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ABSTRACT

Received: 29 Jan 2021 [XTE The oral cavity contains more than 200 microbial species. Candida species are also part of the fungal

Accepted: 02 Jun 2021 flora of the oral cavity. In recent years, Candida krusei, as a common oral candida in AIDS patients, has
Available Online: 01 Oct 2021 been shown resistant to some antifungal drugs. The emergence of multidrug-resistant fungi, especially
© inimmunodeficient populations, is a major global problem. Today, medicinal plants and their pure com-
pounds in treating infectious diseases have provided a new horizon. This study aimed to investigate the
synergistic activity of eugenol and fluconazole on the necrosis and apoptosis of Candida krusei (C. krusei)
isolates from HIV+ patients with oral candidiasis.
The antifungal susceptibility tests were performed using the broth microdilution
(CLSI, M27-A2) method, and the synergy between eugenol and fluconazole was evaluated using the
checkerboard method. Necrotic and apoptotic effects of different antifungal agents against C. krusei
were analyzed using the flow cytometry method.
TS In antifungal susceptibility tests by microdilution broth, the mean minimum inhibitory con-
centration (MIC) values of eugenol and fluconazole for C. krusei isolates were 755.06 and 60.1 pg/mL,
respectively. According to the checkerboard test results, eugenol in combination with fluconazole exhib-
ited significant synergistic effects against most of the yeast isolates tested (P<0.05). Eugenol decreased

Key words: approximately 81.81% of the MIC value of fluconazole in growth inhibition of C. krusei. The flow cy-

Candida krusei, : tometry test results indicated that eugenol plus fluconazole has significant necrotic effects on C. krusei

Eugenol, Fluconazole, : isolates compared with the control group (P<0.05). In contrast, minor early and late apoptotic effects of

Antifungal effect, i this compound were observed.

synergy, Necrosis, ¢ [&TETERT Eugenol can be used to reduce fluconazole dose, inhibit the growth of fluconazole-resistant
Apoptosis : C. krusei, and the necrosis of yeast cells.

English Version terial and fungal infections in the mouth is high. The most

common bacterial flora in saliva, tongue, and gums include

1. Introduction the Streptococcus species [ 1]. Candida species are also part

of the coexisting fungal flora of the oral cavity, which has

he oral cavity contains more than 200 different oral transport rates in different age groups and

microbial species, so the incidence of bac- background conditions. These predisposing conditions in-
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clude immunosuppressive diseases or infections, such as
human immunodeficiency virus, diabetes mellitus, long-
term corticosteroid therapy, organ transplantation, and che-
motherapy for cancer. Under these conditions, a weakened
immune system gives the candidate yeast in the body a
chance to multiply and grow and cause disease. The highest
rates of oral candidiasis are reported in healthy children, the
elderly, and AIDS patients [2].

Oral candidiasis is often caused by Candida albicans,
Candida glabrata, Candida tropicalis, Candida dublinen-
sis, Candida parapsilosis, and Candida krusei [3]. In recent
years, oral colonization with Candida krusei has become
common as an emerging yeast agent, especially in patients
with AIDS that accounts for about 20% of yeasts isolated
from the culture of AIDS patients [4]. Despite the wide
range of effective antifungal and antiviral therapies that
improve the immune system in AIDS patients, one of the
main problems in the treatment of AIDS patients with oral
candidiasis is drug resistance due to prolonged treatment
period, recurrent relapse, and lack of various antifungal
drugs on the market. Multiple studies have shown that Can-
dida krusei, as a common oral Candida species in this group
of patients, has shown resistance to some antifungal drugs
such as azoles, which has led to treatment failure in treated
patients [5].

The use of natural antimicrobial compounds in treating
diseases has been common since ancient times. Today, the
use of herbal medicines and their pure compounds in treat-
ing some infectious diseases has opened new horizons for
patients. Extensive research is being done in Iran and the
world on natural antifungal compounds [6]. One of these
pure compounds is eugenol (4-allyl 2-methoxyphenyl), an al-
lyl derivative of guaiacol. This compound is a member of the
phenylpropanoid family with a molecular weight of 164.20
g/mol. It forms a sticky solution in water, while it dissolves
well in organic solvents. Cloves, cinnamon, and nutmeg con-
tain significant amounts of this compound [7]. Eugenol is ef-
fective in vitro against yeasts, colored and clear filamentous
fungi, and mycotoxin-producing fungi also its inhibitory ef-
fects on various Candida species have been demonstrated in
previous studies [8, 9]. Studies have shown that eugenol has
an antifungal effect against Candida yeasts in the range of
350 to 500 pug/mL [10]. Researchers have also demonstrated
that combining pure herbal substances with antifungal chemi-
cal drugs can significantly help treat patients with candidiasis
by reducing the dose of chemical drugs, reducing side effects,
and creating synergistic impact [11].

To date, no studies have been performed on the necrotic

and apoptotic effects of the combination of eugenol with flu-
conazole on Candida species. In this study, we evaluated the
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synergistic effects of antifungal, necrosis, and apoptosis of
the natural substance of eugenol in combination with fluco-
nazole against candidate $trains isolated from the mouth of
AIDS patients. Our results can help meet the scientific needs
of the country, commercialization, and manufacture of phar-
maceutical products based on natural compounds available
in Iran for the treatment of oral candidiasis in humans.

2. Materials and Methods

This study is experimental-laboratory research. In this
study, ten clinical strains of Candida krusei (C.k1-10) (iso-
lated from the mouth of HIV+ patients) and one standard
strain of Candida krusei (ATCC6258) were used. All yeast
isolates were cultured on a Saburaud dextrose agar (Merck)
medium and incubated at 37°C for 2 to 3 days. All Candida
krusei isolates were identified using standard mycologi-
cal methods such as chromium agar culture (Paris France
Company) and sugar uptake and fermentation tests using
RAPIDTM kit (Innovative Diagnostic Systems, USA).

In this study, a natural herbal compound called eugenol
(Sigma-Aldrich, USA) and a chemical antifungal drug
called fluconazole (Sigma-Aldrich, USA) were used. For
the experiment, double dilutions of eugenol from 9.76
to 5000 pg/mL and double dilutions of fluconazole from
0.031 to 512 pg/mL were prepared. Isopropanol 70% (Mer-
ck) and sterile distilled water were used to prepare dilutions
of eugenol and fluconazole, respectively.

To prepare a standard yeast suspension, Candida krusei
isolates were first cultured in Saburaud dextrose agar and
incubated at 37°C for 24 hours. The inoculum suspension
was prepared by harvesting five colonies (about 1 mm in
diameter) from the fresh culture in 10 mL of physiological
saline (0.85% saline). The suspension was vortexed for 15
seconds, and the cell density was determined by McFarland
(0.5) method so that the number of yeast cells was finally
adjusted to 0.5 x 103 cells/mL [10].

The anticandidal activity of the studied compounds was
evaluated by serial dilution method in liquid medium (mi-
crodilution broth) according to the proposed CLSI meth-
od called M27-A2 [12]. In this method, the Minimum
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Inhibitory Concentration (MIC) was determined using
RPMI1640 (Merck) medium containing glutamine and
glucose with MOPS buffer with pH 7. Also, 96-plate sterile
bottom polystyrene plates were used for the experiment, so
that in each well, 100 pL of dilutions of the test compounds
and 100 pL of yeast suspension (0.5x103 cells/mL) were
added. For each yeast, a negative control well (no-yeast pit)
and a positive control well (drug-free pit) were considered.
Each experiment was repeated twice separately.

The MIC after 24 hours of microplate incubation at
35°C was determined by ELISA reader. To determine the
Minimum Fungicidal Concentration (MFC), 100 pL of the
concentration specified as the MIC as well as a few con-
centrations higher than the MIC, which also appeared to be
macroscopically clear, was cultured on Saburaud dextrose
agar medium and was examined in an incubator at 35°C
after 24 hours. The minimum concentrations that inhibited
the growth of Candida species were considered as MFCs.
The criterion for sensitivity or resistance to fluconazole has
been proposed by CLSI [12]: MIC> 8 pg/mL is known as
susceptible, MIC>16-32 pg/mL is known as dose-depen-
dent, and MIC<64 ng/mL is known as resistant.

A checker synergy test was performed to determine the
fractional inhibitory concentration index (FICI) and Frac-
tional Inhibitory Concentration (FIC) [13]. For this pur-
pose, double serial dilutions of eugenol and fluconazole
were prepared. In other words, 50 pL of each dilution of eu-
genol and fluconazole was added to each plate of 96 cells.
Also, 100 pL of yeast suspension of 0.5%103 cells/mL was
added to each well and incubated at 35°C for 48 h. The FIC
rate was calculated according to the following formula:

FIC drug = “MIC combination drug” / “MIC drug alone”

The synergy of drugs (FICI) was obtained by combining
FIC eugenol and FIC fluconazole. The interpretation of the
checkboard test is as follows: FICI <0.5 (synergistic effect),
1<FICI <0.5 (additive effect), 1 <FICI < 4 (ineffective),
FICI> 4 (antagonistic effect).

To determine the percentage of necrotic and apoptotic cells
in the population of drug-treated yeasts and compare it with
the control population, we stained the yeasts with two dyes
of annexin V and Propidium Iodide (PI) using the commer-
cial Annexin-V-FLUOS staining Kit (Roche Diagnostics,
Mannheim, Germany). For this purpose, standard Candida
krusei isolates (2 x 106 cells/mL) were incubated in broth
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dextrose containing eugenol and fluconazole for 24 hours
at 30°C. Yeast cells were harvested by centrifugation and
washed with potassium phosphate buffer (0.1 M). Annexin
V / PI test was performed according to the protocol of the
staining kit using 5 pg of annexin V and 5 pg of PI at 37°C
for 20 minutes. Candidate apoptosis was then analyzed us-
ing a C6 flow cytometer (BD Biosciences, San Jose, CA,
USA). In this analysis, cells that lost their membranes dur-
ing programmed death transfer phosphatidylserine from the
inner surface to the outer surface of the membrane. Accord-
ingly, annexin V is attached to the phosphatidylserine on the
outer surface of the cell and is detected by flow cytometry.
Also, the PI attached to the DNA of the fragmented nucleus
of dead cells is detected by flow cytometry [14].

For statistical analysis, a t-test was used to compare the
means of the groups and 1-way ANOVA to find the maxi-
mum and minimum effect of the studied materials in all
groups. P-values less than 0.05 were considered statistically
significant.

3. Results

The MIC and MFC values of eugenol and fluconazole
against clinical isolates of Candida krusei are presented in
Table 1. The MIC values of Candida krusei yeasts for eu-
genol ranged from 312.5 to 1250 pg/mL (geometric mean:
755. 06 pg/mL) and for fluconazole from 8 to 128 pg/mL
(geometric mean: 60.1 pg/mL). About 81.8% of the tested
Candida krusei strains were resistant to fluconazole. The
geometric mean values of MFC eugenol and fluconazole
were 1173.66 and 120.2 pg/mL, respectively.

The FICI index values for eugenol and fluconazole against
different strains of Candida krusei are shown in Table 2.
The FICI index range for eugenol + fluconazole was calcu-
lated between 0.25 and 0.75 for yeasts. The combination of
eugenol with fluconazole had a synergistic effect on 90.9%
of clinical isolates of Candida krusei. Statistical analysis of
the checkboard test showed a significant synergistic effect
between eugenol and fluconazole against the candidate iso-
lates under study (P <0.05). The results showed that eugenol
could reduce fluconazole MIC by 81.81% in inhibiting the
growth of Candida krusei. Also, in this study, no antagonis-
tic effect was observed between eugenol and fluconazole.
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As seen in histograms (Figure 1):
Area Q1: Necrotic cells with PI" Annexin V-

Area Q2: Cells in the final apoptotic stage with PI* An-
nexin V*

Area Q3: Cells in the stage of early apoptosis with PI- An-
nexin V*

Area Q4: Healthy cells with PI- Annexin V-specificity

Flow cytometry results showed that the combination of
eugenol + fluconazole had a significant necrotic effect on
clinical isolates of Candida krusei compared to the control
group (P <0.05). In contrast, the impact of primary and final
apoptosis on this yeast isolate was low (Table 3).

4. Discussion

One of the biggest obstacles to overcoming candida in-
fections of the mouth is using treatment with an antifungal
drug, which leads to the emergence of resistance in patho-
genic yeasts [15]. Therefore, searching for safe and effec-
tive natural ingredients with few side effects is very impor-
tant. This study aimed to evaluate the synergistic effect of
one of the phenylpropanoid compounds in the essential oil
of some medicinal plants called eugenol in combination
with fluconazole and determine their necrotic and apoptotic
effect against clinical isolates of Candida krusei.

In the current study, the mean MIC of fluconazole against
Candida krusei isolates was about 60.1 pg/mL and among
all the yeasts tested, about 81.8% of them showed sig-
nificant resistance to fluconazole. The research results by
other researchers showed that Candida krusei $trains with
high MIC values between 50 and 179 pg/mL fluconazole
showed high resistance, which is consistent with our find-
ings [13, 16]. Most antifungal drugs used topically and sys-
temically today are azoles. Among azoles, fluconazole is
most commonly used to treat candida infections. Although
this chemical antifungal drug inhibits fungal cell growth by
inhibiting the production of ergosterol in the plasma mem-
brane of Candida species, most strains of Candida krusei
are inherently resistant to fluconazole. Therefore, using
compounds with high inhibitory activity is necessary to
treat infections caused by this species.

The current study results showed that the natural compo-

sition of eugenol with a MIC range from 312.5 to 1250 pg/
mL has an antifungal effect against resistant Candida krusei
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isolates. With increasing eugenol concentration in the ex-
perimental medium, the growth of candidate isolates grad-
uvally decreased. Other researchers have demonstrated the
antifungal activity of eugenol against Candida species. In
this case, Ahmed et al. [ 17] showed that eugenol at concen-
trations of 475-500 pg/mL is an effective natural antifungal
compound against candidiasis. In a study by Marcus Arias
et al. [9], eugenol concentrations 450-500 pg/mL inhibited
the growth of various Candida species, especially Candida
krusei. Also, Gallucci et al. [15] reported that eugenol with
MIC and MFC values of 880 and 1090 pg/mL, respective-
ly, inhibited the growth and death of Candida krusei trains.
Several studies, such as Benis et al. [18] and Braga et al.
[19] studies investigated the mechanism of action of euge-
nol against fungi. Using electron microscopy, the research-
ers showed that eugenol causes superstructure morphologi-
cal changes in the membranes of Candida species. In this
regard, following the treatment of yeast cells with eugenol
at a rate of 500 ug/mL, a significant increase was observed
in the number of damaged candidate yeasts with rough and
wrinkled surfaces. Researchers have suggested that euge-
nol, due to its lipophilic properties, can penetrate the fatty
acyl chains of the bilayer membrane of yeast plasmalemma
and alter the permeability of the cell membrane [20]. Other
researchers have shown that eugenol at a concentration of
500 pg/mL inhibits the H *-ATPase activity of Candida spe-
cies, the ion transport pathway, and the release of H+ stimu-
lated by glucose [21].

Combining molecules with different mechanisms of ac-
tion is a good strategy for the combined treatment of infec-
tious diseases because it will reduce the side effects, toxicity,
and overall dose of the drugs. In our study, the FICI values
of the combination of eugenol and fluconazole for Candida
krusei isolates were between 0.25 and 0.75. Therefore, a
significant decrease (81.81%) in MIC was observed after
combining eugenol with fluconazole. Synergistic effects
were seen in 90.9% of Candida krusei isolates. Compounds
in essential oils are effective in synergistic, augmentative,
and antagonistic activities. The synergistic effects of euge-
nol and antifungal drugs have been evaluated in previous
studies. Consistent with our findings, Ahmad et al. [13]
showed that eugenol and methyl eugenol combined with
fluconazole with FICI values of 0.55-0.31 and 0.58-0.24,
respectively, have synergistic effects on Candida species.
Other researchers have reported synergistic effects of the
combination of eugenol with fluconazole [22], eugenol
with amphotericin B [23], and eugenol with nystatin [11].
The role of major constituents of essential oils such as eu-
genol in such interactions has not been fully studied. Euge-
nol is thought to interfere with the plasma membrane of the
fungal cell and facilitate the penetration of other antifungal
drugs such as azoles into the cell.
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Table 1. Minimum inhibitory concentration and minimum fungicidal concentration values of eugenol and fluconazole against candida
krusei strains

Drug (ug/mL) Eugenol Fluconazole
Candida Krusei Strains MiIC MFC MiC MFC Interpretation of Results

C.k1 1250 2500 64 128 Resistant

C.k2 625 1250 128 256 Resistant

C.k3 1250 2500 128 256 Resistant

C.ka 625 625 64 128 Resistant

C.k5 1250 1250 128 256 Resistant

C.ké 625 1250 128 256 Resistant

Ck7 1250 1250 8 16 sensitive

C.k8 625 1250 64 128 Resistant

C.k9 625 1250 8 16 sensitive

C.k10 625 625 128 256 Resistant
ATCC6258 3125 625 64 128 Resistant

Geometric mean 755.06 1173.66 60.1 120.2 -
uarterly of
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Table 2. Results of eugenol-fluconazole combination checker test against candida krusei (C k) strains

Candida Krusei EoibibeiiICfie/ el S FIC Flucon- Combined Interpretation of Percer!tage
Strains azole FICI Results ot
Eugenol Fluconazole Eugenol Fluconazole MIC
Ck1 2.156 8 12.0 13.0 25.0 Synergistic 5.87
C.k2 2.156 8 25.0 06.0 31.0 Synergistic 75.93
Ck3 5.312 16 25.0 13.0 38.0 Synergistic 5.87
C.k4 1.78 16 12.0 25.0 37.0 Synergistic 75
C.k5 5.312 8 25.0 06.0 31.0 Synergistic 75.93
C.ké 1.78 16 12.0 13.0 25.0 Synergistic 5.87
C.k7 625 2 50.0 25.0 75.0 Incremental effect 75
C.k8 1.78 16 12.0 25.0 37.0 Synergistic 75
C.k9 2.156 2 25.0 25.0 5.0 Synergistic 75
C.k10 2.156 32 25.0 25.0 5.0 Synergistic 75
ATCC6258 1.78 16 25.0 25.0 5.0 Synergistic 75
uarterly of

he Horizon of Medical Sciences

MIC: Minimum Inhibitory Concentration; FIC: Fractional Inhibitory Concentration; FICI: Fractional Inhibitory Concentration Index.
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Table 3. Results of necrosis and apoptosis tests determined by flow cytometry on the effect of eugenol with fluconazole combined

on candida krusei strains

Eugenol + Fluconazole Control Candida Krusei ATCC 6258
7.84 678.0 Necrotic cells (Q1: PI* / FITC)
165.0 668.0 Final apoptotic cells (Q2: PI* / FITC*)
052.0 267.0 Primary apoptotic cells (Q3: PI/ FITC*)
15.1 4.98 Healthy cells (Q4: PI / FITC")

In this study, flow cytometry showed that the combina-
tion of eugenol plus fluconazole has a high necrosis effect
and, to a lesser extent, early and late apoptosis on clinical
isolates of Candida krusei. According to our extensive re-
search, no studies have been performed on the synergistic
effects of necrosis and apoptosis of eugenol with antifungal
drugs. Our results are the first laboratory findings reported
in the field of combination therapy. However, few reports
exist on the necrotic and apoptotic effects of eugenol and
its derivatives on Candida species. Lone et al. [24] showed
that eugenol derivatives could induce necrosis and apop-
tosis of yeast cells through the metacaspase pathway. The
researchers also showed that eugenol causes yeast necrosis
by DNA damage, mitochondrial depolarization, and de-
creased cytochrome C oxidase activity. Also, in the study of
Raja et al. [25], eugenol caused necrosis and apoptosis of
yeast cells by reducing ergosterol biosynthesis. In general,
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the processes of apoptosis and necrosis can be induced by
different internal and external stimuli, and their induction,
especially in yeast cells, can be considered as a suitable
model for monitoring new antifungal agents and treating
patients with fungal infections [26].

5. Conclusion

The current study showed that eugenol is a natural mono-
terpene with antifungal activity and is effective against flu-
conazole-sensitive oral candida isolates. The combination
of eugenol with fluconazole showed a strong synergistic
effect that was associated with a significant reduction in
the minimum dose of fluconazole. Eugenol in combination
with fluconazole also had significant synergistic effects in
the development of yeast necrosis. Therefore, combining
a natural substance such as eugenol with a chemical drug

1[]4 im a2
_: 0.678% 0.668%
3 ] p
10 o =
5 ]
10

FL3-H:: P

1
10

23
0.267%

10

]
1[1[J 1[]1 'l[]2 'I[]3 1[]4

FL1-H: Annexin w-FITC

uarterly of
he Horizon of Medical Sciences

Figure 1. Histogram of flow cytometry test for standard candida krusei (ATCC 6258) strains treated with a combination of eugenol
and fluconazole: Eugenol (78.1 pg/mL) + Fluconazole (16 pg/mL) and Control
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like fluconazole can both increase the effectiveness of the
chemical drug and reduce the dose of the chemical drug,
which in turn reduces the side effects of the chemical drug.
According to the study results, combination therapy can be
a suitable therapeutic approach in cases of treatment failure
and resistance to antifungal drugs in AIDS patients with
oral candidiasis.

Ethical Considerations

This study was approved by the University Ethics Com-
mittee according to the confirmation letter No. 9055/20/98
dated 04/21/2020.

This research project was approved by the Amol Univer-
sity of New Technologies. An oral sampling of HIV+ pa-
tients was referred to Imam Khomeini Hospital of Tehran
University of Medical Sciences. Experiments were per-
formed at the Mycology Center of the Amol University of
New Technologies in 2020.

All authors have contributed to the design, execution, and
writing of all sections of the current study.

The authors declared no conflict of interest.

October 2021. Vol 27. Issue 4

Shokri H, et al. The Synergistic Activity of Eugenol and Fluconazole on the Induction of Necrosis and Apoptosis. The Horizon of Medical Sciences. 2021; 27(4):434-449



http://hms.gmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

J'b&’!

A A ;
)LUdu;’w;u"/(}“aw')/W

¥ o Lol .YV 0590 NFee 5ol

‘ ;M’ 93,1‘\"5.9

SBazlsn 4 550041 9 5050 S 9 Jo3UaS sl g Joijel st silS wud oaf38led 5 Shas (2L 5
STB3 Sl Mo (51 o ylont (39,5 Iaails
Tosljdy b Jude ¢ T ghud (lgine (yuo dazee® (01 (5)S8 Al Coms

Ol el ol Crgi (slas 9lid saases oSl o Sl paals 0aSls ¢ 53909155 09,5 )
Oyl edlliS LS S5y pale oKkl o (K3 0uSCtils ¢ pusliding ,Saa 09,5 .Y
Ol eyl 5 ol pe oKzl ¢ Sl jaald 00SCENS 55893502 5 (550009 K0 09 .Y

VYRR oo Ve sl 0 7

LIRS

o lo o .ansly o oo 0y o215 4old 5 A dayailS” (ladisl .ol o9y Koo disF Yo+ 5l St sl fo o 6 i PR
o 0393 polie 28 05 (gl lo By s o (630 (Lo 50 Slad auldh sl lS 368 G lgie a4y 39,5 hyadlS ¢ 5
OlalS 3l oslisil cojg pol Cansl Slor 532 Jans S gl 09005 b slacurnaz 0 ohigts eg)lo diz 4 polie (glag B ek
5,5t gy challlan sl Bhan .l 03585 Lo (sl Iy (sl 8l ¢ gigie glaslons coys o bagsT alls S 5 5 (saa )
ot laeilS 4 3e il lons (530,5 MaolS sloaslazr 13 5974 T 5 50,55 Sl 5 JolisS ol 5 Jsissl (srbrails wd pl3dlen
I ‘ss’lhé

Sloolizually JosisS'sld 5 sissl coes (657 9 (riglalonSeom s g ool s (28 s> el sl stolo 1 ENETFPRE
Srrogialusgld g, Sloalinally 350,5 lagllS agle py hlira (2 B s Jalge 5352091 539,50 i plonil o9 S g,
s 50

Sl Jo3bsS 9l 5 Joisel MIC juolin rSilen copgmmshiog Son &l o) 42 (578 4 Sl slagtalesl o
0,905 Gialasl 5l Jol @l Gebo ings il sles )5 055,500 41V 5 VOO F a3 a4 ¢ 339,5 lauailS” slaalo
[+0) ols lts couds (olojl (g jeie sloghz 15T ale g )loline al33len slojdl ¢ JailsSsls b oS5 s Jgisdl
otalesT guls ol 2ol 530,5 IsailS 0 g 58 1y Jo3UsS sl MIC ()l5me doys AVIAY 905 ¢ o33l sdly ,o .(P<
639555 Sl gyl ¢ J 58 09,5 s Ayl )0 (359,89l aplor 52 J3UsSTsld + Joi5al S5 el (Lt g tagtalungld
b oaalive S 5 ol 5l 632U (tles 9 &yl so00:T slo 3l a5 o 3 (P<e/+ ) wijls (5 lolina

AFee 310 ,5 Y b oy o
VFoo ppo o8 slicil 7 10

:‘bb}“‘,égls

«J53gl e 539,5 Iogils

2 e JaibsSsls

Ogicsn 5 ro5ee (slodsb 59,55 9 JaslisSsld s paliia (359,5 haollS 0 e Jo3Ussld 590 (2ol sl Jaigl IFEEERE 1 59, eh i (5208
&S eolid pr|

g lom 4 lg5 oo cosiSamine dal s opl dlos 5ol -
Sobemt &2 g o0 0 Dl P dodo

Al (9329 eiile gl s 00 15w (slacigie

(Hlo® a9 nlySid 68 i Cubd bl (ol s (S (e 3l (29,80 g5 Y e+ Sl e (s 0,8

uUa)w 4.3.19 G;La)owz 9 &N9as gac C.’Aélg.)é «de LsN}.Ia
09..3‘54 g0 gs:"“'.‘.‘ (Ot m““’:’.‘)“; C)‘o’J L .0; o)LI::‘
Sbml g 43dly 72355 Cuo B (o 50 99790 lilS (sl jese
OB o laaadls (Glas Joo (lime (it 0S5 (5 Lo

LY 090 5155 500 40 e ol o 9 hitallis s

el plas 0 (2B g (2l SL slecisic jop olse
W @bk sld o Saald (usS s on il (sladisS
7B yeld 5l cidy dayails laaiss V] cunl atd 4 ol
lag,] Sl Jom e a5 axdl o lad 05> o jon
le.éﬁ.a oAl 6‘:\.2.:.15) .lag‘;.& 9 alizes ‘5....» 6[.903; »®

........................................................................................................... -
J gt 00y 93
e g0 o daea 55

sl ;San 09 )5 ¢ Sy 00SCESls LS Sy pole olSils wliliS 1 SLES
+AA (A10) OYYVEYYY :als
drminooeian@gmu.ac.ir : ;Suig yaSIl Cony



http://hms.gmu.ac.ir/index.php?slc_lang=fa&sid=1
https://orcid.org/0000-0001-6442-0053
https://orcid.org/0000-0003-0428-3995
https://orcid.org/0000-0003-2361-0517

J”)[ji

A A
JLUJU&LW!J’//);:?'J/M
. o

Cols g gilucssle 9aS sale slajli o8 4 ailsy o
Olrl 39 39790 (xlo LS 5 5 4T L (a29)ls slod gl 2
Aled SLLs SaS Ll jo  Slas s SLasallS e ys (6

W pg, 9 dlge

ol o el 2laulejl - o8 Gaiios S cdalllas ()l
oes 3l e laz) | 535,8 luadls” b dygas Vo e iRghs
ooliisl 8,50 359,5" lapuilS” & Jaibiasd 4y9us S g (T o
)‘5]3.“.50 j)st" Ja..“m)o sz.aét.d 6[.%4.3"&? m.aé;)lﬁ
Y Sae ol 5 il az 0 YV (sled 10 g ous ools s ¥ 5T
3955 Inals sladlar (oales . aiad (g JiTare 5 55, Vb
o et pday cwlidg B o lastinl gla g, sl eolatul L
S 3 oolitad b 08 yeasd g i litalesl o 5T g S
\Aish g paeai” RAPIDTM™

9 "Jsisel pb 4y (Bl b (oS 5 S gl ol
odliznl 9 )90 Jo3LgS'sld b s (ploond (o> B i (59 0 S
UVE Ll by gl 2 g (SUocd o sl (sl hizs 5 5
JoibsS s iy 9o slacd, g il Lo 100,59, K0 B0+ G
4.0 Ay oo )0 59 e DAY B o/o Y Aals Ly
Jobgsazl 3l eJasleSsld 9 Joisel (slacs, dugs (sl coud
A ool s ol Jlaiie T g (Merck) as-js Ve

lodslaz latl (g yadee o Jailiul (ygruibiwgns 45 sl
i 00ls S T 59 0SS g9k Lanzes 18 S39,8 lyils”
TSR LEEK UK 4 PSR o P PRERSLII W o JUXV'S
3L (SUS O il p 35l 5l Pels (ygamnilinsgas s
prw il o Ve g2l 0 oil caS Jf (o ls V 090>
0 39 oyl 2 o8l (20 IAD o) 53l
S iy b sl 515 clsan 3 00 S5,5 428016 o
b Jgbes lade cCalpd 19 45 (5)5b 4 0 (a3 (+10) w8
118 s 2l slan 258 o 10561 505

1. Ck1-10
2. HIvV*

3. ATCC6258
4. Merck

5. Paris France Company

6. Innovative Diagnostic Systems, USA
7. Sigma-Aldrich, USA

8. Sigma-Aldrich, USA

P g S Ym0 ot S e ool 9 isiol 3 39,55 515 sl 3 gl st a8 i lidld 3,5 has il ol 555 e

F oslod YV 055 NFee by

g dlS” ¢ uuiSCedT lagils” Jansgs el ¢ Lo puy sy ils
sladbo , [T 958 g0 Slomsl (3395 adilS' 5 okl
Jloe laie a4y (530,5 laaails b (Jlas (igmuljuisls ¢yl
9 el o Bld 500l hlew ) oot Hsrby (5050
Gl lilew caS 5l aud laz (slo pasre 5l duoyd Vo g
9 7B 0S gy slagled 9929 L [F] weo 00 S5,
Ohless 53 (sioal plas Sgug 4 y2xi0 45 Hige (qug g b
Shlem Gleys o slol OMSCiw f ailawlis g o0 (559!
29l slaceaglio 595 ¢ Slod usbaasils 4 Mire (550l
pIs g 5,50 398 (yloyd 0y90 y0sr SVeb o 4y aS cuudl
Olalllae adl oo Sk 0 )8 ws geite slag)ls d42g
st ails 458 S lgie 4y 539,85 Ty il casols yLis calises
Sg s (B Comd (hlaws 5l At (ol o Slao sl
& e ol Cl a5 o0l Lis Canglive b S5l wiile o )8 0o
L0] casl oas (e yo cods (o 50 Silo yo S

Oloyd 1 (529,50 0 (gl LS 5 Sl ool gl iy
iz sl gl 9 009 Jolite 590 (sloarisdS las Loy
oAl SloS 5 9 2L slag s 5 eolisul cojg el .ol allus
Lo sl 1y (B8l o ggae slag)lon 3| (S loy 5 g,
2ok 9 0lynl 0 oo yind Clidod ygiSTen .l 0045
039: (Jeid oS ga =Y ST =) Joissl e alls S 5 ol
bl | (S e 5 gl el JoSUS 51 LT 3rtn S o5
£S5 VPV e T (J5S50 (39 45" 0092 aulgilyg Jeid ool
u.\.tssa LXCIONE 2 é}lm obql.g,,i)a g.‘;).? u.z‘Cm‘ J}.n).g
ol 0gh o J> w93 JI sl P> o a5 J>yo
Rl ) stz S RE polie ol G0 592 5 3l (S
o yases dule (oS8l aylys 5 Jgigel [V] s S 3
S FSale Wse slog 6 5 Slad 5 (S, slaxs, slag )5
ilises gladisS 59y 2 Ol (TS lee Sl 5 Cod e
Gillas [A Q] cadl oo, wldl 4y (LS Glalllas (o loyails
GYo. O aalo » @Lxl.nlf GLQ).A:!A 43.19 Jy}g‘ 5[2‘5.»)).3
Obizes [V o] o)l 2 Bas Sl d Lus 10 0,579,500 B0«
2o (glerd slag)ls b ol S jall- dlge oS 5 sy Lt
dlS ¢ oalands (glog lo 390 yilS s 09y amlgs olB . >
Oloy® 4 (el ¥ b (3w Sl olowl 5 (ol (2 )Me
ARV RENRCHTEICI ST PRSI T

oS5 Sipanl 5 639,55 Sl e o (laalllan o 9:ST

sl 428,55 & pge0 ly 5" gladisS (55 52 Jp3UsS o8 L Jgisl
it pims S B el 00 aw dalllne ol 50 el
S 5 5 il smeo 0ale (535731 5 (639,50 o2 8 05
e pluals slodisuw dle » JolsSold (alond s)lo b
@l b oS J18 byl 9y9e csil phlows plas f eas

FFY



http://hms.gmu.ac.ir/index.php?slc_lang=fa&sid=1

F oyloss YV 050 VFee 5l

1l a3 53 9 FIC 500 disls

€25 45 9)ls MIC» | € oS 5 (59l MICy= oI5 FIC

T & 0,505 iabos] s el Cawsdy Jo3leTgls
) VFICIC 18 o amt yir ) FICIS IO 2l s i
(aesis ST 2 FICISF (i ) F<FICIS ) o( oyl

Cupsozr 3 03902931 5 039,55 Slashis 30y sl sl

IS Camaz b o i g g lo b oas Loy sloyase
s pedessy 9 ANNEXIN-Y (S, 90 b Lo jasio (5504153
**Annexin-V-FLOUS staining (s> <uS 5l eslizw! b (P1)
S il slaaslazr slo ol sl a0y )5 plilKit
soptbe 3 Gidisles 2 5 Jsho ¥ xV7) (59,5 buils
Sl YF Do s Jo3ligSold 9 Joifel sol> Sl 59,28
Sratee S Jolu aind 43653l ol 5 il a0 + ¥ glas jo
I ey i Bl 5 0 bl S s i, 4
JS59, BlaePl/V (ST Stalejl (50l gt (Yge
B 8V (eSSl 059,500 0 3l oolicid b (5500l oS
42,85 Vo S 4y ol )5 il a0 YY (sles 0 Pl )59 Se
ot b S (slo Jgbos 533021 ol m s i ol
T sl 5508 56T 9C6 Jute sregnylusgls ol 5
s 095 (5L s 53y o o 85 il Jolo
) mhw 4 L3 maw ) e Jiaslaws wslsls
39790 (s Jrdilind 4V (panSSl g 005 St olas
S ogilwgld Jawgi g ond Jate Joho (o2 )1 ghaw 4o
uwd ool dakndastad DNA & alasis Pl.os ooly auseis
IVF] 0 st s agislogls alogl L 55 00,0 slo oo

se3l el Sogasl il pdl raghy aalis el 56T (ol

"ol ly 50T g 55 090 Sloog S (eSiles dslin (sl Y g

Loog " plas 10 anlla o olga s (3708 g (s 38 2
A azd 8 L s laliee g lel L 5 P<-/+ 8 oo .o ooliu

16. FICI

17. flow cytometry

18. Rche Diagnostics, Mannheim, Germany
19. BD biocsiences, San Jose,CA,USA

20. t-test

21. One Way Anova

J/'}&’!

A A
,LUUL,;.;LWO"/(#M,/M

oy b calllae cov oluSy ohualias el
(Ogemghldg,Sos ) @il bazme o (Jbpw (gilucd,
o plolM27-A2 sze s CLSI golgitis b, b gillas
(Merck) RPMIT640 ayoxs 5 oslizasl b o sba, o2l ,o [1¥]
S8l PH:7 L MOPS 8L ol yo 4 555l5" 9 (reliolS” (55l
el Sy sl A8 lacdy 5ol s g e clale
1545 (55l 4y e ool Stglaj] plal gy i sl 8,55
Shalesl Cov Sl 5 s, 5l 5dg S Vo dlaly o
2 ln b alal g rate Ggailiges 1g;See Ve e
A Neate S8 Saly o Vi ghie 55 daly ez
1S5 e & jgu0 4y 4 5o 93 lulejl o0l 488
Celo VF 5l g VN SauS e clale Plas e
L ol )8 il a0 YO sles jo acdy g5 (5 li8 dile 5
‘ “"‘;..\.:_.:S chile Pl o @lp b G o, Y
030,85 (e MIC plgie 4y a5 ale 5 iudg Sa Y o+ Jlade
(si95wg,Sle o b a8 MIC 5l WL clalé i uizron
)lﬁ}”:....fo”,.;u.Ia.::u‘;”ﬁmw)‘;a)ﬁqdmpn
Y 5l aw o F il az )0 YO ,55LsSTl o 5 ol ools cuts’
i-\.:l) @Lo as ‘;ﬁaln J3L\> C.‘S; )|)§ ‘“5..\4)).3 Oy90 welw
ad 3 b 0 MFC lgre 4y cdivg oad il gladiss
CLS! Lasgi Jg36s5'sl5 (6l anglia by opla <5So i
4 el s 5 0,550,500 A MICZ 11V] ol oy slgiegy
Olgie & i shes 5 059,50 MIC 1P YV ¢ ul lpis
4 fdshes 50 0,595,500 FF MICS 5 590 &y atdly ol

o losly Cle (@l et (gl 99055 (65 s Sale]
I b9 (s slocd, cnlply NIV ad plowil ¥ 52
S8y g 3l yidg Sae B0 (e i angs JoilisS s 5 Jgissl
Wiad alal al> A7 Coly 0365 yo 42 JgilisSsld 5 Jgisl
IOxN T (g yesee (ygrdlinsgs 3l Sy Se Vet iiizeen
YO slos yo g o adldl 0055 ,o 4y yidi e jo 5 Jslo
Joesd .ol )38 ailsp 5 el FA oo 4y ol 5 il a0

Sl sleo ;2 50 Jokow /%Y 479
ot gy 0355 .10
9,0 e 0095 .11
12. MIC=Minimum inhibitory concentration
13. MFC=Minimum fungicidal concentration
14. Checkerboard Method
15. FICI= Fractional inhibitory concentration index

P s S Ym0 ot S e bl 9 ssiol 3 39,55 55 sl 3 sl st s IS s ol 3,5 has ol ol 555 e



http://hms.gmu.ac.ir/index.php?slc_lang=fa&sid=1

Jﬂ)[jl

A A
JLUdD&LwJ///rV:?U/W
. o

F oslod YV 055 NFee by

CK) 55055 laailS” gloaygus asle 52 J3sS'5ls 9 533 MFC s MIC ju0lis ) Jgur

el J’sy ko 5 0559,540) 1
W s MFC MIC MFC MIC 3955 IS
poli WA ¥ Yoo yYa- Ckl
palie 4 YA Ya- Y0 C.k2
poldo yos WA Yoo Ya- c.k3
palis YA ¥ Y0 £Y0 C.k4
palie 4 YA Ya- Y. C.k5
palie 14 17 Yo+ Y0 C.k6
wlus g A WYo. YD C.k7
palis YA ¥ Ya- £Y0 C.k8
ol g A Yo- £Y0 C.k9
palie o8 YA Y0 £Y0 Ckio
poli YA 43 A TAY/0 ATCC6258
- VYIY 2N VWSS Yo/ -# ki Sk
j ')&; I
A S 0,90,5 a3l (glol 5T ondl 0397 Syt il

ol aele 2 JilisSsld 5 Jyifsl a2 shamiliems sloline

b ol azeuss (P</+B) ol ylis asnlllae oo (glay il

535551 MIC im0 cuoys AVAY B sl 1005 Jgisl oo,

g dalllas ol jo .00 Rl 530,85 leils ) e jo 1, sahaz ade JoiligSold o Jgisl MFC gMIC ,0lie
ensl ot sl Jo3UsSald 5 Jaisel crm (ctumisSTl 31 aseld.Celond bV o)l Jour 50 (359,5 huilS (ol

BYVYID 31 Jsigsl 6l o359, MpilS MIC (gl yoria o

VYA A S Jpsis5oli sl ™ i slon o 55,50 VY0

s doyd AVA dgaz aivg T s due 45 059,50

() 0)lods 9] 390 oo olitn Lol gt 345 yobolen . :
Ot Ceaglio JoilisSeld 4y ond tolesl (559,57 lapails

PI Annexin-V" Sl (535,55 slaJslo Q, 4l eSiln 59 ol JgUsTolh &) o ys VAIY L5 ol
1 A0 Sl o e Oy s 3V VTP 558 B MFC st s
nexin-V* A s i e 100,579,SCeV V /Y
PFAN- 555 b adsl j550] Al a0 Lo Jol 0, 420
nexin-V*

) sl ale Jo3UsS 9l 5 Joi3ol sl FICT jazld ool
PI- Annexin-V- S35 s lls slo Jslos 1, 4p>b sl o 0305 5L ¥ o ey g 5 (559,5 MyilS” Cikiea
g oS5 il 55 8ogilonld tale] gl YD Comt Jo3sS sl + J3ssl e 55 sl FICH sl Al
b sz (59, » (5 loline (639,55 Bl slls Jo3ligS olé “’I’}B’S’b 5l a3 08 kool yeda sl VO
53 oP<[+8) Ky Sy 0,8 b duslie 5 339,5 layasls Al o 3595 Taails Sl sladslaz suoy0 4411 (59, 52

o sy 4z il 1 led s 4 53] 1 45 o
(Y o)LA..’I: Jjéo) Canl 042

sdislon 33 0555 5ea YO - F s cusiin ik .22
Felshen 3 £,55,5en £ o/) s guuins (52530 .23

D 515 &y izm 5594 oot 50,5 1428 sl 13 itoel 5 955 S0 5 g3l 3 sl esdlS s liled 355 il ySiod g 5, Sd o IRARE



http://hms.gmu.ac.ir/index.php?slc_lang=fa&sid=1

F oyloss YV 050 VFee 5l

f/'}&’!

A A
,LUUL,;.;LWO"/MM,/M

(€K 3395 MasalS (slotzgms sl JysisS s b sl s 5 0,50, k] ol ¥ Joor

AC (e 3 0,59,5) (o 5 MIC

MIC (225 a0,y . FICI FIC ] .
G B b G e gy O
AVID R -I¥d A\ o\ A \osIY Ck1
AU e oI oo <I¥d A VOFIY Ck2
Avia W <I¥A A -I¥o V¥ ¥IY/0 C.k3
va 0 AN AL A\ V¢ YA\ C.k4
avive R W oIy oop <I¥d A TIY/0 C.k5
7 e <I¥0 A <13Y Ve YA/ C.ké
) a3l -Ivo -I¥d -[b- Y £Y0 Ck7
Yo e -IvV -I¥D -1y 1 YA/ C.k8
3 R -0 -I¥d -I¥d \ \OsIY Ck9
) Sty +[0 +I¥0 +I¥0 Al oY Ck10
) P -0 -Iyd -Iyd \ig YA ATCC6258
e
@ oyl asyd AMV/A 850 0 aloj] (lojateo  olos o

sl Slibod gl .ol las loliae Cuglio Jo3lsSeld
MIC ju0lie 53 (559,5 lapils” (slodsgun 0,8 Coll o K3y
2V Cuoglio e Jo3ligTold yid oo 100,579,500 VYA 9O (s
S T05,al [VYe VBT 5o allas Loazily oyl b 4" sl L
A.:.a‘aLléj 9 (090 Dygo 4 0l oolazu| ‘53)@ QS slag o
2 ey JoslisSsld dadysl o 3l it Lo gl i S
S 5o)ld ¢l 0ed oo ool ghyails slacdsas leyo
iloadly glad j0 JoytuwsS )l addsi e b ploond (78
Ll i 0 (2,8 Jobo o) Jlos czge lasallS” (slaaiss
Jo3UsSold s polie 15 yolo 4y 35, lyilS’ (slodygus it
S e YL el b LS 5 osbisal ]l s
Lol (55978 (S LS el 3l LB slaciigie Loy s

-

hails glacisie 4l gl allse 525355 5 (K
i &S 039y 2B S (69,0 S L ey 3 colail iyl
ool s [V O] 998 oo 55 5lons (5o yosra 45 Cunglio y54ks 4y
S 2ilee b olren Hae 5 el (greb SlaS 5 il
B Gt Blaal b aallas ol .ol Cooal Bl s (Sl
Sigilign b SlaS 5 5l (S i plualias (st
2 Js5gl pb ar gl (lalS 5l (5 (389, uilal 0 39250
adde byl (53000219 (639555 BT (e 9 Jg3UgSeld b S 5
o plodl (339, Taaadls” (ol sladslo

slealaz ade 5 JoilisSsld MIC (.Sl 293 ool 5
O 3l og il ke 30 059,50 £olN D90 39,5 lasails’

3955 IlS 5 JosaS'ald L Joisel cusS 5 3l 3590 50 (5 yagitaliugld (g, b od puasl Somaaa] 9 59,50 ales] gl ¥ Jgaor

Jo3UgS 918 + i3l Js ATCC 6258 39,5 laguils’
AFIY <ISVA (QL: PIF/FITC") (539,55 (sla sl
Y <[P5A (Q2: PI*/FITC*) ol js0e] sl ol
N1 -IvPY (Q3: PI/FITC*) aJgl jgsaal (sl Jolus
JAY W (Q4: PI/FITC ") plls sla Jokes

:/’:[j!

P s S Ym0 ot S e bl 9 ssiol 3 39,55 55 sl 3 sl st s IS s ol 3,5 has ol ol 555 e



http://hms.gmu.ac.ir/index.php?slc_lang=fa&sid=1

J”)[ji

A A
JLUJU&LW!J’//);:?'J/M
. o

ot 11 Qz
J0E7E% 0.6EE%
.
10 o
.
I 10 =
iy 3
— I
L 4
1
10 o
] @3
100 |agam & 0.267%
e AT
i i 2 3 4
10 10 10 10 10
FL1-H:: Annexinv-FITC
PRI [ P
JhJ

F oslod YV 055 NFee by

ot 30 G2
184.7% 0.165%
.
10 o
=
I 107 =
= E
—l 3
[N o
.
10 E
jad4 Q3
102 |151% 0.052%
UL R L LALL L R AL
0 2 4
10 10 10 10 10

FL1-H:: Annexin w-FITC

(J23Us%gle + Joi5 g0

0555550 YAIN) 5512 305558 5 sl S 5 o s (ATCC $YBA) (3,8 gl i s 51y 5 togilugtd il oS s5mcn 1 1508

Fediden 3 058 000 calé o Jgiigl cain)S el 5
JU] s chayilS” slaigSH-ATPasE Colled oo o

IV 0900 5S35 Jawgs oas S 26 H' 9,5 9 (432

IS wglite Joo punille b (slaJoSIge (3l
Seie slagilen (55 olo lp @ ol
logls (SIS 599 9 (09 (o i(silr 2Jlge RIS 1) ecand
FICI jiolis cosds ploxl dalllas o .clls salys o 0,
35 1l ol (ol (JgsUsS s 9 Jsifsl S 5
Gl S el e ol oty VO B /YD o
J95el e 5 3l awy (MIC le 1o (a0 AVAY) (5 lolins
RV R A YT WP-SWey JURUWRL | BRU XV AK W P N LR P
39 O9zg0 SlaS 5 aiad oy (Si9,5 lauails” slaaslae
PP JWEL JCSUWIPY T Y00 (P RN U Y- S L R TP S V- YW Wl
oty Sl Akl A5 80 s SLST g o2l
ot 31 4838 clalllan 8 B s (gl Js 5 a5l
widly lad Y] Ko doxl dlaaidly pl b aollas jo
4 FICH yy0lia by JosbisSsld b oS5 5o Jo3sgl Jeio 9 Jpill
2 i S SIS JOA-+IYE o OO /¥ a3
st s A 5 5o i iy gl slaisS 55,
[Y¥] st Qoo gl b o330l LY YT Jo3bisS 918 L Joi5sl a5 5
ol bS5 ads.as,S G155 1, TN Gwbins b Joi3el 5
asb 4 (SUSS rizr o Joilel szren (si89) lagml
GLié b it ) Luds lsi e -ansl o dnlliae JlS
25 Slmg s s S5 3 03505 55 26 Jsbo solosdly
S o s Joloo J51 &1y o o3l asle 2 3

IS 9 Grdishen 58 579,500 1) Jo3LgS sl + (2l lon 5

Jo5el (b S 3 o8l LS 51is 90 dalllae 5l alol> mlis
G 1 Lo o p55,Se 1Y+ B YAY/A 5 MIC asels L
53 Sl (39,5 Tauails polie slaaslax ade 2,18 0o
sl ol stalejl base 45 Jgisel cdale 2138 b adly
Cellad oo (i s .ogy adly falS g oy (layails
ol o 4 ) lusls’ slaaisS e Joitgl (o2 )8 05
5 Jossel easols LS [VY] o SKon 5 sl calox 31 aslosls
b S 5 S i ey 0,579,500 00 - VO glac il
plol dalllae jo .ol (F59)5 laailS 4l 1 Jge (78 00
Socdale 15 Jgisel L] oK 5 ol T (5955 Lo Jasgs o
slodiss 0l Jlee crse i Shee 0 059,800 B4 +-FO-
3 5z 0 oad  F39,5 luails o5ysd dayuils Caliss
MFC § MIC j0lie b Jgisgl cio,S oyliS [10] ol San
oo czge pdiden 0 059,800 Vo Rr 5 M s &
asllas (paiz 098 o0 (59,5 TS Sladyg S ye g 03
DAL oyl 5 815 5 [VA] oS g sty olalllae aiile
33l 8 (i 3y90 1, Lag B e Joiol Joo pancsile
wisoly s Sg,mSIl Sy ;S 3l oolaul by yuions
lad ;o s isle 398 (Saislsdyge St o Joidl
S ol Jlas CBlaie cdyg0 oyl 10 .09 o layails” slaassS
33l sl e 9 159,50 O+ lie dy JoiSel b (5 e
ok b sdsdcaml huails glo yases dlass o (5, loline
Jo5el cisls olgaion (yudliors .ol ounlive 00,5 gy 9 (pis>
T 60022555 J15 5 435 o oSl ol s
90 9 03,5 dgii yasre slallowdly sl g lid oy
Oehize plo [Vo] 09d Jolo (slod (6303585 0 s

D 515 &y izm 554 oot (50,5 142 S sl 13 ol 5 955 S0 5 g3l 3 Uil esilS s liled 355 syl ySiod g s Sd o RAES



http://hms.gmu.ac.ir/index.php?slc_lang=fa&sid=1

F oyloss YV 050 VFee 5l

(aasS oSl Cgan hags gl ol 0 gy
61993 YA Jls 5.l o0 alol Lol (95 (gl yglid
i plal (s Lo 4 008 dazlyo HIVT Loy (oo
i) S50 o Sltalesl g ol (Siyy pole olStilo
o plox] J.J o8l yy g5 sl s y5lid pauasss olKils

slisn den ()55 g [zl o ok 40 sduysl 4w j»
dladls o8 i pol> umgly

) il o a8 alie oyl e otunsgi ool i

f/'}&’!

A A
,LUUL,;.;LWO"/MM,/M

S5 wols i (6 tagalsld (talasl cguyp ol 5o
S8 Ol 42 9 8L5 (559,55 S syl Jo3baSold + Joisl
5955 10ulS (b glaalar 5 oles 5 4l 9501 S
Mg il y 0ad plonl gy Glogow)p oo oo
9 639555 (St Sl aine o (slaslllas b (95T
Ol el 00t ploil (28 05 (slag)lo b Joi5sl 559!
Oloyd a5 oad (3)f55 (ltylosl asily ol emlis
S50 Sl 3590 53 (o5 OB el wdlygo (S 5
SoaisS (53, 5 2l 4 Sillinie o Joissl siaum 5
Olaziie wisls HLas [YF] o )Ken g ¢yg) 5)ls 5424 layails”
554921 9 59555 Al rgo SllSTis s 3l iilys o0 o35l
4 Joial s ol (dioee (ol i lagalls” (sla Jobu
2 S g GaSge (gl Vo DNA sl dlaly
Dgdion yedie 59,55 czge JaenSIC po S ot Cullad
554921 9 59555 o Jo3gl (VO] (S0 g L2, anlllas o
o Jo yuwgS ) 5itugns yo GRalS 3,k 5l oS sl Jslus
bogs aslgige 9555 5 sml ol (IS jsbay ool
lagT (slall 5 wigds Wl glie ol g L5 (glacSyome
sl Joo S Glgie as Al o0 (5 yoee sla sl ;5 0529
4 Mo Ghlew Gloyd g sz (7B 02 Jelge Ml (o
LYF] 0gs 4.‘23;)]4.» B ‘53)@ GLQC.J}&.:

(S35 Ao

b O1gge o Jgitgl s oo las addllas (il
lpalls los cloalir ade p fge 28 0 culled
b g5l oS 5 -0l g0 J33U5 5l &y ol g polie 55,5
OhalS L a8 wiols L) (598 (g e 51 S Jo3LgSsld
S 5 50 Jgisel-Cal039: ol yors Jo3LgS ol 590 JBlax jfalins
59,55 ol 55 (g loline (gl yrans 5T gl Jo3UsSol8 L
ool 55 oS )3 ecyplplts and 0393 dalllng Caoes (gl yasio
Jo3BeSald wiile oleand (595l S b Ji5gl wiile (grnibo
G300 395 o g 03l (Al ]y leerd 59l S oo Wilos oo
B (B)lee LS 4 e 595 4S das a5l pliend
=55 loyd caslllas pl s Gub 09 oo (ilerd (550
hoyd Cansld 3lg0 40 cuslin Jloys cidlia, S wilgs o
4 e (53] Ghlew yo ()8 1S (slagls 4 Cuaglio g
Al Slos s sbasails

VRN

Zo )b 4 ANY /3400 olod a3 4001 4ol 3ubo cdalllas oyl
ol 428 5 113 al8ils P ateS 0l 90 VWAY/ Y/ )

P s S Ym0 ot S e bl 9 ssiol 3 39,55 55 sl 3 sl st s IS s ol 3,5 has ol ol 555 e



http://hms.gmu.ac.ir/index.php?slc_lang=fa&sid=1

uarterly of

he Horizon of Medical Sciences

Refrences

[1] Shokri H. Immunology of fungal infections. Mashhad: Ferdowsi Uni-
versity of Mashhad (FUM Press); 2002. https://press.um.ac.ir/index.
php?option=com_k2&view=item&id=939&Ilang=fa

[2] Patil S, Majumdar B, Sarode SC, Sarode GS, Awan KH. Oropharyngeal
candidosis in HIV-infectedpatients-An update. Frontiers in Microbiology.
2018; 9(10):980. [DOI:10.3389/fmicb.2018.00980]

[3] Millsop JW, Fazel N. Oral candidiasis. Clinics in Dermatology. 2016;
34(4):487-94. [DOI:10.1016/j.clindermatol.2016.02.022] [PMID]

[4] Hosain Pour A, Salari S, Ghasemi Nejad Almani P. [Oropharyngeal
candidiasis in HIV/AIDS patients and non-HIV subjects in the South-
east of Iran (Persian)]. Current Medical Mycology. 2018; 4(4):1-6.
[DOI:10.18502/cmm.4.4.379] [PMID] [PMCID]

[5] Ksiezopolska E, Gabaldén T. Evolutionary emergence of drug resist-
ance in candida opportunistic pathogens. Genes. 2018; 9(9):461.
[DOI:10.3390/genes9090461] [PMID] [PMCID]

[6] Salehi Surmaghi H. Medicinal plants and phytotherapy. Tehran: Dony-
aee Taghazie; 2006.

[7] Shokri H. Natural compounds as novel antifungal agents. Amol: Amol
University of Special Modern Technologies Press, 2018.

[8] Abbaszadeh S, Sharifzadeh A, Shokri H, Khosravi AR, Abbaszadeh A.
[Antifungal efficacy of thymol, carvacrol, eugenol and menthol as al-
ternative agents to control the growth of food-relevant fungi (Persian)].
Journal de Mycologie Médicale. 2014; 24(2):e51-6. [DOI:10.1016/j.myc-
med.2014.01.063] [PMID]

[9] Marcos-Arias C, Eraso E, Madariaga L, Quindds G. In vitro activities
of natural products against oral candida isolates from denture wear-
ers. BMC Complementary and Alternative Medicine. 2011; 11:119.
[DOI:10.1186/1472-6882-11-119] [PMID] [PMCID]

[10] Sharifzadeh A, Shokri H. [In vitro synergy of eugenol on the antifun-
gal effects of voriconazole against candida tropicalis and candida krusei
strains isolated from the genital tract of mares (Persian)]. Equine Vet-
erinary Journal. 2021; 53(1):94-101. [DOIi:10.1111/evj.13268] [PMID]

[11] DaSilva ICG, Santos HBP, Cavalcanti YW, Nonaka CFW, de Sousa SA, de
Castro RD. Antifungal activity of eugenol and its association with nysta-
tin on candida albicans. Pesquisa Brasileira em Odontopediatria e Clinica
Integrada. 2017; 17(1):e3235. [DOI:10.4034/PB0OCI.2017.171.16]

[12] Clinical and Laboratory Standards Institute (CLSI). Reference Method
for Broth Dilution Antifungal Susceptibility Testing of Yeasts, Approved
Guideline second Edition. CLSI document M27-A3, Clinical and Labora-
tory Standards Institute, Wayne PA, 2008.

[13] Ahmad A, Khan A, Khan LA, Manzoor N. In vitro synergy of eugenol and
methyleugenol with fluconazole against clinical candida isolates. Jour-
nal of Medical Microbiology. 2010; 59(Pt 10):1178-84. [DOI:10.1099/
jmm.0.020693-0] [PMID]

[14] Kolahi M, Tabandeh M, Saremy S, Hosseini S, Hashemitabar M. [The
study of apoptotic effect of p-coumaric acid on breast cancer cells
MCEF-7 (Persian)]. Journal of Shahid Sadoughi University of Medical Sci-
ences. 2016; 24 (3):211-21. https://www.sid.ir/en/journal/ViewPaper.
aspx?id=514049

[15] Gallucci MN, Carezzano ME, Oliva MM, Demo MS, Pizzolitto RP, Zunino
MP, et al. In vitro activity of natural phenolic compounds against flucon-
azole-resistant candida species: A quantitative structure-activity relation-
ship analysis. Journal of Applied Microbiology. 2014; 116(4):795-804.
[DOI:10.1111/jam.12432] [PMID]

October 2021. Vol 27. Issue 4

[16] Sharifzadeh A, Khosravi AR, Shokri H, Shirzadi H.[ Potential effect of
2-isopropyl-5-methylphenol (thymol) alone and in combination with
fluconazole against clinical isolates of candida albicans, C. glabrata and
C. krusei (Persian)]. Journal de Mycologie Medicale. 2018; 28(2):294-9.
[DOI:10.1016/j.mycmed.2018.04.002] [PMID]

[17] Ahmad A, Wani MY, Khan A, Manzoor N, Molepo J. Synergistic Inter-
actions of eugenol-tosylate and Its congeners with fluconazole against
candida albicans. Plos One. 2015; 10(12):e0145053. [DOI:10.1371/jour-
nal.pone.0145053] [PMID] [PMCID]

[18] Bennis S, Chami F, Chami N, Bouchikhi T, Remmal A. Surface altera-
tion of saccharomyces cerevisiae induced by thymol and eugenol. Let-
ters in Applied Microbiology. 2004; 38(6):454-8. [DOI:10.1111/j.1472-
765X.2004.01511.x] [PMID]

[19] Braga PC, Sasso MD, Culici M, Alfieri M. Eugenol and thymol, alone
or in combination, induce morphological alterations in the envelope
of candida albicans. Fitoterapia. 2007; 78(6):396-400. [DOI:10.1016/j.
fitote.2007.02.022] [PMID]

[20] Marchese A, Barbieri R, Coppo E, Orhan IE, Daglia M, Nabavi SF, et
al. Antimicrobial activity of eugenol and essential oils containing euge-
nol: A mechanistic viewpoint. Critical Reviews in Microbiology. 2017;
43(6):668-89. [DOI:10.1080/1040841X.2017.1295225] [PMID]

[21] Ahmad A, Khan A, Yousuf S, Khan LA, Manzoor N. Proton translocating
ATPase mediated fungicidal activity of eugenol and thymol. Fitoterapia.
2010; 81(8):1157-62. [DOI:10.1016/j fitote.2010.07.020] [PMID]

[22] Pemmaraju SC, Pruthi PA, Prasad R, Pruthi V. Candida albicans biofilm
inhibition by synergistic action of terpenes and fluconazole. Indian Jour-
nal of Experimental Biology. 2013; 51(11):1032-7. [PMID]

[23] Alves JCO, Ferreira GF, Santos JR, Silva LCN, Rodrigues JFS, Neto WRN,
et al. Eugenol induces phenotypic alterations and Increases the oxida-
tive burst in cryptococcus. Frontiers in Microbiology. 2017; 8:2419.
[DOI:10.3389/fmicbh.2017.02419] [PMID] [PMCID]

[24] Raja MRC, Srinivasan V, Selvaraj S, Mahapatra SKVersatile and syn-
ergistic potential of eugenol: A review. Pharmaceutica Analytica Acta.
2015; 6(5):367. [DOI:10.4172/2153-2435.1000367]

[25] Lone SA, Wani MY, Fru P, Ahmad A. Cellular apoptosis and necrosis
as therapeutic targets for novel eugenol tosylate congeners against
candida albicans. Scientific Reports. 2020; 10(1):1191. [DOI:10.1038/
541598-020-58256-4] [PMID] [PMCID]

[26] Khan MS, Ahmad |, Cameotra SS. Phenyl aldehyde and propanoids
exert multiple sites of action towards cell membrane and cell wall
targeting ergosterol in candida albicans. AMB Express. 2013; 3(1):54.
[DOI:10.1186/2191-0855-3-54] [PMID] [PMCID]

Shokri H, et al. The Synergistic Activity of Eugenol and Fluconazole on the Induction of Necrosis and Apoptosis. The Horizon of Medical Sciences. 2021; 27(4):434-449

448



http://hms.gmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://press.um.ac.ir/index.php?option=com_k2&view=item&id=939&lang=fa
https://press.um.ac.ir/index.php?option=com_k2&view=item&id=939&lang=fa
https://doi.org/10.3389/fmicb.2018.00980
https://doi.org/10.1016/j.clindermatol.2016.02.022
https://pubmed.ncbi.nlm.nih.gov/27343964/
https://doi.org/10.18502/cmm.4.4.379
https://pubmed.ncbi.nlm.nih.gov/30815610/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6386505/
https://doi.org/10.3390/genes9090461
https://pubmed.ncbi.nlm.nih.gov/30235884/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6162425/
https://doi.org/10.1016/j.mycmed.2014.01.063
https://doi.org/10.1016/j.mycmed.2014.01.063
https://pubmed.ncbi.nlm.nih.gov/24582134/
https://doi.org/10.1186/1472-6882-11-119
https://pubmed.ncbi.nlm.nih.gov/22118215/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3258290/
https://doi.org/10.1111/evj.13268
https://pubmed.ncbi.nlm.nih.gov/32298479/
http://dx.doi.org/10.4034/PBOCI.2017.171.16
https://doi.org/10.1099/jmm.0.020693-0
https://doi.org/10.1099/jmm.0.020693-0
https://pubmed.ncbi.nlm.nih.gov/20634332/
https://www.sid.ir/en/journal/ViewPaper.aspx?id=514049
https://www.sid.ir/en/journal/ViewPaper.aspx?id=514049
https://doi.org/10.1111/jam.12432
https://pubmed.ncbi.nlm.nih.gov/24387763/
https://doi.org/10.1016/j.mycmed.2018.04.002
https://pubmed.ncbi.nlm.nih.gov/29661606/
https://doi.org/10.1371/journal.pone.0145053
https://doi.org/10.1371/journal.pone.0145053
https://pubmed.ncbi.nlm.nih.gov/26694966/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4980062/
https://doi.org/10.1111/j.1472-765x.2004.01511.x
https://doi.org/10.1111/j.1472-765x.2004.01511.x
https://pubmed.ncbi.nlm.nih.gov/15130138/
https://doi.org/10.1016/j.fitote.2007.02.022
https://doi.org/10.1016/j.fitote.2007.02.022
https://pubmed.ncbi.nlm.nih.gov/17590533/
https://doi.org/10.1080/1040841x.2017.1295225
https://pubmed.ncbi.nlm.nih.gov/28346030/
https://doi.org/10.1016/j.fitote.2010.07.020
https://pubmed.ncbi.nlm.nih.gov/20659536/
https://pubmed.ncbi.nlm.nih.gov/24416942/
https://doi.org/10.3389/fmicb.2017.02419
https://pubmed.ncbi.nlm.nih.gov/29270159/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5726113/
https://dx.doi.org/10.4172/2153-2435.1000367
https://doi.org/10.1038/s41598-020-58256-4
https://doi.org/10.1038/s41598-020-58256-4
https://pubmed.ncbi.nlm.nih.gov/31988394/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6985109/
https://doi.org/10.1186/2191-0855-3-54
https://pubmed.ncbi.nlm.nih.gov/24010721/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3847835/

This Page Intentionally Left Blank



	_GoBack

