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Abstract

The effectiveness of antifungal agents may be insufficient against resistant strains in some cases of oral candidiasis. The aim
of this study was to evaluate the antifungal effect of thymoquinone against Candida albicans, Candida tropicalis, Candida
glabrata and Candida krusei strains and the synergistic antifungal activity of these strains in combination with nystatin. To
evaluate in vitro antifungal activity and interactions between thymoquinone and nystatin, substances were tested against
Candida albicans ATCC 10,231, C. tropicalis ATCC 750, C.krusei ATCC 6258 and C. glabrata ATCC 2001 standard strains
both individually and combinationally via microdilution method. MIC and XFIC index value were analysed. The Kruskal
Wallis test and Bonferroni test were used for statistical evaluations. Statistical significance was set at p <0.05. A statistically
significant difference was observed between the mean ranks of all Candida species and doses of thymoquinone, nystatin,
and the combination thymoquinone-nystatin (p <0.05). MIC values for thymoquinone were determined as 15 pg/mL for
C. albicans, C. tropicalis and C. krusei while it was 30 pg/mL for C. glabrata. Moreover, MIC for nystatin was found as
1.875 pg/mL for C. albicans, C. tropicalis and C. krusei, whereas it was 7.5 pg/mL in C. glabrata. Interaction assays and
ZFIC index value revealed that, TQ and nystatin have a synergistic effect against to all strains. Thymoquinone was found to
have antifungal activity on Candida species and synergistic effect when combined with nystatin.
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Introduction

Oral candidiasis is a very complex fungal disease involv-

ing oral mucosa which contains different candida species

5 Ozge Ozdal Zincir in its structure. Although oral candidiasis is dominated by
ozgeozdalzincir @ gmail.com Candida albicans, C. tropicalis, C. glabrata and C. krusei
which are resistant candida species that can be seen in the
oral region may also contribute to disease process [1]. In
addition, suppression of the immune system, some local and
systemic factors may trigger this disease, too. These factors
include disorders of saliva content and amount, all-day use
of dental prostheses, metabolic diseases, malnutrition, smok-
ing, inadequate oral hygiene, immunosuppressive drug use,
chemotherapy and radiotherapy of maxillofacial region [2].
Oral candidiasis is an opportunistic infection affecting
the palatal and jugal mucosal regions of the oral mucosa
[3]. In addition, the use of nystatin, miconazole, flucon-
azole and ketoconazole are often recommended for the
treatment of this disease [4]. However, the use of these
drugs alone may be insufficient to resistant candida species
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[5]. For these reasons, new treatment options are being
investigated to increase the treatment efficacy of this dis-
ease [6]. Among the new treatment methods, natural prod-
uct and the efficacy of the bioactive constituent in these
products against candida species have been investigated
frequently [7].

Nystatin is an active pollen macrolide membrane pro-
duced using Streptomyces noursei strains and is produced
in different forms such as oral suspension, topical cream
and pastil [8]. Nystatin is one of the most commonly used
topical antifungal agents in oral candidiasis because it does
not show absorption by the gastrointestinal tract when
administered orally and its systemic effect is minimal [9].
In addition, besides of its cost-effectiveness nystatin plays an
important role in the prophylaxis of oral and systemic can-
didiasis in infants, elder and immunocompromised patients
[10, 11]. Especially for these patient groups, new combined
treatment options should be developed due to the high rates
of nystatin resistance observed in Candida spp. in recent
studies [12].

Nigella sativa is a 20-30 cm long flowering plant that
grows in the South West, Asia, Europe and North Africa
in the Ranunculaceae family and its seeds are commonly
known as black seeds or black cumin [13]. A variety of
pharmacologically active chemical components have been
isolated from the essential oils of black seed; besides thymo-
quinone, dithymoquinone, thymohydroquinone and thymol,;
p-simene, d-limonene, o and B-pinene, trans-anethole, car-
vacrol and nigellone [14].

The quinine components, especially thymoquinone, are
responsible for many of the pharmacological effects of black
seed [15]. Thymoquinone (2-methyl-5-isopropyl-1,-benzo-
quinone, TQ) has been used to treat many disease such as
rheumatic disease, lung disordes and hypertension [16]. It
has been reported that TQ has antifungal activity in addition
to its antihistaminic, hypoglycemic, antibacterial, antihyper-
tensive, anti-inflammatory and immune-enhancing effects
[17].

The aim of this study was to reveal individual and com-
binational antifungal effects of TQ and nystatin against C.
albicans, C. tropicalis, C. glabrata and C. krusei species
and to develop an alternative treatment option for resistant
oral candidiasis.

Materials and methods
Bioactive substances
Thymoquinone (2-isopropyl-5-methyl-1,4-benzoquinone)

(Sigma) and nystatin (Sigma) were used in vitro to test the
antifungal activity of Candida strains.

Fungal strains

Candida albicans American Type Culture Collection
(ATCC) 10,231, C. tropicalis ATCC 750, C. krusei ATCC
6258 and C. glabrata ATCC 2001 strains were used.

Antifungal broth test

Antifungal activity of thymoquinone and nystatin was
studied in microwell plate using microdilution method
according to Clinical Laboratory Standards Institute
(CLSI) guidelines. The final concentrations of TQ and
nystatin which were diluted in Brain Heart Infusion Broth
(BHI) medium were 30 pg/mL, 15 yg/mL, 7.5 ug/mL,
3.75 pg/mL, 1.875 ug/mL, 0.938 pug/mL, 0.469 ug/mL, and
0.234 ug/mL. Candida albicans ATCC 10,231, C. tropica-
lis ATCC 750, C.krusei ATCC 6258 and C.glabrata ATCC
2001 strains were diluted in BHI as well according to 0.5
McFarland turbidity standard and 10 uL. were added to
each well. Each plate incubated overnight at 37 °C. Fungal
growth in each well was measured at 600 nm using Epoch
spectrophotometer (Biotek, Germany) in accordance with
manufacturer instructions. Broth without TQ and nystatin
was used as a control in comparisons.

Interaction between TQ and nystatin combinations
via broth microdilution method

The combination interaction of TQ and nystatin was eval-
uated for Candida albicans ATCC 10,231, C. tropicalis
ATCC 750, C. krusei ATCC 6258 and C.glabrata ATCC
2001 on Brain Heart Infusion Broth (BHI) medium. The
final concentrations of TQ and nystatin combination in
BHI were 30 pg/mL, 15 pg/mL, 7.5 ng/mL, 3.75 pg/mL,
1.875 pg/mL, 0.938 pg/mL, 0.469 pg/mL, and 0.234 pg/
mL. C. albicans ATCC 10,231, C. tropicalis ATCC 750,
C. krusei ATCC 6258 and C. glabrata ATCC 2001 strains
were diluted according to 0.5 McFarland turbidity standard
and 10 pL was added to each well and allowed to overnight
incubation at 37 °C. Fungal growth in each well was meas-
ured at 600 nm using Epoch spectrophotometer (Biotek,
Germany) in accordance with manufacturer instructions.
Values of thymoquinone, nystatin and candida strains in
control wells and values obtained from combinations of
TQ and nystatin were used to determine fractional inhibi-
tor concentration (FIC). These FIC values and the value
of the Y FIC index were calculated according to the fol-
lowing formulas;

FIC of antibacterial A (TQ)=MIC of antibacterial A in
combination/MIC of antibacterial A alone,
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FIC of antibacterial B (Nystatin) = MIC of antibacterial
B in combination/MIC of antibacterial B alone.

FIC of antibacterial A + FIC of antibacterial B =) FIC
index.

The value of the Y FIC index is then used to determine
whether synergism, indifference or antagonism occurred
between the antimicrobial agents and it was used to inter-
pret the nature of the interactions: synergism < 0.5, indif-
ference > 0.5 to <4, antagonism > 4 according to American
Society of Microbiology [18].

Statistical analysis

All analyzes were performed in the SPSS program (IBM
SPSS Statistics 25). Statistical significance was set at
p<0.05. As the first step in analyzing the data, the nor-
mality assumption was checked with the Shapiro Wilk test.
The Kruskal Wallis test was used to examine the difference
between the means of variables that do not have a normal
distribution and have more than two independent groups.

Bonferroni test was applied to determine the group or groups
that made the difference.

Results
Evaluation between TQ doses and candida strains

When the antifungal effect of TQ was examined in vitro,
it was found that C. albicans C. tropicalis and C. krusei
minimum inhibitory concentration (MIC) values were 15 g/
mL whereas it was 30 pg/mL for C. glabrata. A statistically
significant difference was observed between the mean ranks
of Candida strains and doses of TQ (p <0.05). According
to the results of the experiments, 7.5 pg/mL and above con-
centrations of thymoquinone were observed to significantly
suppress the growth of C.albicans compared to the lower
concentrations tested. Also, while 15 ug/mL and higher
concentrations of thymoquinone were observed to signifi-
cantly suppress the growth of C. tropicalis and C.krusei, a

Table 1 Comparison of TQ

doses with Candida species Species Dose (ug/mL) Min Mak Y SS Mean ranks X2 p
C.albicans ATCC 10,231 30 1.00 1.00 1.0000 0.00000 16.50 18.529 0.005*
15 1.00 1.00 1.0000 0.00000 16.50
7.5 0.86 1.02 0.9621 0.08962 18.00
3.75 0.27 0.29 0.2774 0.01050 5.00
1.875 0.30 0.36 0.3333 0.03184 10.33
0.938 0.29 0.33 0.3154 0.02019 8.67
0.469 0.19 0.23 0.2136 0.02279 2.00
C.tropicalis ATCC 750 30 1.00 1.00 1.0000 0.00000 18.50 19.837 0.003*
15 1.00 1.00 1.0000 0.00000 18.50
7.5 091 0.94 0.9263 0.01535 14.00
3.75 0.57 0.60 0.5930 0.01570 11.00
1.875 0.53 0.53 0.5298 0.00299 8.00
0.938 0.00 0.00 0.0000 0.00000 3.50
0.469 0.00 0.00 0.0000 0.00000 3.50
C.krusei ATCC 6258 30 1.00 1.00 1.0000 0.00000 18.50 19.837 0.003*
15 1.00 1.00 1.0000 0.00000 18.50
7.5 0.92 0.93 0.9263 0.00458 14.00
3.75 0.57 0.61 0.5930 0.02248 11.00
1.875 0.52 0.54 0.5298 0.00734 8.00
0.938 0.00 0.00 0.0000 0.00000 3.50
0.469 0.00 0.00 0.0000 0.00000 3.50
C.glabrata ATCC 2001 30 1.00 1.00 1.0000 0.00000 20.00 15417 0.017*
15 0.78 0.80 0.7910 0.00934 17.00
7.5 026 0.28 0.2711 0.01290 12.67
3.75 022 0.29 0.2512 0.03365 8.67
1.875 0.23 0.24 0.2338 0.00692 4.67
0.938 0.23 0.25 0.2413 0.01160 7.00
0.469 0.20 0.26 0.2338 0.03050 7.00

p<0.05
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Fig. 1 Dose—effect plots for Thym oquinone (IJ-g/m |_)
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minimum 30 pg/mL thymoquinone needed to inhibit the
growth of C. glabrata. (Table 1). In addition, dose—effect
plots for thymoquinone are shown in Fig. 1.

Evaluation between nystatin doses and candida
strains

MIC for nystatin was calculated as 1.875 pug/mL for C.
albicans, C. tropicalis and C. krusei, while it was found
as 7.5 pg/mL in C. glabrata. A statistically significant dif-
ference was observed between the mean ranks of Candida
strains and doses of nystatin (p <0.05). Moreover, 1.875 pg/
mL and above concentrations of nystatin were observed to
be statistically significant in suppressing C. albicans, C.
tropicalis and C. krusei, while concentrations of 7.5 ug/
mL and above significantly suppressed the growth of C.
glabrata compared to the lower concentrations studied.
(Table 2). Also dose—effect plots for nystatin are shown in
Fig. 2.

Evaluation between combination of TQ-nystatin
doses and candida strains

When the interaction of TQ and nystatin was examined
in vitro by microdilution method, it was found that these
two substances showed a synergistic antifungal effect at a
concentration of 0.234 pug/mL on other strains except C. kru-
sei, whereas it was 0.117 ug/mL in C. krusei. A statistically
significant difference was observed between the mean ranks
of Candida strains and doses of TQ-nystatin combination
(» <0.05). 0.117 pg/mL and above concentrations of the
combination of thymoquinone and nystatin were observed
to suppress the growth of Candida albicans, C. tropica-
lis and C. glabrata, while concentrations of 0.059 pg/mL
and above statistically significantly suppressed the growth
of C. krusei compared to the lower concentrations studied
(Table 3). Furthermore, dose—effect plots for thymoqui-
none + nystatin is shown in Fig. 3. According to Y FIC index

value, TQ and nystatin was found to have a synergistic effect
on all strains (Table 4).

Discussion

The type and resistance of microorganisms living in oral
tissues are critical determinants of health and disease pro-
gression [19, 20]. In particular, fungal strains of the candida
species are important components for oral microbiota. The
activity of these strains varies according to the systemic
health and disease status of the individuals [21].

Candida strains can be found in healthy oral mucosa.
The incidence of these strains are estimated to be 30-55%
in healthy adults and 45-65% in healthy infants [22]. The
presence of systemic and local factors may promote multi-
plication of these candida strains which may lead to several
diseases in the oral mucosa. These factors include low pH
of oral fluids, decreased salivary flow, continuous use of
removable dental prostheses, hormonal disorders, malnutri-
tion, excessive smoking, lack of oral hygiene, immunosup-
pressive and chemotherapeutic drugs, and radiotherapy from
the head and neck [23].

According to human studies, C. albicans is the most com-
mon strain in both healthy the mucosa and oral candidiasis,
because of its high pathogenicity and ability to adhere to
the mucosa [3]. In addition, C. tropicalis, C. krusei and C.
glabrata strains have been reported to play an important role
in oral candidiasis [24]. For these reasons, we included these
candida strains in our study.

Currently, various systemic and topical antifungal agents
are available for the treatment of oral candidiasis. Triazoles,
fluconazole and itraconazole are frequently used systemic
antifungal agents in cases of oral candidiasis that do not
respond to topical treatment [25]. Drugs such as nystatin,
amphotericin B, miconazole and clotrimazole are topical
antifungal agents used as initial treatment in patients with
oral candidiasis [26]. In 2009, the American Infectious Dis-
eases Association updated clinical practice guidelines for
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Table 2 Comparison of nystatin

doses with Candida species Species Dose (ug/mL) Min Mak X SS Mean ranks X2 P
C.albicans ATCC 10,231 30 1.00 1.00 1.0000 0.00000 14.00 19.347 0.004*
15 1.00 1.00 1.0000 0.00000 14.00
7.5 1.00 1.00 1.0000 0.00000 14.00
3.75 1.00 1.00 1.0000 0.00000 14.00
1.875 1.00 1.00 1.0000 0.00000 14.00
0.938 0.71 0.74 0.7254 0.01637  3.00
0.469 0.73 0.74 0.7346 0.00447 4.00
C.tropicalis ATCC 750 30 1.00 1.00 1.0000 0.00000 14.00 19.837 0.003*
15 1.00 1.00 1.0000 0.00000 14.00
7.5 1.00 1.00 1.0000 0.00000 14.00
3.75 1.00 1.00 1.0000 0.00000 14.00
1.875 1.00 1.00 1.0000 0.00000 14.00
0.938 0.79 0.80 0.7964 0.00638 5.00
0.469 0.73 0.75 0.7385 0.00966 2.00
C.krusei ATCC 6258 30 1.00 1.00 1.0000 0.00000 14.00 19.837 0.003*
15 1.00 1.00 1.0000 0.00000 14.00
7.5 1.00 1.00 1.0000 0.00000 14.00
3.75 1.00 1.00 1.0000 0.00000 14.00
1.875 1.00 1.00 1.0000 0.00000 14.00
0.938 0.52 0.55 0.5368 0.01419 2.00
0.469 0.66 0.66 0.6596 0.00358 5.00
C.glabrata ATCC 2001 30 1.00 1.00 1.0000 0.00000 17.00 19.775 0.003*
15 1.00 1.00 1.0000 0.00000 17.00
7.5 1.00 1.00 1.0000 0.00000 17.00
3.75 0.47 0.48 04751 0.00632 8.00
1.875 0.58 0.60 0.5896 0.01225 11.00
0.938 0.23 0.27 0.2512 0.02080 2.00
0.469 0.28 0.30 0.2861 0.00937 5.00
*p<0.05
Fig.2 Dose—eftect plots for 1
Nglstatin (ug/mL) b Nystatin (ug/mL)
120,00%
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the treatment of mild oropharyngeal candidiasis with a con-
centration of 100,000 U/mL of nystatin suspension and 1-2
nystatin pastils (200,000 U each) administered for 7-14 days
[27]. In addition, the World Health Organization recom-
mended that topical nystatin use in oropharyngeal candidi-
asis in HIV-positive patients is an alternative treatment to

@ Springer

fluconazole [28]. Nystatin which was used in our study has
been reported as an effective treatment of oral candidiasis.
Thymoquinone is the main ingredient of Nigella sativa
seed essential oil, which has been proven to have positive
effects on many diseases in medical fields as well as in den-
tistry [29-31]. In many studies, it has been reported that
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Table 3 Comparison of

combination TQ-nystatin doses Species Dose (ug/mL) Min Mak X SS Mean ranks X2 P
with Candida species C.albicans ATCC 10231 15 1.00 1.00 1.0000 .00000 17.00 25.880 0.001%
7.5 1.00 1.00 1.0000 .00000 17.00
3.75 1.00 1.00 1.0000 0.00000 17.00
1.875 1.00 1.00 1.0000 0.00000 17.00
0.938 1.00 1.00 1.0000 0.00000 17.00
0.469 1.00 1.00 1.0000 0.00000 17.00
0.234 1.00 1.00 1.0000 0.00000 17.00
0.117 048 0.49 0.4874 0.00549 5.00
0.059 0.18 0.19 0.1854 0.00798 2.00
C.tropicalis ATCC 750 15 1.00 1.00 1.0000 0.00000 17.00 25.880 0.001*
7.5 1.00 1.00 1.0000 0.00000 17.00
3.75 1.00 1.00 1.0000 0.00000 17.00
1.875 1.00 1.00 1.0000 0.00000 17.00
0.938 1.00 1.00 1.0000 0.00000 17.00
0.469 1.00 1.00 1.0000 0.00000 17.00
0.234 1.00 1.00 1.0000 0.00000 17.00
0.117 0.51 0.52 0.5130 0.00325 5.00
0.059 047 048 0.4770 0.00507 2.00
C.krusei ATCC 6258 15 1.00 1.00 1.0000 0.00000 15.50 25.893 0.001*
7.5 1.00 1.00 1.0000 0.00000 15.50
3.75 1.00 1.00 1.0000 0.00000 15.50
1.875 1.00 1.00 1.0000 0.00000 15.50
0.938 1.00 1.00 1.0000 0.00000 15.50
0.469 1.00 1.00 1.0000 0.00000 15.50
0.234 1.00 1.00 1.0000 0.00000 15.50
0.117 1.00 1.00 1.0000 0.00000 15.50
0.059 0.82 0.82 0.8209 0.00193 2.00
C.glabrata ATCC 2001 15 1.00 1.00 1.0000 0.00000 17.00 25.880 0.001*
7.5 1.00 1.00 1.0000 0.00000 17.00
3.75 1.00 1.00 1.0000 0.00000 17.00
1.875 1.00 1.00 1.0000 0.00000 17.00
0.938 1.00 1.00 1.0000 0.00000 17.00
0.469 1.00 1.00 1.0000 0.00000 17.00
0.234 1.00 1.00 1.0000 0.00000 17.00
0.117 0.79 0.80 0.7963 0.00707 5.00
0.059 0.69 0.69 0.6891 0.00101 2.00
*p <0.05
Fig. 3 Do‘se—effect plots‘for Thymoquinone + Nystatin (ug/m |_)
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Table 4 The MIC of thymoquinone and nystatin combination against Candida strains, and their combined FIC index values

Thymoquinone + Nystatin (ug/mL) Y FIC 15 7.5 3.75 1.875 0.938 0.469 0.234 0.117 0.059

C.albicans ATCC 10,231 0.141  100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%  48.74% 18.54%
C.tropicalis ATCC 750 0.141  100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 51.30% 47.70%
C.krusei ATCC 6258 0.07  100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 82.09%
C.glabrata ATCC 2001 0242 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%  79.63% 68.91%

the active substances in the content of Nigella sativa have
significant effects on neurological, cardiovascular, respira-
tory diseases and infertility as well as antimicrobial, antitu-
moral, antidiabetic, antihyperlipidemic, hepatoprotective and
gastrointestinal protective effects. In addition, it has been
stated that Nigella sativa ingredients are reliable products
in toxicological studies and have no clinically serious side
effects [32]. Furthermore, Ulagli et al. [33], in their study on
the coronavirus, which is the cause of the current pandemic,
reported that treatment with Nigella sativa extracts before
coronavirus infection reduced virus replication within cells.
In a dentistry study by Omer et al. [34] in the field of pedo-
dontics, they observed less inflammation and less degen-
erative changes in the pulp tissue compared to formocresol
medicament when they covered the pulp with N. sativa oil.
In another study, the therapeutic effect of TQ on chronic
periodontitis was investigated. At the end of the treatment,
patients who were treated with TQ decreased bleeding in the
probing, decreased plaque index, a significant decrease in
periodontal pocket depth, and increased clinical attachment
[31]. In addition, many studies have reported that TQ has
antifungal effect. Piras et al. [35] explained that N. sativa
extracts have antifungal effect against C. albicans, C. tropi-
calis and C. krusei compared with fluconazole and keto-
conazole in their study. In another study, Khan et al. [36]
reported that TQ had a considerable antifungal effect in both
fluconazole-sensitive and fluconazole-resistant strains in C.
albicans-infected mice. In our study, when the antifungal
effect of TQ was examined in vitro, C. albicans C. tropicalis
and C. krusei MIC values were found to be 15 pg/mL and
30 pg/mL for C. glabrata.

Therapeutic approaches for resistant microorganisms
are being developed using many bioactive substances of
natural or synthetic origin with therapeutic potential in
new drug design or in combinations. Synergistic effects
of antifungal agents are realized by some mechanisms.
One of these mechanisms is the inhibition of the intra-
cellular mechanisms necessary for the survival of fungal
cells. Other mechanisms are to increase penetration caused
by another antifungal agent acting on the fungal cell wall
and the inhibition seen with different target cells [37].
Castro et al. [2] were reported that thymol and nystatin
had a synergistic effect on candida strains. In addition,

@ Springer

they expressed that this mechanism of synergistic action
is to inhibit the formation of ergosterol which is necessary
for the maintenance of the fungal cell by increasing the
cell permeability of one or more antifungal agents. In our
study, the synergistic antifungal effect in the combined use
of nystatin and TQ had a MIC of 0.234 pg/mL in C. albi-
cans, C. tropicalis and C. glabrata, and 0.117 pg/mL in C.
krusei. We think that the synergistic antifungal mechanism
of action we obtained may be the same because the chemi-
cal structure of TQ used in our study is similar to that of
tymol. In a study similar to our study, Ning et al. reported
that antifungal agents had a synergistic effect against can-
dida species with epigallocatechin gallate, a polyphenol
found in green tea, and could reduce the side effects using
smaller amounts of antifungal medication [38]. Liu et al.
[39] reported that glabridin and its synergism with flu-
conazole have an antifungal effect against candida species.
The synergistic mechanisms of these bioactive substances,
which have a synergistic effect against candida species
seen in our and other studies, may be similar due to their
chemical structure consisting of carbon, hydrogen and
oxygen atoms.

Due to the synergistic interaction of TQ and nystatin
that we found in our study, the dosage of antifungal drugs
and their side effects used in the therapy of oral candidi-
asis could be reduced. We believe that natural bioactive
substances with therapeutic potential, such as TQ, will
be beneficial in new drug designs as they have less toxic
effects than synthetic chemicals. In our opinion, our study
will guide the production of new antifungal drugs.
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