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Abstract

Background: Tamoxifen (TAM) is an effective agent for the treatment of breast cancer and has antifungal activity against various
fungi. However, the antifungal effects of TAM in-vivo and in patients under treatment remain unclear.
Objectives: The present study aimed to investigate the antifungal effects of TAM on yeast oral flora in-vitro and in breast cancer
patients.
Methods: In this case-control study, the antifungal effects of TAM were assessed on 50 breast cancer patients receiving TAM treat-
ment, 50 breast cancer patients without TAM treatment, and 50 healthy controls. The disc-diffusion method was used to determine
the antifungal effects of TAM on six clinical yeast isolates in-vitro.
Results: The number and species count of the yeasts were extremely low in the patients undergoing TAM treatment compared
to the other subjects. On the other hand, the absence of the isolates was more evident in the patients receiving TAM treatment
(96%). Candida albicans was frequently isolated from all the subjects. In the in-vitro tests, all the yeasts were susceptible to the two
concentrations of TAM (5 and 10 µg/mL) at varying degrees. In addition, C. intermedia was the most susceptible yeast species to TAM
with a low minimal inhibitory concentration (3.8 µg/mL).
Conclusions: According to the results, TAM exerted significant antifungal effects on the yeasts of the oral cavity in the breast cancer
patients, showing superior inhibitory effects compared to clotrimazole. Therefore, TAM is recommended as a promising antifungal,
while further investigation is required regarding its safety.
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1. Background

Tamoxifen (TAM) has a molecular weight of 371.524
g/mol and is classified as a selective estrogen receptor mod-
ulator (SERM) drug (1). TAM exhibits anti-estrogenic effects
through the inhibition of estrogen binding to the mam-
mary cells (1, 2). Breast cancer may develop under the ef-
fect of estrogen (3, 4), and TAM is commonly used for the
treatment of breast cancer or as an adjuvant drug for the
protection of the women who are at the risk of develop-
ing breast cancer (5, 6). The therapeutic activity of TAM
in breast cancer often encompasses both the positive and
negative types of breast cancer estrogen receptor-α (7).

According to the literature, TAM has potential activ-
ity against various fungi (8-11). The first indication of the
antifungal effects of TAM was reported by Wiseman et al.
(1989) after testing the activity of this agent against Saccha-
romyces cerevisiae (12). After a few years, this activity was
recorded against other types of fungi as well (4).

Candida albicans is the most common type of yeast
used to investigate the antifungal effects of TAM (9-11, 13).
Low concentrations of TAM (15 - 20 µM) have shown fungi-
cidal effects against C. albicans (especially at the station-
ary phase) compared to imidazole (10, 14). Furthermore,
the growth and biofilm development of C. albicans have
been reported to be significantly inhibited in the presence
of TAM (1 mg/mL) (11), while the other isolates of Candida
spp. and Cryptococcus neoformans require a lower mini-
mal inhibitory concentration (MIC; 8 - 64µg/mL) to induce
growth inhibition (15). In addition, the clinical isolates
of fluconazole-sensitive and C. albicans-resistant collected
from patients with periodontal disease have been reported
to be susceptible to TAM (13). TAM may also be involved
in improving the antifungal effects of other standard an-
tifungal agents against yeast growth, such as terbinafine
and azole (8).
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2. Objectives

The present study aimed to investigate the antifungal
effects of TAM against the yeasts obtained from oral cavity
flora in-vitro and in breast cancer patients.

3. Methods

3.1. Patients

This case-control study aimed to assess the antifungal
effects of TAM on the yeasts of the oral cavity of breast can-
cer patients. A total, 100 women with breast cancer (aged
29 - 62 years) and 50 healthy controls (aged 28 - 60 years)
were enrolled in the study.

The study was conducted in accordance with the Dec-
laration of Helsinki, and the protocol was approved by the
Local Ethics Committee of the College of Medicine of the
University of Karbala (No. 157) in January 2018. Written in-
formed consent was obtained from the subjects prior to
participation.

The breast cancer patients were divided into two
groups of TAM treatment and treatment with other agents
than TAM. The subjects voluntarily attended the oncology
unit of Al-Ammam Al-Hussein Medical City Hospital in Kar-
bala province during December 2018 - March 2019, and
those undergoing chemotherapy were excluded from the
study.

3.2. Yeast Isolation

Yeast samples were collected from the oral cavity of all
the subjects using sterilized cotton swabs and cultured on
Sabouraud dextrose agar (SDA; HiMedia, India). Following
that, inoculated media were incubated at the temperature
of 37°C for 24 hours for the growth of suspected yeasts.
The colony count of the isolated yeasts was performed as
colony forming unit (CFU), and the diagnosis of the iso-
lated yeasts was carried out using the VITEK® 2 system and
VITEK® 2 YST ID diagnostic cards for yeasts (BioMérieux,
France).

3.3. In-Vitro Antifungal Effects of TAM

The disc-diffusion method was applied to assess the an-
tifungal effects of TAM against the isolated yeasts based
on the CLSI-M44-3rd method (2018) (16). Initially, an in-
oculum of the isolated yeasts was prepared by culturing
the yeasts in a sterilized test tube with Sabouraud dextrose
broth (SDB; HiMedia, India) and incubated at the tempera-
ture of 37°C for 24 hours.

At the next stage, the turbidity of the growth suspen-
sion was adjusted at 0.5 McFarland standard using steril-
ized normal saline to obtain the approximate concentra-
tion of 1.5 × 108 CFU/mL. Following that, 100 microliters of
the standard fungal count was inoculated on SDA through
spreading by a sterilized cotton swab and left to fix on
the media for three minutes. Some discs with the diam-
eter of six millimeters were also prepared from sterilized
filtered paper. In addition, a stock solution of TAM was
also provided (up to 20 µg/mL) and dissolved in DMSO. Af-
terwards, filter discs were impregnated in a solution con-
taining different concentrations of TAM citrate (5 and 10
µg/mL; Ebewe Pharma, Austria) and placed on an inocu-
lated plate using sterilized forceps. The plates were incu-
bated at the temperature of 37°C for 24 hours. Moreover,
discs containing various concentrations of clotrimazole
(0.5 and 1 µg/mL) were dissolved in sterilized water as pos-
itive control, while a disc of sterilized distilled water was
used as negative control. Inhibition zone was measured in
millimeters around the effective disc.

3.4. Minimum Inhibitory Concentration (MIC) of TAM

The MIC of TAM in the yeast samples was determined
using the broth dilution method of CLSI-M27-4th (2017) (17).
Initially, a broth culture of the isolated yeasts was prepared
from the inoculum of the grown yeast in SDB and incu-
bated at the temperature of 37°C for 24 hours. Afterwards,
the turbidity of the yeast cells was adjusted at 0.5 McFar-
land standards to contain approximately 1.5× 108 CFU/mL.
Serial concentrations of TAM (5, 4, 3.8, 3.5, and 3 µg/mL)
were also prepared from the stock solution (10 µg/mL).

At the next stage, plastic microdilution plates (96-well)
were used to determine the MIC value of TAM in the yeast
samples. Each well was filled with 50 microliters of the
standard count of each fungal suspension and 100 micro-
liters of SDB, followed by 50 microliters of a specific con-
centration of TAM. In addition, several controls were used
within each microdilution plate, including SDB with yeast
only, SDB without yeast, and SDB with TAM only. The inocu-
lated plates were incubated at the temperature of 37°C for
24 hours, and the obtained results were visually read as the
presence or absence of fungal growth.

3.5. Statistical Analysis

Data analysis was performed in Microsoft Excel©, and
the obtained data were expressed as mean and standard
deviation (SD). One-way analysis of variance (ANOVA) was
applied to analyze the variables, and the P-value of less
than 0.05 was considered significant in all the statistical
analyses.
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4. Results

4.1. Effects of TAM on the Oral Cavity Yeasts of the Breast Cancer
Patients

The successful isolation of yeasts from the oral cavity
of the breast cancer patients and healthy controls was the
positive outcome of the study. However, only few patients
(4%) receiving TAM treatment showed the significant pos-
itive isolation of yeasts. Meanwhile, the patients without
TAM treatment and the healthy controls showed the posi-
tive growth of yeasts (24 and 18%, respectively). Moreover,
the majority of the subjects had negative results in terms
of yeast isolation, especially those undergoing TAM treat-
ment (96%) (Table 1).

4.2. Yeast Count and Species

The count and species of the isolated yeasts were deter-
mined after collecting the swab samples from all the sub-
jects. The breast cancer patients under TAM treatment ex-
hibited significantly lower yeast colony counts (2 CFU from
each C. albicans and C. ciferrii species) compared to those
without TAM treatment and the healthy controls. More-
over, only two yeast species were diagnosed in the patients
under TAM treatment compared to the six species isolated
from the patients without TAM treatment. Meanwhile,
three yeast species were isolated from the healthy controls.
According to the findings, C. albicans was the most com-
mon species isolated from all the subjects, followed by C.
ciferrii, while C. famata was only isolated from the patients
without TAM treatment (Table 2).

The colony counts of C. albicans and C. ciferrii were
higher in the patients without TAM treatment and the
healthy controls, while a low count was also detected in
the patients undergoing TAM treatment. Other isolated
yeasts (Cryptococcus laurentii, Candida intermedia, and Can-
dida glabrata) also had higher colony counts in the patients
without TAM treatment (Table 2). Only C. albicans was iso-
lated from the patients receiving TAM treatment for two
years, while C. ciferrii was isolated from those undergoing
the treatment for four years. However, no significant corre-
lation was observed between the detected yeasts and TAM
treatment period (Table 3).

4.3. In-Vitro Antifungal Effects of TAM

The antifungal effects of TAM were investigated against
six yeast isolates from the oral cavity of the breast cancer
patients, and all the samples demonstrated varied suscep-
tibility to the two concentrations of TAM. In addition, sig-
nificant differences were observed between C. laurentii and

five species of yeasts (P < 0.05), while no such difference
was denoted in the case of C. albicans at neither concentra-
tions of TAM.

According to the results of the disc-diffusion method,
C. albicans was the most susceptible yeast to both concen-
trations of TAM with a significant difference with the other
yeast species in this regard (P < 0.05) (Figure 1). Further-
more, C. laurentii and C. glabrata were inhibited more sig-
nificantly at the same concentrations of TAM (Figures 2 and
3). On the other hand, C. ciferrii and C. famata were the less
susceptible species of the isolated yeasts at the two concen-
trations of TAM (Table 4).

Notably, three yeast species (C. ciferrii, C. glabrata, and
C. famata) showed resistance to the two concentrations
of clotrimazole (1 and 0.5 µg/mL) (Table 4). Therefore, it
could be concluded that TAM was a more effective antifun-
gal agent against the isolated yeasts compared to clotrima-
zole.

4.4. MIC of TAM in the Isolated Yeasts

Based on the estimated MIC of TAM in the isolated
yeasts, C. intermedia was observed to be more susceptible
to TAM with a lower MIC value (3.8µg/mL) compared to the
other yeast species. Meanwhile, three species of the iso-
lated yeasts (C. albicans, C. laurentii, and C. glabrata) were
inhibited by TAM with the MIC value of 4 µg/mL, while C.
ciferrii and C. famata required a higher MIC of TAM to be in-
hibited (5 µg/mL) (Table 5).

5. Discussion

The therapeutic effects of TAM on breast cancer mainly
depends on the inhibition binding of estrogen to its cellu-
lar receptors, which ultimately prevents the changing ef-
fects of estrogen on the cellular genetic associated with the
development of breast cancer (1, 5). Therefore, it could be
concluded that TAM acts as a SERM (1), and the antitumor
activities of TAM may encompass its ability to induce an
oxidation reaction in breast cancer cells through increas-
ing Nrf2 expression (7). Furthermore, TAM has been re-
ported to have antioxidant effects through protecting the
stability of the liposome membrane of the mammalian
cells by decreasing the fluidity of the membrane (18). In
1977, the USFDA approved the use of TAM for the treatment
of postmenopausal women experiencing advanced breast
cancer, as well as a post-surgery adjuvant therapy to eradi-
cate micrometastasis in primary breast cancer (19). How-
ever, the common period of using TAM as an anti-cancer
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Table 1. Total Number of Subjects with Grown Isolated Fungi a

Subject Group
No. of Patients with Fungal Growth

Total No.
Positive Negative

Breast cancer with tamoxifen 2 (4) b 48 (96) 50

Breast cancer without tamoxifen 12 (24) 38 (76) 50

Healthy 9 (18) 41 (82) 50

Total No. 23 127 150

a Values are expressed as No. (%) unless otherwise indicated.
b Significant difference between patients with TAM and those without TAM at P < 0.05.

Table 2. Colony Counting and Yeast Species Isolated from the Study Subjects a , b

Subject group/Type of yeast Colony Count (cfu)* No. of Subject

Breast cancer with tamoxifen

C. albicans 2 A 1 (50)

C. ciferrii 2 B 1 (50)

Breast cancer without tamoxifen

C. laurentii 60 A, B 1 (8.33)

C. albicans 10 - 60 3 (25)

C. intermedia 50 - 80 2 (16.66)

C. glabrata 60 A, B 3 (25)

C. ciferrii 2 2 (16.66)

C. famata 20 1 (8.33)

Healthy

C. albicans 2 - 5 5 (55.55)

C. ciferrii 3 1 (11.11)

C. intermedia 2 1 (11.11)

C. glabrata 3 - 6 2 (22.22)

Total No. 23

Abbreviation: cfu, colony forming unit.
a Values are expressed as No. (%) unless otherwise indicated.
b Similar capital letters (A and B) means a significant difference at P < 0.05

Table 3. Relationship of TAM Treatment Period and Isolated Yeasts

Treatment Period
(y)

Patient No. Type of Yeast Number of Colony

2 1 C. albicans 2

4 1 C. ciferrii 2

Total No. 2 - 4

agent should not be less than five years or last 10 years for
the 20% reduction of cancer recurrence (3).

According to the literature, a large number of organ-
isms live in the oral cavity of the human body either as res-
ident or temporary flora (20). Yeasts represent the most
common type of fungi of the normal flora in the oral cav-

ity (21). Several factors may affect the diversity and resi-
dence of oral microflora, especially yeasts. Some of these
factors also influence the survival and distribution of var-
ious yeast species within the complex community of nor-
mal flora; such examples are age, amount of saliva, pH,
smoking habits, and denture wearing, while other factors
are considered less significant given that taste disorders
and gender are also correlated with the sensation of dry-
ness or having a burning mouth (22, 23).

The findings of the current research demonstrated
that TAM cause significant antifungal effects in-vitro
against the isolated yeasts from the oral cavity of the
breast cancer patients compared to clotrimazole (stan-
dard antifungal agent). On the other hand, C. albicans
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Figure 1. Zone of inhibition of the effect of TAM on C. albicans. A, 10 µg/mL of TAM; B, 5 µg/mL of TAM; C, 2.5 µg/mL of TAM.

Table 4. Effect of TAM on Isolated Yeast Determined by Disc Diffusion Method a

No. Isolated Strain

Zone of Inhibition (mm)

TAM Concentration (µg/mL) Clotrimazole Concentration (µg/mL)

10 5 1 0.5

1 C. albicans 11.5 A 9 B 10 8

2 C.ciferrii 7.6 A 7.3 R R

3 C. laurentii 11 A, B 9 B 14.5 12.5

4 C. glabrata 9.3 A 7.3 R R

5 C. intermedia 8 A 7 13 11

6 C. famata 7.6 A 7.3 R R

Abbreviation: R, resistance.
a Similar capital letters (A and B) means a significant difference at P < 0.05.

and C. laurentii were observed to be more susceptible to
TAM compared to the other yeast species. Several studies
have also confirmed the antifungal effects of TAM on
various fungal species (8-11). For instance, a study in this
regard indicated that C. albicans was the most suscep-
tible yeast species to TAM compared to other standard

antifungal agents (13-15). Furthermore, biofilm formation
by C. albicans has been reported to be inhibited by TAM
(1 mg/mL) (11). The fungicidal effects of TAM against the
logarithmic growth of C. albicans are considered moderate
and transient at 1 × 10-5 M, while they become almost
negligible at 5 × 10-6 M (24). The fungicidal activity of
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Figure 2. Zone of inhibition of the effect of TAM on Cryptococcus laurentii. A, 10 µg/mL of TAM; B, 5 µg/mL of TAM; C, 2.5 µg/mL of TAM.

Table 5. Minimum Inhibitory Concentration (MIC) Value of TAM on Isolated Yeast

No. Isolated Strain TAM Concentration (µg/mL)

1 C. albicans 4

2 C. ciferrii 5

3 C. laurentii 4

4 C. glabrata 4

5 C. intermedia 3.8

6 C. famata 5

TAM against C. albicans is significantly affected by pH as
the notable inhibitory effects of TAM (> 99%; 10 µM) have
been demonstrated at higher pH values than the neutral
range (9). Moreover, filamentous fungi are affected by the
antifungal activity of TAM as the growth of four fungal
species (Aspergillus spp., Penicillium spp., Mucor spp., and

Rhizopus spp.) have been reported to be inhibited in the
presence of TAM (25).

In the present study, the normal yeast flora of the
breast cancer patients had lower counts and species vari-
ability compared to the subjects receiving medication
therapy with other agents and the healthy controls. The
significant effects of TAM on the yeast content could be an
indicator for possible future disturbances in the normal
balance between various organisms of the oral cavity. In
a similar study, the administration of TAM at the dosage of
200 mg/kg to a murine model revealed the in-vivo ability
of this agent to limit the dissemination of candidiasis (15).
In addition, the in-vitro half-maximal effective dose (EC50)
of TAM against promastigotes and amastigotes of Leishma-
nia amazonensis has been estimated at 13.3 and 4.5 µM, re-
spectively, while the in-vivo value for promastigote in mice
has been reported to be 13.2 mg/kg/day (26). In cancer pa-
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Figure 3. Zone of inhibition of the effect of TAM on C. glabrata. A, 10 µg/mL of TAM; B. 5 µg/mL of TAM; C, 2.5 µg/mL of TAM.

tients, the interaction of antifungal agents and TAM is evi-
dent against fungal infections. Triazole agents (especially
voriconazole) are known to enhance the pharmacokinetic
parameters of TAM after the application of physiologically-
based pharmacokinetic models (27). In addition, the anti-
fungal properties of some azoles and terbinafine have been
reported to improve through enhanced interaction with
TAM (8). The therapeutic effects of fluconazole and ampho-
tericin B (AmB) could also improve following their com-
bined use with TAM for the treatment of cryptococcosis in-
fection (e.g., cryptococcosis meningitis) (28, 29).

Similar to other drugs, TAM could cause side-effects in

the breast cancer patients receiving treatment, especially
when used at high doses (1). The most common side-effects
of TAM include blood clot, dizziness, hyperreflexia, tremor,
and acute neurotoxicity (1-3). As such, the preferred dura-
tion of TAM therapy is often two years (3). In a longitudi-
nal clinical study, TAM was reported to be an effective an-
tifungal agent against oral yeasts. According to the results
of the present study, the use of TAM as an antifungal agent
against oral fungal infections is not necessarily long-term
compared to its use as an anticancer drug.

The exact mechanism of action of TAM as an antifun-
gal agent remains unclear. The calcium-calcineurin signal-
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ing pathway plays a pivotal role in fungal growth, devel-
opment, and reproduction and is also associated with the
virulence of multiple pathogenic fungi (30). TAM has been
shown to exert inhibitory effects on some components of
the calcium-calcineurin pathway in fungal cells, thereby
increasing their susceptibility to the inhibitory effects of
various antifungal drugs, such as AmB and fluconazole (31).
Another proposed mechanism of TAM against fungal cells
depends on its blocking effects on the calmodulin site (32).
Calmodulin normally activates the serine-threonine phos-
phatase calcineurin pathway, which is associated with the
virulence of C. neoformans, to cause disease in the human
body (33). Therefore, TAM could prevent some pathogenic
fungi that cause infections by affecting their virulence abil-
ity.

5.1. Conclusion

According to the results, TAM had significant antifun-
gal effects against the yeasts of the oral cavity in the breast
cancer patients, and its inhibitory effects were also more
significant compared to clotrimazole. This may be an indi-
cator for the reduction of bacterial growth in the oral cav-
ity, which is often controlled by oral yeasts through com-
petitive mechanisms. Therefore, it is recommended that
patients under TAM treatment be monitored in terms of
fungal activity in the oral cavity and even low counts of
fungi be taken into account as they increase the risk of bac-
terial infections. On the other hand, TAM could be used
routinely for the long-term treatment of breast cancer as it
is generally a safer antifungal agent; further investigation
is required to confirm this finding.
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