOOB
(100 and 50 mg/kg) and estragole (60 and 30 mgfkmlificantly reduced paw
edema induced by carrageenan and dextran. Theesmndtses of EOOB (50
mg/kg) and estragole (30 mg/kg) showed efficacthenreduction of paw edema
induced by histamine and arachidonic acid, vasqéameability inhibition and
leukocyte emigration in the peritoneal fluid. Thes#goses were capable of
reducing the chronic inflammatory process. Thiglgtaonfirms the therapeutic

potential of this plant and reinforces the validifyits use in popular medicine.
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40. An invitro study byKubica et al., 2013was done to investigate the antiviral

41.

activity of the essential oil of Ocimum basilicunnda the monoterpenes
camphor, thymol and 1,8-cineole against bovinel drarrhoea virus (BVDV).
The cytotoxicity of the compounds was measured by MTT (3-(4.5-
dimethylthiazol-2-yl)-2.5-diphenyltetrazolium brode) test, and the antiviral
activities were tested by the plaque reductionyasBae oil or compounds were
added to the assay in three different time poiajspre-treatment of the virus
(virucidal assay); b) pre-treatment of the cellsgppost-treatment of the cells
(after virus inoculation). The percentage of plaguehibition for each
compound was determined based on the number ofigdaiq the viral control.
The results were expressed by s£G50% cytotoxic concentration), &
(inhibitory concentration for 50% of plaques) andl (Selectivity index =
CGCso/ICsp). Camphor (Ce = 4420.12 pg mL-1) and 1,8-cineole (G
2996.10 pg mL-1) showed the lowest cytotoxicity atmeg best antiviral
activities (camphor Sl = 13.88 and 1,8-cineol 9.65) in the virucidal assay.
The higher activities achieved by the monoterpeimeshe virucidal assay
suggest that these compounds act directly on théparticle.

Khair-ul-Bariyah et al., 2012 published a review describing the importance of
Ocimum basilicum in the field of herbal medicatioviarious effects like
immunomodulatory,  hyperglycemic, hypolipidemic, ianflammatory,
hepatoprotective, antimutagenic, antimicrobial,ifangal, antioxidant, lipid
peroxidation, insect repellency, antiviral, anttbrpic, depigmenting, antitoxic
and CNS activity analysis reports are exhibitedDmymum basilicum. The wide

range of study on this herbal plant shows thatsitery beneficial for the
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42.

improvement of current drugs and more work can dreedo take advantage of
the potential remedial qualities of it.

Bilal et al in 2012 reviewed the literature regarding Ocimum basilicum
specifically for its chemical properties, therapeubenefits and scientific
studies. Studies indicate Ocimum basilicum to psssenalgesic, anti-
inflammatory, antimicrobial, antioxidant, antiulogenic, cardiac stimulant,
chemo modulatory, CNS depressant, hepatoprotectiligpoglycemic,
hypolipidemic, immunomodulator and larvicidal adiss. The drug was also
searched for its folkloric claims. It is used iaditional medicine as a tonic and
vermifuge, and Basil tea taken hot is good fortinganausea, flatulence, and
dysentery. The oil of the plant has been foundetddneficial for the alleviation
of mental fatigue, cold, spasm, rhinitis, and afirs&t aid treatment for wasp
stings and snakebites. Preliminary studies havedotarious constituents of
Ocimum basilicum to exhibit a variety of therapeutifects. These results are
very encouraging and indicate that this drug shbelgtudied more extensively

to confirm these results and to find other potetiiarapeutic effects.

Studies on Remineralisation potential:

43.

Renita Soares et al in 201€onducted a study published in Journal of clinical
and diagnostic research with an aim of to evaluhte ability of Casein
Phosphopeptide-Amorphous Calcium Phosphate Fluori@®P ACPF),
Bioactive Glass (BAG), fluoride enhanced Hydroxy#pa(HA) gel and self-
assembling peptide P11-4 to remineralize artificeiious lesions in enamel in
vitro using a 30 day pH cycling model through soefanicrohardness analysis

and SEM wherein all groups excluding the contradugr were subjected to
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44.

demineralisation following which four of these gpsuwere remineralized using
the four demineralizing agents. The treated groug® subjected to pH cycling
over a period of 30 days. This was followed by asswnt of surface
microhardness and SEM for qualitative evaluatiorswfface changes. Hence it
was concluded as Self assembling peptide P11-4 nEnaded promising results
by effectively and significantly demineralizing te@amel lesions as compared
to other test agents.

Sulistianingsih et al in 2017conducted study on the remineralization potential
of cocoa bean extracTtjeobroma cacao) to increase the enamel microhardness
by comparing with fluorine as synthetic materiahirly-six maxillary first
premolar tooth crowns were cut and planted in thexg resin. Teeth were then
immersed in demineralization solution at pH 4 fohd&urs. The sample were
divided into 2 groups, 18 for the fluorine groupdatihe remaining group of
cocoa extract. Vickers microhardness test was heéate treatment, both after
demineralized and remineralized. The value of ehamerohardness before
treatment in the fluorine group was 376.17 VHN asrage value and the cocoa
extract group was 357.33 VHN. After demineralizatio fluorine group was
268.13 VHN and cocoa extract group was 235.93 VAfer remineralization
in fluorine group and cocoa extract group, respebtj 321.08 VHN and 293.86
VHN. The results of the analysis revealed that tleeel of enamel
microhardness after remineralization was not sicaiftly different in both
groups (p>0.05). The findings indicated the abitifycocoa extract to increase
the microhardness of enamel and implies the patieas a fluorine substitution

for remineralization.
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45. Gulcin Bilgin Gocmen et al in 2016published an article in Asian Pacific

46.

Journal of Topical biomedicine with an objectivestaluate the effectiveness of
herbal medicaments such as ginger, rosemary argytamre-mineralization of
initial enamel lesion. Demineralized human enanpelcgénens were measured
for baseline surface microhardness and fluorescemathods. Ten specimens in
each of four groups were used in this in vitro m#icyg study with the following
treatments which applied three times a day: 1)uwsuodiluoride toothpaste 2)
ginger honey 3) ginger-honey-chocolate 4) rosemdryl reatment regimens of
demineralization and re-mineralization cycle weppleed for 21 days. The post-
treatment data were obtained by measurements €dcsumicrohardness and
fluorescence methods. Data were statistically aealyby ANOVA test with
Tukey's honest significant difference test. Finaly concluded that herbals
have enhanced re-mineralization on initial enaraeks.

Abdulraheam et al in 2011investigated the microscopical changes of differen
types of tea; Camellia sinensis (black and greki@ntha spicata and Ocimum
basilicum on artificially- induced initial enamedres. Initial enamel caries-like
lesions were introduced in 30 sound extracted hutrsirpremolar teeth using
pH cycling procedure. Teeth were divided into 6up® to test 4 types of tea
(black, green, Mentha spicata and Ocimum basilicamg 2 control solutions
(0.05%NaF and de-ionized water as positive and thagaontrol respectively)
for enamel re-mineralization, using polarized msompe. The concentration of
calcium, inorganic phosphorous and fluoride ionslintea solutions were also
measured. Results revealed that green tea prodilked best enamel
remineralization, while black tea and Mentha spicatere coming next and

result in different mode of re-mineralization. Gretother hand, teeth treated
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47.

48.

Ocimum basilicum showed mild evidence of re-mineedion. The chemical
analysis indicated that both Mentha spicata andn@Qgi basilicum had the
highest calcium and phosphorous ions levels (higthem their fluoride
concentration). Green tea had nearly equal coretgontr for the 3 tested ions,
which were less than its counterpart black tea.

Benjamin et al., 2012investigated Grape seed extract (GSE) as the fmaten
remineralizing agentSound human tooth sections were obtained from the
cervical portion of the root and stored in demitienrag solution at 37°C for 96
hours to induce atrtificial root caries lesions. Beetions were divided into four
treatment groups including 6.5% grape seed extractpdium
monofluorophosphate (220 ppm) with 0.05% calciulycgiophosphate, 0.5%
calcium glycerophosphate and control (no treatmeht)in vitro pH cycling
model was used to cycle the demineralized specintBrsugh treatment
solutions, acidic buffer and neutral buffer for 8yd at 6 cycles per day.
Subsequently, they were evaluated using confocarlacanning microscope.
Data were analysed using analysis of variance (p08). GSE revealed less
demineralization and more remineralization compavigd other groups.

Onishi et al., 2007investigated Gum Arabic which is natural polysaoate
exudate from Acacia Senegal and other related &ifrispecies of Acacia. It is
considered to have an ability to enhance remirgtidin, because of its high
concentration of Ca2+. In this study, investigatvaluated the cariostatic
activities of gum Arabic using histopathologicalthmeds to determine its effects
on remineralization. Following incubation in demialization solution, human
third molars were exposed to 10 mg/ml of gum Arabadium fluoride at 1000

ppm (NaF), or double distilled water (DW, negatoantrol), then subjected to
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demineralization—remineralization cycles. Beforal after demineralization—
remineralization cycles, contact microradiograplfisesach sample were taken
and mineral distribution quantities were calculafBide remineralization ratio of
the molars exposed to gum Arabic was similar ta tdidahose exposed to NaF,
while the ratios of both were significantly greatiean that of those exposed to
DW. Gum Arabic enhanced the remineralization ofesalike enamel lesions in

vitro, suggesting its inhibitory effects towardsht#d caries.
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MATERIALS AND METHODS

The present study was designed to assess the effé@timum basilicum
varnish on its remineralization potential. It wassiia-vitro study, conducted according
to the guidelines of Good Laboratory Practice (GERynd approved by the
Institutional Research and Ethics Committee (IREE)KLE Vishwanath Katti
Institute of Dental Sciences (Reg no:1499, approwead 25/10/2021).0Ocimum
basilicum seeds were authenticated by recognised taxonomistdean Council of
Medical Research National Institute of Tradition®edicine (ICMR-NITM),
Belagavi. The coarse powder Otimum basilicum seeds was procured from KLE
Ayurveda pharmacy of KAHER’s Shri B M Kankanwadi kkyeda Mahavidyalaya,

Belagavi, Karnataka.

STUDY DESIGN

Experimental in-vitro study

STUDY SETTINGS

= The Department of Public Health Dentistry, KLE VIHKstitute of Dental
Sciences, KLE Academy of Higher Education and Re$eaBelagavi,
Karnataka

= The Department of Oral and Maxillofacial Surgeryl.EK VK Institute of
Dental Sciences, KLE Academy of Higher Educatiod Besearch, Belagavi,
Karnataka

= Indian Council of Medical Research National Ingé&tof Traditional Medicine
(ICMR-NITM), Belagavi, Karnataka

= KLE Ayurveda pharmacy of Shri B M Kankanwadi AyudeeMahavidyalaya,

KLE Academy of Higher Education and Research, Baladarnataka
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= KLE's Prabhakar Kore Basic science research Ce(®®RC), Belagauvi,
Karnataka

= The Department of Oral and Maxillofacial Patholagyd Oral Microbiology,
KLE VK Institute of Dental Sciences, KLE Academylgigher Education and
Research, Belagavi, Karnataka

= KLE College of Pharmacy, Belagavi, Karnataka

MATERIALS

Materials used for preparation of extract
1. Coarsely powdere@cimum basilicum seeds
2. Soxhlet apparatus
3. Ethanol 99%

4. Muslin cloth

Materials used for assessing remineralization
1. Teeth samples
= Extracted premolar teeth
= 10% formalin
= Diamond disc
= Arkansas stone
2. De-mineralizing solution
= Calcium chloride
= Sodium di-hydrogen phosphate
= Acetic acid

= Potassium hydroxide
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Materials for formulation of Ocimum basilicum varnish
1. Ethyl acetate
2. Nitrocellulose
3. Fumed silica

4. 1so amyl propionate

Other instruments and equipments
1. Bath sonicator
2. Vortex and CAP 2000+ Viscometer
3. Light microscope (Research microscope LEYcBM 2500)
4. Image J software
5. Microscopic slides and cover slips
6. Bifluoride 12

7. Electromagnetic stirrer

SAMPLE SIZE ESTIMATION

Sample size for the three groups was assessed pingy and effect size by

Cohen'’s statistical power analysis.

Desired Power Effect size=.2 Effect size=.5 Effesize=.8

0.2 33 7 4

0.3 53 10 5

0.4 74 13 6

0.5 98 17 8

0.6 124 21 9

0.7 156 26 11

0.8 198 33 14

0.9 264 44 18
GPOWER ES: 0.2828 0.7071 1.131
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Power and Effect size were estimated based onptatared from the pilot
study by fixing p value at 0.05 (Alfa=0.05, Power= 80%). The effeize swas

assumed to be at 0.5. Hence, the sample size wame=] to be 33 in each group.

INCLUSION CRITERIA

Extracted human permanent maxillary and mandibularemolars,

macroscopically caries free or orthodontically agted teeth.

EXCLUSION CRITERIA

Teeth having intrinsic stains, dental caries, gresdace defects like pits,

fractures, fluorosis, developmental defects andnehaypoplasia/hyperplasia

STUDY PROCEDURE

Extract Preparation using Soxhlet method *

The preparation of the extract was done by Soxmmlethod with 99 percent
ethanol as solvent. The powdered seeds (100 gm®) kept in a muslin cloth bag
and placed in the body of Soxhlet extractor ancrath (800ml) was added to it.
Soxhlet method with 99 percent ethanol as solveag amployed for preparation of
the extract. The Soxhlet extractor apparatus waterfie@d with clamps and stand to
stabilize and support the apparatus, round bottagk fand condenser. The isomantle
was used to gently heat ethanol resulting in ipevation. This evaporated solvent
was circulated continuously in multiple cycles frahe soxhlet apparatus to the
condenser which is connected by a rubber tubectmtéinuous source of water supply
in order to condense the solvent. This cycle i®a¢gd when the condensate reaches
the level of siphon, and drips back into the resenfhis procedure utilized a total of

6 hours to complete 24 cycles at the boiling terapee of ethanol 78C (173 F). On
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completion of the procedure, ethanol was entiregperated with the help of a rotary

evaporator (IKA™) at 40°C, to yield 20 mg of extrathe yield was resuspended in

Dimethyl sulfoxide (DMSO) in 20mg/ml ratio to obaa stock solution.

Phytochemical tests

The phytochemical tests were carried out in KAHERMsi B M Kankanwadi

Ayurveda Mahavidyalaya, Belagavi,

composition and biological

basilicum. 3334

activities of ethanoliextract

Karnataka tovestigate the chemical

from Ocimum

S| | Phytochemical Test Procedure and Observations Results
no. constituent
1 Alkaloids Mayer's test 2-3 ml filtrate + few drepf Mayer's | Positive
reagent —Appearance of cream-
coloured precipitate
2 Phenolic Ferric chloride Extract + 2 ml of FeCl solution — | Positive
compounds test Formation of green or blue colour
3 Detection of | Aqueous sodium Extract + agueous NaOH — Positive
flavonoids hydroxide test Yellow orange colour
4 Saponins Foam test Extract + water + Sodium Positive
Bicarbonate vigorously shaken —
Honeycomb like froth
5 | Testforsugars Benedict'stest  Extract + Bertedgolution — heated Positive
in boiling water bath — Formation of
red precipitate
6 Tannins Maxson + 1 ml of extract + 2ml of FeCl — darkl Negative
Rooney Method green colour
7 Protein Ninhydrin 3ml of extract + 3 drops of 5% Positive
Solution test Ninhydrin solution heated in boiling
water bath for 10 mins — appearance of

purple or bluish colour
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Preparation of Ocimum basilicum varnish

The above extract was placed in a bath sonicatorgalith ethyl acetate for

about 30 minutes for the complete dissolution ef éitract. After its dissolution, Iso

Amyl Propionate and the colloidal solution were edldThe contents were mixed in a

vortex for about 30 seconds and fumed silica watkeddo this. The contents were

then transferred to an amber-coloured sterile daitld labelled.

S| No. Ingredients Per 5ml of varnish
1 Ocimum basilicum extract 80mg
2 Ethyl acetate 2ml
3 Colloidal solution 2mi
4 Iso Amyl Propionate 1 mg
5 Fumed Silica 100 mg

Evaluation for Physical Parameters of varnish®:

1. Colour Matching: The test area required adequate artificial daylight

illumination. The specimen was held at eye levél,cths away and viewed

perpendicularly, in order to match and note theowolof the indigenously

prepared varnish with the shade guide. The dateanfish preparation was

also noted to estimate its shelf life. The intraaminer kappa value was

estimated by considering the mean value of sixigpats of the same shade

after observing for a period of 1 week.

2. Rate of evaporation: At the outsetthe weight of a sterile glass slide was

recorded and 100 microlitre of varnish was evenistritbuted on it and

weighed again. A stop watch was used to estimateihe required for the
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complete evaporation of varnish and the returnhef $lide to its original
weight.

. Viscosity: It was assessed using CAP 2000+ Viscometer, BieldkfTwo ml
of varnish was placed on the viscometer plate hadvalues were noted after
conducting the test as per the manufacturer’sungans.

. pH of the varnish: pH strips were used to establish the pH valuethef
varnish.

. Film forming ability: Sectioning of the tooth samples were obtainedldy s
speed diamond disc. Fifty micro litres of varnistaswapplied using the
applicator tip. The samples were dried and obsenveldr light microscope to
assess the morphology of the film formed by thdiegton of varnish.

. Cytotoxicity assessmentHealthy, adult, human Primary Gingival Fibroblasts
(HGF) ATCC PCS-201-018 were assessed for cell ityxidulbecco’s
modified Eagle’s medium (DMEM; Gibco laboratori€3tant Is; NY, USA)
was employed to cell culture. This media was supplged with 10%FBS
(Fetal Bovien Serum, Gibco, Invitrogen) Cat No-10206, Antibiotics-
Antimycotic 100X solution (Thermofisher Scientifi€®at no-15240062.
Approximately 5x18 cells/wells were seeded in a micro plate with 98lsv
Plate was stored overnight in controlled conditiavith 37°c temperature,
95% humidity and 5% C£© Each sample concentration of 300 microlitres was
processed and the incubation period of the cells exdended by another 24
hours. The cells in the well were washed with Phagp buffer solution and
80 microlitre of methyl-thiazol-tetrazolium (MTT)taning solution was
added. Further incubation of plate was carried auB8?c. After 4h, 200

microlitre of di-methyl sulfoxide (DMSO) was injext in each well for the
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dissolution of formazan crystals, and rate of abaonce was recordagsing

570mm micro plate reader.

Formula: Surviving cells (%) = Mean OD of test compund/ Mean OD of

negative control x 100 graph Pad Prism Version5.1

Preparation of demineralizing solution

2.2 mM calcium chloride, 2.2 mM NaH2PO4, 0.5 M &etcid, were mixed

with 1 litre of distilled water by an electromagiaestirrer at 800 rpm and pH was

adjusted at 4.4 with 1M KOH by pH meter in KLE'saBhakar Kore Basic science

research centre, Belagavi, Karnataka.

d)

Calibration of digital pH meter was done by follogithe below mentioned
steps:

The pH mode was selected, temperature control asbset to 25C.

The electrode was cleaned with de-ionized waterdmitied dry with a tissue.
Further the electrode was immersed in the solutbnpH 7 buffer, by
adjusting and setting the display on the calibbatiton to ‘7’ (cal).

The electrode was taken out of the buffer and ceyglaagain in the solution of
pH 2 buffer, allowing the display to stabilize & ‘by adjusting calibrate
button (cal).

The electrode was cleaned with de-ionized waterkdotted dry with a tissue
and the bottles were capped to be reused later.

After preparation of the solution, the pH electroges rinsed and placed back

in the storage solution.
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Preparation of subsurface lesions

Enamel specimens derived from extracted teeth weee in this study after
screening for any macroscopically visible cariesunface defects and stored in 10%
formalin solution. Each enamel surface was markid & square area of 4x4mm to
mimic an enamel window buccally. The remainder lné £namel specimen was
coated with acid-resistant nail varnish so as toeegate lesions only in the enamel
window. This helped to standardize, determine amdpare the lesion depth between
the enamel window and the unaffected region coveiigd nail varnish. The enamel
specimens were divided randomly into three groujpéniy fluoride varnish group
(group 1),0cimum basilicum varnish test group (group 2) and Placebo-distiieder
group (group 3). The samples were immersed in demralising solution for 72-hour
cycle to simulate the daily acid challenges in arality. After immersing each
enamel specimen in a demineralizing solution, iardf subsurface carious lesions
were created. Each group was subjected to re-nlizegtian twice daily with their
respective agents for 4 minutes, once in the mgramd later in the afternoon for 30
consecutive days using an applicator tip (pH cgglinThe samples were stored in
laboratory produced saliva which contained 2.00rg&thyl p-hydroxybenzoate, 10.0
g/L sodium carboxymethyl cellulose, 8.38 mmol/ LIKE.29 mmol/L MgCI2$6H20,
1.13 mmol/L CaCI2$2H20, 4.62 mmol/L KH2PO4, 2.40 aith K2HPO4; and pH
was adjusted to 7.0 using KOH to simulate normabpral environment. There was
no precipitation detected during the experimene $aliva was changed each day and
the treatment materials were freshly prepared enesapplication. The samples were
continuously immersed in artificial saliva that wiakended by a magnetic stirring

machine except during the time of application.
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Photograph 1: Representation of “Enamel window”
Enamel specimens and evaluation of re-mineralization potential

Each sample was sectioned longitudinally in theoldibgual direction through
the window using diamond disk to produce approxatyaZ00 to 1000um thick
sections. These sections were further grinded deamgas stone to produce 150 to
250 um paper thin ground sections. The light microsc(imca ™ DM 2500) was
used to analyze demineralisation and re-mineradi@atThe light microscope was
standardized for visualization of ground sectiogsaln expert. A trained examiner
calibrated the image J software to record and feanthe lesion depth into an
electronic database and checked for data entryistensy. The images were captured
on screen by CCD shading camcorder (Leica DFC3gagteed to the microscope.
These images were scaled using Image-J Softwaren&asuring lesion depth in

enamel. The images were captured and measured ébysame examiner who
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evaluated microscopic slides in a standardisededlenvironment by viewing for

approximately 20 seconds at a distance of apprdgign& meters from the examiner.
Statistical Analysis

Data obtained was entered in Microsoft Excel 2088 analyzed using the
IBM Corp. Released 2012. IBM SP8statistics for Windows, Version 21.0.
Armonk, NY: IBM Corp. The data was subjected tamality (Shapiro-Wilk) test
and it was found to fall under normal distributidrhe mean and standard deviation
(SD) of the lesion depth from each group were oleti The values were tabulated
and statistically analyzed using one-way ANOVA. (uamson of each group with
the control group was analyzed using “Studemtest”. The comparison of mean
lesion depths between groups was conducted usikgy®post hoc analysi® <

0.05 was considered to be significant.
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SCHEMATIC REPRESENTATION OF THE METHODOLOGY

99 Extracted Premolar teeth samples collected and stored in 10% formalin solution.

——

-

sticking adhesive tape and covering the remaining surfabetwat coats of acid resistant nail varnish.
Adhesive tapwas removed tcform ar enamel window

-

[ Each enamel surface was marked with an area 4x4mm ondidéerthird of the buccal surface by
[ demineralizing solution with a final pH of 4.5 for 48 hours at 37°C.

The study samples were then subjected to demineralization by immersing in artificially prepared J

(—

—/

[ Teeth were divided in groups using computerized table of random numbers with 33 samples each.

(-

GROUP 1 (Fluoride GROUP 2(Ocimum ( GROUP 3 (Placebo) = )
varnish) =33 basilicum varnish) = 33 L 33 J

=

-
Each group was subjected for re-mineralization twice daily with respective agents for 4 minutes, once
in the morning and later in the afternoon, for 30 consecutive days using applicator tip.

-

e 2
After each application, all the teeth were cleandt vaothbrush under deionized water and werg

L stored in artificial saliva, which was changed every 48 h )

e ~ p
Each tooth was longitudinally sectioned by cutting through the centre of the enamel window to make a

L ground-section of approx. 0.2-0.4 mm thickness )

4L

( )
Each ground-section obtained was analyzed for depth of the simapturing image with camera

attached to light microscope (LeicaTM DM 25

\ J/

4L

The lesion depth was measured from the surface of the totitd thaximum depth using the Image |J
software (Java-based image processing program).
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Photograph 2: Ocimum basilicum plant Photograph 3: Ocimum basilicum seeds (Sweet
(Lamiaceae) basil seeds, Falooda seeds, Tukmaria, Sabja
seeds, Thai holy basil, Sabja vethai, Hazbo,Tuk

malanga, Basica cultive, Basilien Kraut)

Photograph 4: a)Ocimum basilicum seeds coarsely powdered
bYOcimum basilicum seeds finely powdered
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Soxhlet Apparatus for preparation of IKA Rotary evaporator to extract
Ocimum basilicum crude extract ethanol from crude extract

Crude extract collected in crucible after Total extract prepared from 100gm of
each cycle Ocimum basilicum powder and 800 ml of
ethanol

Photograph 5: Extract preparation
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Photograph 7: Demineralization solution pH set at 4

Page 47



Materials and Methods

wwwresearchicb.n
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s Cat. No. 00025 g '(J
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) Ethanol

istry for better life

Photograph 8: Ingredients for preparation of varnsh

Photograph 9: The mixture of extract and all the clemicals in the water bath

and magnetic stirrer
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Photograph 11:Bifluoride varnish (Control agent)
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Photograph 12:Nail varnish application for the entire teeth surfece leaving a window

Photograph 13:Creating a window on the buccal surface of the tebt
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Photograph 14: Teeth immersed in demineralizing sation

Photograph 15: Applying control and test agent everday
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Photograph 16: a) Ground sectioning of the toothanples
b) Representative mounted ground section in Deminatizing group

c) Representative mounted ground section in Reminalizing group
d) Representative mounted ground section in Contrajroup
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Photograph 18: Direct observation under light micrescope with attached screen

display by an investigator
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Photograph 20: Light microscopy 4X magnification inage of samples in Image J

software to analyze for lesion depth
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RESULTS

The present in vitro study was designed to evalate compareOcimum
basilicum varnish on the remineralizing potential of aridity created initial enamel
caries. Lesion depths were recorded in all grouppdas using light microscope and
analyzed with Image J software. Upon applicatiomewfineralizing agents, the light
microscopy photomicrograph revealed a coating o finineral deposition, coupled
with adequate replenishing of the porosities ands/ahat occurred from the
previously formed carious lesions. A homogenous,ifoum surface of
remineralization was observed in the samplesOofmum basilicum varnish as

compared to test groups of fluoridarnish application [Figure 1].

The data obtained from the study was subjectethtsscal analysis. The mean
(= SD) pre-treatment lesion depth across the groapged from 242.11 + 26.14dh
to 352.66 + 34.53im. Comparisons between giest lesion depths in all groups were
statistically insignificant§ = 0.380). The mean (x SD) lesion depths between the

pre-treatment groups are shown in Table 1.

Pre and post treatment lesion depths were calculfateall three groups. In
Group 1 positive control group (Fluoride varniskhe average lesion depth was
148.62um with a range of 124.59n to 166.64m. In the group 2 test grou@¢mum
Basilicum varnish), the average lesion depth was 180rb®&ith a range of 158.1i2n
to 218.48m and in the Group 3 negative control group (Plafethe average lesion
depth was 282.4Bn with a range of 216.32n to 348.3@m. ANOVA analysis
revealed statistically significant differences amahe three group$€0.001) [Table
2]. The mean comparison of pre and post treatmesibrnt depths is depicted in

Figure 2.
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The paired-test showed a significant decrease in lesion degftier the specific
treatment regimen. The reduction in mean lesiontidegiter pH cycling was
maximum for group 1, followed by group 2<0.001) indicative of effective
remineralization post pH cycling. However, theresveaconsiderable increase in mean
lesion depth in group 3 witp=0.028 [Table 3 and Figure 3The Intra group lesion
depth was compared for the mean difference amangribupsThe mean intra group
lesion depth in group 1 positive control was higasrcompared to the group 2 test
group. However, the mean difference in group 3 wagative and found to be
statistically significant by ANOVA analysi$<£0.001) [Table 4 and Figure 4]. Inter
group analysis within the groups for lesion depthgealed a statistically significant

difference by Tukey’s post hoc analygisQ.001) [Table 5].

The percentage of mean lesion depth recovery wésulated for all the
experimental groups. The highest recovery rate ©938% was recorded for the
group 1 positive control group, followed by 36.015f6the group 2 test group.
However, the lesion depths in Group 3 were increasg 3.5%. The relative
percentage of reduction of lesion depths was obseiv Figure 5 and Table 6. Inter
group analysis for percentage of reduction withire tgroups for lesion depths
revealed statistically significant difference byKey's post hoc analysigp<€0.001)

[Table 7].

The MTT assay results obtained for t®eimum basilicum varnish and the
fluoride varnish control revealed that it to be +iokic to gingival fibroblast cells as
the viability of cells was maintained. It was oh&et that the viability of the cells was
more towardsOcimum basilicum varnish as compared to the control group by 20 %.

The IC50 (concentration at which the drug indugesau50% cell death) obtained for
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Ocimum basilicum varnish was 47 lg/ml, and that obtained for flderivarnish was
below 36 lg/ml. The statistically significant difence observed betweddcimum
basilicum varnish and fluoride varnish indicated th@timum basilicum varnish

provided better cytocompatibility than fluoride mesh and showed no toxic effects

on fibroblasts [Table 8].
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Table 1. Comparison of mean pre-treatment lesion depth adests groups

Groups| Mean SD SE 95% Confidence | Minimum [Maximum| F |p-Value
Interval for Mean
Lower | Upper
Bound | Bound
Group 1 278.112| 29.625| 5.157 | 267.607| 288.61] 250.94 361.22 0.978 0.880
Group 2 284.280| 26.144| 4.551 | 275.009 293.550| 242.11 346.89
Group 3 273.911| 34.531] 6.011 | 225.01| 352.66 273.911 352.66
All values are expressed as mean * standard davié®D) in parentheses; Statistical
test used: ANOVA; group 1: Fluoride varnish groygogitive control), group 2:
Ocimum basilicum varnish (test), group 3: Placebo group (negativerod); Level of
significance: p < 0.05 is considered statistically significant,p** 0.001 Highly
significant.
Table 2: Comparison of mean post-treatment lesion depthsadests groups
Groups | Mean SD SE 95% Confidence |Minimum |Maximum F p-Value
Interval for Mean
Lower | Upper
Bound | Bound
Group 1|148.62 | 9.626 1.67p 145.204 152.031 124.59 166.61 | 381.297 <0.001*
Group 2|180.52 | 11.876§ 2.06]7 176.307 184.729 158.12 218.48
Group 3|282.45 | 32.172 5.60 271.04393.858 216.32 348.30

All values are expressed as mean * standard davié®D) in parentheses; Statistical

test used: ANOVA; group 1: Fluoride varnish groymditive control), group 2:

Ocimum basilicum varnish (test), group 3: Placebo group (negativerod); Level of

significance: p < 0.05 is considered statistically significant,p** 0.001 Highly

significant.
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Table 3: Mean comparison of pre and post treatment lesipthde tests groups

Groups| Mean SD Mean Std. 95% Confidence t p-Value
difference | Error Interval of the
Mean Difference

Lower Upper

Bound | Bound
Group 1
Pre 278.112 29.625% 129.495 5,931 117.414 141]575.8321 <0.001
Post 148.62 9.626
Group 2
Pre 284.280 26.144 103.762 4.874 03.835 113}689 2921. <0.001
Post 180.52 11.876
Group 3
Pre 273.911 34.531 -8.539 3.718 -16.113 -0.966 972.2 0.028
Post 282.45 32.172

All values are expressed as mean * standard davié®D) in parentheses; Statistical
test used: Paired T test; group 1: Fluoride vargisiup (positive control), group 2:
Ocimum basilicum varnish (test), group 3: Placebo group (negativerod); Level of
significance: p < 0.05 is considered statistically significant,p** 0.001 Highly

significant.

Table 4: Comparison of intra lesion mean difference betwé&ergroups

Groups| Mean SD SE |95% Confidence | Minimum|Maximum F p-Value
Interval for Mean
Lower | Upper
Bound | Bound
Group 1/129.495/34.069| 5.931| 145.20 152.08 95.36 | 217.74 | 222.176| 0.001*
Group 2103.762/27.996| 4.873| 176.30| 184.73 40.53 168.45
Group 3 -8.539 | 21.359 3.718| 271.04| 293.8q -64.12 46.08

All values are expressed as mean * standard dawiélD) in parentheses; Statistical
test used: ANOVA; group 1: Fluoride varnish groymwditive control), group 2:
Ocimum basilicum varnish (test), group 3: Placebo group (negativerot); Level of
significance: p < 0.05 is considered statistically significant,p*< 0.001 Highly

significant.
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Table 5: Inter-group comparison of mean difference in lesiepth

(I Factor Mean Std. Sig. 95% Confidence Interval
Difference Error
(1-J) Lower Bound| Upper Bound
Group 1| 2 25.73260 6.964 0.001 9.1534 42.3118
3 | 138.03424 6.964 <0.001* 121.4551 154.6134
Group2| 1| -25.73260| 6.964 0.001 -42.3118 -9.1534
3 | 112.30164 6.964 <0.001* 95.7225 128.8808
Group3| 1 -138.03424| 6.964 <0.001* -154.6134 -121.4551
2 | -112.30164 | 6.964 <0.001* -128.8808 -95.7225

All values are expressed as mean * standard davié®D) in parentheses; Statistical
test used: tukey’s post hoc analysis; group 1: rideo varnish group (positive
control), group 20cimum basilicum varnish (test), group 3: Placebo group (negative

control); Level of significance:F< 0.05 is considered statistically significantp*«
0.001 Highly significant.

Table 6: Mean percentage change in lesion depth

Groups | Mean SD SE [95% Confidence [Minimum |[Maximum F p-Value
Interval for
Mean

Lower | Upper
Bound | Bound

Group 1 |45.938 6.873] 1.196 43.501 48.3[/6 36.7p 61.68 468.28.001*

Group 2 | 36.015 6.938 1.207 33.5%5 38.475 16.74 648.5

Group 3 | -3.552 8.418 1.46p -6.537 -0.567 -27.87 547.

All values are expressed as percentage in parergh8satistical test used: ANOVA,
group 1: Fluoride varnish group (positive contraoup 2: Ocimum basilicum
varnish (test), group 3: Placebo group (negativerot); Level of significance: pj <
0.05 is considered statistically significantp* 0.001 Highly significant.
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Table 7: Inter-group comparison of mean percentage chantgsion depth

(I Factor Mean Difference | Std. Error Sig. 95% Confidence Interval
(-9 Lower Bound| Upper Bound
Groupl| 2 9.923 1.833 <0.001* 5.561 14.286
3 49.491 1.833 <0.001* 45.128 53.853
Group2| 1 -9.923 1.833 <0.001* -14.287 -5.561
3 39.567 1.833 <0.001* 35.204 43.929
Group 3| 1 -49.491 1.833 <0.001* -53.853 -45.128
2 -39.568 1.833 <0.001* -43.929 -35.205

All values are expressed as mean * standard davié®D) in parentheses; Statistical
test used: tukey’s post hoc analysis; group 1: rideo varnish group (positive
control), group 20cimum basilicum varnish (test), group 3: Placebo group (negative
control); Level of significance:F< 0.05 is considered statistically significantp*«
0.001 highly significant.

Table 8: Mean optical densities (OD) of surviving cells tidy groups at a
wavelength of 570 nm

Conc oD Mean % viability Results as| IC 50 conc. IC501Q)
observed
NC 0.164 0.287 100 No lysis Nil No cell death @t
0.439 No lysis higher
0.259 No lysis concentration
OBV 0.269 0.275 95.592 No lysis 47 lg/ml
0.245 No lysis
0.31 No lysis
FV 0.154 0.217 75.522 No lysis 36 Ig/ml
0.264 No lysis
0.233 No lysis

NC=Negative control; OBEScimum Basilicum Varnish; FV=Fluoride Varnish;
OD=0Optical Density; IC50=Half maximal inhibitory soentration; nm=nanometer;
pg=microgram
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Figure 1: Light microscope 4X magnification representatigenple lesion depth a)

Fluoride varnish bDcimum basilicum varnish c) Placebo
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Figure 2: Mean comparison of pre and post treatment lesipthda tests groups

Mean in um

Mean in um

350 1
300 1
250 -
200 1
150 7
100 7
50 1
0

Mean comparison of lesion depth

278.11 284.28 27391

148.62

282.45

Positive | Test group

control

Pre-treatment

B Pre-treatment Positive control @Pre-treatment Test group
B Post-treatment Positive controfa Post-treatment Test group

Negative| Positive
control control

Test group| Negative

control

Post-treatment

Pre-treatment Negative control
B Post-treatment Negative control

Mean comparison of pre- and post-treatment lesigthde

278.11 284.28

Positive control group Test group

BPre-treatment @Post-treatment

273.91 28245

Negative contralugr
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DISCUSSION

The notion of employing medicinal plants to treatrtan ailments is not new
and their use in many developing countries is istiltogue® The current approach in
medicine is shifting towards utilizing the ingredie derived from natur¥.
Recognizing medicinal plants becomes vital and irequ development since
medications generated from natural materials aoeight to be generally safe and
economicaf® Due to financial constraints, developing natioeguire biocompatible,
efficacious and cost-effective preventative measureerefore, it has been advocated
to employ medicinal plant extracts, which have gn#icant impact on caries

preventior®

Ocimum basilicum Linn. is a medicated herb that has traditionallgrbesed
to treat a variety of health conditiofisThe present study investigation pertains to the
aspects of oral health care. The requisites oaBlatphysiochemical conditions for
mineral dissolution determines the onset of dentales!® The diagnosis of early
stages of carious lesions, as well as the usemmim@sive remineralization treatment
for these lesions, has the potential to represenulsstantial development in the
clinical management of the disedS$e. basilicum seeds are derived from Ocimum
popularly known as Tulsi which is an aromatic pldrglonging to the family
Lamiaceae indigenous to the Indian subcontinent iana widely cultivated plant
across the Southeast Asian trofitShe plants are predominantly herbs or shrubs
annuals or perennials dwéll.According to researchQ. basilicum seeds exhibit
antibacterial, antioxidant, and anticancer propsffi Bioactivity of O.basilicum
seeds has projected the great importance of furatioods. The mechanism of these

antimicrobial effects has been proposed in a nunabén-vitro studies’®** In the
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current study,O. basilicum varnish demonstrated remineralizing propertieshds
been established that the preservation of the sapeated state of calcium around
the tooth surface decreases demineralization aothgies remineralizatiof. It is
believed thaO. basilicum forms a substantial calcium and phosphate regeingide
the core plaque to limit mineral loss during a @genic event. Hence, the use@f
basilicum varnish can be indicated in early caries/whitet $gsions to prevent further

caries progressiofi.

To comprehend the impact of such herbal agents aious processes,
experimental models based on the constructionsidte in in-vitro systems might be
utilised® These in-vitrosystems are the spearhead of caries research,seettay
are less costly and take less time than conventtesting method$’ This study used
an in-vitro pHcycling model to assess the remineralization edfettthree treatment
agents namely fluoride varnisB, basilicum varnish, and placebo on artificial carious
lesions of extracted sound permanent human teetbth&r major advantage of the
former system is the ability to perform single abfe experiments in a controlled
environment®“’ There is substantial evidence that the pH cyctimaglel is reliable
for evaluating lesion development and mineral cleanip artificial enamel carious

lesions because it closely mimics the in vivo ainstances that contribute to carfés.

The current study used standardised demineraligimigtions to construct
artificial carious lesions. It is considered torhere reproducible than actual carious
lesions, thus making the experimental model deemexk reliable’® They facilitate
the examination of several lesion locations atedé@ht time periods to analyze the

remineralizing phenomendfl.The artificial carious lesions used in this inigstion

Page 66



Discussion

had lesion depths of 242—36fn; replicating a carious lesion that has been adty

12 months in the oral cavity.

A single section technique was used for prepatiegsamples in this study, to
enable the possibility of measuring the mineralngjes after multiple periods of
exposure to the test agents at the same site @ogotd Exterkateet al.’. It
eliminates the issues associated with other mdHtatsinvolve reintroducing sections
into the medium for additional examination. Althbuthe use of the single section

technique is tedious, it can provide the exact measf de/remineralizatiotf.

In the interest of standardization, all of the spens in the current study were
subjected to 30 days of pH cycling. During the pidle, the specimens were treated
twice daily with respective agents for 4 minutesc®in the morning and later in the
afternoon. This helps to mimic the real-life sitaas to a greater extent that occur in-

.8 and Itthagaruret al.,>>. “pH

vivo according to evidence obtained by Buzadahl
cycling” refers to in-vitroexperimental techniques that include exposing satest,
enamel, or dentin, to alternating solutions of menalization and demineralizatich.
These combination tests are intended to simulatedgmamic changes in mineral
saturation and pH that occur throughout the caniesess? As stated by Ten Cage
al.,.'* contemporary pH cycling models have been the pedeoption for many caries

researchers using in-vittechniques because give a more accurate simulatitme

caries process for both mechanistic studies angrfifile evaluations of varnishes.

In the current study, light microscope was useddoalitative assessment of
lesions and microradiography as a quantitative nreasf lesion mineralization as it
shows highly defined radiolucent areas as demizetan of the lesions and

radiopaque surface layer as remineralized sectiothe lesions. In the current
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investigation, the light microscope was devisedéothe appropriate approach for
measuring lesion depth supported by Sadeiaai.,*® reported a significant degree of
discrimination between demineralized and normahsuef tooth samples using light

microscopy.

It is widely known that applied fluoride combinedgd enamel crystals, resulting
in the formation of fluorapatite crystals, whichcieases the enamel's capacity to
resist the acid challeng@A source of ions containing fluoride may be viaate aid
in the maintenance of supersaturated enamel midralthe current study, it was
observed that there was surface precipitation oameh with fluoride varnish
application by way of nonhomogeneous surface dépnsn contrast to the study by
Aziznezhadet al.** stating fluoride varnish increases the surfacediess and
reduces the dissolution of enamel in &i@he explanation for this might be the short
contact period of fluoride varnish with enamel iar anvestigation. Nevertheless,
fluoride varnish was administered twice to simulatprofessional clinical situation.
A certain plateau effect in remineralisation hasrbeescribed in vitro when high-
dose fluoride administration did not result in ddesably increased remineralisation.
This might be because diffusion pathways in thdaser layer of incipient carious

lesions are blocke¥.

In the current study, non-defective, non-cariousnplar teeth were used. All
the teeth were subjected to a freshly prepared mmalizing solution with a
standardized pH of 4.4. All teeth were subsequesilyjected to a freshly produced
re-mineralizing treatment regimen with a consisteH{ with all surface treatments
conducted by a single operator. Samples were debljgo 30 days of pH cycling

twice daily with topical application of all the ags. Fluoride varnish an@®.
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basilicum varnish group samples revealed a significant reoluén lesion depth. This
could be because of the subsurface remineralizatidhe white spot lesion thereby
proving O. basilicum varnish to have a preventive role in lesion foioragnd lesion
progression. However, samples in Placebo duringebeperiod showed an increase
in lesion depth compared to the pre-test readifigss could be because of the
progression of the carious lesion as there wasrotegtive or inhibitory effect. This
study has verified the effect @d. basilicum varnish on tooth mineralization by
reduction of lesion depth significantly. The presestudy demonstrated the

convenience and efficacy of light microscope indesiepth measurement.

Limitation

Inevitably, the limitations of this in-vitro studyclude difficulty to precisely
simulate the biological aspects of caries and th#itmde of intraoral conditions that
contribute to dental caries and the role of enzynmesnot accounted. The
mineralisation inhibition effects of salivary prots, pellicles and plague were not
considered. The variations in the characteristics guantities of these factors, which
vary between individuals, need standardization Ih ia-vitro studies. Other
confounding factors involve the possibility of expeental errors and dissimilarities
in the micro-structure of the enamel between spexsnFurthermore, the specimens
in the pH cycle were subjected to repeated cyclésremineralization and
demineralization which is more aggressive than dbal attacks that a tooth is
exposed to, on a daily basis in the oral cavitynddg it is apparent that no in-vitro
model can be a realistic substitute for the coodgithat prevail in the oral cavity.

However, these models provide a helpful techniguevaluating and incorporating
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novel products designed to cause remineralizatigiorb they are tried in human

individuals.

Recommendations

It is recommended that further controlled in-visttidies and extensive clinical
trials be conducted to ascertain the true clingttacy of O. basilicum varnish. It is
critical to assess the effectiveness in lesionsasious surfaces (e.g., occlusal, where
most lesions develop) and with validated outconsesdmineralization. Reduction of
outcome reporting and publication bias is cruaialhe validation of novel agents for
remineralization. Further studies are required lab@ate the mechanism of action
and the clinical protocol of applicatiaf O. basilicum varnish for maximum efficacy.
Overall, the experimentation with clinical trials ©. basilicum constituent in various
local delivery systems is to be evaluated for ff&ca&cy and effectiveness. Studies
focusing on wide age group populations and indepengdroups should be a research

priority.
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CONCLUSION

Several remineralizing techniques have advanced greatly in recent years. Most
of these treatments work by establishing steady systems capable of delivering
bioavailable calcium and phosphate unswervingly to the lesion or the surrounding
biofilm to encourage remineralization. One significant challenge for remineralizing
therapiesis to provide optimal concentration of minerals without surface precipitation
which limits the efficacy of the therapy. Sow and prolonged delivery of minerals
might favour subsurface mineral gain. Both groups showed increased remineralization
capacity than the negative control group, as evidenced by higher mean remineralized
value. Although, the intra group lesion mean depth in the fluoride varnish group was
higher as compared to the O. basilicum varnish group, the latter has shown
homogenous remineralization of enamel subsurface lesions in situ significantly
slowing the progression of the lesion. Hence the new O. basilicum based
remineralization agent appears to have potential as a non-invasive alternative to
topical fluorides in the therapy of early carious lesions. Light microscopy was potent
in determining demineralized and remineralized zones, and it may therefore be
utilised as a diagnostic tool in diagnosing, qualitatively analysing enamel lesions, and
the remineralization potential of agents. It is imperative to note that remineralisation
in-vitro may not exhibit variability when compared to changes that ensue in the ora
cavity in vivo. Therefore, direct extrapolations to clinical situations must be executed

judicioudly.
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SUMMARY

Despite the fact that the frequency of iliness teaiced since the introduction
of fluorides, dental caries remains a serious pufdialth concern in the majority of
communities. However excess use of fluoride catisesosis. The focus of caries
research has lately switched to the developmeappfoaches for early identification
and non-invasive treatment of carious lesions. Mbe-invasive treatment of early
carious lesions by re-mineralization has the paémnd be a major advancement in
the clinical management of the disease. The remlization process needs suitable
quantities of calcium and phosphate ions. TRudasilicum seed extract containing a
relatively high amount of calcium (244% of recommed daily dose RDD) and
potassium (56% RDD) is being evaluated for re-naheing because of its
availability, feasibility and safety. A thoroughtdrature search revealed a gap
regarding the re-mineralizing potential ©f basilicum seeds. The present study was
conducted with the aim to evaluate and comparerdhmineralizing potential oD.

basilicum varnish and fluoride varnish.

O. basilicum seeds extract was prepared using the Soxhlet chethich was
vortexed with IP graded chemicals to obtain varniktracted human permanent
premolars were collected and distributed 33 samiplesach of the three groups of
fluoride varnish,O. Basilicum varnish and placebo (as determined by statistical
sampling method). Specimens were surface polishdctarved to make a 4*4 mm in
diameter ‘enamel window’. Each of the samples wexposed to demineralizing
solution to produce an initial enamel lesion of 23@1um in depth in this enamel
window. Then, pH cycling model was adopted to satmilthe changes occurring in

the oral cavity where in specimens were treatedcewdlaily with respective
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remineralizing agents for 4 minutes, once in themmy and later in the afternoon.

The specimens were immersed in laboratory saliti@. @H cycling step was repeated
twice daily for 30 days. The laboratory saliva wasanged each day and these
treatment regimens were freshly prepared for ewgplication. Each sample was
sectioned longitudinally and grinded to 0.2-0.4 rtintckness. The specimens were
observed under light microscope and recorded. Threages were examined using
image J software for any significant changes sugugese-mineralization. The mean

value of each sample was tabulated to evaluateristatistical analysis. The data

were evaluated using ANOVA and post hoc analysis.

The mean (x SD) pre-treatment lesion depth acrbesgtoups ranged from
242.11 £ 26.144m to 352.66 + 34.53dm. Comparisons between pst lesion
depths in all groups were statistically insignifitcgp = 0.380). The reduction in mean
lesion depth after pH cycling was maximum for grolp followed by group 2
(p<0.001) indicative of effective remineralizationgp@H cycling. However, there
was a considerable increase in mean lesion deptiranp 3 withp=0.028. The
percentage of recovery was calculated for all tk|geemental groups. The highest
recovery rate of 45.938% was recorded for the gradupositive control group,
followed by 36.015% in the group 2 test group. Heere the lesion depths in Group
3 were increased by 3.5%. Inter group analysis l&mion depths revealed a
statistically significant difference by Tukey’s pdsoc analysisg<0.001). The MTT
assay results obtained for tle basilicum varnish and the fluoride varnish control
revealed it to be non-toxic to gingival fibroblastlls as the viability of cells was
maintained. It was observed that the viability bé tcells was more towards.

basilicum varnish as compared to the control group by 20%.
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TheO. basilicum varnish demonstrated homogenous remineralizafiemamel
subsurface lesions in situ and significantly slowdx# progression of lesions.
Furthermore, remineralizing efficacy has been destrated to be slightly lower than
the fluoride varnish. Hence the novel baslicum based remineralization agent

appears to have potential as a non-invasive atieen#o topical fluorides in the

therapy of early carious lesions.
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[ ANNEXURE - | - ETHICAL CLEARANCE CERTIFICATE ]
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[ ANNEXURE — I - WAIVER INFORMED CONSENT FORM ]

Department of Public Health Dentistry
KAHER VK institute of dental sciences, Nehrunagar Belagavi

Waiver of informed consent form

|it is not feasible to obtain individual informed consent of donors of specimens used in this
study. However, I assure that confidentiality of the participant information will be ensured
and no identifying information related to study participants will be disclosed in any report/
|publication arising from the study.

Postgraduate Professor and head
Department of Public Department of Public
Health Dentistry Health Dentistry
KLE VKIDS KLE VKIDS
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ANNEXURE — Il - AUTHENTICATION

qrfe fafeentas d=I™
ICMR-NATIONAL INSTITUTE OF TRADITIONAL MEDICINE

(Wm mmFormerly Regional Medical Research Centre)
Nehru Nagar, Belagavi-590 090
yRdrgamgETE
INDIAN COUNCIL OF MEDICAL RESEARCH
Dr. Harsha Hegde R ITHUTARIHTT, WA AT, YRAEPR
Scientist-E Department of Health Research,
Ministry of Health & Family Wetfare, Gowt. of India_

harshah@icmr.gov.in
e e

Date: 10-03-2021

AUTHENTICATION

A ———

This is to authenticate that the plant material brought by

, | year MD, Department of Public Health Dentistry, KLE VK

Institute of Dental Sciences, Belagavi, is identified as Ocimum basilicum L.

belonging to family Lamiceae. The herbarium specimen of the same has been

deposited in our herbaria with accession number RMRC-1630.

Harsha Hegde
Scientist-E
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ANNEXURE - IV - PHYTOCHEMICAL SCREENING

SHRI B M KANKANAWADI AYURVED MAHAVIDYALAYA

A Constituent Unit of KLE ACADEMY OF HIGHER EDUCATION & RESEARCH (DEEMED-TO-BE-UNIVERSITY)
(Re-Accredited 'A’ Grade by NAAC (2nd Cycle) || Placed under Category ‘A" by MHRD Gol)

CENTRAL RESEARCH FACILITY
(AYUSH Approved ASU Drug Testing Laboratory Lic. No.TL-8/2011)

Outward No:-BMK/CRF/ /2021-22

Reference No:CRF/RM/12/2021-22 Registration Dt:-02/01/2021
Submitted by:Dr.Atreya J. Pai Khot Requisition no :----
Sample : Ocimum basilicum Batch No. : NA Part/Form: Seed
Product : Plant Sample Qty : 10gm Report Date :16/01/2021

(* N/A - Not Available)

TEST REPORT
Form-50 [See Rule 160-D (f)]
(The Drugs & Cosmetic Act 1940 and the rules there under)

Preliminary Phytochemical Screening:

TESTS WATER
Test for Carbohydrates Positive
Test for Flavonoids - Positive
Test for Alkaloids Positive
Test for Tannins Negative

-

W

\ (‘\fb
AUTHORISED SIGNATORY

Page 86



Annexures

( )

ANNEXURE —V — DATA COLLECTION PROFORMA

Department of Public Health Dentistry
KAHER VK institute of dental sciences, Nehounagar Belagavi

Effective evaluation of re-mineralizing potential of Qeimun dasilicium.
varnish and fluoride varnish on initial enamel caries: An In-vitro study

Data Collection Proforma

[Sro Sample Date of :ample Date of sample Depth of the lesion obtained
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ANNEXURE - VI — PERMISSION LETTER FOR VARNISH
PREPARATION

From, 27/3/2021

Postgraduate,

Department of Public Health Dentistry,
KLE VK Institute of Dental Sciences,
Belagavi l

To,
The Principal
KLE College of Pharmacy

Belagavi

Respected Sir/Madam,

(Through proper channel)
Subject: Permission for preparation of extract and varnish in the

, I*'year postgraduate student of the Department of Public Health Dentistry in KLE
VKIDS Belagavi, am conducting a research for my thesis on; “Comparative evaluation of
re-mineralizing potential of Ocimum basilicum varnish and fluoride varnish on initial enamel caries:

An in-vitro study” under the guidance of Professor and Head, department of
Public Health Dentistry, KLE VKIDS, Belagavi. I would like to request you to permit me to prepare an
extract and varnish under the supervision and able guidance of = in the department of

Pharmaceutics. This is an integral part of research study, wherein I will take responsibility of procuring all
the necessary chemicals required for the same.
Kindly grant me permission for conducting the aforementioned procedures.

Thanking Y.
ing You /(i:lj//g/ﬁ
e
\/

Dr. Anil V. Ankola mps

Postgraduate Professor & Head
Department of Public Health Dentistry Department of Public Health Dentistry
KLE VKIDS, Belagavi KLE VKIDS, Belagavi _
Peotansor w10 Hesy
Qopt of Fublle qeallh Dontetry

21 E VF Institivg of Dee ol 8¢ pa gt
NManru Nayar Folgnae. @
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ANNEXURE — VIl - DEPARTMENT PERMISSION LETTER
FOR OUTCOME ASSESSMENT

3 KLE ACADEMY OF HIGHER EDUCATION AND RESEARCH

LE
UK,,NE IVERSITY ( KLE UNIVERSITY’S ) KLE VK INSTITUTE OF DENTAL SCIENCES, BELAGAVI

Date: 16/12/2020

To,

Head of Department

Department of Oral and Maxillofacial Pathology and Microbiology
KLE VK Institute of Dental Sciences

Belagavi, Karnataka

From

I* year MDS

Denartment of Puhlic Health Dentictry
Department of Pudlic rieaith Dentistry

KLE VK Institute of Dental Sciences
Belagavi, Karnataka

(Through proper channel)

Subject: Permission to conduct ground sectioning of teeth and microscopic analysis in your
Department

Respected Ma’am

(I MDS, Dept. of Public Health Dentistry) would like to request
you to allow me to conduct groundsectioning of teeth and microscopic analysis in your
departmentfor my dissertation study-“Comparative evaluation of re-mineralizing potential of
Ocimum basilicum varnish and fluoride varnish on initial enamel caries: An in-vitro study”
under the guidance of in your department.

Kindly grant me the permission for the same.

Thanking you in anticipation

Yours Sincerel . /'

i

V- 174 ek

Dr.Anil V. Ankolamps

Professor & HOD Reader Post gra&uate
Department of Public Department of Public Department of Public
Health Dentistry , Health Dentistry Health Dentistry
KLE VKIDS KLE VKIDS KLE VKIDS
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ANNEXURE — VIII - SPECIFICATION DATA SHEET
OF ARTIFICIAL SALIVA

8 NANOCHEMAZONE INC.

An ISO 9001:2015 Certified Company
Manufacturer of Nanomaterials, Micropowders & Specialty Chemicals
www.nanochemazone.com

NANOCHEMAZONE

== Everything About Nanomaterals ==

Broduct B AptiPicial Baliva Batch Number NCZBS-0920B
Pack Size 100 mL to 1000 ml Mfg. Date Sefg-2020
Sclubility Miscikble in Water as Aguecus Product Numbar NCZ=ADPS-0012
solution
pH 6.8 + 0.1 @25 + 0.4°C
(customizable)
CAS No. 7732-18-5

Boiling Point 100 deg C

Density 1505

Color Colorless
Odor Odorless
Stabilizer Customizable

Primary Application: Research and product testing.
Components (customizable)

pH = 6.8 £ 0.05 @ 25 + 0.4 °C (Y/N) Y

CAS: 7447-40-7 Potassium Chloride <0.5%

CAS: 7778-77-0 Potassium Phosphate <0.1%

CAS: 333-20-0 Potassium Thiocyanate <0.05%

CAS: 57-13-6 Urea <0.05%

CAS: 7647-14-5 Sodium Chloride <0.05%

CAS: 7732-18-5 Water, distilled water, deionized water 99-100%
Amylase Enzyme: Present (customizable)

Storage Conditions: store at 8 ° to 25° C, For Prolong stoatge keep at -20° C

Shelf-life Six Months (without Stablizer), Two years (with Stabilizer)
Condition ready-to-use solution

Remarks: Sample complies as per the above specification.

NANOCHEMAZONE INC.
38 Truesdale Cres, Guelph, Ontario, Canada N1G 5H3
Contact: +1-365-888-7013 (Canada); +49-15215183436 (Germany)
Email: contact@nanochemazone.com

www.nanochemazone.com
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