GMJ.2024;13:e3717

O RIGIN AL www.salviapub.com
WARTICLE

Received 2024-10-29

Revised  2024-12-09

Accepted 2024-12-21

Investigating The Antifungal Activity of
Atorvastatin Compared with Nystatin on Oral
Candidiasis before and during Head and Neck

Radiotherapy

Zahra Golestannejad !, Faezeh Khozeimeh !,Sara Taheri 2, Soha Feizi 3, Fatemeh Abbasi ¢, Zahra Saberi !,
Elham Faghihian !, Parvin Dehghan?, Faezeh Tadayon ¢, Mahnaz Kheirkhah’,
Zeinab Nourmohammadi Najafabadi 8, Zahra Ataie **

'Department of Oral and Maxillofacial Medicine, Dental Research Center, Dental Research Institute, School of Dentistry, Isfahan
University of Medical Sciences, Isfahan, Iran

* School of Dentistry, Dental Research Center, Dental Research Institute, Isfahan University of Medical Sciences, Isfahan, Iran

* Department of Stomatology, Xi'an Jiaotong University, Xian, China

* Department of Oral Medicine, Dental Research Center, Dental Research Institute, Faculty of Dentistry, Isfahan University of Medi-
cal Sciences, Isfahan, Iran

* Department of Mycology and Parasitology, Faculty of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

¢ Department of Dentistry, Dental Students Research Committee, School of Dentistry, Isfahan University of Medical Sciences, Isfah-
an, Iran

7 Department of Mycology and Parasitology, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

# Dentistry Department, Isfahan University of Medical Science, Isfahan, Iran

°Dental Research Center, Dental Research Institute, School of Dentistry, Isfahan University of Medical Sciences, Isfahan, Iran

Abstract

Background: Radiotherapy plays an imperative role in the control of head and neck malignancies;
however, it can damage oral tissues and salivary glands. These damages can alter oral Candida
species and lead to the expansion of oral candidiasis resistant to common antifungal mediators,
including nystatin. Atorvastatin, a serum cholesterol-lowering drug, has potential antifungal activities
by inhibiting the synthesis of ergosterol in the fungal wall and disrupting mitochondrial function.
This study aimed to determine and equivalence the antifungal activities of nystatin and atorvastatin
on Candida species isolated from the mouths of patients undergoing head and neck radiotherapy
before and during radiotherapy. Materials and Methods: This was an in vitro laboratory research
conducted on samples isolated from patients experiencing head and neck radiotherapy, before
and during radiotherapy. After determining the Candida species using the PCR-RFLP method,
the antifungal activity of both nystatin and atorvastatin was evaluated by microdilution method
according to CLSI standards, and the minimum inhibitory concentration (MIC) and minimum lethal
concentration (MFC) of each drug were measured. Results: According to our findings, atorvastatin
had less activity in inhibiting and killing different Candida species compared to nystatin before and
during radiotherapy. Before radiotherapy, the MIC and MFC indices for nystatin against Candida
albicans (P<0.001), tropical (P<0.001) and glabrata (P<0.001) were significantly lower than these
three indices (P-value<0.001) for atorvastatin. The results of these indices in the second week of
radiotherapy were similar to the results before radiotherapy. The MIC and MFC results for Candida
albicans and tropicalis were obtained with a P-value<0.001 and for glabrata with a P-value = 0.002.
Conclusion: The discoveries of this study indicate that atorvastatin exhibits lower antifungal activity
compared to nystatin in treating oral candidiasis among patients receiving head and neck radiotherapy,
both before and during the treatment.[GMJ.2024;13:e3717] DOI:10.31661/gmj.v13i.3717
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Introduction

One of the effective modalities in con-
trolling head and neck malignancies is
radiotherapy. Most of those suffering from
these types of malignancies require radio-
therapy as primary treatment, after surgery,
in combination with chemotherapy, or as pal-
liative treatment. Although radiotherapy has
known antitumor activity, ionizing radiation
can also damage healthy tissues in the treated
area [1-2]. Head and neck radiotherapy often
causes damage to oral and facial structures, in-
cluding the major salivary glands [3] and can
lead to complications such as inflammation of
the oral mucosa (mucositis), qualitative and
quantitative changes in saliva, and dry mouth,
about one to two weeks after the initiation of
the treatment, which in turn predisposes pa-
tient to oral fungal proliferation, colonization,
and infections [4-7].

Dry mouth is one of the symptoms that indi-
cate a decrease in salivary secretion due to
radiotherapy of the salivary glands. Atrophy
of salivary gland tissue can reduce the quality
and especially the quantity of saliva, causing
an acidification of salivary pH, a decrease in
antimicrobial capacity and a decrease in the
cleansing effect of the mouth. All these sali-
vary changes affect oral normal microbial flo-
ra, especially Candida species; facilitate the
presence of pathogenic agents and increase
the risk of oral candidiasis infection [5, §8].
Head and neck radiotherapy not only increases
the number of fungal species, but also chang-
es their strains [2, 9 ,10]. Candidiasis is the
furthermost common clinical infection of the
oropharynx in patients undergoing radiother-
apy [11]. Studies since 1990 have shown that
in addition to Candida albicans, non-albicans
species also play a role in the colonization and
infection of patients undergoing radiotherapy
[6, 7, 9]. Candida albicans remains the pre-
dominant species in oral infections; however,
non-albicans species are also emerging as im-
portant pathogens, and infections caused by
the simultaneous presence of these species are
more severe and more resistant to treatment
[5, 6, 12].

Oral candidiasis infections can cause unpleas-
ant complications such as burning sensation
in the mouth, pain and dysphagia, which may
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lead to temporary or complete interruption
of radiotherapy, and reduces the antitumor
effects of treatment [5]. Moreover, during se-
vere immunosuppression, oral candidiasis can
spread to deeper organs and be fatal. There-
fore, rapid diagnosis and proper management
and treatment of this infection are essential
[8]. Among the routine antifungal drugs cur-
rently used to control oral candidiasis, topi-
cally and systemically; nystatin is a polyene
that directly binds to ergosterol in the cell
membrane of fungi, leading to the formation
of pores in the membrane, disruption of ion
balance and cell death. However, the chang-
ing epidemiology of fungal infections and the
emergence of strains resistant to conventional
treatments, including nystatin, have created
new challenges in the treatment of these in-
fections [13, 14].

Statins, which have been used as cholester-
ol-lowering agents in recent decades, have
multiple effects, including antifungal activi-
ty [15]. By inhibiting the HMGCR enzyme,
which is involved in the production of ergos-
terol in fungi, as in humans; these drugs can
alter the fluidity and lipid composition of fun-
gal membranes and disrupt cellular metabo-
lism [15-18].

Considering the inhibitory activity of atorvas-
tatin on fungal growth and the necessity of
new drugs in the face of treatment-resistant
strains, presen experimental survey objec-
tives to determine the frequency of different
oral Candida species in patients with head and
neck malignancies before and during radio-
therapy and to investigate the sensitivity of
these species to nystatin and atorvastatin.

Materials and Methods

Study Samples

This investigation was conducted as an ex-
perimental study (in vitro). The Candida spe-
cies examined were previously collected and
preserved in the Department of Parasitology
and Mycology at Isfahan University of Medi-
cal Sciences from 33 patients diagnosed with
head and neck malignancies at Seyed al-Sho-
haday Hospital in Isfahan, before and during
their radiotherapy treatment. Ethical approval
for the research was granted by Isfahan Uni-
versity of Medical Sciences, and informed
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consent was obtained from all participants
before the study commenced. Initially, the co-
hort comprised 18 women and 15 men, aged
between 38 and 74 years, with 21 individu-
als exhibiting Candida infections prior to the
initiation of radiotherapy. During the second
week of treatment, 6 patients (four men and
two women) succumbed, and 19 out of the re-
maining 27 patients developed Candida infec-
tions. Additionally, some patients were found
to be infected with multiple strains of Can-
dida concurrently, such as Candida albicans
and Candida tropicalis. The isolated strains
were identified and characterized using the re-
striction fragment length polymorphism PCR
(PCR-RFLP) technique. The Candida strains
were initially cultured on sub-dextrose agar
(SDA) medium and incubated at 35°C for 24
hours to prepare a suspension.Laboratory pro-
cedure

To prepare the suspension of the candida, a
portion of the Candida species was added to
1 ml of distilled water and the optical absorp-
tion of the resulting suspension was measured
at a wavelength of 530 nm using a WPA Bio-
wave Il spectrophotometer (Biochrom UK).
The addition of the species to the suspension
continued until its optical absorption reached
the range of 0.13-0.08. At this stage, the cell
concentration of the resulting suspension was
equivalent to 0.5 McFarland. In order to pre-
pare the initial stock of the two antifungal
drugs under study, 12.5 mg of nystatin powder
(Sigma-Aldrich, Germany) and 12.5 mg of
atorvastatin powder (Merck, Germany) were
dissolved in 1 ml of methanol and 12.5 mg of
atorvastatin powder (Merck, Germany) were
dissolved in 1 ml of dimethyl sulfoxide or
DMSO (Merck-Germany), respectively; Af-
fording to the Clinical and Laboratory Stan-
dards Institute (CLSI) standard; and reserved
at laboratory temperature for 30 minutes until
the resulting stock was homogenized.

Drug susceptibility testing

To assess the antifungal efficacy of nystatin
and atorvastatin, separate evaluations of the
minimum inhibitory concentration (MIC) and
minimum lethal concentration (MFC) were
performed at 24 and 48 hours for various
Candida species, including Candida albicans,
Candida glabrata, Candida tropicalis, Candida
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parapsilosis, and Candida krusei. The MIC for
both agents was established through a serial
dilution technique utilizing 96-well ELISA
microplates.For nystatin, ten wells for con-
centrations of 0.5-128 pg/ml and for atorvas-
tatin, ten wells for concentrations of 8-1024
ug/ml, as well as two positive and negative
control wells were prepared. Subsequently,
100 pl of fungal suspension from each species
was introduced into each of the ten wells. In
the remaining two wells, 100 pl of organism
suspension at a density of 1x10? cells/ml was
combined with 100 ul of Roswell Park Memo-
rial Institute (RPMI) medium in the positive
control well, while 100 pul of RPMI contain-
ing the drug was added to the negative con-
trol well, in accordance with the CLSI-M27
guidelines. Following incubation at 35°C for
24 and 48 hours, the turbidity in the wells was
assessed, with the first well exhibiting no tur-
bidity identified as the minimum inhibitory
concentration (MIC). This process allowed
for the determination of MIC24 and MIC48.
To ascertain the minimum lethal concentra-
tion (MFC), 100 pl of the suspension from the
MIC well and the subsequent wells were trans-
ferred to Sabouraud Dextrose Agar (SDA)
medium. After performing a sweep culture
and incubating for 48 hours at 35°C, the plate
that displayed five or fewer colonies of the
target species was designated as the MFC.To
determine the break point for nystatin, 2pug/ml
< MIC48 was considered as drug resistance
and 2pg/ml > MIC48 was considered as drug
susceptibility. For atorvastatin, since it is not
essentially an antifungal drug, a break point is
not identified.

Data Analysis

The data were analyzed using SPSS software
package, version 22 (SPSS Inc., Chicago, Ill.,
USA). To investigate the antifungal activity
of both nystatin and atorvastatin, three indi-
ces MIC24, MIC48 and MFC of each of them
were calculated separately on Candida albi-
cans, Candida glabrata and Candida tropica-
lis species and their median, range and mode
were determined. To compare the antifungal
activity of these two drugs, the values of the
aforementioned indices before and during ra-
diotherapy intervention were analyzed using
Mann-Whitney statistical test.
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Results

The Candida samples studied from the fungal
collection of the Department of Parasitology
and Mycology, Isfahan University of Medi-
cal Sciences, included 14 Candida albicans,
5 Candida tropicalis, and 2 Candida glabrata
samples before the start of radiotherapy, and
12 Candida albicans, 4 Candida tropicalis, 2
Candida glabrata, 1 Candida parapsilosis, and
1 Candida krusei sample in the second week
of radiotherapy.

Tables-1 and 2 revelaed the median and range
of MIC24, MIC48, and MFC indices of the
two drugs, nystatin and atorvastatin, against
Candida albicans, glabrata, and tropicalis.
Antifungal indices were also determined for
Parapsilosis and Krusei species, but due to
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the small number of samples, comparing their
frequency distribution was not possible. Also,
considering these two species were not iso-
lated from any samples before radiotherapy,
comparison of antifungal indices of nystatin
with atorvastatin before and during radiother-
apy for these two species was not plausible.
Based on the findings, MIC24, MIC48, and
MFC indices of nystatin against Candida para-
psilosis were 0.5, 0.5, and 1 pg/ml, respec-
tively. The MIC24, MIC48, and MFC of ator-
vastatin were 32, 64, and 128 pg/ml against
Candida parapsilosis and 64, 256, and 256 pg/
ml against Candida krusei, respectively.

To compare the antifungal activity of nystatin
against atorvastatin, the levels of three indices
(MIC24, MIC48, and MFC) of these two drugs
were separately analyzed by Mann-Whitney

Table 1. Median and range of the MIC24, MIC48, and MFC indices of nystatin on strains isolated from the

patients before and during radiotherapy intervention

Indices Candida albicans Candida tropicalis Candida glabrata
Antifungal . . .
Before RT During RT Before RT During RT Before RT During RT
activity
; 1 0.75 1 1 1 0.5
MIC24 Median
Range  <02.5 0.1-5 0.1-5 0.1-5 1-1 0.5-0.5
; 1 1.5 2 1.5 2 0.5
MIC48 Median
Range 0.4-5 0.2-5 0.2-5 2-1 2-1 0.5-0.5
; 1 | | 1 1 0.5
MEC Median
Range 0.32-5 <0.1-0.5 0.1-5 0.8-5 0.2-5 0.5-0.5

Table 2. Median and range of the MIC24, MIC48 and MFC indices of atorvastatin on strains isolated from

patients before and during radiotherapy intervention

Indices Candida albicans Candida tropicalis Candida glabrata
Antifungal
activity Before RT During RT Before RT During RT Before RT During RT
; 128 128 128 128 128 384
MIC24 Median
Range 256 - 64 256 - 128 512 -32 512 - 64 128 - 64 512 - 256
Median 256 256 256 384 256 134
MIC48 o 1024 - 1024 - 1024 - 1024 -
ange . -
<128 56 1024 - <64 <156 56 512 -256
512 768 1024 1024 1025
Median 768
MFC ¢ nee 1024 - 1024 - 1024 - 1024 - 1024 -
g 1024 - 512
<128 <128 <128 <512 <1024

GM1J.2024;13:e3717
WWW.gmj.ir



Prevalence of Supernumerary Teeth in Patients with Cleft lip and Palate

once before treatment and once during radio-
therapy treatment on each species, and the
results are listed in Tables-3 and 4. Compar-
ison of the antifungal activity of nystatin and
atorvastatin showed that the MIC24, MIC4S,
and MFC indices for nystatin both before and
during radiotherapy were significantly low-
er than atorvastatin (P<0.001). These values
were obtained for Candida albicans and trop-
icalis species with P<0.001 and Candida gla-
brata species with P = 0.002.

Discussion

The findings of the current investigation indi-
cated that prior to and throughout the course
of radiotherapy, nystatin exhibited a superior
antifungal efficacy compared to atorvastatin
against all Candida species obtained from
patients receiving head and neck radiothera-
py. Specifically, all three antifungal efficacy
metrics—MIC24, MIC48, and MFC—were
found to be lower for nystatin in comparison
to atorvastatin.Atorvastatin’s antifungal ef-
fects are primarily mediated through the inhi-
bition of HMG-CoA reductase, which reduces
ergosterol synthesis—a critical component
of fungal cell membranes. Unlike nystatin,
which directly binds to ergosterol and disrupts
membrane integrity, atorvastatin’s effect is in-
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direct and less potent at achievable therapeu-
tic concentrations. Recent studies underscore
this limitation, noting that while atorvastatin
exhibits inhibitory activity against a range of
Candida species and azole-resistant strains,
its efficacy significantly lags behind nystatin
due to lower bioavailability and potential re-
sistance mechanisms, such as alternative ste-
rol synthesis pathways. Furthermore, atorvas-
tatin’s ability to disrupt fungal mitochondria
offers an avenue for future exploration, par-
ticularly in combination therapies with azoles
like fluconazole, which have shown enhanced
efficacy against azole-resistant strains. [19,
20]

Lima [21] and Nyilasi [22] compared the an-
tifungal activity of nystatin against atorvas-
tatin on Candida species. In the Lima study,
which was conducted on fungal strains from
the American Cell Bank cultured in mice, the
MIC of atorvastatin was lower for Candida
albicans and Candida glabrata species and
higher for nystatin than current study.

In Candida tropicalis, unlike the previous two
species, the MIC of atorvastatin in the Lima
study was higher (256 pg/ml) than the present
study (128 pg/ml); however, in both studies,
the MIC of nystatin activity on Candida tropi-
calis was almost equivalent.

The study of Nyilasi [22] showed similar re-
sults to the present study regarding the anti-

Table 3. Comparison of antifungal indices (MIC24, MIC48, and MFC) of nystatin against atorvastatin, based
on candida species isolated from patients undergoing radiotherapy, before radiotherapy intervention

Indices Candida albicans Candida tropicalis Candida glabrata
Antifungal
Activity Nystatin  Atorvastatin Nystatin Atorvastatin Nystatin Atorvastatin
; 1 128 1 128 1 128
MIC24 Median
Range <0.2-5 256 - 64 0.15 512-32 1-1 128 - 64
P-value <0.001 <0.001 <0.001
; 1 256 2 256 2 256
MIC48 Median
Range 04-5 1024 - 128 02-5 1024 - <128 2-1 11024 - <256
P-value <0.001 <0.001 <0.001
MEC Median 1 512 1 1024 1 1025
Range 0.32-5 1024 - <128 0.1-5 1024 - <128 02-5 1024 - 1024<
P-value <0.001 <0.001 <0.001
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Table 4. Comparison of antifungal indices (MIC24, MIC48, and MFC) of nystatin against atorvastatin,
based on candida species isolated from patients undergoing radiotherapy, during radiotherapy intervention

Indices Candida albicans Candida tropicalis Candida glabrata
Antifungal
. Nystatin  Atorvastatin Nystatin Atorvastatin Nystatin  Atorvastatin
Activity
; 0.75 128 1 128 0.5 384
MIC24 Median
Range 0.1-5 256 - 128 0.1-5 512 - 64 0.5-0.5 512 - 256
P-value <0.001 <0.001 0.002
; 1.5 256 1.5 384 0.5 384
MIC48 Median
Range 02-5 1024 - <256 2-1 1024 -<256 0.5-0.5 512 - 256
P-value <0.001 <0.001 0.002
MEC Median ! 768 1 1024 0.5 768
Range <(1)E) 1024 - <128 0.8-5 1024 -<512  0.5-0.5 1024 - 512
P-value <0.001 <0.001 0.002

fungal activity of nystatin and atorvastatin
on Candida albicans species, so the MIC of
atorvastatin and nystatin on Candida albicans
species in both studies was 128 pg/ml and 1
ug/ml, respectively. However, the results for
Candida glabrata species were different re-
garding atorvastatin drug and were 32 pg/ml
in Nyilasi study and 128 pg/ml in the pres-
ent study; moreover, the results, the MIC of
atorvastatin for Candida glabrata species in-
creased to 328 pg/ml after radiotherapy.
These differences could be due to the differ-
ence in the source of the studied species and
also the difference in the environment of the
isolated Candida species. So in the present
study, the change in the quantity and quali-
ty of saliva after radiotherapy may lead to a
change in the pathogenesis and virulence of
the species [23].

The Brilhante study [24] showed that ator-
vastatin has very different efficacy against
different Candida species, with the mean MIC
values of 52.6 ug/ml for Candida albicans,
165.34 pg/ml for Candida tropicalis, 755.06
pug/ml for Candida crusei, and 1491.37 pg/ml
for Candida parapsilosis.

The results of current study showed that, con-
trary to the Brilhante’s findings, the MIC for
the parapsilosis species was lower than the
other studied species and much lower than
the results obtained in the Brilhante study

(MIC for the parapsilosis species in the pres-
ent study and in the Brilhante study: 32 pg/
ml - 1491.37 pg/ml, respectively). Similar to
the parapsilosis species, the Candida crusei
species also had a lower MIC in the present
study compared to the Brilhante study (MIC
for the crusei species in the present study and
the Brilhante study: 256 pg/ml and 755 pg/ml,
respectively). However, for the Candida albi-
cans and tropicalis, the results of the present
study were consistent with the results of his
study (MIC for albicans in the present study
and the Brilhante study were 128 pg/ml and
6.52 pg/ml, respectively, and MIC for tropica-
lis in the present study and the Brilhante study
were 128 pg/ml and 165 pg/ml, respectively).
The difference in the source of the species and
the differences in the method used to measure
the MIC, including the solvent of atorvastatin
in these studies can explain the differences in
the results of the current and aforementioned
studies. Ting’s systematic study showed that
the MIC of statins changes under the influence
of factors such as the choice of solvent type,
statin form used, methodology and culture
medium, and exposure time to statin [25]. In
the present study, the solvent type was DMSO,
the statin form was pure powder (Pure, Fine,
Powdered), the microdilution method, SDA
culture medium, and the exposure time was
24 and 48 hours. However, in the Brilhante
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study, the solvent was sterile distilled water,
and the culture medium and statin form were
not specified.

Atorvastatin has been widely used as a serum
cholesterol-lowering drug since 1990 [26] and
has recently been studied as a novel antifungal
drug with an inhibitory effect on fungal walls’
biosynthesis [27], so that it may be a suitable
alternative for the control of oral candidia-
sis in cases where the potential for drug re-
sistance is likely. Radiotherapy, by changing
the oral environmental conditions including
xerostomia, changes in saliva quality, changes
in oral pH and mucosal damage (mucositis),
leads to changes in the physiological and mor-
phological behavior of Candida species and
ultimately changes in the pathogenesis and
virulence of yeast [6, 23, 27, 28].

Karbach et al. (2012) shown that decreased
salivation following head and neck radio-
therapy was associated with the emergence
of treatment-resistant Candida strains [29].
Research indicates that alterations in environ-
mental conditions can prompt swift modifica-
tions in the gene expression of Candida albi-
cans, facilitating its adaptation to these chang-
es [30]. Paula and Zida determined that 3%
of HIV-positive individuals without clinical
signs of candidiasis and 4.8% of symptom-
atic hospitalized patients exhibited resistance
to nystatin among various Candida species
[31, 32]. In contrast to this perspective, the
findings of the current study revealed that all
strains obtained from patients receiving radio-
therapy demonstrated sensitivity to nystatin
(MIC < 2 pg/ml) both before and following
treatment. This observation aligns with the
results reported by Bulacio [33] and Kurna-
towski [34].

Furthermore, atorvastatin, even at the maxi-
mum concentration tested (1024 pg/ml), still
allowed for fungal growth in several instanc-
es.Another important hypothesis is that, given
the lack of gastrointestinal absorption of ny-
statin and its only local efficacy, cases of oral
candidiasis in people undergoing radiother-
apy, who may be immunocompromised and
develop candidemia due to factors such as un-
derlying malignancy, previous or concurrent
chemotherapy with radiotherapy, or mucosi-
tis and subsequent malnutrition [4], require
antifungal drugs with systemic and not only
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local effects. Atorvastatin has gastrointestinal
absorption and systemic effects and may be
used as a suitable drug in the aforementioned
cases where candidemia is likely to occur. The
serum level of atorvastatin in Iranians with a
daily dose of 40 mg has been reported to be
50 + 30 ng/ml [35-37]. The results showed
that the minimum concentration of atorvasta-
tin that can have an inhibitory effect on Can-
dida is 32 pg/ml. Given this concentration is
approximately 1000 times the serum level of
atorvastatin, this drug cannot be prescribed to
control possible candidemia following orofa-
cial candidal infection in individuals undergo-
ing radiotherapy.

Furthermore, the obtained results showed that
the antifungal activity of the two drugs (in-
hibitory effect-killing effect) is not impacted
by radiotherapy. While Ramla showed that
the production of hydrolytic enzymes includ-
ing phospholipase and proteinase by the fun-
gus can increases following radiotherapy [6],
which itself may change the efficacy of anti-
fungal drugs following radiotherapy. Howev-
er, since these enzymes are contributed with
the fungus ability to colonize at the host tis-
sue and invade the tissue, they do not affect
the susceptibility of the species to antifungal
drugs in vitro.

While this study indicates that atorvastatin
is less effective than nystatin in treating oral
candidiasis during radiotherapy, it still holds
potential in specific clinical scenarios. For
systemic candidiasis, atorvastatin’s gastroin-
testinal absorption and systemic effects may
offer advantages, particularly in immunocom-
promised patients where localized treatments
like nystatin are insufficient.

It is recommended that the antifungal activity
of these two drugs compared in vivo in the
further studies and to investigate the syner-
gistic effect of atorvastatin when added to the
nystatin therapy regimen, rather than compar-
ing the clinical effect of atorvastatin against
nystatin.

This study has several limitations. The sample
size was relatively small, particularly for cer-
tain Candida species such as Candida glabra-
ta, Candida parapsilosis, and Candida krusei,
which may limit how widely the results can
be applied, and a larger group of participants
would provide more reliable
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Conclusion that of nystatin in the treatment of oral candi-

diasis in patients experiencing head and neck

Overall, the results showed that atorvastatin
is not a appropriate alternative to nystatin in
patients undergoing radiotherapy.

The antifungal activity of atorvastatin, both
before and during radiotherapy, was less than

radiotherapy.

Conflict of Interest

None.

References

1. Vissink A, Jansma J, Spijkervet F, Burlage
F, Coppes R. Oral sequelae of head and
neck radiotherapy. Crit Rev Oral Biol Med.

with cancer of the mouth, before and
during radiotherapy. Mycopathologia.
1990;112(2):119-24.

2003;14(3):199-212. 10. Torres SR, Peixoto CB, Caldas DM, Silva

2. Golestannejad Z, Khozeimeh F, Dehghan P, EB, Akiti T, Nucci M, et al. Relationship
Najafizadeh N, Faghihian E, Kheirkhah M, between salivary flow rates and Candida
et al. Comparison of the antifungal effect counts in subjects with xerostomia. Oral Surg
of voriconazole and fluconazole on oral Oral Med Oral Pathol Oral Radiol Endod.
candidiasis before and during radiotherapy. 2002;93(2):149-54.

DRIJ. 2022;19:99. 11. Epstein JB, Freilich MM, Le ND. Risk factors

3. Leung WK, Dassanayake RS, Yau JY, Jin LJ, for oropharyngeal candidiasis in patients
Yam WC, Samaranayake LP. Oral colonization, who receive radiation therapy for malignant
phenotypic, and genotypic profiles of Candida conditions of the head and neck. Oral Surg
species in irradiated, dentate, xerostomic Oral Med Oral Pathol. 1993;76(2):169-74.
nasopharyngeal carcinoma survivors. J Clin 12. Redding SW. The role of yeasts other than
Microbiol. 2000;38(6):2219-26. Candida albicans in oropharyngeal candidiasis.

4. Schelenz S, Abdallah S, Gray G, Stubbings H, Curr Opin Infect Dis. 2001;14(6):673-7.

Gow I, Baker P, et al. Epidemiology of oral 13. Prasad R, Shah AH, Rawal MK. Antifungals:
yeast colonization and infection in patients Mechanism of Action and Drug Resistance.
with hematological malignancies, head Adv Exp Med Biol. 2016;892:327-49.

neck and solid tumors. J Oral Pathol Med. 14. Rajni E, Chaudhary P, Garg VK, Sharma R,
2011;40(1):83-9. Malik M. A complete clinico-epidemiological

5. Manas A, Cerezo L, de la Torre A, Garcia and microbiological profile of candidemia
M, Alburquerque H, Ludena B, et al. cases in a tertiary-care hospital in Western
Epidemiology and prevalence of oropharyngeal India. ASHE. 2022;2(1):e37.
candidiasis in Spanish patients with head and 15. Westermeyer C, Macreadie IG. Simvastatin
neck tumors undergoing radiotherapy treatment reduces ergosterol levels, inhibits growth and
alone or in combination with chemotherapy. causes loss of mtDNA in Candida glabrata.
Clin Transl Oncol. 2012;14(10):740-6. FEMS Yeast Res. 2007;7(3):436-41.

6. Ramla S, Sharma V, Patel M. Influence of 16. Nyilasi I, Kocsube S, Pesti M, Lukacs G, Papp
cancer treatment on the Candida albicans T, Vagvolgyi C. In vitro interactions between
isolated from the oral cavities of cancer primycin and different statins in their effects
patients. Supportive care in cancer: Support against some clinically important. fungi J] Med
Care Cancer. 2016;24(6):2429-36. Microbiol. 2010;59(2):200-5.

7. Jham BC, Franga EC, Oliveira RR, Santos VR, 17. Westermeyer C, Macreadie IG. Simvastatin
Kowalski LP, da Silva Freire AR. Candida oral reduces ergosterol levels, inhibits growth and
colonization and infection in Brazilian patients causes loss of mtDNA in Candida glabrata.
undergoing head and neck radiotherapy: a pilot FEMS Yeast Res. 2007;7(3):436-41.
study. Oral Surg Oral Med Oral Pathol Oral 18. Katiraee F, Teifoori F, Soltani M. Emergence
Radiol Endod. 2007;103(3):355-8. of azole-resistant Candida species in AIDS

8. Suryawanshi H, Ganvir SM, Hazarey VK, patients with oropharyngeal candidiasis in Iran.
Wanjare VS. Oropharyngeal candidosis relative Curr Med Mycol. 2015;1(3):11-6.
frequency in radiotherapy patient for head and 19. Esfahani AN, Golestannejad Z, Khozeimeh

neck cancer. JOMFP. 2012;16(1):31.
9. Paula CR, Sampaio MCC, Birman EG,
Siqueira AM. Oral yeasts in patients

F, Dehghan P, Maheronnaghsh M, Zarei
Z. Antifungal effect of Atorvastatin
against Candida species in comparison to

GM1J.2024;13:e3717
WWW.gmj.ir



Prevalence of Supernumerary Teeth in Patients with Cleft lip and Palate

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Fluconazole and Nystatin. Med Pharm Rep.
2019;92(4):368-73.

de Oliveira Neto AS, Souza ILA, Amorim
MES, de Freitas Souza T, Rocha VN, do Couto
RO, et al. Antifungal efficacy of atorvastatin-
containing emulgel in the treatment of oral
and vulvovaginal candidiasis. Med Mycol.
2021;59(5):476-85.

Lima WG, Alves-Nascimento LA, Andrade JT,
Vieira L, de Azambuja Ribeiro RIM, Thomé
RG, et al. Are the Statins promising antifungal
agents against invasive candidiasis? BIOMED
PHARMACOTHER. 2019;111:270-81.
Nyilasi I. Effect of different statins on the
antifungal activity of polyene antimycotics.
Acta Biol Szeged. 2010;54(1):33-6.

Davis D. Adaptation to environmental

pH in Candida albicans and its relation to
pathogenesis. Curr Genet. 2003;44(1):1-7.
Brilhante RSN, Caetano EP, Oliveira

JSd, Castelo-Branco DdSC, Souza ERY,
Alencar LPd, et al. Simvastatin inhibits
planktonic cells and biofilms ofCandida and
Cryptococcusspecies. BJID. 2015;19(5):459-
65.

Ting M, Whitaker EJ, Albandar JM. Systematic
review of the in vitro effects of statins on oral
and perioral microorganisms. Eur J Oral Sci.
2016;124(1):4-10.

Kontoyiannis DP. Decrease in the number of
reported cases of zygomycosis among patients
with diabetes mellitus: a hypothesis. Clin Infect
Dis. 2007;44(8):1089-90.

Sun Y, Cao C, Jia W, Tao L, Guan G, Huang
G. pH regulates white-opaque switching and
sexual mating in Candida albicans. Eukaryot
Cell. 2015;14(11):1127-34.

Bensadoun RJ, Patton LL, Lalla RV, Epstein
JB. Oropharyngeal candidiasis in head and
neck cancer patients treated with radiation:
update 2011. Supportive care in cancer:
Support Care Cancer. 2011;19(6):737-44.
Karbach J, Walter C, Al-Nawas B. Evaluation
of saliva flow rates, Candida colonization

and susceptibility of Candida strains after
head and neck radiation. Clin Oral Investig.
2012;16(4):1305-12.

Wilson D, Thewes S, Zakikhany K, Fradin

C, Albrecht A, Almeida R, et al. Identifying
infection-associated genes of Candida albicans
in the postgenomic era. FEMS Yeast Res.
2009;9(5):688-700.

31.

32.

33.

34.

35.

36.

37.

Golestannejad Z, et al.

Zida A, Yacouba A, Bamba S, Sangare

I, Sawadogo M, Guiguemde T, et al. In

vitro susceptibility of Candida albicans
clinical isolates to eight antifungal agents

in Ouagadougou (Burkina Faso). JMM.
2017;27(4):469-75.

de Paula SB, Morey AT, Santos JP, dos
Santos PM, Gameiro DG, Kerbauy G, et al.
Oral Candida colonization in HIV-infected
patients in Londrina-PR, Brazil: antifungal
susceptibility and virulence factors. JIDC.
2015;9(12):1350-9.

Bulacio L, Paz M, Ramadan S, Ramos L,
Pairoba C, Sortino M, et al. Oral infections
caused by yeasts in patients with head and neck
cancer undergoing radiotherapy, Identification
of the yeasts and evaluation of their antifungal
susceptibility. Journal de mycologie medicale.
2012;22(4):348-53.

Kurnatowski P, Mogbil S, Kaczmarczyk

D. Signs, symptoms and the prevalence

of fungi detected from the oral cavity and
pharynx of radiotherapy subjects with head
and neck tumors, and their susceptibility

to chemotherapeutics. Ann Parasitol.
2014;60(3):207-13.

Burlage FR, Coppes RP, Meertens H, Stokman
MA, Vissink A. Parotid and submandibular/
sublingual salivary flow during high dose
radiotherapy. Radiotherapy and oncology:
Radiother Oncol. 2001;61(3):271-4.
Dambroso D, Svidzinski Tie, Svidzinski

Ae, Dalalio M, Machado DO, Moliterno

RA. Radiotherapy effect on frequency of
Candida spp and on virulence of C albicans
isolated from the oral cavity of head and neck
cancer patients. Rev Ciénc Farm Basica Apl.
2009;30(2):153-9.

Chou Y-C, Wang Y-K, Charng M-J, Ueng
Y-F. Determination of serum atorvastatin
concentrations in lipid-controlling patients
with and without myalgia syndrome. JFDA.
2013;21(2):147-53.

GM1J.2024;13:e3717

WWW.gmj.ir



