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Abstract

Aim: The search for alternative therapies for oral candidiasis is a necessity and the use of medicinal
plants seems to be one such promising solutions. Incorporation of phytotherapeutic agents, Azadirachta
indica (neem oil), Melaleuca alternifolia oil (tea tree oil), and Cocos nucifera oil (coconut oil), were tested for
their efficacy as antifungal agents against Candida albicans. Next, the efficacy of these three antifungal agents
when incorporated in a soft relining material at minimum inhibitory concentration (MIC) was evaluated.
Settings and Design: Evaluative - [n-vitro study design.

Materials and Methods: The MIC against C. albicans ATCC 24433 was calculated for M. alternifolia oil, A. indica
oil, and C. nucifera oil using the broth microdilution method. Based on the preliminary screening results for
MIC, tissue conditioner samples were prepared to evaluate the zone of inhibition (ZOI) and MIC. Antifungal
activity of the MIC of the three oils was assessed and compared by measuring the mean ZOI. Antifungal
activity of the three oils was assessed using one-way analysis of variance (ANOVA) and post hoc test.
Statistical Analysis Used: Oneway ANOVA and post hoc Tukey honestly significant difference test.
Results: Inhibition against C. albicans was exhibited when 20% v/v, 25% v/v, and 15% v/v of C. nucifera oil,
M. alternifolia oil, and A. indica oil were used, respectively. The results of ANOVA and post hoc test at the end
of 48 h and 7 days suggested that all three oils were significantly different from each other (P = 0.000) and
A. indica/neem oil with 15% concentration had the best antifungal activity at the end of 48 h and 7 days.
Conclusion: The antimycotic activity of M. alternifolia, C. nucifera, and A. indica mixed with the Visco-gel
tissue conditioner can be used as an alternative therapy for denture stomatitis.
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INTRODUCTION

Denture stomatitis is the most common oral opportunistic
infection on the palate in elderly denture wearers. It is also
the most common mucosal lesion associated with removable
prostheses, which is often recurrent and characterized
by inflammation or erythema on the oral mucosa of
denture-bearing mucosa. In the majority of these cases, the
denture weater is unaware of any undetlying problem.!"!

The onset and severity of Candida-associated denture
stomatitis is of multifactorial origin."** It is influenced
by local and systemic factors such as salivary flow, denture
cleanliness, age of prosthesis, denture base material,
denture trauma, continuous denture wearing, smoking,
medication, endocrinopathies, immunosuppression,
and metabolic and nutritional intake. Candida-associated
denture stomatitis occurs when the conditions of the oral
environment are favorable for the growth and adhesion
of the yeast and also when systemic factors of the host
bring about depression of the mechanism of defense.’"!

Denture-induced stomatitis is primarily caused by the
opportunistic fungal pathogen Candida albicans. At least
65% of eldetly denture wearers carry Candida, and these
yeasts have been isolated from 93% of patients with
denture stomatitis. There is evidence, indicating that
Candida is able to adhere to acrylic resin dentures.'*'l This
is the first step that may lead to the development of the
infectious process and that may ultimately result in varying
degrees of denture stomatitis of the adjacent mucosa.!''"'¥
Candida adheres directly or via a layer of denture plaque to
denture base (polymethylmethacrylate)."""”! Without this
adherence, microorganisms would be removed from the
oral cavity when saliva or food is being swallowed.

The treatment of Candida-associated denture stomatitis
is complex because of its multifactorial etiology.”*! The
therapeutic strategy adopted ranges from meticulous
denture cleaning to use of systemic as well as topical
antifungal agents.”** Poor response to topical antifungal
drugs is common, due to the diluent effect of saliva,
swallowing, and tongue movements. Multiple topical
applications are required; hence, patient compliance is
important. The widespread use of systemic medications has
resulted in toxicity, drug interactions, and the development
of resistant species.??l

One method of overcoming these shortcomings
was by incorporating medication into the denture
liners.??
conditionets or denture liners is different from

Incorporation of antifungals in the tissue

conventional topical antifungals, as there is gradual release
of antimicrobials through the tissue conditioners to achieve
an effective therapeutic concentration in infected sites, even
under the diluent effects of saliva.®'” In addition to the
added advantage of tissue recovery through the antifungals,
the tissue conditioners also minimize trauma and cushion
the underlying infected tissues.

Therefore, it is necessary to search for new compounds to
act against these microorganisms, butin a selective and low
toxicity way. Thus, several studies have been conducted on
the efficacy of medicinal plants and their extracts, against
these microorganisms. The use of phytomedicines can
acquire meaning in therapeutic treatments. In addition,
these medicinal plants may play a very important role in
the treatment of denture stomatitis.*"**>*l

Medicinal plants are a rich source of unique, complex,
and diverse chemical structures, which warrants their
thorough investigation as a potential source of novel
antifungal agents as there is limited literature regarding
their use intraorally. Several studies using plant essential
oils have been carried out. Essential oils such as tea tree oil,
lemongrass oil, citronella oil, and some of their constituents
have been tested against the 7 vitro growth of C. albicans
and found to be effective against Candida"" This study
was undertaken to ascertain the antimicrobial effect of
Cocos nucifera (coconut oil), Azadirachta indica (neem oil),
and Melalenca alternifolia (tea tree oil) and to determine the
minimal inhibitory concentration required to eradicate
C. albicans formed in vitro and to study the effects of these
oils in tissue conditioners.

MATERIALS AND METHODS

Calculation of minimum inhibition Concentration
(MIC)

Lyophilized culture of C. albicans was inoculated in
Tryptone Soya Broth and was incubated overnight at 37°C.
The turbidity of the culture was adjusted to 0.5 McFarland
standard at 600 nm. M. alternifolia oil, A. indica, and
C. nucifera oils (medical grade; Sigma-Aldrich) were primarily
screened for their antifungal activities by calculating the
minimum inhibitory concentration (MIC) against C. a/lbicans
ATCC 24433 using the broth microdilution method. In a
96-well plate, 150 wl of media was added, to which 1.5 ul
of culture and 7.5 W of different concentrations of the
oils were added in the pattern as stated below [Table 1
and Figure 1].

The results were observed after 48 h of incubation at
37°C. Absorbance was calculated at 600 nm. The lowest
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Table 1: Coding of samples

Composition

Coding for Melaleuca alternifolia oil Coding for Azadirachta indica oil Coding for Cocos nucifera oil

0% oil + 150 pl media + 1.5 ul culture  M-positive control
5% oil + 150 ul media + 1.5 pl culture  M-1

10% oil + 150 ul media + 1.5 pl M-2
culture
15% oil + 150 ul media + 1.5 pl M-3
culture
20% oil + 150 pl media + 1.5 pl M-4
culture
25% oil + 150 pl media + 1.5 pl M-5
culture
30% oil + 150 ul media + 1.5 ul M-6
culture
35% oil + 150 ul media + 1.5 ul M-7
culture
40% oil + 150 ul media + 1.5 ul M-8
culture

40% oil + 150 ul media + O pl culture M-negative control

A-positive control C-positive control

A-1 C-1
A2 c2
A3 c3
A4 C-4
A5 C5
A6 Cc-6
A7 c-7
A8 c-8

A-negative control C-negative control

5 Ju

Figure 1: Experimental setup. A1, A2: A-positive control; A3, A4: A-1;
A5, AB: A-2; A7, A8: A-3; A9, A10: A-4; A11, A12: A-5; B1, B2: A-6; B3,
B4: A-7; B5, B6: A-8; B7, B8: A-Negative control; B9, B10: M-Positive
control; B11,B12: M-1; C1, C2: M-2; C3, C4: M-3; C5, C6: M-4; C7,C8:
M-5; C9, C10: M-6; C11, C12: M-7; D1, D2: M-8; D3, D4: M-Negative
Control; D5, D6: C-Positive control; D7, D8: C-1; D9, D10: C-2; D11,
D12: C-3; E1, E2: C-4; E-3, E-4: C-5; E-5, E-6: C-6; E-7, E-8: C-7; E-9,
E-10: C-8; E-11, E-12: C- Negative Control; F1, F2: Blank

concentration of the oil needed to inhibit microbial growth
compared to the positive control culture was defined as MIC.

Based on the preliminary screening results for MIC, tissue
conditioner samples were prepared to evaluate the zone of
inhibition (ZOI) and MIC.

Preparation of tissue conditioner samples

Samples were prepared using commercially available
heat-cured acrylic resin (Trevalon) and medical-grade
M. alternifolia oil, A. indica oil, and C. nucifera oil (Sigma-Aldrich
Enterprises) for experimental groups.

A standard amount of 2.2 g of polymer to 1.8 g of liquid
was used. Liquid monomer without the oils (control) and

with eight different concentrations (5%, 10%, 15%, 20%,
25%, 30%, 35%, and 40%) of three oils (M. alternifolia,
A. indica, and C. nucifera) was then mixed with the powder
in the ratio suggested by the manufacturer to formulate the
autopolymerized tissue conditioner samples (Visco-gel).
Customized flask was designed and constructed. This
flask consisted of six disc spaces which had the desired
dimensions of 5 mm depth and 30 mm diameter, in which
the heat-polymerized acrylic resin samples were made. The
designed flask consisted of an upper member which had
disk spaces with a measurement of 3 mm depth and 30 mm
diameter, in which the autopolymerizing tissue conditioner
and the modified tissue conditioner were incorporated and
allowed to cure. Tissue conditioner samples each with a
thickness of 3 mm were then applied to one side of the
heat-cured denture base resin.

Zone of inhibition

Inoculation of agar plates with Candida albicans

Diluted C. albicans solution (0.5 ml) was dropped on each
sterile Tryptone Soya agar plate, and a lawn culture was made.
Three wells (7-mm deep, 5 mm in diameter) were created
in each agar plate for all concentrations of materials to be
tested. Pure M. alternifolia oil, A. indica oil, and C. nucifera oil
(as antifungal agents) mixed in Visco-gel tissue conditioner
and coated on heat-cured denture base resin were used in
this study. Control disc was soaked in sterile distilled water.

Melaleuca alternifolia oil mixed with Visco-gel

Different concentrations of the oil mixed in the tissue
conditioner and coated on the heat-cured denture base resin
were placed into the punch holes (5-mm diameter) in the
inoculated petti plates. Plates were incubated at 37°C for
7 days. Mean inhibition diameter for each test punch hole
was measured in millimeters across the punch hole at 48 h
and on day 7 using a metal graduated ruler.
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Azadivachta indica il mixed with Visco-gel
A similar procedure was followed for combinations of
A. indica oil with Visco-gel in different concentrations.

Cocos nucifera oil mixed with Visco-gel
A similar procedure was followed for combinations of
C. nucifera oil with Visco-gel in different concentrations.

The MIC in each of the three groups of oils was assessed
and verified. Antifungal activity of the MIC of the three
oils was assessed and compared by measuring the mean
701 as the parameter at 48 h and on day 7 while carrying
out the monitoring every day.

RESULTS

The MIC for the C. nucifera oil, M. alternifolia oil,
and A. indica oil was calculated using the broth
microdilution method. It was found that inhibition
against C. albicans was exhibited when 20% v/v,
25% v/v, and 15% v/v of C. nucifera/coconut oil,
M. alternifolia oil, and A. indica oil was present in the
media, respectively [Figures 2-4].

Melaleucn alternifolin/tea tree oil

To test the susceptibility of C. albicans against the most
effective concentration of M. alternifolia oil mixed in
the tissue conditioner, the mean ZOI of different
concentrations (% v/v) of M. alternifolia oil in tissue
conditioner (7 = 20 each) was recorded and analyzed.
It was observed that the percentage increase in the
mean ZOI from 20% to 25% concentration was the
highest (137.50%). The analysis of variance (ANOVA)
followed by post hoc test showed that at 48 h, 25%
concentration was significantly (P = 0.000) more effective
than all other concentrations tested [Table 2]. At the end
of 7 days, the mean ZOlIs of different concentrations
were once again analyzed. It was noted that though
there was a decrease in the mean ZOI of respective
concentrations, it was maintained within the same range,
suggesting that the antifungal activity was present even at

Table 2: The percentage increase in the mean zone of inhibition
of M. alternifolia oil At 48 hrs

Concentration Mean (mm) Percentage
of M. alternifolia of increase
oil (%)

5 5 100.00
10 5 100.00
15 5.2 104.00
20 6.4 123.08
25 8.8 137.50
30 10.6 120.45
35 13 122.64
40 15.35 118.08

the end of 7 days. Furthermore, the percentage increase
in the mean ZOI from 20% to 25% concentration was
again found to be the highest (134.45%). The ANOVA
followed by post hoc test showed that 25% concentration
was significantly (P = 0.000) more effective than all other
concentrations tested [Table 3].
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Figure 2: Minimum inhibitory concentration against Candida albicans
was observed when 25% tea tree oil is present in the media
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Figure 3: Minimum inhibitory concentration against Candida albicans
was observed when 15% neem oil is present in the media
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Figure 4: Minimum inhibitory concentration against Candida albicans
was observed when 20% coconut oil is present in the media
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Azadivachta indica/neem oil

Similatly, the mean ZOI for different concentrations of
A. indica/neem oil was measured and analyzed. It was
observed that the percentage increase in the mean ZOI from
10% to 15% concentration was the highest (146.11%). The
ANOVA followed by post hoc test showed that at 48 h, 15%
concentration was significantly (P = 0.000) more effective
than all other concentrations of 4. indica oil tested [Table 4].

A. indica oil group also presented with significant antifungal
activity at the end of 7 days, though there was a decrease
in the mean ZOI of respective concentrations. The
mean ZOls of different concentrations were once again
analyzed. The percentage increase in the mean ZOI from
10% to 15% concentration was still observed to be the
highest (147.40%). The ANOVA followed by post hoc test
showed that at the end of 7 days, 15% concentration was
significantly (P = 0.000) more effective than all other
concentrations tested [Table 5].

Cocos nucifera/coconut oil

Similarly, the percentage increase in the mean ZOI from
15% to 20% concentration was the highest (152.78%).
The ANOVA followed by post hoc test showed that at
48 h, 20% concentration of C. nucifera/coconut oil was
significantly (P = 0.000) more effective than all other
concentrations tested [Table 6].

The C. nucifera group also presented with antifungal activity
at the end of 7 days. The percentage increase in the mean
Z0I from 15% to 20% concentration was observed
to be the highest (149.23%). The ANOVA followed by
post hoc test showed that even at the end of 7 days, 20%
concentration was significantly (P = 0.000) more effective
than all other concentrations tested [Table 7].

To compare the antifungal activity of the three oils mixed
with the tissue conditioner, the mean ZOI of the MIC of
each oil was taken as the parameter at 48 h [Table 8] and on
day 7 [Table 9] while carrying out the monitoring every day.
The results of ANOVA and post hoc test at the end of 48 h
and 7 days suggested that all three oils were significantly
different from each other (P = 0.000) and A. 7ndica/neem
oil with 15% concentration had the best antifungal activity
at the end of 48 h and also 7 days [Table 10].

Statistical analysis
Melalewca alternifolia oil
At 48 hours

The statistical tool one-way ANOVA was used. To verify
the MIC, the percentage increase in the mean ZOI was
calculated and the results are given in Table 2.

Table 3: The percentage increase in the mean zone of inhibition
of M. alternifolia oil At 7 days

Concentration Mean (mm) Percentage
of M. alternifolia of increase
oil (%)

5 5 100

10 5 100

15 5 100.00
20 5.95 119.00
25 8 134.45
30 9.75 121.88
35 12.55 128.72
40 14.75 117.53

Table 4: The percentage increase in the mean zone of inhibition
of A indica oil at 48 hrs

Concentration Mean (mm) Percentage
of A.Indica of increase
oil (%)

5 6.35 127.00
10 8.35 131.50
15 12.20 146.11
20 13.60 111.48
25 15.20 111.76
30 17.00 111.84
35 19.20 112.94
40 20.10 104.69

Table 5 :The percentage increase in the mean zone of inhibition
of A indica oil at 7 days

Concentration of Mean (mm) Percentage
A.Indica oil (%) of increase
5 6.10 122.00
10 7.70 126.23
15 11.35 147.40
20 12.90 113.66
25 14.60 113.18
30 15.95 109.25
35 18.75 117.55
40 19.15 102.13

Table 6 :The percentage increase in the mean zone of inhibition
of C. nucifera oil at 48 hrs

Concentration Mean (mm) Percentage of increase
5 5.00 100.00
10 5.20 104.00
15 7.20 138.46
20 11.00 152.78
25 12.30 111.82
30 13.75 111.79
35 14.40 104.73
40 16.55 114.93

Since the maximum percentage of increase was noted for
the concentration level 25%, it was verified that the MIC
tor M. alternifolia oil is 25%.

After 7 days
To verify the MIC, the percentage increase in the mean

inhibition zone was calculated and the results are given in
Table 3.
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Table 7: The percentage increase in the mean zone of inhibition
of oil at C nucifera oil 7 days

Concentration Mean (mm) Percentage of increase
5 5 100.00
10 5 100.00
15 6.5 130.00
20 9.7 149.23
25 11.8 121.65
30 13.3 112.71
35 13.15 98.87
40 16.2 123.19

Table 8: Mean zone of inhibition of minimum inhibitory
concentration at 48 h

oil (%)

Mean ZOIl (mm)

C.Nucifera oil (20%) 11.000
A.Indica oil (15%) 12.200
M. alternifolia oil (25%) 8.800

Z01: Zone of inhibition

Table 9: Mean zone of inhibition of minimum inhibitory
concentration at 7*" day

Oil (%) Average (mm)
C.Nucifera 9.7

oil (20%)

A.Indica oil (15%) 11.35

M. alternifolia 8.000

oil (25%)

Table 10: The anti fungal activity of the minimum most effective
concentration of the three oils at the end of 7 days

Qil Mean difference
A.Indica M.
oil alternifolia
oil
C.Nucifera -1.650* 1.700*
oil
A.Indica oil 3.350*

*Significant at 5% level

Since the maximum percentage of increase was noted for
the concentration level 25%, it was verified that the MIC
level for M. alternifolia oil after 7 days was 25%.

Azadivachta indica oil
At 48 hours
To verify the MIC, the percentage increase in the mean

inhibition zone was calculated and the results are given
in Table 4.

The maximum hike occurred from 10% to 15% (146.11%),
verifying that the MIC for A. indica oil is 15%.

After 7 days

To verify the MIC, the percentage increase in the mean
inhibition zone was calculated and the results are given
in Table 5.

The maximum hike occurred from 10% to 15%
(147.40%), verifying that the minimum most effective
level of concentration for A. indica oil at the end of
7 days was 15%.

Cocos nucifera oil

At 48 hours

To verify the MIC, the percentage increase in the mean
inhibition zone was calculated and the results are given

in Table 6.

The percentage increase in the mean minimum inhibitory
zone from 15% to 20% was the highest (152.78%) and was
occurring for 20%. Hence, it was verified that the MIC level
tor C. nucifera oil is 20%.

After 7 days

To verify the MIC, the percentage increase in the mean
inhibition zone was calculated and the results are given
in Table 7.

The percentage increase in the mean minimum inhibitory
zone from 15% to 20% was the highest (149.23%) and was
occurring for 20%. Hence, it was verified that the minimum
most effective concentration level for C. nucifera oil at the
end of 7 days was 20%.

To compare the antifungal activity of the three oils
mixed with the tissue conditioner, the mean ZOI of the
MIC of each oil was taken as the parameter at 48 h and
on day 7 while carrying out the monitoring every day.
ANOVA was performed and it shows that there was a
significant difference in the measurement level because
the significance value (P value) is 0.000, which is less than
the level of significance 0.05.

The mean ZOI of these three oils at their MIC level at
48 h is given in Table 8.

Table 8 shows that 4. indica/neem oil with 15%
concentration can be considered to have the best antifungal
activity at the end of 48 h.

The mean ZOI1 of these three oils at their MIC level at day
7 is given in Table 9.

The results of ANOVA and post hoc test at the end of 48
hrs and 7 days suggested that all three oils were significantly
different from each other and Azadirachta indica / Neem
oil with 15% concentration had the best anti fungal activity
at the end of 48 hours and also 7days
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DISCUSSION

A successful therapy can be defined as “a suitable agent
prescribed to treat the right organism at appropriate
dosage.” One of the most promissory sources to the
research of new agents is found in plants, which have
compounds with antimicrobial properties that is being
studied by diverse researchers, but many of these
compounds are not known yet. The investigation of these
active principles, once they have different targets that
were found in the antifungal in use, is a potential area that
must be studied.” Hence, this study was undertaken to
identify if C. nucifera, A. indica, and M. alternifolia have any
antifungal potential.

The results of the present 7 vitro study revealed that the
tissue conditioner, Visco-gel, alone did not demonstrate
inhibition of C. albicans growth. This is consistent with
the studies done by Kulak-Ozkan ¢# 2/l and Catalan.P"
Most tissue conditioners have maximum effect between
24 and 72 h. It has been reported that tissue conditioners
continue to flow for 7 days and suggested that they are
clinically effective throughout this period. Therefore, study
time parameters of 48 h and day 7 were chosen,”* and
Visco-gel, which is a commonly used tissue conditioner,
was used in the study.*l

The plant M. alternifolia has been used as an antiseptic
remedy for decades. The essential oil of M. alternifolia,
termed tea tree oil, contains almost a hundreds of
components, the majority of which are monoterpenes
and related alcohols. It has a minimum content of
30% of terpinen-4-ol and a maximum content of 15%
of 1,8-cineole. Terpinen-4-ol is a major M. alternifolia
component and exhibits strong antimicrobial and
anti-inflammatory properties. In preliminary trials, de
Campos Rasteiro et al®® suggest that M. alternifolia
formulations may be effective in the treatment of acne,
fungal infections, pustules, recurrent herpes labialis, and
in bacterial pathogen decolonization protocols. The
antimicrobial activity of M. alternifolia is attributed to
its ability to denature proteins and alter the properties
and function of the cell wall membrane, leading to the
loss of intracellular components and eventually cell
death.”?" Tea tree oil can be used as an alternative to
or in combination with conventional drugs (including
antibiotics and chemotherapeutic agents).” The findings
of this study suggest that M. alternifolia oil demonstrated
a strong and inhibitory fungicidal activity of C. albicans
and this is in accordance with the studies conducted by
Sharma and Hegde, Mertas ¢ al., Catalan e/ al., and Rawat

ot @] 12830-32)

The MIC of tea tree oil that showed significant antifungal
activity was found to be at 25% v/v tea tree oil at 48 h
and at 7 days.

It was observed that the percentage increase in the mean
Z0I from 20% to 25% concentration was the highest.
At the end of 7 days, it was noted that though there as a
decrease in the mean ZOI of respective concentrations, it
was maintained within the same range, suggesting that the
antifungal activity was present even at the end of 7 days.

The results of the present microbiologic i vitro study
suggest that 20% v/v coconut oil when mixed with
Visco-gel showed substantial antifungal activity, resulting
in complete inhibition of C. albicans growth after
24 h (P < 0.001). Thus, 20% coconut oil in Visco-gel was
the MIC and was considered for further comparison.
This was in accordance with the study conducted by
Ogbolu ez al.,” who studied the antimicrobial properties
of coconut oil; Shino ef a/,”" who studied the effect of
coconut oil on early childhood caries and concluded that it
has shown antifungal activity that is comparable to that of
ketoconazole; and Kannan and Mohammed, " who studied
the antifungal activity of coconut oil in the oral cavity. An
important finding of the study was that the anti fungal
activity continued unabated even at the end of 7 days,and
20 % concentration was significantly (P = 0.000) more
effective than all other concentrations tested, implying that
it remains active within its tissue conditioner polymeric
structure for at least 7 days.

The results of the present study are in accordance with the
study conducted by Krishnamoorthy ez a/.”* which revealed
that there was a gradual reduction in the colonization of
C. albicans in all the antifungal agents, when compared
between the 24-h incubation period and the 5"-day
incubation period. This clearly proves that leaching of
tissue conditioner when incorporated with antifungal
agents is slow, consistent, and gradual, which was in
accordance with the study by Graham ez @/, who have
stated in their 7z vitro study that tissue conditioners flow
for a period of 7 days and that they are clinically effective
throughout this period.

A. indica Neem), a tropical tree in the Indian subcontinent,
has been used for its medicinal properties in the Ayurvedic
medicine for more than 4000 years.P%*

In another study, the antibacterial activity of natural
extracts such as neem leaf and grape extracts were
compared with sodium hypochlorite and it was concluded
that neem leaf extracts and grape seed extracts showed
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zones of inhibition suggesting that they had antimicrobial
properties.!

This is in accordance with the results of our study. Yerima
et al. studied the effect of bacteria isolated from the
mouth using different parts of A. indica (neem) and they
concluded that bark and leaf extracts showed antibacterial
activity against all the test bacteria used."! This is in
accordance with the results of our study, where neem
bark extract (Sigma-Aldrich) was used for evaluating the
antifungal activity. Tyagi ¢ o/ and Hegde and Kesaria!*?
in a study on root canal irrigants concluded that neem leaf
extract has a significant effect against C. albicans. Kumar
et al! confirmed the findings of this study and stated soft
lining materials incorporated with antifungal agents have
the potential to act against C. a/bicans.

When all the three oils were compared, it was found that
neem oil had the best antifungal activity at 48 h and 7 days.
The difference in MIC between this study and others
could be attributed to the microbiological method used
for evaluating the oils and whether an aqueous or ethanol
extract was used to conduct the study.

The present study was performed under controlled
laboratory conditions; therefore, in vivo studies are
suggested for affirming the results. Further studies should
be conducted to test the effect of these antifungals on
the physical and mechanical properties of the tissue
conditioner. Further drug development programs could
be undertaken to investigate the bioactivity, mechanism of
action, and pharmacokinetics of these compounds.

CONCLUSION

Adding fungicidal compounds directly to the tissue
conditioners could be studied 7 vivo as a method for treating
Candida-associated denture stomatitis. The antimycotic
activity of M. alternifolia, C. nucifera, and A. indica mixed
with the Visco-gel tissue conditioner can be used as an
alternative therapy for denture stomatitis. Future research
should be performed to determine changes that can occur
in the physical properties of tissue conditioners.

Acknowledgements

I'would like to thank the Rajiv Gandhi University of health
Sciences for the opportunity provided to help me embark
on this project.

Financial support and sponsorship

This project has been funded via grant-in-aid is released
vide University Order No.D-36:2015-16 by The Rajiv
Gandhi university of Health Sciences.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Jose A, Coco BJ, Milligan S, Young B, Lappin DF, Bagg J, ¢/ a/. Reducing
the incidence of denture stomatitis: Are denture cleansers sufficient?
J Prosthodont 2010;19:252-7.

2. Gleiznys A, Zdanavitien¢ E, Zilinskas J. Candida albicans importance
to denture wearers: A literature review. Stomatologija, Balt Dent
Maxillofac J 2015;17:54-66.

3. Bulad K, Taylor RL, Verran J, McCord JE Colonization and penetration
of denture soft lining materials by Candida albicans. Dent Mater
2004;20:167-75.

4. Cannon RD, Holmes AR, Mason AB, Monk BC. Oral Candida:
Clearance, colonization, or candidiasis? | Dent Res 1995;74:1152-61.

5. Wilson J. The aetiology, diagnosis and management of denture
stomatitis. Br Dent | 1998;185:380-4.

6. Webb BC, Thomas CJ, Willcox MD, Harty DW, Knox KW.
Candida-associated denture stomatitis. Aetiology and management:
A review. Part 1. Factors influencing distribution of Candida species
in the oral cavity. Aust Dent | 1998;43:45-50.

7. Aratjo de Vasconcellos A, Aratjo de Vasconcellos A, Chagas RB,
Goncalves LM. Candida-associated denture stomatitis: Clinical relevant
aspects. Clin Microbial 2014;3:4. doi: 10.4172/2327-5073.1000160.

8. Skupien JA, Valentini F, Boscato N, Pereira-Cenci T. Prevention and
treatment of Candida colonization on denture liners: A systematic
review. | Prosthet Dent 2013;110:356-62.

9. Salerno C, Pascale M, Contaldo M, Esposito V, Busciolano M, Milillo L,
et al. Candida-associated denture stomatitis. Med Oral Patol Oral Cir
Bucal 2011;16:e139-43.

10.  Bilhan H, Sulun T, Erkose G, Kurt H, Erturan Z, Kutay O, ¢/ al. The
role of Candida albicans hyphae and Lactobacillus in denture-related
stomatitis. Clin Oral Investig 2009;13:363-8.

11.  Pereira-Cenci T, Del Bel Cury AA, Crielaard W, Ten Cate JM.
Development of Candida-associated denture stomatitis: New insights.
J Appl Oral Sci 2008;16:86-94.

12, Emami E, Kabawat M, Rompre PH, Feine ]S. Linking evidence to
treatment for denture stomatitis: A meta-analysis of randomized
controlled trials. ] Dent 2014;42:99-106.

13. Kulak-Ozkan Y, Kazazoglu E, Arikan A. Oral hygiene habits, denture
cleanliness, presence of yeasts and stomatitis in eldetly people. ] Oral
Rehabil 2002;29:300-4.

14. Coco BJ, Bagg ], Cross L], Jose A, Cross J, Ramage G. Mixed
Candida albicans and Candida glabrata populations associated with
the pathogenesis of denture stomatitis. Oral Microbiol Immunol
2008;23:377-83.

15. Kulak Y, Arikan A. Aetiology of denture stomatitis. ] Marmara Univ
Dent Fac 1993;1:307-14.

16. Figueiral MH, Azul A, Pinto E, Fonseca PA, Branco FM,
Scully C. Denture-related stomatitis: Identification of aetiological
and predisposing factors — A large cohort. ] Oral Rehabil
2007;34 Suppl 6:448-55.

17. Chandra ], Mukherjee PK, Leidich SD, Faddoul FF, Hoyer LL,
Douglas 1], et al. Antifungal resistance of candidal biofilms formed
on denture acrylic iz vifro. ] Dent Res 2001;80:903-8.

18.  Ramage G, Tomsett K, Wickes BL, Lopez-Ribot JI., Redding SW.
Denture stomatitis: A role for Candida biofilms. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2004;98:53-9.

19. Samaranayake LP, MacFarlane TW. An /n-vitro study of the
adherence of Candida albicans to acrylic surfaces. Arch Oral Biol
1980;25:603-9.

20. Webb BC, Thomas CJ, Willcox MD, Harty DW, Knox KW.
Candida-associated denture stomatitis. Aetiology and management:
A review. Part 3. Treatment of oral candidosis. Aust Dent ]

178 The Journal of Indian Prosthodontic Society | Volume 20 | Issue 2 | April-June 2020



[Downloaded free from http://www.j-ips.org on Tuesday, October 5, 2021, IP: 49.205.227.88]

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

The Journal of Indian Prosthodontic Society | Volume 20 | Issue 2 | April-June 2020

Kumar: The influence of A indica oil, M alternifolia oil , and C nucifera oil on Candida albicans in tissue conditioner

1998;43:244-9.

Petrovi¢ M, Kosti¢ M, Kosti¢ M, Kruni¢ N, Igi¢ M, Pesi¢ Z, e/ al.
Therapeutic alternatives of natural compounds in treatment of
Candida-associated denture stomatitis. Acta Medica Medianae 2014;
53:73-9.

Chopde N, Pharande A, Khade MN, Khadtare YR, Shah SS, Apratim A.
In vitro antifungal activity of two tissue conditioners combined
with nystatin, miconazole and fluconazole against Candida albicans.
J Contemp Dent Pract 2012;13:695-8.

Mima EG, Vergani CE, Machado AL, Massucato EM, Colombo AL,
Bagnato VS, ¢# al. Comparison of Photodynamic Therapy versus
conventional antifungal therapy for the treatment of denture stomatitis:
A randomized clinical trial. Clin Microbiol Infect 2012;18:E380-8.
Perchyonok T. Bio-active denture soft liner materials from design
to application: [z vitro approach. ] Dent Health Oral Disord Ther
2017;6:101-5. doi: 10.15406/jdhodt. 2017.06.00206.

Casaroto AR, Lara VS. Phytomedicines for Candida-associated denture
stomatitis. Fitoterapia 2010;81:323-8.

Anibal PC, de Cassia Orlandi Sardi J, Peixoto IT, de Carvalho Moraes J],
Héfling JF. Conventional and alternative antifungal therapies to oral
candidiasis. Braz ] Microbiol 2010;41:824-31.

Dorocka-Bobkowska B, Medynski D, Pryliniski M. Recent advances in
tissue conditioners for prosthetic treatment: A review. Adv Clin Exp
Med 2017;26:723-8.

Sharma S, Hegde V. Comparative evaluation of antifungal activity of
melaleuca oil and fluconazole when incorporated in tissue conditioner:
An in vitro study. ] Prosthodont 2014;23:367-73.

de Campos Rasteiro VM, da Costa AC, Aratjo CFE, de Barros PP,
Rossoni RD, Anbinder AL, ¢z al. Essential oil of Melalenca alternifolia
for the treatment of oral candidiasis induced in an immunosuppressed
mouse model. BMC Complement Altern Med 2014;14:489.

Mertas A, Garbusinska A, Szliszka E, Jureczko A, Kowalska M, Krol
W. The influence of tea tree oil (Melalenca alternifolia) on fluconazole
activity against fluconazole-resistant Candida albicans strains. Biomed
Res Int 2015;2015:590470.

Catalan A, Pacheco ]G, Martinez A, Mondaca MA. I vitro and in vivo
activity of Melaleuca alternifolia mixed with tissue conditioner on
Candida albicans. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2008;105:327-32.

Rawat P, Agarwal S, Tripathi S. A comparative evaluation of anti fungal
and viscoelastic properties of a tissue conditioner after addition of
various anti fungal agents: An zz-vitro study. Eur ] Pharm Med Res
2017;4:515-20.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ogbolu DO, Oni AA, Daini OA, Oloko AP. I vitro antimicrobial
properties of coconut oil on Candida species in Ibadan, Nigeria. ] Med
Food 2007;10:384-7.

Shino B, Peedikayil FC, Jaiprakash SR, Ahmed Bijapur G, Kottayi S,
Jose D. Comparison of antimicrobial activity of chlorhexidine,
coconut oil, probiotics, and ketoconazole on Candida albicans isolated in
children with eatly childhood caries: An 7z vitro study. Scientifica (Cairo)
2016;2016:7061587.

Kannan N, Mohammed A. Comparative evaluation of antifungal
activity of Cocos nucifera oil against Candida albicans. International Journal
of Phytotherapy Research, 2014;4(2):27-31.

Krishnamoorthy G, Narayana Al, Peralam PY, Balkrishanan D. To
study the effect of Cocos nucifera oil when incorporated into tissue
conditioner on its tensile strength and antifungal activity: An i vitro
study. ] Indian Prosthodont Soc 2019;19:225-32.

Graham BS, Jones DW, Sutow EJ. Clinical implications of resilient
denture lining material research. Part II: Gelation and flow properties
of tissue conditioners. | Prosthet Dent 1991;65:413-8.

Alzohairy MA. Therapeutics Role of Azadirachta indica (Neem) and
their active constituents in diseases prevention and treatment. Evid
Based Complement Alternat Med 2016;2016:7382506.

Ghonmode WN, Balsaraf OD, Tambe VH, Saujanya KP, Patil AK,
Kakde DD. Comparison of the antibacterial efficiency of neem leaf
extracts, grape seed extracts and 3% sodium hypochlorite against
E. feacalis — An in vitro study. | Int Oral Health 2013;5:61-6.

Yerima MB, Jodi SM, Oyinbo K, Maishanu HM, Farouq AA,
Junaidu AU, e al. Effect of Neem extracts (Agadirachta indica)
on bacteria isolated from adult mouth. Niger | Basic Appl Sci
2012;20:64-7.

Tyagi SP, Sinha D], Garg P, Singh UP, Mishra CC, Nagpal R.
Comparison of antimicrobial efficacy of propolis, Morinda citrifolia,
Azadirachta indica (Neem) and 5% sodium hypochlorite on Candida
albicans biofilm formed on tooth substrate: An zz-vitro study. ] Conserv
Dent 2013;16:532-5.

Hegde V, Kesaria DP. Comparative evaluation of antimicrobial activity
of neem, propolis, turmeric, liquorice and sodium hypochlorite as
root canal irrigants against E. faecalis and C. albicans — An in vitro study.
Endodontology 2013;25:38-45.

Kumar SM, Kumar VA, Natarajan P, Sreenivasan G. Antifungal efficacy
and the mechanical properties of soft liners against Candida albicans
after the incorporation of garlic and neem: An 7z vitro study. ] Int Soc
Prev Community Dent 2018;8:212-7.

179



