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ABSTRACT

STATEMENT OF PROBLEM

Denture-induced Candidiasis is mainly associatetth wifection caused by
Candida species. The application of topical antifungalragénas become a challenge
for geriatric denture wearers due to their redunedor activity and loss of memory.
Topical and systemic antifungal therapy requiretiepa compliance. Thus, the result

or the outcome cannot be determined.

Continuous use of synthetic antifungal agents lessilted to have harmful
effects on the patient’s liver and kidney and hmsadlvantages like drug resistance.
Excessive use of these synthetic drugs has inatetlge emergence of multidrug-
resistant strains of microorganisms. Therefore ude of natural and herbal drugs has
come into picture that have fewer adverse effeCt®e root extract of Licorice
(Glycyrrhiza glabra) has proven to be effective agai@stindida albicans hence it was

incorporated into the soft liner.

PURPOSE

The aim of the study was to evaluate and compaaitifungal effect, water

sorption and solubility of the denture soft linecorporated witlGlycyrrhiza glabra.

METHODS

A total of 228 samples were taken and they wer@léd/into two groups: 84
samples to check for antifungal activity and 14mgkes to check for water sorption
and solubility.Glycyrrhiza glabra was incorporated into the soft liner at 5%, 10%,

and 15% and checked for antifungal activity by meiag the zone of inhibition for
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3, 7, and 14 days. The antifungal activity of tmenodified soft liner (control group)

was also evaluated.

Water sorption and solubility was assessed at Bnd, 14 days for all the

concentrations and the control according to the $8€xification #10139-2.

RESULT

The collected data was subjected to statisticdlyaisausing dependent t-test,
Generalized linear models (GLM) and mixed methodlel® analysis. There was a
statistically significant difference between thentol and experimental group (p<
0.05) in antifungal property, water sorption andubdity. 15% Glycyrrhiza glabra
showed maximum antifungal activity which gradualcreased over the period of 14
days with a zone of 20.79 mm on day 3, 15.0 mmandand 7.57 mm on day 14,
Additionally, it had shown increasing water sorpticand solubility as the

concentration increased and days progressed.

CONCLUSION

Since the denture soft liner are intended to bel dse shorter duration of
time, incorporation of these antifungal agents ist rcontraindicated. Thus,
incorporation ofGlycyrrhiza glabra into the denture soft liner can prove to be
beneficial to improve oral health status of theiaec patients with cognitive
disturbances, medically compromised conditions wetiiced manual dexterity. But
further research is required to assess the otheysigdl properties and

biocompatibility which could be affected with thedition of such agents

KEYWORDS: Denture, Soft LinerCandida albicans, Glycyrrhiza glabra, Licorice,

Antifungal, Water Sorption, Solubility
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I ntroduction

INTRODUCTION

Maintaining proper oral health and having a congphat of teeth are vital for
overall well-being and quality of life. Edentulisie an enduring and irreversible
ailment, often referred to as final indicator ofalhealth diseasés.Despite
advancements in preventive dental care, edentubsnain a substantial global health
issue, particularly among the elderly populatioman€equently, the need for full
dentures is expected to persist as a significamhate and challenge in the

foreseeable future.

The demand for prosthodontic treatments among lifkexlg and edentulous
population is steadily increasing, especially inveleped nations. Removable
dentures have gained prominence in this contextoAling to a national dental
survey in 2011, it was determined that 89% of adaljed 75 and older relied on

removable dental prostheses for their oral cardsfee

Primary application of polymers (polymethyl methdate {PMMA}) in the
field of dentistry was for the production of comeledenture basésPMMA has
become choice of material for fabrication of conpledenture owing to its
exceptional features. These attributes encompaskw density, aesthetic appeal,
cost-effectiveness, ease of manipulation, and #palaility to tailor its physical and
mechanical properties to specific neédslowever, when exposed to the oral
environment, the PMMA denture foundation is vulideato microbial colonization.
This vulnerability is partially caused by the PMMdenture base's lack of ionic
charge, which inhibits salivary defence molecui&e histatins and defensins from

adhering to the denture surface and encouragegdagh of biofilms.
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I ntroduction

The primary microorganism frequently isolated fratantures isCandida
albicans. Notably, microorganisms with higher hydrophohjidiénd to adhere more
readily. The formation of denture biofilm, combinadth shifts in oral microflora,

can result in local tissue irritation and denturerstitis(DS)?

Denture stomatitis is a prevalent condition thanhownly afflicts individuals
who wear dentures. The oral mucosal areas covesedhbé denture exhibit
inflammation and redness (erythema) in this siamtiNumerous studies have
indicated that a substantial proportion, potentialp to two-thirds or more, of
removable complete denture wearers may experierogud stomatiti. Various
local factors contribute to the development of thndition, including denture
porosity, surface-roughness, insufficient dentygiéne, and prolonged or night-time
use of denture3While denture stomatitis has a multifaceted origire pathogenic
response typically involves Candida infection, wiflandida albicans being the

predominant causative agent, seen as often as98%0of the cases.

Denture stomatitis can be treated with a variety nodthods, including
systemic and topical antifungal therapies, careduhl hygiene, cleaning and
disinfecting dentures, replacing old dentures,tingaanatomic irregularities, making
sure occlusion is atraumatic, taking out denturesight, and providing adequate

nutrition.”

While systemic anti-fungal therapy is recommend&drhmunocompromised
patients, it's important to note that these meinat can carry potential risks,
including hepatotoxic and nephrotoxic effects, aallvas interactions with other
drugs, which can exacerbate adverse systemic fféapical antifungal medications

like nystatin and miconazole are frequently usetlgat denture stomatitfs.
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I ntroduction

The challenges of conventional antifungal therayreot solely linked to the
inability to maintain therapeutic antifungal contrations on denture surfaces. Other

contributing factors to treatment failure include:

* Diminished antifungal effectiveness as a resulivedllowing, tongue motions,
and salivary flow.

» Patient noncompliance with antifungal therapy beeaof the stringent drug
regimes, the expense of the related treatments,tdbe of the topical

medicines, and the ongoing usage of dentures.

* The continuous contact between contaminated intdersture surfaces and
wounded mucosa, which damages supporting tisswksramourages mucosal

re-infection, thereby extending the course of tathplogy®

Because of this, even after receiving standardatherwith topical and
systemic antifungal medications, reinfection of theated oral mucosa may occur.
Additionally, the remarkably high rates of clinia@lapse and recurrence within two

weeks of treatment provide serious managementissuglenture stomatitis.

Tissue conditioning (TC) has traditionally foundpagation in the treatment
of denture stomatitis by relieving inflamed tissuieghe region where dentures are
worn, particularly in cases where dentures do mqrbperly. Materials referred to as
soft liners help condition the tissues. These suft&s can be categorized as either
temporary or permanent, depending on whether thheynzade up of silicone or
acrylic resin, and they can be processed throughereichemical or heat
polymerization methodS. The viscoelastic properties of this substance terea

cushioning effect that enhances both the chewipgrsnce and the even distribution
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I ntroduction

of occlusal forces on the tissues that supporidtreture®® Tissue conditioners offer
various other prosthetic benefits, including thelility to secure overdenture bar
attachments, support extraoral prostheses, disgrieclusal forces evenly, extend the
lifespan of prosthetic devices, substitute thenfittsurface of conventional rigid
dentures, alleviate mucosal discomfort beneath Hardures, enhance the rhythm of

chewing movements, and compensate for the voluerhtrinkage of acrylic resit.

In comparison to denture base materials made gfi@cesin, lining materials
that are softer have demonstrated a greater vidiligrao microbial adherence. Their
surface properties and the materials physical &edhecal affinity, which allow them
to interact with oral microbes, are credited withstheightened inclinatiotf. The
attachment of microorganisms to solid surfaceslire®a two-step process. The first
interactions result from surface free energies,lavthe subsequent interactions are
facilitated by salivary or serum proteins, whiclfieofbinding sites for the adhesion of
microorganism<? The degradation of soft liners is primarily attried to the leaching
of plasticizers and the prolonged use of potenttuten cleansers at high
concentrations. Additional factors contributingttos issue include limited manual
dexterity for prosthesis cleaning, memory loss eons, and the naturally uneven
surface of soft liners, which create conditionsoianable for the chemical elements

necessary for fungal colonization on dentufes.

The concept of introducing antifungal agents intdt diners, allowing for
gradual release into the oral cavity, has beenqe®egp as a strategy to mitigate
biofilm buildup, hinder the colonization @@andida albicans, and contribute to the

management of denture stomatitis. This approachimdites the necessity for patients
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to adhere to strict antifungal medication scheduesit relies solely on the use of
dentures. Moreover, the addition of drugs to dentlimers breaks the cycle of
reinfection through the prosthesis by preventingtdee biofilms from contacting
infected tissues. Since these drug-modified mdsetiave a half-life of around 14
days, the amount of time needed to treat dentwheeied stomatitis with them is
similar to the amount of time needed to treat thiedd@ion with conventional topical
antifungal medicines. As a result, denture stomsatian be successfully treated in a
rather short amount of time before switching togiderm liners or creating new

dentures.

The utilization of synthetic medications such asstd{in, Fluconazole,
Miconazole, and others in soft liners has been geeg to achieve an extended
antifungal impact. Nevertheless, excessive or imgppate use of synthetic
antifungals is not without adverse effects and leanl to the development of fungal

strains that are resistant to treatment.

The growing interest in naturopathic therapies dmeemergence of drug
resistant strains has emphasised the importantermihg to natural remedies over
conventional allopathic medicines. In many deveigptountries, medicinal plant
extracts and essential oils such as Tea tree giga@um oil, and Lemongrass
essential oil have gained popularity as alternaswkitions to health issues. These
extracts have also shown superior safety and #jalmualities often absent in both

organic and inorganic antimicrobial agefits.

Nevertheless, the inclusion of drugs at variousceatrations can potentially
compromise the physical, mechanical, or structcinalracteristics of flexible denture

liners. Among the various mechanical attributethete liners, sorption and solubility
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stand out as particularly significant. Imbalancetlrese properties may result in

elevated hardness and roughness leading to lossup#rficial integrity and thus

irritating the denture bearing ares.

Thus, an in-vitro investigation was conducted taleate and compare the antifungal

activity of licorice extract added to soft linerdhits effect on water sorption and

solubility of the soft liner.
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Need for the Study

NEED FOR THE STUDY

Soft-denture liners find application in both conpl& partial removable dentures
with the purpose of evenly dispersing functionads across the tissues that support
the denture. They serve as a cushioning mechamissorbing the impact generated
during the chewing process and acting as a shoskrlbér. These materials are
particularly advisable for scenarios involving ueev bone resorption, bony
undercuts, thin atrophic mucosa, immediate proghesjuirements, post-implant

placement healing, as well as for patients expeiignbruxism and xerostomfa.

However, it is widely recognized that these sulrstarare vulnerable to the
colonization by bacterial and fungal speciéesSurface roughness and material
composition are acknowledged as the primary factofiencing the adhesion
process? The inherent imperfections in denture bases aadrthterials employed for
denture relining create conditions where yeassamh become trapped. All of these

factors collectively contribute towards exacerbaid prosthetic stomatitis.

Denture stomatitis represents a pathological candiaffecting the mucosa
that supports dentures, primarily resulting frore ffritation caused by improperly
fitting dentures. It is characterized by widespr&sithmmation or reddening of the
palate's mucosal surface beneath the denturet ehore prevalent among complete
denture wearers. The origin of denture stomattieften multifaceted; nevertheless,
the primary etiological factor is the infection Wyandida species, particularly
Candida albicans (C. albicans). Alongside C. albicans, there are additional risk

factors, including denture-related trauma, subogtimral and denture hygiene,
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continuous or nighttime denture usage, xerostoarid,changes in salivary pH, all of

which have been associated with the developmeti¢niure stomatitis’

In the treatment of oral candidiasis, various antfal medications, including
nystatin, amphotericin, ketoconazole, miconazotej athers, have been integrated
into tissue conditioners and have demonstrated igiogiresults in restraining the
growth of Candida. Nevertheless, the prolongedmproper use of these medications
carries potential adverse effects, such as rena¢patic toxicity, and may also lead to
the emergence of drug-resistant pathogenic fliigi.contrast, the use of natural and
herbal remedies offers several advantages, inaudiost-effectiveness, easy
accessibility, local sourcing, and minimal sideeet§ when compared to synthetic
antifungal agents. Recent trends indicate a growirggerence for herbal medicine

due to its natural origin and the relatively loviresidence of known side effects.

Natural substances such as Tea treeMe gleuca alternifolia), Origanum oil,
and Lemongrass essential dllyfmbopogon citratus) have been investigated for their
potential as antifungal agents and have demondtidsitive results. Additionally,
various inorganic antifungal agents, including silzeolite, silver nanoparticles, and

magnesium oxide, have been subjected to testingwealdation™

The herbaceous perennial shrub knoweBgyrrhiza glabra, or Licorice, is a
member of the Leguminosae family and is native tedNérranean regions and
specific parts of Asia. The root of this plant ®\as the most common source of
Licorice, which finds applications in cosmeticsodlp tobacco products, and both

traditional and herbal medicirfe.
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Licorice has a long history of use in traditionakditine and is among the
most frequently employed herbs. Active compoundsvdd from licorice exhibit
various beneficial properties, including antitum@mtimicrobial, antiviral, anti-

inflammatory, immunoregulatory, and mdre.

Within the oral cavity, licorice is utilized in fors such as mouthwash,
toothpaste, gel, and chewing gum to prevent andeaddoral infections, including
dental caries, periodontal diseases, oral candsdiasnd recurrent aphthous ulcers.
This is due to its substantial antimicrobial effeehess against pathogens suclt&as

mutans, C. albicans, A. actinomycetemcomitans, andP. gingivalis.??

The antifungal characteristics of licorice can btileuted to two of its
bioactive compounds, Licochalcone A and Glabrigwhjch act by inhibiting yeast-
hyphae transition and biofilm formation—two crucitdctors contributing to the

virulence of Candid&*

Incorporating drugs into resilient liners can paitly have adverse effects on
their physical, mechanical, and structural char&ttes. Among the mechanical
properties of resilient liners, special considemtis warranted for sorption and
solubility, as these factors are closely tied ® ithost common issues encountered in
the presence of oral fluids. While in active usese liners come into contact with
saliva inside the oral cavity, and when not in ug®y are exposed to water or
aqueous cleaning solutions. Sorption is the simalvas process of diffusing liquids
from the surrounding environment into the substamcerder to fill the spaces
between the polymer chains. Moreover, the solybdit plasticizers and alcohol in
resilient liners might cause a decrease in theicoglasticity and impact-absorbing

capabilities, which compromises their ability tofesf the required comfort.
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Consequently, the use of interim resilient linesis eventually lead to irritation in the

areas where the denture contacts the moth.

Therefore, this study is undertaken to evaluate ahtifungal activity and

impact on water-sorption & solubility of the soitér when incorporated with

Licorice extract.
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Hypothesis

HYPOTHESIS

NULL HYPOTHESIS:

» Thereisno differencein the anti-fungal activity, water-sorption & solubility of

the denture soft liner incorporated with Licorice (Glycyrrhiza glabra).

ALTERNATIVE HYPOTHESIS:

» Thereisadifference in the anti-fungal activity, water-sorption & solubility of

the denture soft liner incorporated with Licorice (Glycyrrhiza glabra).
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Aim and Objectives

AlM & OBJECTIVES

AIM OF STUDY:

* To evauate the anti-fungal activity against Candida albicans, water-sorption
& solubility of a denture soft liner incorporated with Licorice (Glycyrrhiza

glabra) at different concentrations.

OBJECTIVESOF THE STUDY:

» To evauate the anti-fungal activity against Candida albicans of a denture soft
liner incorporated with Licorice (Glycyrrhiza glabra) at different
concentrations.

* To evaluate the water-sorption & solubility of denture soft liner incorporated
with Licorice (Glycyrrhiza glabra).

* To evauate and compare the antifungal activity against Candida albicans,
water-sorption & solubility of a denture soft liner incorporated with Licorice

(Glycyrrhiza glabra) at different concentrations.
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3)

Review Of Literature

REVIEW OF LITERATURE

Sivakumar et al. (2013) explores the challengescs®d with microbial
colonization of Polymethyl methacrylate (PMMA) alizyresin, extensively
used in denture fabrication. Its susceptibility racroorganisms, notably
Candida albicansand Candida glabrata, colonize dentures, leading to local
issues such as denture stomatitis and systemiesissuch as malodor,
aspiration pneumonia and infectious endocarditisthAr further mentions
ways to mitigate this colonization by incorporatioh substances such as
antimicrobial polymers, biocide-releasing polymeasd polymeric surface

coatings’

Neppelenbroek et al. (2016) highlights denture-gedtl stomatitis as a
prevalent oral condition caused by Candida spmrishtion, emphasizing the
need for effective treatments. Current therapietude topical and systemic
antifungals, oral hygiene measures, and dentur@tarance. Incorporating
antifungal agents into denture materials offereptl benefits in sustained
drug release and improved treatment outcomes. Hemyvawaintaining a

balance between drug efficacy and material progepbses a challenge. More
study on this is crucial to evaluate the bioconiplty and effectiveness of

drug-incorporated denture liners before widespieggilementatior.

Neppelenbroek et al. (2008) investigated the mamagé of denture
stomatitis, focusing on the efficacy of microwavsimfection and antifungal

therapy. Before treatment, all patients' denturesbdred Candida spp.,
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5)

Review Of Literature

highlighting the importance of eliminating thesecrobrganisms to manage
oral infections. Microwave disinfection proved affiee in eliminating

Candida mycelial forms and improving palatal muciod@mmation severity,

suggesting its potential as a therapeutic optioowéver, miconazole used
alone showed limited efficacy, possibly due to dastlike saliva dilution and
Candida resistance in biofilm models. The studyewscbres the significance
of denture hygiene practices and emphasizes the foedurther research to

optimize treatment strategies for denture stonsétiti

Schneid et al. (1992) aimed to evaluate the effeftcombining tissue
conditioners with four different antifungal ageotsthe mechanical properties
and drug release capabilities of the material, wille ultimate goal of
addressing denture stomatitis effectively. The aedeers selected LynaP
Tissue Conditioner and Temporary Reliner as theen@tfor investigation.
They incorporated four representative antifungakrdg into the tissue
conditioner: chlorhexidine, clotrimazole, flucon&goand nystatin, each at
varying concentrations. The results demonstratealt tthe addition of
antifungal agents did not substantially changehrdling properties of the
tissue conditioner, while effectively enhancingsiéa strength and inhibiting

Candida growth in vitrd.

Tari et al. (2007) looked into the relationshipvbe¢n the main fungus that
causes denture stomatitis, Candida albicans, amdnthterials used for soft

denture linings?
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Nevzat@lu et al. (2007) investigated the surface propsert@ denture
materials and their impact dBandida albicans adherence. They examined
four denture base acrylic resins and five silicbased resilient liner
materials, simulating clinical conditions. Surfaceughness measurements
indicated significant differences between materialgth acrylic resins
showing lower roughness compared to resilient $in€fandida albicans
adherence varied based on material type and sufifsish, underscoring the

role of surface characteristics in microbial colmtion on denture materiafs.

Muttagi et al. (2017) explored the effects of immrating seed oils frorh.
usitatissimum, O. sanctum, and C. anthelminticum into soft liners. They
examined parameters such as surface roughnesdungati properties,
wettability, glucose sorption, and weight changeeilf findings demonstrated
that the inclusion of these seed oils led to sigaift reductions irC. albicans
growth, lowered surface roughness, decreased @ua@issorption, and

improved wettability of the soft liner$.

Igbal et al. (2016) explored the existing undemilag of antifungal agents
used in tissue conditioners for managing dentudeded stomatitis (DS).
They found that these agents are efficient andrgéipelo not adversely affect
the physical or mechanical characteristics of tkeut conditioners. Their
analysis suggests that incorporating antifungahtsyto readily available

tissue conditioners holds promise for effectivetgi@ssing DS
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Lima et al. (2016) studied the impact of adding imumm inhibitory

concentrations (MICs) of antifungals to interim dee resilient liners on
water sorption and solubility. They found that irfmarating nystatin (Ny) and
ketoconazole (Ke) at MICs did not significantly olga water sorption after 14
days in water. Additionally, the solubility of botmaterials remained
unaffected by Ny incorporation for up to 14 daysowéver, chlorhexidine
(Chx) incorporation increased water-sorption & sdity in both materials

contrast to the control. Overall, the study sugg#sat incorporating Ny and
Ke at MICs could effectively treat denture stomsitivithout compromising

the liners' physical propertiés.

Graham et al. (1991) conducted an in vivo studyhgidwo commercial
denture liners, finding that both liners supportied presence and growth of
oral fungi, with no significant difference observdmttween them. This
suggests that denture liners should be used caiytiou patients with oral
fungal colonization and not relied upon as stanualtseatments for denture
stomatitis. Further research is recommended tooexglombination therapies

involving antifungal medications.

Gopalkrishna et al. (2016) investigated the anghin efficacy of
Centratherum anthel minticum andOcimum sanctum seed oils against Candida
species, prevalent in oral infections. Both oilfibked strong inhibition of
Candida growth, including the resistant str@inkrusei, with Centratherum
anthelminticum demonstrating higher activity. The study highleght the

synergistic effects of various oil components, swah phospholipids and
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unsaponifiable matter, in enhancing their antifungaoperties. Further
research is necessary to identify and isolate Speattive ingredients for

potential clinical applications in managing orahdaliasis®*

Messier et al. (2012) highlighted licorice rootttgntial benefits in addressing
oro-dental diseases, owing to its diverse bioactempounds like saponins
and flavonoids. Studies suggest licorice's antammatory and antibacterial
properties could be effective in inhibiting oral tipggens and reducing

inflammation in conditions like periodontal dise@s®l dental carie€.

Messier et al. (2011) exploreghndida albicans role in oral candidiasis and
denture stomatitis, emphasizing its virulence fext@and resistance to
antifungal drugs. Licorice root compounds, inclgliicochalcone A and
glabridin, demonstrate antifungal activity agai@stalbicans, inhibit biofilm
formation, and disrupt yeast-hyphal transition. Aiddally, these compounds
exhibit synergy with the antifungal drug nystasumggesting their potential as
adjunctive therapies forC. albicans infections, while maintaining low

cytotoxicity towards oral epithelial celf8.

Garg and colleagues (2016) discovered that theudentiner material
exhibited the maximum water-sorption in distilledater, 5.25% sodium
hypochlorite, and the lowest water sorption in 8$lertificial saliva during
4" 7" and 1Y day intervals. By day 15, however, the data shoavesiersal,
with fake saliva showing the least water sorptiord alistilled water and

5.25% sodium hypochlorite exhibiting the greatésirthermore, soft liner's
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solubility increased with artificial saliva, it deased with 5.25% sodium
hypochlorite, & was highest in distilled water dgithe 4, 7", 11" and 15-

day intervalg®

Hofling et al. (2011) conducted a study comparihg @ntifungal agents
fluconazole & amphotericin-B with proteinase-indis like pepstatin-A,
amprenavirr, & ritonavirr, to assess their effects the production of
proteinases byC. albicans clinical isolates. They also looked into the
effectiveness of plant extracts against C. albiGt its proteinases, such as
Casearia Rosmarinus, Mentha, Tabebuia, Arrabidaed, Arctium. The
findings demonstrated the particular action of ¢hestracts and suggested that
investigating chemicals originating from plants miagult in the development

of new antifungal medicatiorfé.

Bhat et al. (2013) discussed oral inflammation eiséed with Candida,
attributing its occurrence to the transformatiortygfical oral organisms like
Candida into pathogens under conducive conditiofactors such as
immunocompromised status, poorly fitting prosthesgstemic illnesses, and
inadequate denture care by patients contributhisarnbalance, rendering the
oral environment unsuitable for prosthesis weanb@lly, the prevalence of
denture stomatitis due to Candida fungus rangesdsst 65 and 70% among
denture users, wit@. albicans traditionally identified as the primary causative
species, though there has been a recent trend dawearCandida albicans

species?
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Kumar et al. (2018) examined the inhibition @©f albicans growth in resin-
based denture soft lining materials treated wittrmeor garlic through an in
vitro study. Using the streaking method at 2, 4 &ndays, they found that
both neem and garlic application on an acrylic 8nér inhibitedC. albicans.
Compared to the control group, neem and garlic sladopromising outcomes
in combatingC. albicans. This study suggests that neem and garlic couigese
as potential additions to tissue conditioners wuoe C. albicans adhesion,

based on the findings of this in vitro investigatfo

Krishnamoorthy et al. (2019) carried out a studyet@luate the antifungal
effectiveness and tensile strength of tissue cmmdits containing Cocos
nucifera oil. Their findings demonstrated that #uklition of 10% w/w Cocos
nucifera oil to Viscogel tissue conditioner resdltan decreased Candida

colonization and enhanced tensile strength ofitisei¢ conditione?:

Abdallah et al. (2021) conducted a study on denstmmatitis (DS), a
prevalent oral condition associated with Candidacss infection and ill-

fitting dentures. They investigated the effectivnef curcumin, a natural
antimicrobial agent, incorporated into denture fineThe study found that
curcumin-modified denture liners demonstrated redusurface roughness,
improved bond strength, and concentration-dependenifungal activity

against Candida species, suggesting curcumin ageatfal therapeutic option

for DS3*
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Sri et al. (2023) investigated the addition of Giyhiza glabra (licorice) to
soft denture liners to enhance their antimicrokaald anti-inflammatory
properties. Their findings revealed evident antieaal action, particularly at
higher doses of G. glabra, against common oral ciiies such as
Lactobacillus, Pseudomonas, Candida albicans, dreptScoccus mutans.
Additionally, the study observed anti-inflammatomffects, indicating
potential benefits for oral health. Notably, the dification did not
compromise the the soft liners' mechanical and ipaygharacteristics, such
as their wettability, tensile bond strength, & sgd roughness. These results
suggest that G. glabra-incorporated soft-liners Iccowffer improved
therapeutic effects without compromising materigegrity, making them a

promising option for denture and maxillofacial ptessis application®

Asl et al. (2008) extensively discussed the arftaimmatory and
antimicrobial properties of licorice. Glycyrrhizilm major component of
licorice root, has been shown to inhibit the regdiien of various viruses in
vitro. Additionally, licorice contains flavonoidsush as glabridin, glabrene,
and licochalcone A, which exhibit anti-microbialtiaity againstH. pylori &
methicillin-resistantS aureus. Their findings suggest that licorice possess

promising anti-microbial properti€s.

In an attempt to strengthen the antifungal qualitiea short-term denture soft
liner against Candida albicans, Kumarich et al2@®0dooked into using Piper

beetle extract’
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Bulad et al. (2004) investigated the retention,ibiton, and penetration of
Candida albicans into various denture lining materials using in @itnethods.
This involved testing different denture lining mis, including silicone
elastomers and soft acrylic compounds, for theilitglio inhibit C. albicans
growth and retain the fungus on their surfacesuReshowed no significant
inhibition of C. albicans growth by the materials, with varying degrees of
adhesion and penetration observed, influenced bignmahcomposition and

surface characteristicg.

Kawano et al. (1994) examined the solubility angh8on characteristics of 12
denture liners, comprising 9 copolymers, 2 siligrend 1 polyphosphazene
fluoroelastomer (Soft-Pals, Justisoft, VelvesofplMplast-B, Flexor, Novus,
Durosoft, Vermo-Soft, Vinsoft Super Soft, ProTe@dmd Prolastic), over
periods ranging from 1 week to 1 year. The studieated that after'7day,
Molloplast-B, Flexor, Prolastic soft, & Durosoft mtere liners exhibited a
sorption value of 0.8mg/mm?. Interestingly, afteeoyear, the sorption value
decreased for Prolastic and Molloplast-B soft kneompared to the initial

measuremerit

Parr et al (2002) conducted an investigation toessshe alterations in
material properties of two novel resilient dentlintng materials employing
different polymerization methods (auto-polymerieati and conventional
laboratory processing). The findings indicated tthet laboratory-processed

material exhibited elevated stiffness values, whHialther increased after one
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week of water immersion. After six months and oeary the water sorption
rates for both products were found to be similatedestingly, at 30 days, six
months, and one year, significantly lower solupiltas observed for auto-

polymerized resin$!

Dong et al. (2015) explores the medicinal and itrtkispotential of licorice
root, focusing on its bioactive compounds, suctriterpene glycyrrhetic acid
(GA) and flavonoids (LF). The study investigatese tladsorption and
desorption behaviors of macroporous resins in etitrg flavonoids from
licorice leaves, finding that these resins exhibdmparable adsorption
capacities and are influenced by factors like atharoncentration and

temperaturéd’

The solubility and water sorption of two soft lisgWiscogel (an acrylic-based
soft liner) and Mollosil (a silicone-based softdi), were evaluated and
compared by Jawbal et al. (2017) in artificial waliand distilled water at
intervals of seven days, thirty days, and three ttrnThey came to the
conclusion that, in both artificial saliva and pusater, Viscogel showed

higher rates of absorption and solubility than Msil at all timeg'®

Kazanji et al. (1988) investigated the impact osilient denture liner
materials' on their level of softness, focusingatinical relevance. Findings

suggest that thickness significantly impacts sefnep to 1.8 mm, while

Page 22



Review Of Literature

boxing-in shows minimal clinical significance onfte@ss but potentially
improves material bonding. Additionally, storagefeafs softness, with

plasticizer leaching potentially altering matepabperties over time”
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MATERIALSAND METHODOLOGY

SOURCESFOR DATA ASSISMILATION:

This study was conducted in

1) KAHER’s KLE VKIDS, Department of Prosthodontics aGdown & Bridge,

Belagavi (for preparation of test specimens)

2) Department of Microbiology, Jawaharlal Nehru Medli€allege, Belagavi

(formicrobiological procedures)

3) College of Pharmacy, Belagavi [for standardizatbhicorice (Glycyrrhiza

glabra) extract]

4) Dr. Prabhakar Kore’'s KLE VK IDS, Belagavi (for watsorption &

solubility)

INCLUSION CRITERIA

1) Specimens of identical dimensions.

2) Specimens free of voids.

EXCLUSION CRITERIA

1) Specimens of inaccurate dimensions.

2) Specimens with gross visual porosities.
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ESTIMATION OF SAMPLE SIZE

The following formula was used to check the sanspte:

_(zapt z1_5) (SD? + SD2)

(X1 — x2)?

At 95% confidence level,Z;»= 1.96

At 95% power 43=1.64

n = Sample size

Antifungal group

Standard deviation in thé'froup, S1 = 0.83
Standard deviation in thé"’Zgroup, S2=0.54
X1 =19.8

%, =19.4

n =80

Water sorption & Water solubility

Standard deviation in thé'froup, S1 = 12.1
Standard deviation in thé2group, S2 = 21
%, =53.1

%, = 60.6

n =136
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Sample size for Antifungal activity

SAMPLE SIZE

TOTAL SAMPLE (228)

\

ANTIFUNGAL WATER-SORPTION &
SOLUBILITY (144)

(84)
TOTAL SAMPLE (228)
N\ \ 4
Soft liner + Licorice _
e h \abra) Soft liner
rrhiza ra
ycyl g (n=42)
(n=42)
N4
5wt% (14)

10Wt% (14)
15Wt% (14)

Zone of inhibition was checked at the end 8fday, 7" day and 14 day.

Total of 84 samples were taken to assess the mgéfiefficacy. The samples were
divided into 2 groups. They are:

Group 1: Control group(soft liner powder and liguid

Group 2:G. glabra (licorice) incorporated in soft liner

Group 2 was further divided into 3 subgroups ofamariration 5%(2a), 10%(2b) and
15%(2c) concentration with 14 samples each.
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Sample size for water-sorption & solubility

WATER-SORPTION & SOLUBILITY (144)

v

Study group

v

v

N

v

Control group

Soft liner + Soft liner + Soft liner +
Licorice Licorice Licorice
Glvevrrhiza (Glycyrrhiza (Glycyrrhiza :
(Glycy glabra ) (10%) glabra ) (15%) Soft liner
glabra) (5%) (n=36) (n=36) (n=36)
(n=36) a
1 day(12) 1 day(12) 1 day(12) 1 day(12)
7 days(12) 7 days(12) 7 days(12) 7 days(12)

14 days(12)

14 days(12)

14 days(12)

14 days(12)

To check for water sorption and solubility, samples were distdbate 4 groups of

36 samples each.

Group 1: Control group(soft liner powder and liquid)

Group 2:G. glabra (licorice) incorporated in soft liner

Group 2a: 5%. glabra (licorice) incorporated in soft liner

Group 2b: 10%6. glabra (licorice) incorporated in soft liner

Group 2c: 15%:. glabra (licorice) incorporated in soft liner
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MATERIALSUSED IN STUDY

MATERIALS DESCRIPTION MANUFACTRER
G. Glabra (Licorice) Powder extract Natural Remedies Pri\ate
GC Soft liner 1609031 GC Corp. Tokyo, Japan
Sabouraud Dextrose agar LOT D18J14200-TR-13C Hitenedumbai
Candida albicans strain 90028 MTCC No. 2091
Petri plates PWO011 Hi-media
Absorbent papers - India mart
Silica gel Silica gel packs Silica gel products rofg Gujarat
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ARMAMENTARIUM:

Bacteriological incubator — Biotechnics India (B29)

Digital analytic balance: UniBloc (AUW220D) and Keand Sohn GmbH-
(240-3N)

Desiccator (ABG Initiative, BO79555LFD)

Disk shaped metal molds of dimension 50mmx0.5mm

Eppendorf microtiter pipette (1000 and 100 pl)

Mixing jar and spatula — Prime Dental Products Pid.

Sterile cork borer

Dappen dish

Metallic scale

Glass beaker
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DETAILS OF THE PROCEDURES CONDUCTED DURING THE
RESEARCH
TO CHECK FOR THE ANTIFUNGAL PROPERTY IN DENTURE SOFT
LINER:>

Candida albicans (ATCC 90028) strain was obtained from the Depantinué
Microbiology, Jawaharlal Nehru Medical College, &gdvi. The obtained strain was
subcultured on Sabouraud dextrose agar plates meubated at 37°C. Th€.
albicans suspension after 24hours of incubation was themdnwith sterile saline to

a density of 0.5 McFarland to standardize the coimagon.

Well-diffusion method was used to evaluate thefangjal efficacy. Petri
dishes of 90mm diameter were used and was fillati ®abouraud dextrose agar.
Candida albicans inoculum was streaked on these culture plategusminoculation
loop. After the inoculum dries, wells of diameteni® and depth 5mm were made on
the culture plates with a sterile cork borer. (Aopistudy was conducted which
concluded that, 5% d&. glabra in soft liner showed the minimum inhibition zonke o
10mm agains€Candida albicans) Soft liner powder of different concentrations58b,
10%, 15%, and liquid were mixed to the ratio primsat by the manufacturer for 30
seconds in a sterile jar using a sterile spatuee punched wells were then packed
with this mixture.14 samples were punched for eeshcentration (5%,10%,15%)

and the same was done for the control.

Then the agar plates were placed in an incubataats®/ degrees Celsius for
14 days. The diameter of the inhibition zone (DIZ) was measured at the end of the
third, seventh and fourteenth day using a scale. mbasured DIZ was subjected to

statistical analysis.
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TO CHECK FOR THE WATER-SORPTION & SOLUBILITY IN SOFLINER:"

M aster diefabrication

The specimens were made using a metal die thaturezhsliameter of 50mm &

thickness of 0.5mm. It was made in compliance WA spec. 12.

N T e

— m—
D=50 mm

Sample fabrication

The soft-liner powder of control and of the differeoncentrations (5%, 10%,
15%) was mixed with the liquid as stated by the afiacturer. This mixture was then
applied to the metal die. Thus 144 samples, 36 Emmip each group (50mm in
diameter and 0.5mm thick) were fabricated. Aftdtisg, the disks were submerged
in artificial saliva and placed in an incubatoB@tC for 3 evaluation periods: 1 day, 7

days, and 14 days.

Water -sor ption & Solubility assay:

Assays for solubility and sorption were conductedcompliance with 1SO
standard #10139-2. Specimens were placed in a gjétfilled desiccator and kept in
an incubator at 37°C to desiccate. Using a comizat@ranalytical balance, each
specimen was weighed every day until a consisteagsnwas achieved. When the
difference between the average of each assessniental was less than or equal to
0.0002g during a 24-hour period, the specimenssmeas deemed stable. Following

the estimation of the initial mass (wl), the spemisiwere incubated for one day (24
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hours), seven days, and fourteen days, with 36 kmmgach, in a sterile beaker

containing 250 ml of artificial saliva at 37°C.

The artificial saliva was made-up of the followisgmponents: 0.1g NacCl,
0.1gKClI, 0.345g NaH2PO4, 0.198g C&€lO, 0.25g urea. All the measured
components were then mixed in 250ml of distilledevan a beaker and maintained
at a pH of 7 using a pH meter. After that, absotlpapers were used to remove any
remaining saliva from the specimens until there wagonger any obvious moisture
present. After the specimens were taken out ofatttificial saliva (w2), they were
allowed to air dry for an additional fifteen secerzkfore being measured once more.
It indicates the specimen's weight following theaiption of synthetic saliva. Lastly,
all specimens underwent the previously outlinedod®®n process using silica gel
once more, and they were weighed once more (w3)et&orption values were

determined using the following equations:

Water sorption (w2-w1)/V

Solubility values were determined using the follogvequations:
Solubility (wl-w3)/V

wl is the initial mass weighed after the first dry

w2 is the specimen mass after immersion in ardfisaliva

w3 is the specimen mass after the second desornptaness V is the volume
of the specimen which is constant for all the specis and is calculated using the
formula V ar3h, r is the radius, and h is the thiess of the specimen.

this, V = 981.75mm3

The results obtained were then subjected to statistnalysis.
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Glycyrrhiza glabra (Licorice) extr act

ExtractGlycyrrhiza glabra (Licorice) is obtained from Natural Remedies, Balnge.

\.'./
@

» Kosher
natural certified
QUAUTY CONTROL DEPARTMENT

| CERTIFICATE OF ANALYSIS|

Product name . Glyoyrrhiza glabra extract Batch No. . FGG2102003
2 12% Glycyrrhizin ULR No. :  TC4005210000001265P
Botanical name . Glyoyrrhiza glabra Lab Reference /Report No. : FP2102034
Product code : NRGGE2 Date of Report : 19.022021
Part used :  Root Mfg. date :  February 2021
Extract ratio s b | Retest date :  February 2023
Solvent used :  Methanol, water Country of origin :  India
Excipients : Nil Type of extract :  Powdered extract
Specification No. :  NR/QCD/SSPC/GG1296/001
TEST RESULTS
% TESTS SPECIFICATION RESULT TEST PROTOCOL
1 Description Light brown to brown, Light Brown “isual
hveraccanic nawdar hveraccanic nawdar
Bygroscepic powder BYSFOOPIK powaer
2. Identification To pass the test Passes the test ByTLC
3. Loss on drying (%w/w) <50 37 As per USP <921> Method ITI
4. Acid insoluble Ash (%ow'w) <30 03 As per USP <561>
s, Bulk density (g/cc) 0.20-080 047
As per USP <616> Method — I
6. Tapped density 0.40-1.00 0.74
7. Material passing through 30# BS/35 ASTM (%w/'w) >99.0 100 As per USP <786>
Particle size distribution
8. Heavy Metals
Lead <3.0 ppm 0.05
Arsemic < 2.0 ppm 034
Cadwion <20 ppm <008 KEAS
Mercury <0.1 ppm <0.05
9. Microbiology Test
Total aerobic microbial count <10* cfu g* 10
Total yeast and mould count <10* org g™*' No growth
Bile tolerant gram negative bacteria <10° fs g* <1
E coli Absent/g Absent Aspor USP <S1> &<i>
Saimonella species Absent/10g Absent
S aurews Absent/g Absent
10.  Aflatoxins (B,+By+G,+Gy) <5.0 ppb Not Detected As per USP
(LOD: 2ppb) Test for Aflatoxins
1L Residual solvent analysis
Methanol (ppm) <3000 75 As per USP
12. Pesticide residue analysis To comply with USP <S65> Complies As per AOAC/USP
13. Phytochemical Analysis
Glycyrrhizin (% w'w) =120 126 By HPLC
Remarks: The above referred batch conforms to the specification of Ghcyrrhiza glabra extract (= 1290Glycyrrhizin) with respect to above mentioned
tests.
Storage : The product should be stored in well closed containers, protected from light, moisture and heat, at a temperature between 18°C and 30°C.
A
AUTHORISED SIGNATORY
DATE:01.12.2021

Natural Remedies Private Limited
Office & R&D
CIN No: U24232KA1998PTC023573
5B, Veersandra Industrial Area, Hosur Road, Electronic City Phase 2, Bangalore 560100. Karnataka — INDIA
Tel: 91 8040209999/8/7,27382265, Fax: 91 80 40209817, Web: www.naturalremedy.com
E-Mall: gc@naturakremedy.com, info@naturalremedy.com
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TO CHECK FOR THE ANTIFUNGAL PROPERTY

Candida albicans suspension will be obtained and antifungal
susceptibility test will be done by well diffusion method.

J

Mueller-Hinton agar will be prepared and poured in 90mm diamef
petri plates.

.

Culture plates will be streaked with inoculum and inoculuthivei
dried.

T

er

Wells will be punched (6mm diameter, 5mm depth) with stdxdrer.

U

Mueller-Hinton agar will be prepared and poured in 90mm diamet
petri plates.

J

Polymer of Group B will be mixed with monomer of soft liner
according to manufacturer instruction and be placed into the pung
wells at concentrations of 5%, 10%, 15%. Group A (GC Soft Line

will be mixed same and act as a control.

U

hed

=
N

Agar plates will be incubated at 37°+1°C for fourteen days.

T

Diameter of inhibition zone will be measured with metadkiale after
first, seventh and fourteenth day.
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TO CHECK FOR THE WATER SORPTION AND SOLUBILTY™

Fabrication of the disk-shaped specimens of dimensions 50 mmx0.5
mm.

U

Specimens will be dried in a desiccator using silica gel@n
temperature

U

Disks will be weighed daily to an accuracy of 0.001g usibglancer.

T

Specimens will be weighed daily until a constant mass &irudd
(0.002 g over 48 hours) w1.

U

Specimens will be subjected to desiccation again asougy done.

T

Specimens will be weighed after the specified time (w3).

T

Water-sorption & solubility will be calculated separatilywater and
artificial saliva using the formulae:
Water sorption = (w2-w1)/V Water solubility = (w1-w3)/V
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Figure 2: Soft liner

Page 36



Materials And Method

Figure 3: Soft liner with different concentration

Figure 4: Candida albicans strain
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Figure5: Streaking of Candida albicans inoculum on the Saboraud dextr ose

agar

Figure 6: Wells of 6mm diameter and 5mm depth punched
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Figure 8: Punched wellsfilled with soft liner
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Figure 9: Incubator

Figure 10: Soft liner with control, 5%, 10%, and 15% G. glabra on day 3
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Figure 11: Soft liner with control, 5%, 10%, and 15% G. glabra on day 7

Figure 12: Soft liner with control, 5%, 10%, and 15% G. glabra on day 14
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Figure 14: Specimens of controlgroup for water-sorption & solubility for day 7

Figure 15: Specimens of controlgroup for water-sor ption & solubility for day 14

Page 42



Materials And Method

Figure 16: Specimens of 5% G. glabra group for water sorption and solubility for

day 1

Figure 17: Specimens of 5% G. glabra group for water sorption and solubility for

day 7

Figure 18: Specimens of 5% G. glabra group for water sorption and solubility for
day 14
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Figure 19: Specimens of 10% G. glabra group for water sorption and solubility

for day 1

Figure 20: Specimens of 10% G. glabra group for water sorption and solubility

for day 7

Figure 21: Specimens of 10% G. glabra group for water sorption and solubility
for day 14
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Materials And Method

Figure 22: Specimens of 15% G. glabra group for water sorption and solubility

for day 1

Figure 23: Specimens of 15% G. glabra group for water sorption and solubility

for day 7

Figure 24: Specimens of 15% G. glabra group for water sorption and solubility
for day 14

Page 45



Materials And Method

Figure 25: Weighing of the Figure 26: Specimens placed in the
specimensin digital analytic desiccator
balance

Figure 27: Specimensin artificial saliva
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Results

RESULTS

The present study was conducted to evaluate th&uragal activity, water

sorption, and solubility of soft liner incorporatedth Glycyrrhiza glabra.

Statistical analysis

The acquired data was input into a Microsoft Exgetksheet. SPSS version
25.0 statistical software was used to analyze #tae.d’he fundamental characteristics

of the data were described using descriptive $itzis

Generalized linear models (GLM) analysis was penfmt on Anti-Fungal
activity (as the data assumptions were violatetip dlata was expressed in terms of

mean and standard deviation.

As the data assumptions of normality was met by Wheter Sorption and

Water Solubility, Mixed-model analysis was carriad.

Dependent t-test was used for comparison of 3 graugh MIZ in millimetres
(mm) at different time intervals. Comparison of tBeexperiment groups with the
mean antifungal score at different time points €ay7, and 14) was done by mixed

method models.

Comparison of 4 groups and 3 different time pofatsys 1, 7, and 14) with

mean water sorption and solubility was done by ohixeethod models.
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Results

Comparison of Anti-Fungal activity between 5% Glycyrrhiza glabra, 10%

Glycyrrhiza glabra and 15% Glycyrrhiza glabra

DESCRIPTIVE STATISTICS

Table 1. Mean and standard deviation of anti-fungal groups.

Experiment Group Mean + SD
Day 3 14.67 £ 4.822
Day 7 9.29 +4.341
Day 14 3.74 + 3.246
5% Glycyrrhiza glabra 4.9+4.05
10%Glycyrrhiza glabra 8.33+4.23
15%Glycyrrhiza glabra 14.45+5.61
9.23+6.11
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Results

Table 2: Mean and standard deviation of anti-fungal activity in group over time.

Anti-fungal activity

Days Interventions
5% Glycyrrhiza glabra | 10%Glycyrrhizaglabra | 15% Glycyrrhiza glabra
(Mean £ SD) (Mean £ SD) (Mean £ SD)
Day 3 9.64 +1.082 13.57 £1.016 20.79 +1.528
Day 7 5.07 £ 0.829 7.79 £0.893 15+1.109
Day 14 0+0 3.64 +1.082 7.57 +£1.089

The control group exhibited no antifungal activitgerefore, it was excluded

from the analysis.

The mean values of the diameter zone with respeate within and between

the groups are presented in the table. The GLM inadelysis revealed a evident

mean difference in the effectiveness among alletly®ups. A evident decrease was

observed in all three intervention groups afternd 44 days compared to Day 3.

Furthermore, the diameter zones showed a evideaopgnfluence with time.
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Results

Table 3: Mean Comparison of Antifungal activity on Day 3, Day 7 and Day14.

Days Day 3 Day 7 Day 14
(Mean £ SD) (Mean + SD) (Mean + SD
14.67 + 4.822 9.29 +4.341 3.74 £ 3.246
Day 3

Day 7 -5.38 p<0.001* -

Day 14 | -10.93 p<0.001* 5.55 p<0.0017

A statistically evident value is p<0.05*.

The GLM model indicated a evident difference in meeacross all three time
periods. There was a notable decrease in the m@dongal activity values across
the three time periods (Day 3, Day 7, Day 14), patelent of groups, with p<0.001.
The antifungal activity decreased over time, witayD3 showing higher activity

compared to 7 & 14" day.
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Table 4: Mean Comparison of Antifungal activity among three different groups.

Groups 5%Glycyrrhiza 10%Glycyrrhiza | 15%Glycyrrhiza
glabra glabra glabra
(Mean = SD) (Mean = SD) (Mean = SD)
4.9 +4.05 8.33+£4.23 14.45 +5.61
5% Glycyrrhiza glabra
10%Glycyrrhizaglabra | 3.43 p<0.001*
15% Glycyrrhiza glabra 9.55 p<0.001* 6.12 p<0.001*

A statistically evident value is p<0.05*.

Pairwise Comparison of Mean Antifungal Activity Amg Three Groups. The

GLM model revealed a evident difference in meaiifamgal activity among the three

groups (5%, 10%, and 15%), independent of time tpoifithe antifungal activity

values increased in ascending order as followsx5P@% < 15%.
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Results

Graph 1: Mean comparison of Anti-fungal among different
groups across different time points
25
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e 10% Glycyrrhiza glabra
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Results

Table 5: Comparison of Mean Antifungal Scores Across Three Experimental

Groups (5%, 10%, and 15%) at Various Time Points.

Mean Day 3 Day 7 Day 14
10% - 5% 3.929 p<0.001* 2.714 p<0.001* 3.648.p01*
15% -5% | 11.143 p<0.001f  9.929 p<0.001f 7.570.p01*

15%-10% | 7.214 p<0.0014  7.214 p<0.001* 3.929.001*

Pairwise Comparison of Antifungal Scores Among fheree Groups at
Different Time Points indicates a evident meanedéhce among each pair of groups

at every time point, with p<0.05.

Page 53



Results

Table 6: Comparing mean differencesin time points among groups

Experiment Group Day (3 -7) Day (14-3) Day (7-14)
5% Glycyrrhiza glabra 4.57 £0.938 9.64 +1.08 5.07+£ 0.83
10% Glycyrrhiza glabra 5.79+0.98 9.93+0.73 414 +1.03
15% Glycyrrhiza glabra 5.79+0.89 13.21 +£1.53 7.43+£1.02

Mean
10% - 5% 1.214 p<0.001 * 0.286 p=1.0 -0.929 pea*
15% - 5 % 1.214 p<0.001*  3.571p<0.001*  2.357.p8Q*
15% - 10 % 0.00p=1 3.286 p<0.001* 3.286 p<0.00

The analysis of mean differences in time points @mgngroups revealed

statistically evident differences between the 3td, and 14th days.
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Results

Table 7: Comparison of different treatment time points with mean Antifungal

scoresin three experiment groups (5%, 10%, 15 %) by dependent t-test.

EXg?gS;)em Days (Mean £ SD)| (Mean = SD) Di1|f % of change-value | p-value
DAY 3 | 9.64 +1.082
4,571 +0.938 -47.41 18.243 <0.001*
DAY 7 | 5.07 +£0.829
5% DAY 3 | 9.64 £1.082
Glycyrrhiza 9.643 +1.082 -100 33.35 <0.001*
glabra DAY 14 00
DAY 7 | 5.07 £0.829
DAY 14 0+0 5.071 + 0.829 -100 22.89  <0.001*
DAY 3 | 13.57 £1.016
DAY 7 | 7.79 +0.893 5.78 £ 0.975 42.59 22.204 <0001
10% DAY 3 | 13.57 £1.016
Glycyrrhiza
glabra DAY 14 | 3.64 +£1.082 9.929 +0.73 73.16 50.88 <07001
DAY 7 | 7.79 £0.893
DAY 14 | 3.64 +1.082 414 +1.027 53.14 15.092 <@0(
DAY 3 | 20.79 +1.528
DAY 7 15 +1.109 5.786 + 0.893 -27.83 24.25  <0.001*
15% DAY 3 | 20.79 £ 1.528
Glycyrrhiza
glabra DAY 14 | 7.57 £1.089 13.214 +1.528 -63.5 32.35 €00
DAY 7 15+ 1.109
DAY 14 | 7.57 +1.089 7.429 +1.016 -49.52 27.341 08Qr

p<0.05 * is statistically evident.

A comparison of Days 3, 7, and 14 with respect t& M all three groups

(5%, 10%, and 15%) was conducted using dependtsdtd- Statistically evident

differences were observed between all days actbgsaps, with p<0.001***,
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Results

Table 8: Pair-wise comparison of four groups and three time points with mean

Anti-Fungal activity.

™ ~ 3 ‘; ’; i ‘; '; ~
T | |z | 8| &| &8 & | &8 |Z
. o) o e ()] e
Anti- £ £ < =2 =2 £ = 2 | £
Fungal | 'S E S - - = - = | 3
activity 8’ 8’ 8) g (io) 8 g g 8
- S = T =T - B - R -+
5% Gg
with Day | ----
3
5% Gg | 4.57
with Day | p<0.00| ----
7 1*
5% Gg 9.64 5.07
with Day | p<0.00| p<0.00| ----
14 1* 1*
10% Gg | 3.93 8.5 13.57
with Day | p<0.00| p<0.00| p<0.00| ----
3 1* 1* 1*
10% Gg | 1.86 2.71 7.79 5.79
with Day | p<0.00| p<0.00| p<0.00| p<0.00| ----
7 1* 1* 1* 1*
10% Gg 6.0 1.43 3.64 9.93 4.14
with Day | p<0.00| p<0.00| p<0.00| p<0.00| p<0.00| ----
14 1* 1* 1* 1* 1*
15% Gg | 11.14 | 15.71 | 20.79 | 7.21 13 17.14
with Day | p<0.00| p<0.00| p<0.00| p<0.00| p<0.00| p<0.00| ----
3 1* 1* 1* 1* 1* 1*
15% Gg | 5.36 9.9 15 1.43 721 | 11.36 | 5.79
with Day | p<0.00| p<0.00| p<0.00| p<0.00| p<0.00| p<0.00| p<0.00| ----
7 1* 1* 1* 1* 1* 1* 1*
15% Gg | 2.07 2.5 7.57 6.00 0.21p 3.93 | 13.21 | 7.43
with Day | p<0.00| p<0.00| p<0.00| p<0.00 :'0 55 p<0.00| p<0.00| p<0.00| ----
14 1* 1* 1* 1* ' 1* 1* 1*

p<0.05 * is statistically evident.

When conducting a pair-wise comparison of four g@cross three time
points with mean anti-fungal activity, all group$iosved statistically evident

differences at all time points.
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Comparison of Water Sorption between Control, 5% Glycyrrhiza glabra, 10%

Glycyrrhiza glabra and 15% Glycyrrhiza glabra.

DESCRIPTIVE STATISTICS

Table 9: Mean and standard deviation of water-sor ption groups.

Water Sorption (Mean + SD)

Day 3 119.16 + 48.17

Day 7 155.34 + 56.74

Day 14 191.70 + 59.63
Control 74.19 £ 20.00
5% Glycyrrhiza glabra 149.53+ 39.05
10% Glycyrrhiza glabra 176.18 £ 32.73
15% Glycyrrhiza glabra 221.70 £ 32.31
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Results

Table 10: Mean and Standard Deviation of Water Sorption for Groups Over

Time.

WATER SORPTION

Timeline Interventions

. 10% 15%
0,
Control > A)Gll)égghlza Glycyrrhiza Glycyrrhiza
" 45D 9 glabra glabra
(Mean + SD) (Mean = SD)

(Mean £ SD) | (Mean = SD)

Day 3 55.17 +£5.49 100.31 + 4.99 13716 £544 (033+5.79

Day 7 67.91 +7.98 155.99 * 9.44 176.55+5.85 @P& 7.07

Day 14 99.51 + 6.56 192.31 £7.33 214.84 +7)29 .PB& 8.73

The mean values of water sorption with respedme within and between the
groups are displayed in the table. The mixed ANOMAdel analysis revealed a
evident mean difference in the effectiveness amalhdour groups. There was a
notable increase in water sorption observed ithadle intervention groups after 7 and
12 days compared to Day 3. Additionally, there wmasvident effect of group and

time on water sorption.
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Graph 2: Mean comparison of Water-Sorption among different groups
across different time points
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Results

Table 11: Mean comparison of Water sorption among four different groups.

_ 5% Glycyrrhiza | 10% Glycyrrhiza | 15% Glycyrrhiza
Water-Sorption Control
glabra glabra glabra
74.19 £ 20.00 149.53+ 39.05 176.18 +32.73  221.32.81
Control
5% Glycyrrhiza 75.34
glabra p< 0.001*
10%
o . 101.90 26.65
ycyrrhiza
" <0.001*
glabra p<0.001 P
15%
_ 147.50 72.16 45.52
Glycyrrhiza
p<0.001* p<0.001* p<0.001*
glabra

The Mixed ANOVA model indicated a evident differenin mean water

sorption among all four groups (Control, 5%, 10%d d45%), independent of time

points. The water sorption values increased inrating order: Control < 5% < 10%

< 15%.
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Table 12: Mean comparison of water sorption on Days 1, day 7 and Day 14.

Day 1 Day 7 Day 14
Water-Sorption
(Mean + SD) (Mean + SD) (Mean £ SD)
Days
119.16 +48.17 155.34 £+ 56.74 191.70 £ 59.63
Day 1
36.17
Day 7
p<0.001*
72.54 36.37
Day 14
p<0.001* p<0.001*

The Mixed ANOVA model revealed a evident differeneeneans across all

three time periods. Additionally, there was a emidencrease in the mean water

sorption values across these three time periodg (D®ay 7, Day 14), independent

of groups, with p<0.001. Furthermore, the analg&monstrated that water sorption

increased over time, with the mean values showipgogression from Day 1 to Day

14 as follows: Day 1 < Day 7 < Day 14.
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Table 13: Comparison of Four groups (Control, 5%, 10% and 15%) with mean

W ater -Sor ption scores at different time points.

Time Day 1 Day 7 Day 14
Water - Sorption Difference

5% - control 45.141 88.08 92.79 p<0.001*
p<0.001* p<0.001*

10 % - control 81.992 108.645 115.33 p<0.001*
p<0.001* p<0.001*

15% - control 128.86 153.00 160.66 p<0.001*
p<0.001* p<0.001*

10% - 5% 36.85 p<0.001* 20.56 22.534 p<0.001*
p<0.001*

15% -5 % 83.716 64.92 67.86 p<0.001*
P<0.001* p<0.001*

15% - 10 % 46.865 44.36 45.33 p<0.001*
p<0.001* p<0.001*

A statistically evident value is p<0.05*.

A pairwise comparison of all four groups with Wa&orption scores at
different time points revealed evident mean diffee among each pair of every

group at time point with p<0.05.
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Table 14: Comparing mean differ ences between time points among groups.

Water -sorption Day (7-1) Day (14-7) Day (14-1)
Control 12.73+7.78 31.60+4.4 44 34 +6.6]7
5% 55.68 +8.71 36.33+5.93 92 +6.90
10% 39.39+ 7.65 38.29 +7.27 77.68 +8.08
15% 36.88 + 8.46 39.26 £+ 9.72 76.14 +9.24
5% - control 42.947 4,711 47 .65
p<0.001* p=0.116 p<0.001*
10 % - control 26.653 6.68 33.342
p<0.001* p =0.047 p<0.001*
15% - control 24.15 7.657 31.87
p<0.001* p=0.168 p <0.001*
10% - 5% -16.29 1.977 -14.32
p<0.001* p =1.00 p<0.001*
15% -5 % -18.8 2.947 -15.852
p=0.002* p=1.00 p=0.01
15% - 10 % -2.504 p=1.00 0.969 -1.54
p =1.00 p=1.00

A statistically evident value is p<0.05*.

The table presents mean water sorption values #fetethces between time
points for four groups (Control, 5%, 10%, and 15%tntistically evident differences
were found between groups at various time poinith motable increases observed in

water sorption over time for each group.
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Results

Table 15: Comparison of different treatment time points with mean Water-

Sorption in four groups (Control, 5%, 10%, 15 %) by dependent t-test.

(Mean £SD)| % of t- i
Days (Mean = SD) Diff change | value p-value
DAY1 | 5517+549

low7 | ereiires 12.74+7.78| 23.09| 5671 <0.00
SAAJ 114 ggg : 2";2 4434+6.67| 80.36| 23.001 <0.00
SAAJ 174 gg'zi t 222 31.60+4.44] 465 | 2468 <0.00
Bﬁi ; igg'g; f 3'22 55.68+8.71] 555 | 22.12 <0.00

506 i
Glycyrrhiza 5:\\:( 114 182'21 N ‘7"25 92+6.90 | 917 | 46.15 <0.001

glabra o= = L
[')3/@(174 igg'zi N 3';16 36.31+593 2327 212 <0.00
gﬁi ; i%ég : 2'2‘5‘ 39.39+7.65 2871 17.88 <0.00

10% 99 2 9.
Glycyrrhiza [?AAJ 114 i:éi _i75'2‘t4 77.68+8.03| 56.63| 33.49 <0.00

glabra — T o
[5)/@(174 Zi'gi * i'gg 38.29+7.27| 21.68| 1822 <0.00
Bg ; 1282‘:)'%213 1756779 36.88+846| 2004 15.08 <0.00
+

15% 917
Glytltgghiza [?AAJ 114 128:(')01273f§'7739 76.14+924| 41.38| 2851 <0.00

glabra 178
[E)/@( 174 iég% : g'% 39.26+9.72| 17.77| 13.98 <0.00

1*

Comparison of different days on Days 1 ,7 and 1th wespect to Water-

Sorption in all 4 groups (Control, 5%, 10% and 159} done by dependent t-test. A

statistically evident difference (p<0.001***) wasbserved among all groups

throughout all days.c
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Results

Table 16: Pair-wise comparison of four groups and three time points with mean water sor ption.

Water Control | Control | Control | 5% Gg | 5% Gg | 5% Gg | 10% Gg | 10% Gg | 10% Gg| 15% Gg| 15% Gg | 15% Gg
Sorption Day 1 Day 7 Day 14 Day 1 Day 7 Day 14 Day 1 Day 7 Day 14 Day 1 Day 7 Da 14
Control
Day 1
Control 12.73
Day7 |p<0.001%|
ControlDay| 44.34 31.6
14 p<0.001%| p<0.001*|
5% Gg Day 45.14 | 32.40 | 0.7992
1 p<0.001%| p<0.001*| p=0.725|
5% Gg Day| 100.82 | 88.08 | 56.48 | 55.68
7 p<0.001*| p<0.001*| p<0.001*| p<0.001*|
5% Gg Day] 137 124 92.7 92 36
14 p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*|
10% Gg 82 69.5 | 37.65 | 36.85 | -18.83 | -55.14
Day1l |p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*|
10% Gg | 121.38 | 108.64 | 77.04 | 76.24 | 2055 | -15.75 | 39.39
Day7 | p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*|

Page 65




Results

10% Gg | 159.67 | 146.93 | 11533 | 11453 | 58.84 | 2253 | 77.68 | 38.29

Day 14 | p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*|

15% Gg | 128.85 | 116.11 | 8451 | 83.71 | 28.02 | -8.28 | 4686 | 7.47 | -30.81

Day1l |p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*|

15% Gg | 165.74 | 1530 | 1214 | 12060 | 6491 | 286 | 83.75 | 4436 | 6.07 | -36.88

Day7 | p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*|

15% Gg | 205.00 | 192.26 | 160.66 | 159.86 | 104.17 | 67.86 | 123 | 83.62 | 4533 | 76.14 | 39.26

Day 14 | p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*| p<0.001*|

A statistically evident value is p<0.05*.

When pair-wise comparison of four groups and thme® points with mean water sorption, all the greu@ad shown statistically evident

differences at all the time.

Comparison of Water solubility between Control, 5% Glycyrrhiza glabra, 10% Glycyrrhiza glabra and 15% Glycyrrhiza glabra
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Results

DESCRIPTIVE STATISTICS

Table 17: Mean and standard deviation of water-solubility groups.

Water Solubility (Mean + SD)
Day 1 25.18 £5.077

Day 7 28.62 £4.94

Day 14 31.61+491
Control 21.96 £3.14

5% Glycyrrhiza glabra 26.76 £ 2.90
10% Glycyrrhiza glabra 30.20 £ 2.63
15% Glycyrrhiza glabra 34.96 £3.21
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Table 18: Mean and Standard Deviation of Water Solubility for Groups Over

Time.
WATER - SOLUBILITY
Days Interventions

5% 10% 15%
Control Glycyrrhiza Glycyrrhiza Glycyrrhiza

glabra glabra glabra

(Mean £ SD)

(Mean £SD) | (Mean £SD) | (Mean £ SD)
Day 1 18.38 +1.28 23.53+1.21 27.27 £1.00 313495
Day 7 22.44 +1.63 26.67 +1.04 30.10 £ 0.84 333170
Day 14 25.08 £1.26 30.09 £ 0.89 33.25+0.91 3&0568

The mean values water solubility with respect moetiwithin and between the
groups are shown in the table. Mixed Anova modellysmis showed that evident
mean difference in effectiveness of all the 4 gsoufhere was a evident increase in

water solubility in all 3 intervention groups afteand 14 days as compared to Day 1.

There was no evident effect of groups time on Watdubility with p =0.202

> 0.05.
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Graph 3: Mean comparison of Water-Solubility among different
groups across different time points
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Table 19: Mean Comparison of Water- Solubility on Day 1, Day 7 and Day14.

Day 1 Day 7 Day 14
Water-Solubility
25.18 +5.077| 28.62+4.94 31.61+4.91

Day 1
Day 7 3.448

p<0.001*
Day 14 6.436 2.989

p<0.001* p<0.001*

A statistically evident value is p<0.05*.

The mixed model analysis showed a evident diffezeéncmeans in all three
time periods. There was evident increase in W&elubility mean value across three
time periods (Dayl, Day 7, Day 14) independentrofigs with p<0.001. There was

increase in Water-Solubility with passage of tilmdalows Dayl < Day 7 <Day 14.

Table 20: Pair wise comparison of four groupswith mean Water Solubility.
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. 10% 15%
Water- 5% Glycyrrhiza . .
- Control Glycyrrhiza | Glycyrrhiza
Solubility glabra
glabra glabra
21.96 + 3.14 26.76 £+ 2.90] 30.20+2.63 34.96+3
Control | -
5% Glycyrrhiza 4.796
glabra p<0.001*
10%
_ 8.236 3.441
Glycyrrhiza
p<0.001* p<0.001*
glabra
15%
_ 13.00 8.205 4.765
Glycyrrhiza
p<0.001* p<0.001* p<0.001*
glabra

21

The mixed model analysis showed a evident diffexent mean Water-

Solubility among all the groups 4 groups (ContB8ly, 10% and 15%) independent of

time points.

The Water-Solubility values increased as followsseending order Control <

5% < 10% < 15%.
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Table 21: Comparison of Four groups (Control, 5%, 10% and 15%) with mean

Water -Solubility scores at different time points.

Solubility time Mean Day 1 Day 7 Day 14

5.153 4.232 5.00

0p -
5% - control p<0.001 * p<0.001* p<0.001*

7.660 8.16
% - , <0.001*
10 % - control 8.885 p<0.001 0<0.001* p<0.001*
13.15 12.87 12.97

0p -

3.428 3.16
0% - 5O )
10% - 5% 3.73 p<0.001 p<0.001* | p<0.001*
15% - 5 % 8.002 8.645 7.96

p<0.001* p<0.001* | p<0.001*

5.217 12.97

% -10 0 *
15% - 10 % 4.27 p<0.00%* 0 001¢ | p<0.001*

Comparison of different days on Days 1 ,7 and 1th wespect to Water-
Solubility in all 4 groups (Control, 5%, 10% and%pwas done by dependent t-test.
Statistically, evident difference was seen betwaknhe days among all the groups

with p<0.001***,
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Table 22: Comparing mean differ ences between time points among groups

Water solubility
Day (7-1) Day (14- 7) Day (14 -1)
Control 4.05 +2.17 2.64+1.08 6.70 + 1.7
5% Glycyrrhiza glabra 3.13+1.53 3.41+0.99 6.55 %+ 1.65
10%Glycyrrhiza 2.82 +0.89 3.15+0.71 5.97 + 1.09
glabra
15%Glycyrrhiza 3.77+0.72 2.74 +0.68 6.51+1.19
glabra
M ean
5% - control p=?)97264 pgllgé p207326
10%-contiol | T 0=1 00 P 1.00
wama | S| o om
10% - 5% 100 P00 p21.00
15% - 5% 1,00 P=1.00 p=0.411
15%-10% r? fg.i poz'i.?’o?o p-oz'i.lolo

A statistically evident value is p<0.05*.

The mean differences among groups across diffetiemt¢ periods were
assessed, with statistical significance consideite@<0.05. However, none of the

observed differences were statistically evident.
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Table 23: Comparison of different treatment time points with mean Water-

Solubility in four groups (Control, 5%, 10%, 15 %) by dependent t-test.

S\(/)\/Iiﬁlrit;/ Days | (MeantSD (Sl\lgc)eaDr}f;_r c(;?a(r:;e t-value | p-value
ay7 | Z2asris] za7 | 2203|0469 <oo0r
. + 1. . +
53174 ii.ﬁgii.i 21(.538+ 11.76 | 843 | <0.001"
. 1. . +
G'é‘l’irrjza Day14 | 30.09+089| 165 | 2787 | 118 <0.0011
Dayl | 27.27+1.00] 2.82%
A s i
Gléfirrgza Da;/14 33254001 100 | 249 | 1526] <0.001
. + 1. . +
. E%% g%g; i%zg :Ogii 11.95 | 17.92| <0.001*
Glé‘f;[)rrgza Day14 | 38.05:168) 119 | 2004 | 1393| <0.0011
. 1. . +
by | 3o5s1es 0es | 775 | 1884 <0001

Comparison of different days on Days

.7 and 14 wibpect to Water-

Sorption in all 4 groups (Control, 5%, 10% and 15%8)s done by dependent t-test.

Statistically, evident difference was seen betwakrthe days among every group

with p<0.001***,
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Table 24: Pair -wise comparison of 4 groups & 3 time pointswith mean water solubility.

15%

15%

. Control Da Control 5% Gg Da 5% Gg Da 5% G 10%Gg Day| 10%Gg Da 10% G 15%
Solubility | ControlDay 1 7 y Day 14 1g y 7g y Day 1?1 1g y 79 y Day 1f GgDay 1 Gg7Day Gfi)a
Control
Dayl
Control 4.0533
Day 7 p<0.001*
Control Day 6.70 2.64
14 p<0.001* p<0.001*
5% Gg Day 5.15 1.09p=0.051 ;g
1 p<0.001 ns p=0.001*
5% Gg Day 8.28 4.23 1.58 3.13
7 p<0.001* p<0.001* | p<0.001* | p<0.001*
5% Gg 11.07 7.64 5.00 6.55 3.41
Dayl14 p<0.001* p<0.001* | p<0.001* | p<0.001* p<0.001*
10% Gg 8.88 4.83 2.18 3.73 0.599 -2.817
Day 1 p<0.001* p<0.001* p<0.001* | p<0.001* p0=0.133 | p<0.001*
10% Gg 11.71 7.66 5.01 6.56 3.42 0.0108 2.82
Day 7 p<0.001* p<0.001* p<0.001* | p<0.001* p=0.001* p=0.974 p<0.001*
10% Gg 14.84 10.81 8.16 9.71 6.57 3.16 5.97 3.15
Day 14 p<0.001* p<0.001* | p<0.001* | p<0.001* p<0.001* | p<0.001* | p<0.001* p<0.001*
15% Gg 13.15 9.10 6.45 8.00 4.86 1.45 4.27 1.44 -1.709
Day 1 p<0.001* p<0.001* | p<0.001* | p<0.001* p<0.001* p=0.014 p<0.001* p=0.014 p=0.004
15% Gg 16.93 12.8 10.23 11.77 8.64 5.22 8.04 5.22 2.06 3.77
Day 7 p<0.001* p<0.001* | p<0.001* | p<0.001* p<0.001* | p<0.001* | p<0.001* p<0.001* | p<0.001* | p<0.001* |
15% Gg 19.60 15.61 12.97 14.51 11.38 7.96 10.7 7.95 4.80 6.51 pig go
Day 14 p<0.001* p<0.001* | p<0.001* | p<0.001* p<0.001* | p<0.001* | p<0.001* p<0.001* | p<0.001* | p<0.001* 15

A statistically evident value is p<0.05*.
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During the pair-wise comparison of four groups asrthree time points with
mean water solubility, all groups exhibited statety evident differences at every

time point, except for the comparisons between $%ay 1 with Control at Day 7

and between 10% at Day 1 with 5% at Day 7.
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Limitations Of The Study

LIMITATIONSOF THE STUDY

Since this study was conducted in ain-vitro setting, it is important to note that

the findings may vary when applied to clinical settings.

The evaluation of the inhibition zone diameter of G. glabra was limited to a
single strain of Candida albicans. Creation of prosthetic biofilms is
complicated, involving bacteria as well as fungi. Through co-aggregation,

bacteria can promote fungal cell adherence to internal prosthesis surfaces.

This study focused solely on one type of acrylic interim resilient liner.

Different types of liners may produce varying results.

The incorporation of G. glabra led to discoloration of the soft liner, potentially
resulting in a dightly aesthetically undesirable outcome. Nevertheless, the
discoloration was minimal and could potentially be masked with the acrylic

resin denture surface.
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DISCUSSION

The human mouth is recognized as a distinctivetagproviding diverse
ecological niches for microbial colonizatidhThe oral cavity comprises
two distinct surfaces where bacteria can habituat& eeth representing
the rough surface and oral mucosa representingafi¢issues. This
creates an atmosphere which is nourishing to tleeomiganisms®

Recently, remarkable increase in oral and systémigal infections has
been noticed. Candidiasis has become a particudarigerning infection,
posing a threat primarily to patients with comprsea immune systems,
older individuals, & those under medicatichdhe predominant issue
experienced by patient who wears dentudeisture stomatitis which is
marked by inflammation and redness of the oral macas well as
pathological alterations related to the denture Gsalbicansis
commonly identified as primary agent in causatioB$8, which affects
approximately30—-70% of denture wearefsOther C. albicans strains
that are commonly found in the oral cavity incliekrusei, C. glabrata,

C. tropicalis, and C. parapsilosis.*

The rising occurrence of fungal infections has Itesuin a growing
demand for antifungal medications. While topicdifangal agents like
nystatin and miconazole are commonly employeddattdenture
stomatitis, they often fail to achieve therapeldiels on the denture
surface. Systemic antifungal treatment may casksrof hepatotoxicity
and nephrotoxicity.Due to the escalating resistance and potential
toxicity associated with conventional anticandidialgs, there is a
preference for plant-based traditional antifungpdras that offer fewer or

no side effects?
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Addressing the drawbacks of synthetic antifungalliceions, there is a
need for alternative therapies that are more effeab treating fungal
infections. Some research has investigated th@uagal properties of
herbal extracts obtained from garlic, neem, curay@ioe vera, and
ocimum seeds as potential solutions to these ciggke Due to their
natural composition, these extracts exhibit poserifungal activity, high

antimicrobial effectiveness, and reduced toxiéity.*

Recently, tissue conditioners have been employednasthod of
delivering drugs to elderly patients with dentu@satitis. Various in

vitro and in vivo studies have demonstrated pasiamtifungal effects
when organic substitutes suchtea-tree oil, lemon-grass oil, Thai-herbs,
and origanum-oi&re added to soft linef$ Furthermore, soft liners
enhance denture retention and stability by promgodven distribution of
masticatory pressure to the underlying tissuess @iminishes denture-
induced soft tissue trauma and thus serves adeatieé drug delivery

mechanism.

The typical treatment duration with conventionadital antifungal
medications is around 14 days. Given that theddesof a short-term soft
liner is also approximately 14 days, utilizing tbesaterials modified
with drugs for treating denture-induced stomattigns with the
timeframe needed for conventional topical antifuraggents’**Hence, a
14-day duration was selected for this study.

Glycyrrhiza glabra (Licorice), is a plant renowned for its signifi¢an
medicinal value. Asl and Hosseinzadeh reportedlit@ice roots
possess numerous beneficial pharmacological piepemcluding anti-

inflammatory, antiviral, antioxidative, antimicraj anticancer,
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immunomodulatory, hepatoprotective, and cardioptote effects.
Medicinally, it is employed in treating various cmons such as

arthritis, Addison’s disease, peptic ulcer, asthionanchitis, and others.

The soft-lining material is prone to habituation®gndida albicans.?"*®

Candida albicans induces significant host damage through its viroée
factors, including adhesion, proteinase secretieast-hyphal transition,
and phenotypic switchind:*° The transition from blastospores to hyphal
cells is particularly crucial in various processas|uding biofilm
formation? Bioactive compounds found in licorice, such as
Licochalcone A, glabridin, and liquiritigenin, hademonstrated
effectiveness in suppressing fungal growth, praagriofilm formation,

and inhibiting yeast-hyphal transiti6h.

This study involved incorporating licorice root mdt into soft liner
which was then evaluated for their antifungal dffemess against
Candida albicans using the well diffusion method. The extract was
obtained through Natural Remedies Private Limigahgalore,
Karnataka. While introducing antifungal agentsuotsmaterials can
effectively restrairC. albicans growth,it could change their

morphological makeup and characterisfics.

Hence, the study also examined alterations in @uemsorption &

solubility of these soft liners.

As per the findings of this study, the mean vahetlie MIZ calculated
in millimetres for the 5%s. glabra group on days 3,7 and 14 were
9.64mm, 5.07mm, and Omm respectively. The mearevaiuthe 10%G.
glabra group on days 3,7 and 14 were 13.57mm, 7.79mm3&#nm

respectively. The 15%. glabra group on days 3,7 and 14 were
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20.79mm, 15mm, and 7.57mm respectively. The cogmalp had no
antifungal effect.

The addition ofG. glabra to the soft-liner yielded anti-fungal effect teeth
referenceC. albicans strain. The antifungal effect is mostly attributed
inhibition of two key virulence property that isofilm formation and
yeast-hyphae transition @ albicans by bioactive compounds such as
Licochalcone A and glabridiff.

Based on Graph 1, there was a noticeable incragbe zone of

inhibition (mm) with the rise i16. glabra concentration on the same day.
As the concentration d@. glabra combined with soft liner increased, the
zone of inhibition also increased. Consequently,itiost significant
antifungal effect was observed with the 1&8¥glabra group, followed

by 10% and 5%. These findings regarding the argéiliproperties

closely mirrored previous studi&s®" 2 For reference, as per a research
by Sri et af®>the antimicrobial effects db. glabra extract incorporated
into soft liners were assessed at concentratiob8wénd 10%. This
investigation revealed notable efficacy aga®atdida albicans,
particularly at higher concentrations. Similarlppgher study explored

the incorporation of grape seed extract (GSE) autylic soft liners at
concentrations of 5% and 10%, showing significantifangal activity
againsiCandida albicans with higher concentrations exhibiting enhanced
effectiveness. Additionally, a study examined the antifungal pedies

of denture-lining material containir@nidium officinale (CO) at varying
concentrations (200-600 pg/ml) agai@sindida albicans, exhibiting
promising antifungal efficacy of the denture-liningaterial, with
effectiveness increasing proportionally with highencentrations of

CO>% This could be attributed to the greater reledsmtfungal

compounds from the soft liners as the concentratioreased.

Page 80



Discussion

According to Table 2, the zone of inhibition (mnecdeased as the time
interval (days 3, 7, and 14) progressed withinséa@me group. Previous
studies investigated similar trents. For instance, Muttagi et .
incorporatedCentratherum anthel minticum, Linum usitatissimum, and
Ocimum sanctuminto a soft liner, assessing their antifungal attiover

a week. Similarly, Schneid et aéxamined the integration of various
antifungal agents into an interim resilient lingydying their
anticandidal effects over a period of 14 days.dthbnvestigations, the
zone of inhibition decreased over time, while theimum inhibitory
zone (MIZ) expanded with higher concentrations sthend was
attributed to drug leaching or diffusion, with spkation that ethanol
content in the liner could also influence antifungetivity. Consequently,
there appears to be a decline in the antifungadaefy of G. glabra over
time, likely stemming from the depletion or leaahof bioactive
compounds from the mixture. Thus, it can be corexduithat the
antifungal activity is influenced by both concetiba and time. Although
G. glabra is generally considered non-toxic, excessive arsoonay lead

to irritation.

Although the traditional medicinal applications@fglabra have been
widely recognized, its potential as an antifunggra in dental
applications have not been thoroughly investigatdtie past. This study
demonstrated the antifungal efficacyGfglabra when incorporated into
soft liners, offering a potential solution to thaitations associated with

conventional soft liners.

Quialities of resilient liners may be jeopardizeditg addition of
pharmaceuticals in quantities that are commercalibilable. Solubility
and sorption are two of the many mechanical charatics of resilient

liners that need special consideration becauseategssociated with the
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problems that these materials encounter most fréty&®rption is the
process of taking in material by diffusion and absgy it from the
surrounding atmosphere to fill the gaps betweermptigmer chains.
Solubility in resilient materials refers to theagate of plasticizer and
other soluble compounds, such as ethanol, intsiuh®unding media at
the same time. Temporary strong liners balancediease of
components and fluid absorption, which resultsnpleasant odors,
bacterial adhesion and colonization, color changed,sometimes even
displacement of the denture base résfiTherefore, water sorption and

solubility are important properties to assess figgsof a particular linef.

Several researchers have demonstrated that waptiosan poly
(methyl methacrylate) (PMMA) follows Fickian diffizh kinetics®
Even though PMMA only absorbs little water, thisi¢eave a big effect
on the polymer's dimensional and mechanical progsetVater
infiltration is mostly caused by diffusion, everotlgh the contrariety of
PMMA molecules aid in absorptidA The polymer network is easily
penetrated by water molecules, which permits the tf additives and
uncured or loose monomersWater molecules enter the polymer and
take up spaces between polymer chains, which hagtyportant effects:
it causes the polymerized mass to slightly expamtliaterferes with the
entanglement of the polymer chains, so servingastipizers and
changing the physical characteristics of the fp@ymer. This
modification results in notable changes in the pfatsand dimensional
properties, reduces stresses experienced durigghpakation, and
increases the mobility of the polymer chain. Prgkchwater sorption can
lead to increasing distortion, stress at the lgenture base contact,
swelling, and decreased bonding. Consequently, lsudts gradually

transition towards increased rigidity as these @sses unfold’
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One important criterion for determining whetherntdwfer materials are
appropriate is their solubility. Dibutyl phthalaad other plasticizers
increase the pliability of soft liners, but theg@lcome with drawbacks.
When soft liners are exposed to aqueous envirorsnplasticizers can
be released because they are not bonded insidedinemass. Soft liner
materials experience two different reactions dudiigical usage, when
the denture comes into contact with saliva, anchg® when they are
soaked in water or disinfecting solutions: diffusf plasticizers &
various soluble components of water or saliva believed that
Impurities in the acrylic resin soft-liners, ethaloss, and plasticizer
leaching are the root causes of solubility isslibe. material's
mechanical and physical qualities may suffer assalt. As a result,

using liners that are less prone to leaching phemanis preferretf

This study followed the guidelines outlined in t8® specification
#10139-2. It aimed to assess the impact of vamousentrations ofb.
glabra on the solubility and water-sorption of a dentlimer material
which is acrylic based over intervals of 1, 7, ddddays. Since dentures
with soft liners come into contact with saliva imal settings, artificial

saliva was used instead of distilled water to mior& conditions.

The mean water sorption values for the control gromi days 1, 7, and 14
are 55.17ug/mms3, 67.91 png/mms3, and 99.51 pg/mn@&.wWdier sorption
for 5% on days 1, 7, and 14 is 100.31 pg/mm?3 15a@8&ms3 and 192.31
ng/mms. For 10% on days 1, 7, and 14 is 137.16 m§/rh76.55

ng/mms, and 214.84 pg/mms3. For 15% on days 1.d 1dns 184.02
ng/mms, 220.91 pg/mms, and 260.17 pg/mms,

As indicated in Graph 2, the average water sorptadnes across all

groups (control, 5%, 10%, 15%) increased consistactross the time
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points (1, 7, 14 days). Among these, the 15% cdnagon exhibited the
highest water absorption, while the control gropveed the lowest.

Table 10 illustrates that the mean water sorptanes rose across three
different time intervals (days 1, 7, and 14) ret¢gssl of the group
(control, 5%, 10%, and 15%). The highest absorpticcurred on day 14,
whereas the lowest was observed on day 1.

As depicted in Table 13, there was a notable iseréathe average water
sorption values for all groups (control, 5%, 10%d 45%) across all

days (1, 7, and 14), with evident statistical digance.

The mean solubility values for the control groupdarys 1, 7, and 14 are
18.38 pg/mms, 22.44 pg/mms, and 25.08 pg/ mms.vEhges for 5% on
days 1, 7, and 14 are 23.53 pg/mms, 26.67 pg/mmd38.09 pg/mms.
For 10%, the mean solubility values were 27.27 pogin30.10 pg/mms,
and 33.25 pg/mm? on days 1,7 and 14 respectivelyl5% on day 1
was 31.54 pg/mms, on day 7 was 35.31 pug/ mms3, ardhyg 14 were
38.05 pg/mma,

Graph 3 indicates that the average water sorptduneg for all groups
increased consistently regardless of the time p®imé control group
exhibited the lowest solubility value, whereas 1686 group displayed
the highest.

In accordance with Table 18, there was a riseemtikan solubility
values across three distinct periods i%.7{', and 14 day irrespective of
the groups (control, 5%, 10%, and 15%). The higkelibility was

observed on day 14, while the lowest was recordheday 1.
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Table 21 illustrates that the mean solubility valuecreased for all
groups (Control, 5%, 10%, 15%) across all time ®of{day 1, 7, and 14),

with evident statistical significance.

It was observed that incorporating antifungal agémtob soft liners
resulted in increased water-sorption & solubilisythe conc. and duration
of exposure increased during a 14-day immersiorse&lindings align
with previous research studi€s®® °% °3°*>*The duration-dependent
gradient closely aligned with the study done by &iet al*” who
observed increased water-sorption & solubilityofi4iners when
enriched with antimicrobial agents like chlorherigli ketoconazole, and
nystatin over a period of 14 days. Notably, thespnee of nystatin did
not significantly alter these properties, unlikéochexidine and
ketoconazole. This observation suggests that catitags, due to their
molecular characteristics, may induce changesdarpttymeric structure,
thereby enhancing these properties. This escalativalues for the
denture soft liner could be attributed to the poé&mlteration of the
diffusion coefficient by the preparation Gf glabra. Additionally,
increased leaching of the drug from the denturelsr, coupled with
replacement by smaller molecules such as watecamghonents of

artificial saliva, may also contribute to this pberenof®.

Furthermore, Jabbal et ‘8lfound that acrylic-based soft liners exhibited
greater sorption and solubility compared to siliedrased counterparts.
He attributed this difference to the increasedsinoking present in the

acrylic soft liner, resulting in greater sorption.

Yanikoglu et af® reported increased solubility in artificial salive
contrast to distilled water & denture cleansinguoh for most soft

denture liners. Similarly, Kazaniji et Blalso noted higher solubilities in
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saliva against distilled water for various softitligp materials. This
phenomenon is attributed to the composition oftsgtt saliva, which
comprises various salts and additives that mayantevith the soft lining
material. The incorporation @. glabra might interfere with the
polymeric structure, leading to heightened flow diftlusion through the
channels and pores formed within the polymeric métading to

increased solubility.

A concentration-dependent increase in water sor@i solubility was
observed, with higher concentrationsGfglabra exhibiting greater
water sorption and solubility. This concentrati@hated dependency
mirrors the findings of Sadeq et"alwho incorporated Ag-Zn zeolite
into acrylic soft liners, resulting in significapthigher water sorption and
solubility. This was attributed to interactionsweéen the liner and the
hygroscopic nature of zeolite. Likewise, Chladekléf observed that
water sorption and solubility escalated with aginge and silver
nanoparticle concentration, consistent with ouultssndicating a
progressive increase in these properties overamaewith higher
concentrations of. glabra extract.

Bioactive substances extracted fr@hycyrrhiza glabra roots possess
notable medicinal properties. Typically, the exti@t and isolation of
these compounds employ macroporous resins likespogne and
methacrylaté’ These compounds primarily are complexes of triees,
saponins, and flavonoids, which exhibit water silityb*® These inherent
properties could also potentially impact the sditypand water

absorption observed in the study.
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Overall, these studies aligned with the findingshef current research,
demonstrating a gradual rise in water-sorption Bilsitity as

concentration increased and the days progressed.

Thus, the null hypothesis was rejected as thereavgagnificant

difference in anti-fungal activity, water sorpticand solubility of soft-
liners added witlG. glabra.
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SCOPE OF THE STUDY

The study aimed to assess and compare the antifungal effectiveness, water

absorption & solubility of denture soft-liners containing G. glabra

Future investigations should focus on elucidating the precise mechanism of

action underlying G. glabraantifungal properties.

In addition, more investigation is necessary to assess G. glabra'sstability and

durability.

Additionally, it is necessary to explore the impact of incorporating these
antifungal agents on the physical and surface characteristics of acrylic-based denture

soft liners.

Understanding the reasons behind the observed increase in water absorption
and solubility following the addition of G. glabrato the soft liner requires further

investigation.

Furthermore, comprehensive studies are needed to assess various properties of
acrylic-based denture soft liners post-incorporation of these antifungal agents,

including bond strength, hardness, and color stability.

Considering the limitations of this in-vitro study, future research should
incorporate in-vivo parameters under variable clinical conditions. Factors such as
saliva presence, temperature fluctuations, pH variations, and chewing cycles have
been shown to influence denture liner properties and the efficacy of antifungal drugs

in other studies.
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CONCLUSION

Keeping in mind the limitations of this in-vitro study, following conclusions

were drawn:;

The soft liner containing G. glabra exhibited antifungal effectiveness, with
higher concentrations (15%) demonstrating greater efficacy compared to lower
concentrations (5%, 10%) throughout the 14-day study period. While
antifungal activity was evident at 5%, 10%, and 15% concentrations, its
effectiveness diminished over time across all concentrations.

Water sorption notably increased following the inclusion of G. glabra at all
time intervals across all groups. The 15% concentration displayed the highest
water sorption, with levels escalating over the duration of the study.

The presence of G. glabra led to increased solubility across all time intervals
and groups. Solubility was most pronounced at the 15% concentration,
showing a progressive rise over time.

Further research is essential to evaluate the biocompatibility of G. glabra and

itsimpact on other properties before its clinical application.
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SUMMARY

This in-vitro study aimed to evaluate and compédre solubility, water
sorption capacity, and antifungal activity of a tlee soft-liner infused with

Glycyrrhiza glabra (licorice) root extract.

The extract was obtained through Natural Remediesaté Limited,
Bangalore, Karnatak# total of 228 samples were included in this stug/samples
were assessed for antifungal activity using thd diéflusion method. At 3, 7, and 14
days, 14 samples @. glabra at three different concentrations (5%, 10% and J15%

were mixed into the soft liner were evaluated far tone of inhibition.

To evaluate the water absorption and solubilityhaf soft-liner, another 144
samples with dimensions of 50mm x 0.5mm were falbed i.e. 36 control samples
(soft liner and liquid alone), and 36 samples facleconcentration d@b. glabra. Each
group was further subdivided according to the twhenterval of evaluation, which
was after 1 day, 7 days, and 14 days. Thus, edotraup comprised 12 samples.
Solubility and water sorption assays were carried im accordance with 1SO

specification #10139-2.

The resultant data was charted and subjectedtist&t@ analysis using SPSS
software version 25.0. For antifungal activity, qmarison of 3 experiment groups
(5%, 10%, and 15%) with mean antifungal scoresifégrdnt treatment time points
was done by Generalized linear models (GLM) analy$he dependent t-test was

used to compare the MIZ values in 2 research gratif& 7", and 14' day.
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For water-sorption & solubility: a dependent t-tests used for comparison of
1% 7" & 14" day time points with both mean water sorption selibility (1g/mm3
scores in the 4 study groups. Pair wise compamgdour groups and different time
intervals with mean water sorption and solubilityg{mm3) was done by mixed

method models analysis.

According to the results obtaingd, glabra showed antifungal activity against
Candida albicans. 15% concentration db. glabra showed the highest activity against

C. albicans but its activity reduced gradually over the peradd 4 days.

There was also a statistically significant increasedenture soft liner
solubility and water sorption with the addition®f glabra. The maximum values in
both attributes were found at a 15% concentratibrGoglabra, and the values

increased throughout 14 days.

Since the denture soft liner is intended to be useda shorter duration of
time, incorporation of these antifungal agents & nontraindicated. Thus, the
infusion of G. glabra into the soft-liner can prove to be beneficialngprove the oral
health status of geriatric patients with cognitilisturbances, medically compromised
conditions and reduced manual dexterity. But furtiesearch is required to assess the
other physical properties and biocompatibility whicould be affected with the

addition of such agents.
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ANNEXURE [I

AUTHENTICATION FORM

®
a

-
._
natural e
QUALITY CONTROL DEPARTMENT

| CERTIFICATE OF ANALYSIS)

Product name . Glyoyrrhize glabra extract Baich No. . FGGII0Z003
= 12% Clycyrrhizin TULE No. : TCADOSZINDODDL2G65F
Baotanical name : Ghewrhize glabra Lab Reference / Report No.  :  FP2102034
Product code : KRGGEIL? Date of Report : 19022021
Part used : Root Mifg. date :  February 2021
Extract ratio : 8:1 Retest date :  February 2023
Salvent nzed : Methanal, water Country of origin :  Imdia
Excipienis .1 B Type of extract :  Powdered extract
Specification No. o NRQCIVSSPC/GGL204M01
TEST RESULTS
e TESTS SPECIFICATION RESULT TEST PROTGCOL
L Description Light brown to brown, Light BErown Visual
hygroscopic powder bygroscopic powder
2. Identification To pass the test Paszes the test By TLC
3 Laoss on drying (¥wiw) <50 3T As per USP <921> Method III
4 Acid inzoluble Ash {(Fiwiw) <30 03 As per USP =561>
5 Bull: density (gfcc) 0.20 — 0.80 047
As per USP <616> Method — 1
N Tapped density 040 — 10D 074
o Material passing through 30¢ B5/35 ASTM (%wiw) =800 100 As per USP <786~
Particle size distribution
B Heavy Metals
<30ppm 0.05
Arzemic = 2.0 ppm 034
Cadmium =28 ppm <088 JoE s
Mercury =01 ppm =005
o MAcrobioloey Test
Total aerebic microbial count <18* cfu g 1
Total yeast and mould coumnr =10* org g"* Ne grawtlr
RBile tolerant gram negative bacteria <10* fs g’ <1 -
E coli Absent/z Absent e
Salmonella species Absent/10g Absent
5 oureus Abzent/z Abzent
10.  Aflatoxins (B,+BG+G:) <50 ppb Not Detected As per USP
(LOD: 2ppt) Test for Aflatexins
1L Residual zahvent anakysis
Afethanol (ppm) < 3000 75 As per USP
1z Pesticide residue analysis To comply with TUSF =565 Complies As per ADACTISP
13 Fhyvtochemical Analysis
Glyoyrrhizin (36 wiwr) =120 126 BvHFLC
Remarks: The above referred baich conforms to the specification of Glycyrriiiza glabra extract (= 12%0Glycyrrhizing with respect to abeve mentioned
tesis.
Stor: : The product should be stored i well closed contain oiected from b moisture and at a fe ture between 18°C and 30°C.

- ]
AUTHORISED SIGNATORY
DATE:01.12.3331

MNatural Remedies Private Limited

Regd. Office & R&D

CIN Mo: UZ4232KA1998PTCO23573

58, Veersandra Industrial Area, Hosur Road, Electronic City Phase 2, Bangalore S60100. Karnataka — INDIA
Tel: 91 BOA020999/8/T, 27382365, Fax: 91 80 40209817, Web: www.naturabremedy. com

E-Mail: gofnaturairemedy com, infofnaturairemedy.com
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ANNEXURE I11

Table 1. Diameter of Inhibition zone (mm) (antifungal activity) of control after

3,7 and 14 days.

SAMPLE NO. DAY 3 DAY 7 DAY 14
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 0 0 0
12 0 0 0
13 0 0 0
14 0 0 0
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ANNEXURE IV

Annexures

Table 2: Diameter of Inhibition zone (mm) (antifungal activity) of Glycyrrhiza

glabra at 5% concentration after 3,7 and 14 days.

SAMPLE NO. DAY 3 DAY 7 DAY 14
1 11 6 0
2 8 5 0
3 9 6 0
4 10 5 0
5 9 4 0
6 11 5 0
7 9 4 0
8 9 6 0
9 8 4 0
10 10 5 0
11 9 4 0
12 11 6 0
13 10 5 0
14 11 6 0
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ANNEXURE V

Table 3. Diameter of Inhibition zone (mm) (antifungal activity) of Glycyrrhiza

glabra at 10% concentration after 3,7 and 14 days.

SAMPLE NO. DAY 3 DAY 7 DAY 14
1 14 8 3
2 13 9 3
3 14 8 4
4 12 8 2
5 15 9 5
6 13 7 2
7 15 8 4
8 14 9 5
9 12 7 3
10 15 8 5
11 13 7 4
12 13 6 3
13 14 8 5
14 13 7 3
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ANNEXURE VI

Table 4. Diameter of Inhibition zone (mm) (antifungal activity) of Glycyrrhiza

glabra at 15% concentration after 3,7 and 14 days.

SAMPLE NO. DAY 3 DAY 7 DAY 14
1 20 14 8
2 22 16 9
3 20 15 8
4 21 16 9
5 19 13 6
6 22 16 7
7 18 14 8
8 21 15 7
9 23 17 9
10 21 14 8
11 22 15 6
12 20 15 7
13 23 16 8
14 19 14 6
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ANNEXURE VII

WATER SORPTION

Table 5: Water sorption values of control on days 1,7 and 14.

SAMPLE NO. DAY 1 DAY 7 DAY 14
1 52.53 81.56 105.42
2 47.91 63.25 96.79
3 65.20 80.61 113.45
4 54.20 68.94 95.78
5 50.40 56.42 87.50
6 55.20 60.42 96.82
7 46.90 64.53 101.20
8 53.30 74.28 106.40
9 57.45 59.54 97.80
10 62.25 67.61 99.43
11 57.76 65.87 95.70
12 58.90 71.84 97.81
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ANNEXURE V111

Table 6: Water sorption values of 5% Glycyrrhiza glabra on days 1,7 and 14.

SAMPLE NO. DAY 1 DAY 7 DAY 14
1 93.81 140.56 179.45
2 102.80 150.42 191.62
3 100.14 158.67 194.82
4 98.45 148.43 188.74
5 106.63 170.20 193.85
6 102.45 165.50 201.56
7 97.56 149.65 186.65
8 102.89 142.67 184.72
9 110.45 163.60 199.43
10 97.31 157.83 197.21
11 96.85 163.21 203.24
12 94.35 161.19 186.4
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ANNEXURE IX

Table 7: Water sorption values of 10% Glycyrrhiza glabra on days 1,7 and 14.

SAMPLE NO. DAY 1 DAY 7 DAY 14
1 132.84 165.56 201.20
2 136.56 183.21 214.43
3 146.76 178.74 216.4
4 132.67 176.32 206.78
5 133.54 176.41 216.41
6 139.98 184.64 224.76
7 135.76 183.21 206.81
8 147.32 168.94 210.76
9 132.45 170.42 219.56
10 137.65 176.43 221.85
11 139.56 177.53 223.61
12 130.81 177.2 215.53
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ANNEXURE X

Table 8: Water sorption values of 15% Glycyrrhiza glabra on days 1,7 and 14.

SAMPLE NO. DAY 1 DAY 7 DAY 14
1 176.83 211.23 257.43
2 184.21 223.65 261.42
3 178.71 214.34 241.56
4 186.41 212.88 277.87
5 185.54 233.70 265.45
6 189.21 230.41 262.43
7 185.40 226.56 268.42
8 176.41 224.42 255.87
9 180.41 220.65 260.42
10 182.42 220.43 259.87
11 197.32 215.89 253.54
12 185.41 216.78 257.78
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ANNEXURE XI

WATER SOLUBILITY

Table 9: Solubility values of control on days 1,7 and 14.

SAMPLE NO. DAY 1 DAY 7 DAY 14
1 19.20 23.65 26.54
2 17.63 24.65 24.53
3 18.23 20.12 22.78
4 20.65 23.65 25.43
5 17.04 20.76 23.67
6 17.82 21.76 24.48
7 16.34 24.75 26.73
8 18.45 23.79 26.32
9 18.95 20.41 23.85
10 17.43 22.55 25.97
11 20.42 21.80 25.90
12 18.43 21.34 24.80
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ANNEXURE XI11

Table 10: Solubility values of 5% Glycyrrhiza glabra on days 1,7 and 14.

SAMPLE NO. DAY 1 DAY 7 DAY 14
1 21.65 25.67 29.65
2 24.89 26.34 30.12
3 25.76 28.54 30.26
4 22.74 27.07 31.45
5 24.32 25.82 29.98
6 22.65 27.63 30.41
7 22.87 28.21 31.45
8 22.65 26.56 30.54
9 24.56 25.78 28.45
10 22.43 26.87 29.17
11 24.04 26.32 29.13
12 23.86 25.21 30.41
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ANNEXURE X111

Table 11: Solubility values of 10% Glycyrrhiza glabra on days 1,7 and 14.

SAMPLE NO. DAY 1 DAY 7 DAY 14
1 27.87 30.65 33.56
2 26.50 28.78 32.13
3 27.67 30.65 33.75
4 27.89 30.76 33.21
5 25.76 29.65 32.40
6 27.78 29.65 32.65
7 28.63 30.43 34.83
8 26.65 31.21 33.78
9 25.78 29.43 33.52
10 27.45 30.76 34.56
11 28.67 30.54 32.45
12 26.56 28.64 32.12
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ANNEXURE X1V

Table 12: Solubility values of 15% Glycyrrhiza glabra on days 1,7 and 14.

SAMPLE NO. DAY 1 DAY 7 DAY 14
1 34.43 37.65 40.87
2 28.76 32.45 34.56
3 30.81 35.57 38.67
4 30.54 35.67 38.45
5 28.21 32.78 36.70
6 31.23 34.78 37.52
7 32.81 35.65 37.54
8 34.52 38.53 40.63
9 32.56 35.62 38.43
10 30.81 34.61 37.42
11 31.21 34.89 38.54
12 32.56 35.56 37.31
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