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ABSTRACT
Objective: Nigella sativa has antifungal effects against Candida albicans. The antifungal activity of N. sativa is due to the components of thymoquinone,
thymol, and carvacrol. Oral candidiasis is a common opportunistic infection of the human oral cavity typically caused by the infection of C. albicans.
The aim of this study was to assess the antifungal effectiveness of N. sativa seed extract (SE) on the viability of C. albicans.
Methods: C. albicans was added to the wells of 96-well microtiter plates that were coated with artificial saliva and exposed to N. sativa SE at
concentrations of 6.25%–50% or 1 µl of amphotericin B (250 mg/µl) as a positive control. The viability of C. albicans was determined with the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay.
Results: The optical density of C. albicans incrementally decreased on exposure to increasing concentrations of N. sativa SE.
Conclusion: N. sativa SE concentration is inversely correlated to the viability of C. albicans.
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INTRODUCTION
Oral candidiasis (OC) is an infection of the oral cavity typically caused
by the opportunistic pathogenic yeast Candida albicans, which is a part
of the human normal oral flora [1]. A recent study noted that about 54%
of isolates collected from OC patients were positive for C. albicans [2].
OC is an early indicator of HIV infection and is used as a predictor of
progressive immunodeficiency [3].

Based on data collected by the Indonesian government, 92,251 patients
were diagnosed with HIV infection and an addition 39,434 with AIDS,
which resulted in 7293 deaths from April 1, 1987, to September 30,
2012. From July to September 2012 alone, 5489 cases of HIV and
1317 cases of AIDS were reported in Indonesia [4]. The results of a
study conducted in Jakarta reported that OC was the most frequent
opportunistic infection in HIV/AIDS patients [5] and affected about
90% of HIV patients [6]. Based on these data, it is apparently clear that
there is an overrepresentation of OC cases in Indonesia.

Often, OC is treated with the antifungal agent amphotericin B, although
this drug may increase the severity of infection [7]. In addition, the
common side effects of amphotericin B include nausea, vomiting, and
diarrhea, as well as nephrotoxicity [7]. The efficacy of amphotericin B
against OC in HIV-infected patients is rather poor [8]. Based on these
facts, a more efficacious and safe antifungal agent for the treatment of
OC in immunocompromised patients is needed.
In general, traditional herbal medicines are believed to be relatively
safer with fewer side effects than modern drugs when administered
at the recommended dosages [9]. The amount of research on herbal
medicines for the treatment of various diseases continues to increase.
Nigella sativa is a well-studied traditional medicine that is often referred
to as black cumin in Indonesia [10]. Pharmacological studies have
shown that N. sativa seed extract (SE) has therapeutic activities against
general pain, cancer, diabetes, convulsion, inflammation, allergy, oxygen
radical formation, asthma, hypertension, and hypoglycemia, as well as
bacterial, viral, parasitic, and fungal infections [11].

The
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide
(MTT) assay is a colorimetric assay to assess cell viability, which is directly
proportional to mitochondrial activity. Thus, it is appropriate to use the
MTT assay to monitor cell viability in cytotoxicological studies [12].
The aim of the present study was to determine the antifungal effect of
N. sativa SE on the viability of C. albicans using the MTT assay.
METHODS

The wells of a 96-well microtiter plate were coated with 200 µl of
artificial saliva and the plate was then incubated at 37°C for 90 min.
Afterward, the medium was removed and each well was washed with
200 µl of PBS. Then, the plate was dried overnight at 4°C for use the
next day.
C. albicans cells were cultured in yeast nitrogen base (YNB) medium.
After the appropriate culture time, a 5-ml aliquot of the YNB medium
was diluted with 45 ml of sterile milliQ in a 50-ml tube. The pH
value was adjusted to 7.0. Then, a 10-ml aliquot of the diluted YNB
medium was transferred to a sterile reaction tube and was mixed with
an appropriate volume of C. albicans, and the tube was incubated at
37°C while shaking at 150 rpm for 18 h.

Once a concentration of 1×107 CFU was obtained, 200 µl of C. albicans
suspension was added to the wells of a 96-microtiter plate, which was
then incubated at 37°C for 120 min. Afterward, the medium was removed
and every well was washed twice with 200 µl of PBS. Representative
C. albicans cells were photographed under a light microscope to
evaluate cell morphology. After the well was washed, 200 µl of various
concentrations of N. sativa SE were added to the test wells in accordance
with the study design. As a positive control, 1 µl of amphotericin B was
mixed with 199 µl of YNB medium, while a well filled with 200 µl of YNB
medium served as a negative control. Each sample was tested in 12 wells.
Once the samples and controls were loaded, the plate was incubated at
37°C for 24 h. After photographing C. albicans cells to assess the cellular
morphology, the MTT test was performed.
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A microplate reader was used to determine the optical density (OD) of
each well at a wavelength of 490 nm and the viability of C. albicans was
calculated using the following formula:
Cell viability (%)=(OD490 value of experimental group/OD490 value of
control group)×100%

The Kolmogorov–Smirnov test was used to determine the normality
of data distribution, and the post hoc test was used to determine
the significant differences between the experimental and control
groups. The Pearson correlation coefficient was used to identify
correlations between increased SE concentrations and decreased cell
viability. A probability (p) value of <0.05 was considered statistically
significant.
RESULTS

As Fig. 1 shows, the average OD490 value of the negative control group
(0.885±0.085) was greater than that of the experimental groups
treated with amphotericin B (0.378±0.024) and N. sativa SE at 6.25%
(0.685±0.085), 12.5% (0.474±0.050), 25% (0.404±0.062), and 50%
(0.355±0.033).
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As Fig. 2 shows, the percentage of viable cells in the control
amphotericin B group was 44.21%, while those of the experimental
groups treated with N. sativa SE at 6.25%, 12.5%, 25%, and 50% were
80.11%, 55.43%, 47.25%, and 41.52%, respectively.

The results of the Kolmogorov–Smirnov normality test showed that
the data were normally distributed (p>0.05). Appendix 2 presents the
results of the normality test. The results of the homogeneity variance
test using the Levene statistic, which had a value of 5629 with a
significance of 0.000. As the significance value was <0.05, the null
hypothesis was accepted which stated that the viability of C. albicans
decreased by exposure to N. sativa SE.

The results of the analysis of variance showed that there were significant
differences in the viability of C. albicans between the control group and
the experimental group, which were exposed to various concentrations
of N. sativa SE and amphotericin B (p<0.05). The correlation coefficient
between the average OD and experiment group was −0.852, indicating
a negative correlation between the average OD490 value and exposure
to various concentration of N. sativa SE and amphotericin B. A negative
correlation coefficient means that the viability of C. albicans had
decreased with increasing concentrations N. sativa SE. p value of both

Fig. 1: The average optical density490 value of Candida albicans after incubation with various concentrations of Nigella sativa seed extract
at 37°C for 24 h

Fig. 2: The percentage of viable Candida albicans cells after Nigella sativa seed extract exposure
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sides was 0.000, which is <0.05, indicating a correlation between
various concentrations of N. sativa SE and the viability of C. albicans.
DISCUSSION

In this study, the antifungal effects of N. sativa on C. albicans were
analyzed. The statistical analysis of the MTT cytology test revealed
significant differences (p<0.05) among treatment groups, in accordance
with the results of a previous study [13]. Thus, it can be concluded that
the viability of C. albicans decreased on exposure to N. sativa SE. The
experimental group treated with N. sativa SE at a concentration of
50% had the lowest cell viability followed by the group treated with
a concentration of 12.5%, suggesting that the viability of C. albicans
incrementally decreased on exposure to increasing concentrations
of N. sativa SE. According to Raval et al., almost all of the biological
activities of N. sativa plant are due to the thymoquinone content [14].
Thymoquinone, according to Al-Jabre, conveys antifungal activities
by inhibiting conidia germination [14]. A study by Chaieb also found
that N. sativa SE prevented the formation of biofilm by C. albicans.
The inhibition of the formation of biofilm is thought to negatively
affect the viability of C. albicans on exposure to lower concentrations
of N. sativa SE.
Aside from thymoquinone, thymol and carvacrol in N. sativa SE are also
suspected to decrease the viability of C. albicans [15]. The antifungal
activities of thymol and carvacrol inhibit the transformation of cocci
into filaments by altering the topology of membrane proteins, which
disrupt the respiratory chain and result in cell death [16]. The antifungal
activities of thymol and carvacrol in the SE of N. sativa are also thought
to inhibit the viability of C. albicans cells.

The results showed further that the viability of C. albicans exposed to
ethanol extractions of N. sativa SE at 50% (41.52%) was lower than
that after exposure to amphotericin B as the positive control (44.21%),
which were in accordance with the findings of Raval et al. that ethanol
and methanol extractions of N. sativa SE were effective against some
Candida species, including C. albicans [14].
In this study, ethanol was used as the solvent. Ethanol is an alcohol
and a strong antiseptic that kills microbes (bacteria, fungi, protozoa,
and viruses) by clumping of cellular proteins [17]. However, in this
study, it is suspected that the ethanol solvent had evaporated, thereby
decreasing the solvent concentrations to non-lethal levels.

The MTT assay is a technique for measuring cell viability that is based
on the reduction of MTT and related tetrazolium salts by metabolically
active mitochondrial enzymes resulting in the formation of formazan
crystals, which is monitored by spectrophotometry. When there
are few dead cells, the presence of the MTT reagent will reduce
absorbance [18,19].
The presence of saliva or serum influences the formation of biofilms by
C. albicans [20]. In this study, to facilitate the attachment of C. albicans
to the wells, artificial saliva was used to coat the wells of the microtiter
plates. This artificial saliva mimics the role of saliva in the oral cavity
where it moistens the mouth and maintains the normal flora [21].

In the production of herbal medicines, the extraction process
and choice of an appropriate solvent are important [22]. In the
present study, the maceration method was chosen due to several
advantages including a minimal amount of organic solvent
and the ability to maintain the extraction temperature below
the solvent boiling point to avoid degradation of the oil
component by heating [23]. Both ethanol and methanol are
suitable polar solvents for the extraction of hydrocarbons. However,
although methanol is a very polar solvent, it is much more toxic than
ethanol is [22]. Therefore, 96% ethanol was used in the present study.

Various
factors
including
substrates,
culture
media
sources, carbohydrate type, and pH influence cell growth. A study by
Mukherjee
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et al. showed that C. albicans thrives in Sabouraud dextrose broth and
YNB medium [24]. In this study, YNB medium was used to promote the
growth of C. albicans. To prevent cell death due to the lack of nutrients
on exposure to N. sativa SE, N. sativa SE was also diluted with YNB
medium.
In this study, 96-microtiter plates were washed with PBS solution after
coating with saliva, the addition of C. albicans, and exposure to N. sativa
SE. PBS is a non-toxic solution widely used in biological applications.
PBS was chosen to wash the wells of the plate because it protects cells
from breaking and wrinkling due to osmosis [25].

The plates were washed twice, after C. albicans incubation and after
exposure to N. sativa SE, because the MTT assay is a colorimetric test
that can be influenced by certain substrates [26]. Our previous studies
showed that the OD490 value was strongly influenced by the color of the
test material. The color of N. sativa SE greatly affected the OD490 value
in our previous studies because the oil strongly attaches to the wells.
Therefore, it is necessary to wash the wells more than once, while
taking care not to damage C. albicans layer.

Exposure of C. albicans to N. sativa SE was performed
over an incubation period of 24 h. An exposure period of 24
h was chosen because amphotericin B was used as a positive control,
which according to Khrom et al., the minimum inhibitory
concentration could be determined after 24 h [27].
CONCLUSION

In this study, the viability of C. albicans decreased incrementally on
exposure to increasing concentrations of N. sativa SE.
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