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ABSTRACT

STATEMENT OF PROBLEM

Maxillofacial prostheses gives a pleasing appearance and allow patients to
resume full participation in society. Thermally activated acrydisin and silicones are
currently the most frequent materials utilised to produce facial prostlaesksilicone

is the preferred material due to its flexibility and skin-like texture.

Maintaining the quality and hygiene of maxillofacial prosthesis and results in
maintaining the health of the residual tissues, therefore necessitaasing.
Sampling the maxillofacial prostheses, has relieved presenc&aphylococcus
aureus and Candida albicans colonisation on silicone surfaces. Cleaning procedures
of maxillofacial silicones that have been used in the past include: Biofilm e
removed by mechanical means, such as manual brushing or washing using water with
neutral soap as adjunctive or using chemical means like cleansing tablets, sodium

hypochlorite, and chlorhexidine gluconate.

More research is needed to develop alternate disinfection methods which does
not modify the silicone surface and are safe and non-toxic. Due to rising
microorganism resistance and fewer adverse effects, phytoextractsr dppea a

viable.

The leaves oMangifera indica and Anacardium occidentale are reported to
have antimicrobial properties, and leaf extracts from these plants wéseditio test
their effectiveness against the growthC@dndida albicans and Saphylococcus aureus,
two microorganisms commonly found in maxillofacial prosthesis. Furthermionegl| i
be compared to 0.2% chlorhexidine gluconate.

viii



PURPOSE

To evaluate leaf extracts d¥langifera indica, Anacardium occidentale and
0.2% chlorhexidine gluconate on disinfection of maxillofacial silicone mdteria
surface contaminated with microorganism&aphylococcus aureus and Candida

albicans).

METHODS

Maxillofacial silicone elastomer (Silastic MDX4-4210) was used to itadie
150 discs using metal mould of diameter- 5 mm, thickness- 2 #nsilicone samples
were contaminated witls. aureus and 75 were contaminated with.albicans. The
disc was rolled on blood agar in a 1cmxlcm area. Pre-disinfection CFUs were
evaluated and the discs were subjected to disinfection protocols. The cortihina
discs with S. aureus and C.albicans were disinfected using/.indica leaf extracts,
A.occidentale leaf extracts and 0.2% chlorhexidine. Post disinfection CFUs were
evaluated. The results were tabulated and analysed using dependent t-testayone-

ANOVA and Tukeys multiple posthoc procedure.

RESULTS:

Pair-wise comparison of 0.2% chlorhexidinig,. indica and A.
occidentale with pre and post-disinfection log CFU counts Sfaureus was done by
Tukeys multiple posthoc procedure, it was found that there is statistical iseymite
between 0.2% chlorhexidine amd. indica (p=0.001);M. indica and A. occidentale
(p=0.001). No statistically significant results were found between 0.2% chialihe

andA. occidentale (p=0.1988).



Pair wise comparison of 0.2% chlorhexidirid,indica and A. occidentale of
the difference of the log CFU from pre-disinfection to post-disinfectiof.cdlbicans
was done by Tukeys multiple posthoc procedure, found that statistically significant
between all the three groups; 0.2% chlorhexidineM/dndica (p=0.001);M. indica

v/s A. occidentale (p=0.001) and 0.2% chlorhexidine s occidentale (p=0.001).

CONCLUSION

Given the limitations of the current research, it was found that 0.2%
chlorhexidine gluconate showed the most CFU reduction post disinfection of
maxillofacial silicone material surface contaminated witaphylococcus aureus
followed by A. occidentale leaf extract andVl. indica leaf extract with statistically
significance results were seen between 0.2% chlorhexidinévanddica; M. indica
and Anacardium occidentale. 0.2% chlorhexidine gluconate showed the most CFU
reduction post disinfection of maxillofacial silicone material surface ammated
with Candida albicans followed by A. occidentale leaf extract andM. indica leaf

extract. Statistically significant results were seen betwdldéhrae groups.

KEYWORDS

Anacardium Occidentale, Antimicrobial Solution,Chlorhexidine Disinfection, Facial

ProsthesisMangifera Indica, Microbial Biofilms, Silicone Elastomers
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I ntroduction

INTRODUCTION

Maxillofacial prosthetics is the science and artexfonstructing anatomically
flawed or missing parts of the head and neck torawg their function and
appearancéCarcinomas, infections and developmental anomatdiesall result in the
loss of parts of the head and neck redibnPatients with such defects have
psychological and social challenges, which havégaifecant impact on the overall
quality of life. The use of maxillofacial prosthesgrovides a pleasing appearance and

allows patients to resume daily routine in socfety

Maxillofacial prostheses offer a non-invasive, lowost, and pleasant
appearance, allowing patients to continue theimabiives® Currently, silicones and
heat-activated acrylic resin are used more extehsiin fabrication of facial
prostheses. For fabricating maxillofacial prostisesthe introduction of room-
temperature vulcanizing polymers (e.g., MDX-4-4210ST-50) has been an
improvement over polymethyl methacrylate, polyvimylloride, and polyurethahe
Due to its adaptability, patient comfort, skin-likenoothness, and capacity for both
intrinsic and extrinsic colour matching, silicones ithe material of choice.
Polymethylmethacrylate, polyurethanes, latex, dlcbse elastomers are among the
materials used to make external prosthesis. S#icastomers are chemically inert

and have sufficient tear strength, durability, @ade of manipulatioA?®

A delicate synergy prevails between the skin'sdradtecology and the host.
This balance may be altered when a silicone elastionprosthesis is placed on the
skin. Biofilm can develop on prostheses due to rmachumidity, and skin secretions
(such as perspiration, sebum, and other compoueksised by the skiff).The

compression, heating, and contact from the prosthesuld induce dermatitis.

Page 1



I ntroduction

Problems associated with the microflora of thesssiweses include endophthalmitis,

bacterial dermatitis, disagreeable odours, anckipatches on the prostheS$is.

The skin and surfaces of the prosthesis have beetinely found to be
colonized withSaphylococcus aureus. It is also a pathogenic bacterium that has been
used to examine the effectiveness of antibioticdozation ofCandida albicans on
silicone surfaces has been associated with thairstiadf maxillofacial prostheses.
The presence of bacteria and yeast is observed sdimpling the maxillofacial
prosthetics' surfaces. The most common bacteredisp found wer&aphyl ococcus
epidermidis, Staphylococcus schleiferi, Staphylococcus xylosus, and Staphylococcus
capitis, whereas the most common yeast species Warelida albicans, Candida
parapsilosis, and Candida famata.” On prosthetic surfaces, microbial adherence and
biofilm growth are significant contributors to mage deterioration and skin irritation,
which can contribute to facial prosthesis faildtas critical to disinfect and conserve
maxillofacial prostheses to preserve both theirliguand the well-being of the

tissues around them.

Under all of the current cleaning techniques, pasi@re obliged to clean their
prostheses. Some cleaning methods include wipimgadweith a cotton ball immersed
in a moderate soapy fluid, using a brush with seashing in water, patting dry with
a napkin, and keeping in a container out of disailight. Some of the most often
used cleansing agents for the facial silicone efast include neutral soap, peroxides,

acid enzymes, sodium hypochlorite, cleansing taptd chlorhexidin&®"®

However, these may cause surface abrasion, whighdssirable and harmful
to the prosthesis. When it comes to disinfectingitizdacial elastomer, chemical

soaking is the method of choice. Cleansing with-482 chlorhexidine gluconate by
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I ntroduction

spraying or dipping in solution for 1 minute, folled by washing under running
water, can adequately condition to minimize thentgitya of bacterial contamination
without jeopardizing the prosthesis. The physicadl anechanical characteristics of
maxillofacial silicone elastomers could be alterbg frequent application of
chlorhexidine gluconate, leading to loss of smoatbrface and a rise in

microhardness

As a result, more study is required to seek diffedisinfection methods that
do not affect the silicone surface and are botle said non-toxic.One of the key
strategies for overcoming these challenges is $leeoii phytoextracts, which appear to
be a viable disinfectant due to increased micrausya resistance and fewer side
effects. The recent resurgence of natural health dwtributed to an increase in
interest in available naturopathic therapies. Miadicplant extracts and essential oils
like Melaleuca alternifolia oil (Tea tree oil),Origanum oil, Lemongrass essential oil,
etc have been used in developing countries asnhattee treatments to health

problems.

Mangifera indica (mango) leaves have been shown to have antimairobi
properties. Phytochemical analysisMfindica leaf extracts indicated that there was
active pharmacological components which includenitas) saponins, flavonoids,
alkaloids, and mangiferin. Leaf extracts are use@siringents and antiseptics, and

the ash of burned leaves is used to treat burnseaids’ 12248

Because of its antioxidant, antibacterial, and camter properties,
Anacardium occidentale (cashew) plants are used medicinally in many nati®lant

metabolites such as phenols, flavonoids, and tarani@ found in leaf extracts and are
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I ntroduction

responsible for their antibacterial properties. fhashe and sore gums are treated

with an infusion of leaves and stem b&rk?394°

There has been no research on the disinfectanepieg ofMangifera indica
(mango) andAnacardium occidentale (cashew) for polymers used in maxillofacial
prostheses. The leaves Bfangifera indica (mango) andAnacardium occidentale

(cashew) are reported to have antibacterial aritbagal properties.

Thus, this research is performed with an aim isvaluate leaf extracts from
Mangifera indica (mango) andAnacardium occidentale (cashew) and to test their
effectiveness against the growth@dndida albicans and Staphyl ococcus aureus, two
microorganisms commonly found in the maxillofaci@osthesis, and it will be

compared with 0.2% chlorhexidine gluconate disitdet
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Need for the Study

NEED FOR THE STUDY

Maxillofacial prostheses gives a pleasing appearance and allow patients to
resume full participation in society. Thermally activated acrylic resin and silicones are
currently the most frequent materials utilised to produce facial prostheses and silicone

is the preferred material due to its flexibility and skin-like texture.?

When tissue is in contact with the surgical defect, human fluids contaminate
maxillofacial prostheses. There have been reports of problems with maxillofacial
prosthetics, such as microbial colonisation. The presence of these microorganisms has
been linked to cases of bacterial dermatitis and endophthalmitis. ® . Biofilm growth on
prosthetic surfaces are well-known causes of material breakdown and skin irritation,

ultimately leading to facial prosthesis malfunction. *

Maintaining the quality and hygiene of maxillofacial prosthesis and results in
maintaining the health of the residual tissues, therefore necessitates cleaning.
Sampling of the maxillofacial prostheses has reported the existence of Saphylococcus
aureus and Candida albicans colonisation on silicone surfaces. Cleaning procedures
of maxillofacial silicones that have been used in the past include: Biofilm can be
removed by mechanical means, such as manual brushing or washing using water with
neutral soap as adjunctive or using chemical means like cleansing tablets, sodium

hypochlorite, and chlorhexidine gluconate.

However, repeated exposure to these solutions may cause the surface of the
prosthesis to become uneven. The physical and mechanical characteristics of
maxillofacial silicone elastomers could be atered by frequent application of

chlorhexidine gluconate, leading to loss of smooth surface and a rise in
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Need for the Study

microhardness. ®As a result, more research is needed to develop alternate disinfection
methods which does not modify the silicone surface and are safe and non-toxic*. Due
to rising microorganism resistance and fewer adverse effects, phytoextracts appear to

be a viable disinfection choice.

Mangifera indica (mango) leaves have been shown to have antimicrobial
properties.. Leaf extracts are used as astringents and antiseptics as they contain active
pharmacological components which include tannins, saponins, flavonoids, alkaloids,
and mangiferin ™ Because antioxidant, antibacterial, and anticancer properties,
Anacardium occidentale (cashew) plants are used medicinally in many nations. Plant
metabolites such as phenols, flavonoids, and tannins are found in leaf extracts and are

responsible for their antibacterial properties.****

There have been no research on the disinfectant properties of Mangifera indica
(mango) and Anacardium occidentale (cashew) for polymers used in maxillofacial
prostheses. The leaves of Mangifera indica (mango) and Anacardium occidentale
(cashew) are reported to have antibacterial and antifungal properties, and leaf extracts
from these plants will be utilised to test their effectiveness against the growth of
Candida albicans and Staphylococcus aureus, two microorganisms commonly found
in maxillofacial prosthesis. Furthermore, it will be compared to 0.2% chlorhexidine

gluconate.
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Hypothesis

HYPOTHESIS

NULL HYPOTHESIS

There is no significant difference of leaf extracts of Mangifera indica,
Anacardium occidentale and 0.2% chlorhexidine gluconate on disinfection of

maxillofacial silicone material surface contaminated with microorganisms.

ALTERNATIVE HYPOTHESIS

There is dignificant difference of leaf extracts of Mangifera indica,
Anacardium occidentale and 0.2% chlorhexidine gluconate on disinfection of

maxillofacial silicone material surface contaminated with microorganisms.
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Aim and Objectives

AIM AND OBJECTIVES

AIM OF THE STUDY

To evaluate leaf extracts of Mangifera indica, Anacardium occidentale and
0.2% chlorhexidine gluconate on disinfection of maxillofacial silicone materia
surface contaminated with microorganisms (Staphylococcus aureus and Candida

albicans).

OBJECTIVES

1. To evauate leaf extracts of Mangifera indica, Anacardium occidentale on
disinfection of maxillofacial silicone material surface contaminated with

Saphylococcus aureus and Candida albicans

2. To evauate 0.2% chlorhexidine gluconate on disinfection of maxillofacial
silicone material surface contaminated with Staphylococcus aureus and

Candida albicans.

3. To compare leaf extracts of Mangifera indica, Anacardium occidentale and
0.2% chlorhexidine gluconate on disinfection of maxillofacia silicone
material surface contaminated with Staphylococcus aureus and Candida

albicans
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Review of Literature

REVIEW OF LITERATURE

Steven P Haug (1992kxamined how four maxillofacial elastomers' phgkic
qualities were affected by weather, sunshine, aheamroducts, cosmetics,
adhesives, and time. The samples were immerséx icl¢éaning solution, sealed,
and left in the same dark environment at room teatpes for 30 hours. A-2186,
while being one of the softer materials tested, alestrated significant strength
ratings. Unfortunately, the majority of the studiedivironmental variables
weakened and made this new material stiffer, cguisito lose these beneficial

properties”

H. Nikawa et al. (2001)performed a study on the grow@andida albicans on
commercial maxillofacial materials that were protebated and thermo-cycled
and used for facial prosthesis, revealing thatdéterioration of the material and

the host's body fluid aided fungal growth on masétial material$®

G. S. Bbosa et al (200Mangifera indica (L.) leaf extracts were tested for their
ability to combatSaphylococcus aureus, Escherichia coli, and Pseudomonas
aeruginosa. When compared to the positive control, the ex#faghtibacterial
activity against the study organisms using the -agal diffusion and gradient
serial dilution procedures was low. Chemical aredyevealed that the ethanolic
portion of the plant extract contained anthraceses,i flavanones, and reducing
sugars, while the aqueous portion contained aldajocoumarins, flavonoids,
reducing sugars, catechol and gallic tannins, sappsteroids, and triterpenoids.
These findings indicate thad¥l. indica leaf extracts have some antibacterial

activity, which may be the basis for their potehtigedical usé’
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Review of Literature

4. Y. Shi et al (2008) The study's goal was to see how effective humaa-bet
defensin-3 (HBD3) was at eliminatin§taphylococcus aureus and Candida
albicans on the surface of a maxillofacial silicone elastomin 30-minute
immersion, the active recombinant HBD3 eradica®edureus andC. albicans
microorganisms from the surface of the maxillofaekastomer. The difference
between the rHBD3 group and the sodium hypochldigs % group was not

statistically significant™

5. Marcelo Coelho Goiato et al (2009)describedthe maintenance of the
prosthesis' quality requires both cleaning and.CHnés demonstrated the proper
techniques for cleaning and caring for the paseptbsthesis and surrounding
tissue, beginning with expert teaching and trainihdhas been confirmed that
silicone, when used to make maxillofacial prostsese the material that holds
microorganisms on its surface. Therefore, it isis&ty to clean prosthetics with
water, neutral soap, and chlorhexidine. When it €®rnto taking care of the
surrounding tissues, it is advised to remove thesthesis before going to bed
and to wash the tissues that are in contact wighpitosthesis with water and
neutral soap or with a solution of hydrogen perexahd water. While cleaning
the mucosal surfaces of the ocular cavity at l¢hste times per day with

physiological solution or filtered, boiling water advised.

6. 0O.0. Ayepola and RO Ishola (2009)investigatedAnacardium occidentale
leaves and stem bark extracts phytochemically éopsdary metabolite content
and in vitro antibacterial activity. The screenifyy phytochemicals found

alkaloids and tannins. In comparison to the aquenaiacts, the leaf methanol
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extracts showed significant activity. The antibaeleactivity was most effective

against Candida albicans, Bacillus anthracis, angni€¢umoniaé?

Ariani N et al. (2012)studied the microorganism present on healthy skiihout

prosthesis to the microorganism on silicone prastkeMixed bacterial as well
as yeast biofilms were discovered under scanniegt®n microscopy. In all
samples, bacterial diversity outnumbered yeast rgitye Occlusion of the
epidermis by prostheses produced a favourable amvient for opportunistic

microorganisms likeCandida spp. and Saphylococcus aureus.”

A Atay et al. (2013)determined the lowest surface contact angle andulsin
adhesion on popular maxillofacial silicone matesialhe maxillofacial silicone

materials VST-50, A-2006, and A-2186F were used tl@nsample made of A-
2006 silicone material, the lowest surface condimcfle values and the maximum
Candida adhesion amount were measured. The thredlafazial silicone

materials varied from one another statistically andstantially*>

Salah Khalaf Al-Askari et al. (2014)examined the differences in the adhesion
of Saphylococcus aureus, Streptococcus mutans, and Candida albicans to
surfaces made of silicone elastomers used in moédial prostheses.
Microscopy showed that bacteria had adhered tsitlo®ne elastomers' surface.
In addition to causing undesired infections androgoganism proliferation in
dental offices, the presence of these germs onrattenaxillofacial prostheses

may also lead to re-infection, resulting in crosstamination?

Page 11



Review of Literature

10. Chabi Sika K. et al. (2014)studied the antibacterial properties of extraotsnf
leaf and bark two different cashew tree componentqueous, ethanol, ethyl
acetate, and dichloromethart. aureus and C. albicans displayed the lowest
MBC for the acetyl acetate leaf extract. The outesrdemonstrate that acetyl
acetate leaf extract and ethanol were both morect&fe than ethanobark

extract!®

11. Ariani N et al. (2015)investigated the effectiveness of several cleaagents in
eliminating bacteria and yeast in a mixed speciedilto on silicone facial
prosthesis. The most promising cleansing agent fwasd to be 0.2 percent
chlorhexidine digluconate. The mouthwash contairesgential oils was shown
to be as effective as ethanol. The least effeciyents were antibacterial soap

and buttermilk®

12. Anand G et al (2015)investigated the antimicrobial activity of ethamodtracts
of cashew and mango leaves. In comparision to poédodine rinse, cashew
and mango leaf extracts provided a considerablytgrezone of inhibition

againstE.faecalis, Saureus, Smutans, E.coli, and C.albicans.**

13. Aimée Maria Guiotti et al (2016) compared the antimicrobial activity of
standard disinfectant solutions (water, neutraps@ad 4% chlorhexidine) and
extracts of Cymbopogon nardus and Hydrastis canadensis on maxillofacial
silicone samples contaminated wiandida albicans andStaphylococcus aureus
biofilms. They concluded that all disinfection tie&nts resulted in a statistically
significant decrease in biofilm viability faC. albicans andS aureus. Lowering

biofilm viability via the use of water and neutsdap was considerably more
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14.

15.

16.

17.

effective than soaking in disinfectants. Photongcaphs show that 4%

chlorhexidine transformed the polymer's interface.

Smriti Balaji et al (2016)analyzed the effectiveness of 4 different disitdats
in disinfecting acrylic resins. Chlorhexidine diganate is found to show good
disinfecting ability when compared to vinegar. Rettage reduction in CFU seen

with vinegar is less than 15% agaifisalbicans as well asSmutans.>

Juliana Barchelli Pinheiro et al (2017)evaluated the effectiveness of 0.12%
chlorhexidine gluconate, 10% Ricinus communis $ohg for reducing CFU in
C.glabrata, S. aureus, on MDX 4-4210 and Bio-Skin, respectively. The mos
effective antimicrobial treatment, was immersion 12% chlorhexidine

gluconate, proceeded by mechanical brushing teaksiq

Disegha, G. C. & Akani, N.P.(2017)studied antifungal activity of different
concentrations ofMangifera indica (mango) crude leaf extracts fresh cold
aqueous (FCAE), fresh hot aqueous (FHAE) and fegblanol extract (FEE)
while cold distilled water, hot distilled water ar®%% ethanol were used as
controls on some selected fungal species, nanGalydida albians, Aspergillus
flavus, Aspergillus fumigatus, and Aspergillus niger. The study has revealed that
M. indica extracts can be used as an antifungal agent intrd@ment of

infectious diseases implicating the test organi§ms.

A M Guiotti et al. (2018) identified and examined the microbes in conjuradti
secretions in anophthalmic cavities of users ofavgorostheses as well as on the

prostheses used by them, associating them with ntierobiota of the
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18.

19.

20.

21.

contralateral eye. Irrespective of where the samale from, it was proven that

S aureus andS.epidermidis were the most prevalent microorganisths.

Sophia Tetteh et al (2018) used tea tree oil and manuka oil were used to
disinfect test specimens from staphylococcus epidks. The hardness and
elongation at the break of the test samples vasiggificantly over time,

although the tear and tensile strength charadtevist the test samples did rlot.

Anna Serene Babu et al (2018n their research concluded regardless of the
disinfectant utilised, chemical disinfection causedsiderable changes in colour

and surface roughness but did not influence Showrdness’

Martin Kalumbi et al. (2018) investigated the effect d¥langifera indica leaf

extract concentration and processing technique her antibacterial activity
againstS aureus. The processing method (mortar and pestle, bletalaoratory
mill, and stone). The highest inhibitory zones wdoand at 50 mg/ml

concentration and laboratory mill (14.5mm) (16.7nim)

Olasehinde G. I. et al (2018)nvestigated the aqueous and ethanolic extracts of
Mangifera indica leaf extract’s for their phytochemical make-up and
antimicrobial properties. The water extract withQwvere more sensitive 18
aureus. Phytochemical screening showed the presencetivegzharmacological
components such as tannins, saponins, cardiac stig;o flavonoid and

alkaloids®®
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22.

23.

24,

25.

26.

27.

Ruth Bright Chirayath et al (2019) tested the antibacterial efficacy of the
methanol extract of mango leaf agaisstaureus and it was found to be an
effective anti-staphylococcal agent, non-mutageanic contains phytochemicals

such as tannins, saponins, flavonoids, phenolscanmharin?®

Nayane de Lanes Gongcalves et al (2028 amined the antibacterial efficacy of
photodynamic treatment (PDT) utilising methylenaiebl(MB) and laser to
eradicateStaphylococcus aureus biofilm that had formed on the surface of scleral
acrylic resin. PDT presents itself as a viable aptifor cleaning ocular

prosthetics?

Sahal G et al (2020)stated thatCymbopogon citratus oil can be used as a
antifungal and antibiofilm agent on silicone whe&etropicalis pose a serious

risk for skin problems and could reduce the lifesphthe prosthesis’.

Abdul-Ameer FM (2020) concluded that after disinfection, the tear strermjt
all groups decreased, with the experimental grayng the highest values. The
tear strength and hardness of the HTV control dmd Hardness of the RTV

experimental specimen were not affected by Bapsadora persical.*

Bahare Salehi et al (2020)reviewed the antioxidant, antibacterial, and
anticancer activity are among the various bioaaiffects ofAnacardium species
that have drawn the most attention. Hydroethanektacts ofA. occidentale

demonstrated positive results agai@atireus'.

Victoria Cardenas et al. (2020)assessed the antibacterial activity of four
dilutions of Mangifera indica L. hydroalcoholic extract (MHE) and ethanol

extract (MEE) on culturesf S aureus ATCC 6538TM in comparison to the
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28.

29.

30.

31.

positive control (chlorhexidine 0.12%) and the riegacontrol (alcohol 96°).
Mango leaf extracts have strong antibacterial phog®e demonstrating that
100% MHE is more efficient and demonstrating thestexce of active

components in medicinal plants.

Amalia Moreno et al (2020)assessed how disinfectants affected the biofilm of
Saphylococcus aureus and Staphylococcus epidermidis that had developed on
the acrylic surface of ocular prostheses. When eatpto their control groups,
0.5% CHX10, 2% CHX10, 4% CHX10, and Efeeredenttmificantly reduced

the number of CFU/mL for both bactefia.

Ashok Kumar et al (2021)stated that it has been established that botosgi
and acrylic resin may harbour bacteria when usedatastruct maxillofacial
replacements, but silicone is more porous and seoenpoone to microbial

adherence®

Mariana Neves de Azevedo et al (202Xpncluded tha& aureus biofilm was
successfully removed from samples of N1 acryliegnrepecifically designed for
ocular prosthesis and maxillofacial elastomer bynarsion in a 10% green

propolis alcohol solution for 5 minutés.

Shamsiahwati Mat-Rani (2021)et al assesses the effectiveness of lemongrass
essential oil in eliminatingCandida albicans biofilm that has already been
developed on the maxillofacial silicone specimehungicidal impact was seen
in the C. albicans biofilm that had already been developed on sikcdiscs made

by various silicone manufacturers after exposurenwongrass essential oil. The
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32.

33.

oil's fungicidal activity against the developed dgah biofilm was also dose-

dependent?

Malateaux G et al (2021used a variety of treatments, including distilleater,

0.12% chlorhexidine, UV-C LED light, and dimethydlfoxide (DMSO) as the
adverse control and came to a conclusion that rakdiicone used in facial
prosthetics had a lower in vitro microbial cell @ual after being exposed to

UV-C LED light, confirming the original colour staiby. **

Karl M Lyons et al (2022) noted that it is crucial to reduce the risk of eysic
and local infections in immunocompromised cancéiepgs who have maxillary
abnormalities. The function of saliva in microbiattachment to obturator
materials and to create materials with longer fifes and surface properties that

encourage less microbial adhesion than other raddsi required?
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MATERIAL AND METHODOLOGY

SOURCE OF DATA:

This in-vitro study was conducted in-

KAHER'’s

+ Central research facility, KLE Shri BMK Ayurveda Wavidyalaya, Belagavi.
(authentication, preparation of extract and preggavaof disinfecting solution)

« Department of Prosthodontics and Crown and Bri#dds Vishwanath Katti
Institute of Dental Science, Belagavi. (fabricatioh maxillofacial silicone
material disc specimens )

« Department of Microbiology, Jawaharlal Nehru Metli€ollege, Belagavi.

(microbial analysis)

PERMISSIONS TAKEN:

Permissions were taken from —

+ Ethical committee (Annexure-I)

KAHER'’s

+ Central research facility, KLE Shri BMK Ayurveda aWlavidyalaya,
Belagavi.

+ Department of Prosthodontics and Crown and Britidds Vishwanath Katti
Institute of Dental Science, Belagavi.

« Department of Microbiology, Jawaharlal Nehru MedliCallege, Belagauvi.
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SAMPLE SIZE ESTIMATION:

N=2S(Z1.ap+Z;1.6)°
d2

n=25 samples in each group

Total groups=6; Total sample size=150
- Where, standard deviation=50.010 ; $=0.030
- Zi-a/> = a-error at 5% = 1.960

- Zi-p = power of test at 85% = 1.037

d = mean difference = 0.019

Total Sample Size (150)
|

Contamination of silicone disc by Contamination of silicone disc by
Staphyloccocus aureus Candida albicans
(75) (75)
M.indica leaf extract M.indica leaf extract
(n=25) (n=25)
A.occidentale leaf A.occidentale leaf
extract extract
(n=25) (n=25)
0.2% chlorhexidine 0.2% chlorhexidine
gluconate gluconate
(n=25) (n=25)
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INCLUSION CRITERIA:

. Disc-shaped specimens of the size-diameter-3rnickness - 2mm

Completely cured specimens.

+ Specimens without visual surface defects, defoesidind gross irregularities.

EXCLUSION CRITERIA:

« Specimens with visual surface defects, deforméres gross irregularities.

+ Specimens with inaccurate dimensions.

STUDY DESIGN

e An In Vitro Comparative Study
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MATERIALS AND ARMAMENTARIUM

MATERIALS

» Dried Mangiferaindica leaves (mango)

» Dried Anacardium occidentale leaves (cashew)

+ Brain heart infusion broth

» Blood agar

* Whatman filter paper

+ Distilled water

Table 1: Materials used in the study.

MATERIALS DESCRIPTION MANUFACTURER
o BioMedical Grade _
Silastic MDX4-4210 Dow Corning Corp,USA
Elastomer
o 0.2% Chlorhexidine ICPA Health Products
Hexidine
gluconate LTD

Changshu Hongsheng
Ethyl alcohol Ethanol , absolute Fine Chemical Co., Ltd,

Jiangsu Province

Candida albicans fungal strain ATCC 10231

Saphylococcus aureus
) _ ATCC 25923
bacterial strain
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ARMAMENTARIUM

* Vacuum mixing machine

* Mortar and pestle

* Soxhlet extraction apparatus

*  Weighing machine

* Incubator

*  Metal mould ( 5mmx2mm)

« BP blade and handle

e« Scissors

* Spatula

« Beakers

» Dappen dish

e Petri dishes

e Test tubes

e  Sterile containers

* Inoculation loop
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Table 2: Armamentarium used in the study

MATERIALS

DESCRIPTION

MANUFACTURER

Incubator

Sr no. ZBCT-08444

Remi elektrotechnik Itd

India

Vacuum mixing machine

Model no. 26090

Easymix Bego Wilhelm —|

Herbst -str

Soxhlet extraction apparatus

D

431/2 29/32 24/29 1

Jain scientific works
00
product

Page 23




Materials and Methods

METHODOLOGY IN FLOWCHART:

A) Preparation oMangifera indica andAnacardium occidentale leaf extracts.

4

B) Determination of Minimum Inhibitory Concentrati@and Minimum
Bactericidal/Fungicidal Concentration Mfangifera indica and Anacardium occidentale
leaf extracts eainstSaphyl ococcus aureus andCandida albicans.

\ 4

C) Preparation of disinfecting solutions.

4

D) Fabrication of maxillofacial silicone materiakds.

4

E) Contamination of maxillofacial silicone materthécs withSaphylococcus aureus and
Candida albicans.

4

F) Disinfection of maxillofacial silicone materidiscs with leaf extracts dflangifera
indica, Anacardium occidentale and 0.2% chlorhexidine gluconate.

4

Pre and post disinfectid@olony Forming Units were evaluated.
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METHODOLOGY IN DETAIL

A) Preparation of Mangifera indica and Anacardium occidentale leaf extracts.

Fresh leaves were collected from an infestatioe Meangifera indica and
Anacardium occidentale tree in the region of Thivim, Goa, India. The leav
authenticated by the Central research facility lmfi BMK Ayurveda Mahavidyalaya,
Belagavi (Annexure Il). Leaves were washed twohted times under running water
and made free from contaminant. The leaves werdestiaed for a period of 15 days
and then made into a medium-coarse powder by @wsmgrtar and pestle and stored
in an airtight container until extract is made. &ighed quantity of the leaf powders
was extracted with 99% ethyl alcohol as solventh®y Soxhlet extraction method.
(Fig 5) The extracts were filtered and concentraieoshg a water bath till all the

solvent evaporates. The extracts were storedéfrigerator until further use. (Fig 6)

B) Determination of Minimum Inhibitory Concentratio n and Minimum
Bactericidal/Fungicidal Concentration of Mangifera indica and Anacardium

occidentale leaf extracts againstaphylococcus aureus and Candida albicans.

By using the broth dilution procedure, the Minimumhibitory Concentration
(MIC) of the leaf extracts was determined SuspensibS. aureus andC. albicans
were added to BHI broth to which graded amountrestly prepared leaf extracts
were added. Series of dilution were prepared coimgi same volume of media
inoculated.

One test tube was left without extract, to servepasitive control and one
without organism to serve negative control. Finalume per tube was 1ml which
includes 10 microliters of organism in each tube different concentration of extract

and the BHI broth.
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The solutions will be incubated at°&7for 24 hours. MIC was taken as the
least concentration of extracts that showed no rebbée growth (no turbidity).
Samples from the tube that showed no visible battegrowth during MIC
determination was inoculated on separate agarspkatel incubated at %2 for 24
hours. The least concentration of the extractsghatved no colonies on the medium
after incubation period was regarded as Minimum t&azidal/Fungicidal
concentration (MBC/MFC).The value of MBC ofMangifera indica was 75
microliters againsSaphylococcus aureus and Candida albicans and the value of
MBC of Anacardium occidentale againstSaphylococcus aureus was 25 microliters
andCandida albicans was 100 microliters. (Annexure Ill)

C) Preparation of Disinfecting Solutions.

To prepare the disinfecting solution, the highefétative concentration was
chosen of the Minimal Bactericidal/Fungicidal Contation values of freshly
prepared extracts.

The solutions were prepared by mixing the effectivacentration values of the
extracts in non-ionized distilled water until a hmgenous solution is obtained and

were stored in sterile conditions.
D) Fabrication of Maxillofacial Silicone Material Discs.2

Processing of the maxillofacial silicone elastorf®&tastic MDX4-4210) discs
was done using a metal mould of diameter- 5 mnektidss- 2 mm.(Fig 9) In the
Vacuum mixing machinéEasymix Bego Wilhelm — Herbst —str) silicone tah
was combined with base paste in accordance withufaaturer recommendations.
Following its mixing, the silicone was insertedarthe mould matrix and its surface

was flattened with a spatula at the matrix's edge thickness of 2 mm. To finish the
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polymerization process, the matrix containing tiieane samples was left in the
mould for three days with the exterior surface esgabto the room environment. After
this time, the specimens were taken out of the thasing a fine-pointed tool, and
extra material and imperfections were trimmed osing thin, curved scissofs.

A uniform surface smoothness will be maintaineddelt attachment, but the surface
won't be finished or polished, simulating what ypitally done in processing these

prostheses, in which frequently only the edgegrarened?

5mm

/
\

2 mm

/
\
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E) Contamination of maxillofacial silicone material dscs with

Staphylococcus aureus and Candida albicans.

The sterilised silicone disc was placed in a taiset(Fig 9)

L4

Contamination witt&aphyl ococcus aureus/Candida albicans
1 mL of BHI broth +2 pL of standardized inoculunx{ffcells) and incubate for 24
hours at 37C aerobically

¥

Disc was rolled on blood agar in a 1cmxlcm areg (2)

¥ ¥

The disc was placed back in the above Blood agar was incubated for 24 hou
solution incubated for 2 hours at’g87 at 37C aerobically and CFU was
aerobically counted for baseline microbial study

y

[S

Pre disinfection CFUswere evaluated. Discs were subjected to disinfegiiotocols
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F) Disinfection of maxillofacial silicone material di€s.

The contaminated discs witBtaphylococcus aureus and Candida albicans were

disinfected for 10 minutes by the following protteqFig 14)

M.indica leaf A.occidentale leaf 0.2% chlorhexidine
extracts extracts gluconate

\ \ \

Disinfected disc was rolled on blood agar in a 1tomt area

¥

The blood agar was incubated for 24 hours 8€3irobically
after which the Colony Forming Unit post disinfectiwas counted

|

Post disinfection CFUswere evaluated. The results were tabulated.
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Figure 1- Dried leaves oMangiferaindica

Figure 2 - Dried leaves ofAnacardium occidentale
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Manerpets Tavica
LEAF  pownef

Figure 4 - Mangifera indica and Anacardium occidentale leavespowder
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Figure 6 - Ethanolic extracts of Anacardium occidentale |eaf extracts
and Mangifera indica leaf extract
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Figure 8 - Vacuum mixing machine
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@000 O @
e 0 @ @ @

ea'e\@@@e.f
000@ee®.
@eeeeoo

WMEWTTET Y WTE e =

Figure 9 - Metal mould

Figure 10 - Silicone samples
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Figure 11 - Silicone disc placed in test tube coritang BHI
broth and organism for contamination of discs

Figure 12 - Silicone disc rolled in a 1cmx1cm squararea onto the
blood agar.
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Antiseptic - Antiplague - Al q

PhvsICAN'S SAVECE
NOT TO BE S04

Figure 13 - Hexidine — 0.2% CHX

Figure 14 - Decontamination of silicone disc JA. occidentale
leaf extract, 2- CHX, 3-M. indica leaf extract,
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blood

10N on

Staphylococcus aureus colonizat

Figure 15

ion

disinfect

agar pre

Staphylocoocus aureus colonization on blood

Figure 16

. occidentale leaf extract,

M. indica leaf extract

agar post-disinfection. 1-A

2- CHX, 3
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Figure 17 -Candida albicans colonization on blood agar
pre-disinfection

Figure 18 -Candida albicans colonization on blood agar
post-disinfection. 1-A. occidentale leaf extract,
2- CHX, 3-M. indica leaf extract
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RESULTS

The colony forming units/ml of the respective microbial count was converted
to log CFU and tabulated to evaluate and compare the leaf extracts of Mangifera
indica, Anacardium occidentale and 0.2% chlorhexidine on disinfection of
maxillofacial silicone material surface contaminated with Staphylococcus aureus and

Candida albicans.

The results were tabulated and analysed and subjected to statistical analysis.
Descriptive statistical measures such as Mean, Standard deviation were calculated for
all the study groups pre-disinfection and post-disinfection for maxillofacial silicone
material surface contaminated with Saphylococcus aureus and Candida

albicans.(Table no. 3 and 4)

The mean and standard deviation of the pre-disinfection of S aureus was
8.12(0.008), 8.13(0.008), 8.13(0.008) in the 0.2% chlorhexidine, Mangifera indica
and Anacardium occidentale groups respectively. Mean and standard deviation of the
post-disinfection was 0.48(0.59), 1.95(0.73), 0.87(1.03) in the 0.2% chlorhexidine,
Mangifera indica and Anacardium occidentale groups respectively. The dependent t-
test was applied to evaluate pre disinfection v/s post-disinfection of Saphylococcus
aureus in each group, which showed statistically significant (p=0.0001) in all the

groups. (Tableno 5, graph no 1).

A one-way ANOVA was performed to compare the three groups i.e 0.2%
chlorhexidine, Mangifera indica and Anacardium occidentale on pre- and post-

disinfection of Saphylococcus aureus. The test revealed that there was no
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statistically significant (p=0.9401) in the pre disinfection, whereas in the post

disinfection it was statistically significant between the groups (p=0.0001) (Table 6.)

Pair-wise comparison of 0.2% chlorhexidine, Mangifera indica and
Anacardium occidentale with pre and post-disinfection log CFU counts of
Staphylococcus aureus was done by Tukeys multiple posthoc procedure, it was found
that there is statistically significance between 0.2% chlorhexidine and Mangifera
indica (p=0.001); Mangifera indica and Anacardium occidentale (p=0.001). No
statistically significant were found between significant 0.2% chlorhexidine and

Anacardium occidentale (p=0.1988). (Table no 7)

The difference of the log CFU from pre-disinfection to post disinfection of
Staphylococcus aureus was tabulated where the mean difference for chlorhexidine
was 7.64, Mangifera indica was 6.18 and 7.26 for Anacardium occidentale.

(Tableno 8)

A one way ANOVA was performed to compare the difference of the log CFU
from pre-disinfection to post disinfection of Staphylococcus aureus in the three
groups, which showed that there was statistical significance (p= 0.0001) between the

groups. (Table no 9)

Pair wise comparison of 0.2% chlorhexidine, Mangifera indica and
Anacardium occidental of the difference of the log CFU from pre-disinfection to post
disinfection of Saphylococcus aureus was done by Tukeys multiple posthoc
procedure, found statistically significant result between 0.2% chlorhexidine and

Mangifera indica (p=0.001); Mangifera indica and Anacardium occidentale
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(p=0.001). No dtatigtically significant results were found between significant 0.2%

chlorhexidine and Anacardium occidentale (p=0.2121). (Table no 10)

The mean and standard deviation of the pre-disinfection of C.albicans was
6.02(0.06), 6.04(0.07), 6.03(0.07) in the 0.2% chlorhexidine, Mangifera indica and
Anacardium occidentale groups respectively. Mean and standard deviation of the
post-disinfection was 0.22(0.55), 1.91(0.53), 1.06(0.77) in the 0.2% chlorhexidine,
Mangifera indica and Anacardium occidentale groups respectively. The dependent t-
test was applied to evaluate pre disinfection v/s post-disinfection of Candida albicans
in each group which showed statistically significant result (p=0.0001) in al the

groups. (Tableno 11)

A one-way ANOVA was performed to compare the three groups i.e. 0.2%
chlorhexidine, Mangifera indica and Anacardium occidentale on pre- and post-
disinfection of Candida albicans. The test revealed that there was no statistically
significant (p=0.7506) in the pre disinfection, whereas in the post disinfection it was

statistically significant between the groups (p=0.0001) (Table no 12)

Pair wise comparison of 0.2% chlorhexidine, Mangifera indica and
Anacardium occidental of the difference of the log CFU from pre-disinfection to post
disinfection of Candida albicans was done by Tukeys multiple posthoc procedure,
found that there was statistical significance between all the three groups; 0.2%
chlorhexidine v/s Mangifera indica (p=0.001); Mangifera indica v/s Anacardium
occidentale (p=0.001) and 0.2% chlorhexidine v/s Anacardium occidentale

(p=0.001). (Table no 13)
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The difference of the log CFU from pre-disinfection to post disinfection of
Candida albicans was tabulated where the mean difference for chlorhexidine was
5.80, Mangifera indica was 4.12 and 4.96 for Anacardium occidentale.

(Table no 14)

A one way ANOVA was performed to compare the difference of the log CFU
from pre-disinfection to post-disinfection of Candida albicans in the three groups,
which showed that there was statistical significance (p= 0.0001) between the groups.

(Table no 15)

Pair wise comparison of 0.2% chlorhexidine, Mangifera indica and
Anacardium occidentale of the difference of the log CFU from pre-disinfection to
post-disinfection of Candida albicans was done by Tukeys multiple posthoc
procedure, found statistically significant result between all the three groups;, 0.2%
chlorhexidine v/s Mangifera indica (p=0.001); Mangifera indica v/s Anacardium
occidentale (p=0.001) and 0.2% chlorhexidine v/s Anacardium occidentale

(p=0.001). (Table no 16)
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Table no. 3: Descriptive statistics of pre-disinfection and post-disinfection log

CFU countsof S. aureusin three groups

Groups Pre-disinfection Post-disinfection
Mean SD 95% ClI Mean | SD 95% ClI
Lower | Upper Lower | Upper
CHX 8.12 008| 809 | 815 | 048 | 059 | 0.24 | 0.72

Mangiferaindica 8.13 008 809 | 816 | 1.95 | 0.73| 165 | 225

Anacardium 8.13 0.08| 8.09 8.16 | 0.87 | 1.03| 0.45 1.29
occidentale
Total 8.12 0.08| 811 8.14 | 1.10 | 1.01| 0.87 1.33
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Results

Table no. 4: Descriptive statistics of pre-disinfection and post-disinfection log

CFU countsof C .albicansin three groups.

Groups Pre-disinfection Post-disinfection
Mean | SD 95% Cl Mean | SD 95% Cl

Lower | Upper Lower | Upper

CHX 6.02 | 0.06 | 6.00 6.05 0.22 | 055 | -0.01 0.44

Mangiferaindica | 6.04 | 0.07 | 6.01 6.06 191 | 053] 169 2.13

Anacardium 6.03 | 0.07 | 6.00 6.06 106 | 0.77 | 0.75 1.38
occidentale

Total 6.03 | 0.06 | 6.01 6.04 107 | 093 | 085 1.28
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Results

Tableno. 5: Comparison of pre- disinfection and post-disinfection log CFU

countsof S.aureusin Chlorhexidine, Mangifera indica and Anacardium

occidentale) by dependent t test

Groups CHX Mangiferaindica Anacardium occidentale
Pre- Post- Pre- Post- Pre- Post-
disinfection | disinfection | disinfection | disinfection | disinfection | disinfection
Mean 8.12 0.48 8.13 1.95 8.13 0.87
SD 0.08 0.59 0.08 0.73 0.08 1.03
Mean Diff 7.64 6.18 7.26
SD diff 0.57 0.75 1.03
% of change 94.13 76.01 89.29
t value 67.34 41.3099 35.2106
p value 0.001* 0.001* 0.001*
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Results

Tableno 6: Comparison of in three groups Chlorhexidine, Mangifera indica and

Anacardium occidentale) with pre- disinfection and post- disinfection log CFU

counts of S. aureus by one way ANOVA

Times Sourcesof | Degreesof | Sumof | Meansum | F-value p-value
variation freedom squares | of squares
Pre- Between 2 0.0008 0.0004 0.0619 0.9401
disinfection extracts
Within 72 0.4812 0.0067
extracts
Total 74 0.4821
Post- Between 2 29.0852 14.5426 22,5894 | 0.0001*
disinfection extracts
Within 72 46.3521 0.6438
extracts
Total 74 75.4373
*p<0.05
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Results

Table no 7 Pair wise comparison three groups Chlor hexidine, Mangifera indica

and Anacardium occidentale) with pre-disinfection and post-disinfection log CFU

counts of S. aureus by Tukeys multiple posthoc procedures

Time points Extracts CHX Mangifera indica | Anacardium occidentale
Pre-disinfection Mean 8.12 8.13 8.13
SD 0.08 0.08 0.08
Mangiferaindica | P=0.9503 -
Anacardium P=0.9503 P=1.0000 -
occidentale
Post-disinfection Mean 0.48 1.95 0.87
SD 0.59 0.73 1.03
Mangifera indica | P=0.0001* -
Anacardium P=0.1988 P=0.0001* -
occidentale

*p<0.05
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Results

Table no 8: Descriptive statistics of changesin log CFU counts of S. aureusin

three groups
Groups Mean SD SE 95% ClI
Lower Upper
CHX 7.64 0.57 0.11 741 7.88
Mangifera indica 6.18 0.75 0.15 5.87 6.49
Anacardium occidentale 7.26 1.03 0.21 6.83 7.68
Total 7.03 1.01 0.12 6.79 7.26

Table no 9: Comparison of changesin log CFU countsof S. aureusin three

groups from pre-disinfection to post-disinfection by one way ANOVA

Sources of variation | Degreesof | Sumof | Meansum | F-value p-value
freedom squares | of squares
Between extracts 2 28.8668 144334 | 22.2883 | 0.0001*
Within extracts 72 46.6255 0.6476
Total 74 75.4923
*p<0.05
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Results

Table no 10: Pair wise comparison of three groupswith changesin log CFU

counts of S. aureus from pre-disinfection to post-disinfection by Tukeys multiple

posthoc procedures

Groups CHX Mangiferaindica | Anacardium occidentale
Mean 7.64 6.18 7.26
SD 0.57 0.75 1.03
Mangifera indica P=0.0001* -
Anacardium P=0.2121 P=0.0001* -
occidentale
*p<0.05
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Table no 11. Comparison of pre- disinfection and post-disinfection log CFU
counts of C. albicansin three groups Chlor hexidine, Mangifera indica and

Anacardium occidentale) by dependent t test

Groups CHX Mangifera indica Anacardium occidentale
pre post pre post pre post
Mean 6.0 0.22 6.04 1.91 6.003 1.0
SD 0.06 0.55 0.07 0.53 0.07 0.77
Mean Diff 5.80 412 4.96
SD diff 0.56 0.51 0.76
% of change 96.38 68.31 82.33
t value 52.0056 40.2926 32.7426
p value 0.001* 0.001* 0.001*
*p<0.05
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Results

Tableno 12: Comparison of in three groups Chlorhexidine, Mangiferaindica

and Anacardium occidentale) with pre- disinfection and post- disinfection log

CFU counts C. albicans by one way ANOVA

Times Sources of | Degrees Sum of Meansum | F-value p-value
variation of squares of squares
freedom
Pre- Between 2 0.0025 0.0012 0.2880 0.7506
disinfection extracts
Within 72 0.3101 0.0043
extracts
Total 74 0.3126
Post- Between 2 35.9053 17.9527 45.7674 | 0.0001*
disinfection extracts
Within 72 28.2426 0.3923
extracts
Total 74 64.1480
*p<0.05
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Table no 13: Pair wise comparison three groups Chlor hexidine, Mangifera

indica and Anacardium occidentale) with pre-disinfection and post-disinfection

log CFU counts of C. albicans by Tukeys multiple posthoc procedures

Time points Groups CHX Mangifera Anacardium
indica occidentale
Pre- Mean 6.02 6.04 6.03
disinfection
SD 0.06 0.07 0.07
Mangifera P=0.7293 -
indica
Anacardium P=0.9239 P=0.9239 -
occidentale
Post- Mean 0.22 1.91 1.06
disinfection
SD 0.55 0.53 0.77
Mangifera P=0.0001* -
indica
Anacardium P=0.0001* P=0.0001* -
occidentale
*p<0.05
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Results

Table no 14: Descriptive statistics of changesin log CFU counts of C albicans

from disinfection in three groups

Groups Mean SD SE 95% ClI
Lower Upper
CHX 5.80 0.56 0.11 5.57 6.03
Mangifera indica 4.12 0.51 0.10 3.91 4.33
Anacardium occidentale 4.96 0.76 0.15 4.65 5.28
Total 4.96 0.92 0.11 4.75 5.18

Table no 15: Comparison of changesin log CFU counts of C. albicansin three

groups from pre-disinfection to post-disinfection by one-way ANOVA

Sources of variation | Degrees Sumof | Meansum | F-value p-value
of squares | of squares
freedom
Between extracts 2 35.3109 17.6555 46.1608 0.0001*
Within extracts 72 27.5384 0.3825
Total 74 62.8493
*p<0.05

Page 53




Results

Table no 16: Pair wise comparison of three groupswith changesin log CFU

counts of C. albicans from pre-disinfection to post-disinfection by Tukeys

multiple posthoc procedures

Anacardium occidentale

Groups CHX Mangiferaindica
Mean 5.80 412 4.96
SD 0.56 0.51 0.76
Mangifera indica P=0.0001* -
Anacardium occidentale | P=0.0001* P=0.0001* -

*p<0.05
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Results

Graph no 1: Comparison of pre- disinfection and post-disinfection log CFU
counts of S. aureusin Chlorhexidine, Mangifera indica and Anacardium

occidentale.

9.00-

8.12 8.13 8.13

8.00-
7.00-
6.00-
5.00-
4.00

Mean log CFU

3.00
2.00-

1.00- 0.48

0.00-

Chlorhexidine M.indica A.occidentae

@ Pre-disinfection @ Post-disinfection

Page 55




Results

Graph no 2 : Comparison of pre- disinfection and post-disinfection log CFU
counts of C. albicansin three groups Chlor hexidine, Mangifera indica and

Anacardium occidentale.
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Discussion

DISCUSSION

Maxillofacial prostheses offer a non-invasive, lowost, and pleasant
appearance, allowing patients to continue theimabtives® Due to its adaptability,
patient comfort, skin-like smoothness, and capafatyboth intrinsic and extrinsic
colour matching, silicone is the material of choic@olymethylmethacrylate,
polyurethanes, latex, and silicone elastomers areng the materials used to make
external prosthesfs® Biofilm can develop on prostheses due to mucosaidity,
and skin secretions (such as perspiration, sebadhotiner compounds released by the
skin)? The compression, heating, and contact from thestpesis could induce
dermatitis. The presence of bacteria and yeastbserged after sampling the
maxillofacial prosthetics' surface. The most comnuacterial species found on
maxillofacial prosthesis wergtaphylococcus epidermidis, Staphylococcus schleiferi,
Staphylococcus xylosus, and Staphylococcus capitis, whereas the most common yeast
species wereCandida albicans, Candida parapsilosis, and Candida famata.> On
prosthetic surfaces, microbial adherence and hiofijrowth are significant
contributors to material deterioration and skiitatron, which can contribute to facial
prosthesis failure It is critical to disinfect ardnserve maxillofacial prostheses to

preserve both their quality and the well-beinghef tissues around thei.

Under all of the current cleaning techniques, pasi@re obliged to clean their
prostheses. Some cleaning methods include wipimghdeith a cotton ball immersed
in a moderate soapy fluid, using a brush with seagshing in water, patting dry with
a napkin, and keeping in a container out of disailight. Some of the most often
used cleansing agents for the facial silicone efast include neutral soap; peroxides,

acid enzymes, sodium hypochlorite, cleansing tabkend chlorhexiding?’®These
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mechanical methods of cleaning maxillofacial fagabsthesis can cause increased
surface roughness, loss of color stability leadmglegradation of prosthesis which

will decrease the life of the prosthesis.

When it comes to disinfecting maxillofacial elasemnchemical soaking is the
method of choice. Cleansing with a 2-4% chlorhenédjluconate spraying or dipping
in solution for 1 minute, followed by washing undenning water, can adequately
condition to minimize the quantity of bacterial tamination without jeopardizing the
prosthesis. The physical and mechanical charattsri®f maxillofacial silicone
elastomers could be altered by frequent applicatbbnchlorhexidine gluconate,

leading to loss of smooth surface and a rise inoh@rdness.

The focus of oral hygiene has switched to planetasolutions as a result of
the increasing number of strains that are multgdresistant and possible negative
effects from conventional mouthwash. The use otgéntracts appears to be a viable
disinfectant due to increased microorganism resigtaand fewer side effects. The
recent resurgence of natural health has contribtbedn increase in interest in

available naturopathic therapies.

In the current research, taking this into accouanthie comparison was done
between 0.2% chlorhexidine gluconatdangifera indica (mango), Anacardium
occidentale (cashew) leave extracts disinfectant solution. drsnfectant solution
was formulated and prepared for the purpose of ghidy and mango and cashew
were chosen as the plant extracts for their estadodi antifungal and antimicrobial
properties in previous studi&s? Also these plants are indigenous and locally

available and thereby acceptable for clinical usel ©have an added economic
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advantage. 0.2% chlorhexidine gluconate was seldotethe comparison and control

purpose as it is the most common, economical asitiyesvailable in Indian markets.

The study was carried out using 75 silicone sampglestaminated with
Saphylococcus aureus and 75 withCandida albicans. The evaluation followed by
comparison was carried out by counting the prepox disinfection colony-forming
units of Staphylococcus aureus and Candida albicans on blood agar. According to the
findings of the current study, 0.2% chlorhexidinkicgnate, Mangifera indica
(mango),Anacardium occidentale (cashew) leave extracts significantly decreased th
number of microorganisms, namely albicans and S. aureus. However, statistically
considering, 0.2% chlorhexidine gluconate was sapév all other groups in terms of

both organisms.

The findings regarding the cleaning proceduresgusumbmersion in 0.12%
and 2% chlorhexidine gluconate is shown to be ssfakin lowering the CFU of the
microorganisms in previous studies conducted byariret al®, Pinheiro JB et al®
and de Azevedo MR In contrast, a study conducted by Guiotti étthle presence of
50% viableC. albicans after 10 minutes of 4% chlorhexidine gluconate whserved
and concluded that the most effective regimen faintaining silicone prosthesis

againstS. aureus andC. albicans was hand washing with water and neutral séap.

Even if chlorhexidine gluconate is showing effeetianti-fungal and anti-
microbial properties, 4% chlorhexidine gluconatsasd to present a modified surface

leading to unevenness and eventually microbial sidhe"**°
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Mangifera indica (mango) leaves have been shown to have antimalrobi
properties. Initial research is being done on sstuite called beta-carotene, lutein,
and alpha-carotene, as well as polyphenols likeogtie, kaempferol, gallic acid,
caffeic acid, catechins, tannins, and the speca@lgo xanthonoid called mangiferin,
which may be able to prevent various disease psesedhe mango leaves and stems'
aqueous and ethanol extracts, have been demodstateave considerable action
against microorganisms lik&aphylococcus aureus, Streptococcus pneumoniae,
Pseudomonas aeruginosa, Candida albicans. Gallotannin and mangiferin are assumed
to be responsible for the antibacterial effectstaingo extract™* Mangiferin has
strong antioxidant and antilipid peroxidation prajes. Therefore, the rupture of the

microbial biofilm may have been brought on by tlodyphenolic component found in

plant extracts?

Significant antibacterial and antifungal activityekg discovered in an ethanol
extract ofA occidentale leaves:*® Anacardium occidentale (cashew) plants are used
medicinally in many nations. Plant metabolites sash phenols, flavonoids, and
tannins are found in leaf extracts and are resptns$or its antibacterial properties.
High levels of tannins in cashews interact and ipiete proteins thereby inhibiting
the growth of pathogen$:™ This prompts further probing and research intdousr
therapeutic and pharmacologic applications Méngifera indica (mango) and
Anacardium occidentale (cashew) leave extracts to utilize as disinfecfatytions. In
comparison to the water-based extracts, the leahalic extracts showed more anti-
bacterial and anti-fungal activity; this might bechuse alcoholic extract can better
extract the bioactive agents and producing morénaistobial propertie¥. Hence

ethanolic extractef M. indica and A. occidentale were used.
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In the present studyAnacardium occidentale leaf extract disinfectant
performed statistically better thavangifera indica leaf extracts among the two

extracts for botls aureus andC. albicans.

In a study conducted by Anand G et'al there was no difference in the
antimicrobial action of cashew leaf extract agafistureus, C. albicans compared to

CHX-based mouth rinsg.

Other studies have stated that used plant-basedcexolutions, such &S
nardus (citronellaf, alcoholic solution of 10% green prop8lis10% Ricinus
communis'® solution were effective in eliminatindgs aureus biofilms from

maxillofacial elastomers.

0.2% chlorhexidine gluconate had a superior disiirig action onS aureus
and C. albicans followed by A. occidentale and M. indica. The action of
phyto-ingredients oM.indica and A. occidentale gave statistically significant and
overall acceptable action against biofilm formatiohS. aureus and C. albicans.
Hence the use of these natural disinfectants cama beeliable alternative for

maintenance of not only maxillofacial prosthesis éxen denture hygiene.
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Scoee of the studx
SCOPE OF THE STUDY

* Additional studies can be conducted to gauge the impact of the disinfectant
solutions on the colour stability, shore A hardness, tear strength, and surface

roughness of silicone materials.

« Assessment of the effect of different time duration for disinfection on the

micro-organisms.

» Further research is suggested to assess the combined effect of Mangifera
indica leaf and Anacardium occidentale leaf extracts on the micro-organisms

commonly seen in the oral cavity.

* A combination of mechanical methods of brushing and immersion in

disinfectant solutions can be studied.

» Sincethisisan in-vitro study, further in-vivo parameters should be considered

with variable clinical conditions and outcomes.

Page 62



Limitations of the study

LIMITATIONSOF THE STUDY

Since this is an in-vitro study, the application of the results in clinica
conditions might yield a different result.

Room temperature vulcanizing was evaluated in this study. Heat temperature
vulcanizing silicone might yield different results owing to the different surface
properties.

Leaves from different geographical areas, in different seasons, can yield
different results.

The time period considered for disinfection may be different from that
determined for individuals who have maxillofacia prostheses of various types
and sizes.

Only one species of biofilm was used to test the efficacy of the hygiene

regimens.
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Clinical implications

CLINICAL IMPLICATIONS

In this study, disinfection of maxillofacial silicone samples using 0.2%
chlorhexidine gluconate, Mangifera indica (mango) and Anacardium occidentale
(cashew) leaf extracts showed reduction in the colony forming units of S. aureus
and C. albicans. 0.2% chlorhexidine gluconate was superior to all other groupsin
terms of both organisms.

Shifting the focus to plant-based solutions because of the increasing number of
strains that are multi-drug resistant and possible negative effects from
conventional disinfectant is the need of the hour. The use of phytoextracts
appears to be a viable disinfectant due to increased microorganism resi stance and
fewer side effects. Anacardium occidentale leaf extract disinfectant performed
better than Mangifera indica leaf extracts among the two extracts for both S
aureus and C. albicans.

It is important to give proper prosthesis hygiene instructions to patients and
educate them about the importance of maintaining proper oral and prosthesis

hygiene along with regular recall and follow-up of the patient.
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made.

CONCLUSION

Given the limitations of the current research, the following conclusions can be

Anacardium occidentale leaf extract and Mangifera indica leaf extract when
used for the disinfection of maxillofacial silicone material surface
contaminated with Staphylococcus aureus and Candida albicans resulted in a

significant reduction in post-disinfection CFU.

0.2% chlorhexidine gluconate when used for the disinfection of maxillofacia
silicone material surface contaminated with Staphylococcus aureus and
Candida albicans resulted in a significant reduction of the post-disinfection

CFU.

0.2% chlorhexidine gluconate showed the most CFU reduction post
disinfection of maxillofacial silicone material surface contaminated with
Saphylococcus aureus followed by Anacardium occidentale leaf extract and
Mangifera indica leaf extract. No statistically significant were found between
0.2% chlorhexidine and Anacardium occidentale. And datistically
significance results were seen between 0.2% chlorhexidine and Mangifera

indica; Mangifera indica and Anacardium occidentale.

0.2% chlorhexidine gluconate showed the most CFU reduction post
disinfection of maxillofacial silicone material surface contaminated with
Candida albicans followed by Anacardium occidentale leaf extract and
Mangifera indica leaf extract. Statistically significant results were seen

between all the three groups.
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Summary

SUMMARY

The present study was conducted with the aim ttuata leaf extracts d¥.
indica, A. occidentale and 0.2% chlorhexidine gluconate on disinfectioh o
maxillofacial silicone material surface contamimhtewith microorganisms
Staphylococcus aureus and Candida albicans.

Maxillofacial silicone elastomer (Silastic MDX4-4@lwas used to fabricate
150 discs using metal mould of diameter- 5 mm kitéss- 2 mm75 silicone samples
were contaminated wittf®aphylococcus aureus and 75 were contaminated with
Candida albicans. The disc was rolled on blood agar in a lcmxlceaarPre-
disinfection CFU’s were evaluated and the discsewsubjected to disinfection
protocols. The contaminated discs wBhaureus and C.albicans were disinfected
usingM.indica leaf extractsA.occidentale leaf extracts and 0.2% chlorhexidine. Post
disinfection CFU’'s were evaluated. The results wieulated and analysed and
subjected to statistical analysis using the depanti¢est, one-way ANOVA and
Tukeys multiple posthoc procedure.

Given the limitations of the current research, @swfound that here 0.2%
chlorhexidine gluconate showed the most CFU redoctpost disinfection of
maxillofacial silicone material surface contamirtb8aphylococcus aureus followed
by A. occidentale leaf extract andV. indica leaf extract.No statistically significant
result were found between 0.2% chlorhexidine axadoccidentale. Statistically
significant results were seen between 0.2% chlodiexand M. indica; M. indica
and A. occidentale. 0.2% chlorhexidine gluconate showed the most C&gtluction
post-disinfection of maxillofacial silicone matdriaurface contaminate€andida
albicans followed by A occidentale leaf extract andM. indica leaf extract.

Statistically significant results were seen betwalkthe three groups.
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ANNEXURE - IV

Annexures

Silicone samples contaminated witls. aureus (Log CFU)

CHX A. occidentale M. indica
Pre- Post- Pre- Post- Pre- Post-
disinfection | disinfection | disinfection | disinfection | disinfection | disinfection
8.18 0.85 8.18 185 8.18 1.95
8.18 0.00 8.18 1.70 8.18 0.00
8.18 0.00 8.18 1.78 8.18 0.00
8.18 0.00 8.18 1.18 8.18 0.00
8.00 0.00 8.00 0.60 8.00 0.00
8.18 1.00 8.18 0.00 8.18 0.00
8.18 0.70 8.18 0.00 8.18 0.00
8.18 1.28 8.18 2.00 8.00 0.00
8.18 1.60 8.18 2.04 8.18 2.06
8.18 1.18 8.00 2.30 8.00 211
8.18 111 8.00 2.30 8.18 2.00
8.00 1.18 8.18 2.26 8.00 2.04
8.18 154 8.18 2.40 8.18 2.00
8.18 0.00 8.00 2.40 8.18 2.23
8.18 0.00 8.18 241 8.18 2.32
8.00 0.00 8.00 241 8.18 2.00
8.00 0.00 8.18 241 8.18 0.00
8.18 0.00 8.18 2.40 8.18 1.00
8.00 0.78 8.18 2.31 8.18 0.00
8.18 0.70 8.18 2.02 8.18 0.00
8.18 0.00 8.18 241 8.00 0.00
8.00 0.00 8.00 241 8.18 0.00
8.18 0.00 8.18 2.40 8.18 0.00
8.00 0.00 8.00 2.39 8.00 0.00
8.00 0.00 8.18 2.38 8.00 2.04
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Silicone samples contaminated wit C.albicans

CHX A. occidentale M. indica
Pre- Post- Pre- Post- Pre- Post-
disinfection | disinfection | disinfection | disinfection | disinfection | disinfection
6.00 1.70 6.00 2.00 6.00 2.00
6.00 0.00 6.00 2.05 6.00 2.00
6.00 0.00 6.00 1.18 6.00 0.00
6.00 0.00 6.00 1.04 6.00 0.00
6.00 0.00 6.00 0.00 6.00 0.00
6.00 0.60 6.00 1.30 6.00 1.78
6.00 1.30 6.00 195 6.00 1.00
6.00 0.00 6.18 241 6.00 1.18
6.18 0.00 6.18 2.26 6.18 1.78
6.00 0.00 6.00 2.30 6.00 1.85
6.00 0.00 6.00 2.30 6.18 2.00
6.00 0.00 6.18 2.32 6.00 2.08
6.00 0.00 6.00 2.32 6.00 0.00
6.00 0.00 6.00 1.90 6.00 0.00
6.00 0.00 6.00 1.70 6.00 0.00
6.18 0.00 6.18 2.04 6.18 1.48
6.00 0.00 6.00 2.00 6.00 111
6.00 0.00 6.00 2.08 6.00 0.70
6.18 0.00 6.18 211 6.18 0.95
6.00 0.00 6.00 219 6.00 1.00
6.00 0.00 6.00 2.05 6.00 1.00
6.00 0.00 6.00 2.10 6.00 1.70
6.00 0.00 6.00 213 6.00 1.54
6.00 0.00 6.00 2.04 6.00 0.00
6.00 185 6.00 2.04 6.00 1.48
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