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A B S T R A C T

Background: and Purpose: Myrtle (Myrtus communis L.) is a medicinal herb that plays an essential role in treating
fungal infections. The present study investigated the antifungal properties of different fractions of the
M. communis L. leaf extract against Candida albicans (susceptible and resistant to nystatin).
Materials and methods: Total extract (TE) and petroleum ether (PE), chloroform (CH), ethyl acetate (EA), and
methanol (ME) fractions were prepared using the sonication method. The study used the standard strain sample
(ATCC 76645) and nystatin-resistant C. albicans from oral samples of HIV-infected individuals. The identification
of resistant isolate was performed using phenotypic and molecular methods. Minimum inhibitory concentration
(MIC) and Minimum fungicidal concentration (MFC) of the fractions along total extract were determined by
microdilution method on nystatin-resistant and susceptible Candida albicans. The Folin-Ciocalteu method was
used to determine the total phenolic content of the extract.
Results: The extraction yield (w/w) was 13.50 for TE, 2.10 for PE, 2.23 for Ch, 2.14 for EA, and 10.03 for ME
fractions. Chloroform extract showed good anti-candida activity against nystatin susceptible and resistant
C. albicans (62.5 μg/mL). Ethyl acetate fraction exhibited the greatest MIC against nystatin susceptible and
resistant C. albicans (250 μg/mL). The MIC value of fluconazole was >64 μg/mL for both susceptible and -resistant
strains. The amount of phenolic compounds of the total extract was reported to be equal to 5.4%, equivalent to
gallic acid.
Conclusion: Results revealed that the PE and CH fractions showed greater antifungal effects than the total extract
against both susceptible and resistant strains of Candida albicans. It can conclude that active antifungal compounds
of the plant belong to a specific group of metabolites, which according to the type of solvent, probably have non-
polar nature. Further separation is carrying out.
1. Introduction

Candidiasis is one of the most important infectious diseases in in-
dividuals infected with the human immunodeficiency virus (HIV) and is
considered an independent predictor of immunodeficiency in patients
with acquired immunodeficiency syndrome (AIDS). In addition, candi-
diasis accounts for about 25–50 percent of nosocomial infections in the
intensive care unit and 8 to 15 percent of total nosocomial infections (the
fourth leading cause of nosocomial infections) [1].

Candida albicans (C. albicans) is one of the most common opportu-
nistic fungal infections. It has a worldwide distribution and is endoge-
nous yeast of the gastrointestinal tract and mucosal surfaces of the body,
.A. Ayatollahi Mousavi).
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but it can rarely be seen on human skin [2]. C. albicans and Candida
dubliniensis are more commonly isolated from the mucosa of healthy in-
dividuals [2]. Candidiasis is considered an opportunistic infection that
occurs following the host's initial physiologic and immunologic weak-
ness; this does not contradict the possibility of pathogenicity candida and
especially C. albicans [3].

The common antifungal drugs such as amphotericin B and nystatin,
which are used to treat candida infections, have many side effects such as
hepatotoxicity and nephrotoxicity [4]. The recent increased use of azoles
such as itraconazole and fluconazole, has raised concerns over the po-
tential for the emergence of resistance of Candida species (notably
C. albicans, C. glabrata, C. tropicalis and C. krusei) to antifungals [5]. For
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these reasons, researchers focused their attention on the antimicrobial
activity of natural compounds to find alternative treatments [4, 5]. In
particular, scientists have seen herbs as one of the most valuable re-
sources to produce medications.

M. communis L. is an aromatic evergreen perennial shrub in the
Myrtaceae family that grows wildly in Iran, especially in Kerman prov-
ince [6]. Apart from its traditional use, diverse biological and pharma-
cological activities such as antimicrobial, anti-oxidant, anti-leishmanial,
anti-inflammatory, anti-diabetic, antimicrobial, and protective effects on
pulmonary fibrosis have been reported for the plant [7, 8, 9]. Different
components in the leaves have antimicrobial activity, scavenging free
radicals and preventing the oxidation of unsaturated fatty acids. M.
communis L. has traditionally been used as a disinfectant and hypogly-
cemic agent and is also useful in treating oral pest ulcers [10]. Although
there are various reports on the anti-candida effect of M. communis
extract, no study has been done on the effect of plant fractions. For
isolating and achieving the active compounds of the plant, the first step is
to fractionate the plant, which has been achieved in this study.

This study aimed to separate different fractions of the standardized
extract of the M. communis L. leaves and compare their inhibitory effect
against nystatin-susceptible and nystatin-resistant C. albicans.

2. Materials and Methods

This study was carried out based on the principles of the Declaration
of Helsinki declared by the Ethics Committee of the Kerman University of
Medical Sciences (IR.KMU. REC.1397.366).

2.1. Chemicals

Fluconazole was purchased from Merck (Darmstadt, Germany),
nystatin was obtained from Sigma (Saint Louis, MO, USA), DMSO was
bought from Merck (Darmstadt, Germany). Nystatin-susceptible
C. albicans strain was obtained from Pasteur Institute. Methanol, ethyl
acetate, petroleum ether, and chloroform were purchased from Merck
(Darmstadt, Germany). Moreover, RPMI-1640 was purchased from Bio-
sera (France).

2.2. Plant materials

The plant leaves were collected from Kerman province in June 2018
and authenticated in the Pharmacognosy Department, Faculty of Phar-
macy. A voucher specimen was deposited in the Herbarium Center of
Faculty (KF1356).

2.3. Extraction and fractionation

About 500 g of the plant leaves were milled and passed through a
sieve (mesh 35) and divided into 2 parts of 250 g:

1 250 g of the plant was used for preparation of total extract (TE), so the
plant was extracted with 80% methanol by sonication method (1000
rpm, 35 min and 35 �C). After filtering the extract with filter paper,
the residue on the filter paper was extracted twice by the same
method and this process was repeated for three times. The three ob-
tained extracts weremixed thoroughly and concentrated in vacuum at
40–45 �C. The final residue on the filter paper was discarded.

2 The second 250 g of the plant was used for fractionation. To do this,
the leaves of the plant were extracted with petroleum ether (PT) in
the same way as described above (sonicate method and for three
times). After collecting the extracts, the residue of the plant extract on
the filter paper was pressed to completely remove the previous sol-
vent, then extracted three times with chloroform (CH) and so on with
ethyl acetate (EA), and methanol (ME). The total extract (TE) and all
the fractions were stored at -20 �C until the antifungal experiments.
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2.4. Total phenolic content of the plant

The Folin-Ciocalteu method was used to determine the amount of
phenolic compounds. To do this, a mixture of 0.1 mL of a gallic acid stock
(1000ppm), sodium carbonate (4 mL), Folin reagent (5 mL), and distilled
water (3 mL) was incubated at room temperature for 40 min. The ab-
sorption spectrum of the solution was recorded at 200–800 nm, and the
maximum wavelength of absorption was determined (λmax ¼ 765 nm).
The absorbance of at least five concentrations of gallic acid and two
concentrations of total extract of myrtle was determined at λ max, as
mentioned earlier. The total phenolic content of the plant was calculated
using the calibration curve of gallic acid [11].
2.5. C. albicans strains

The standard strain of C. albicans (ATCC 76645) was purchased from
Pasteur Institute. Nystatin-resistant C. albicans samples were collected
from patients with HIV referred to Kerman Behavioral Diseases Center,
southeast of Iran. Three oral samples were taken from these patients.
Identifications of nystatin-resistant C. albicans isolates were performed
using phenotypic and PCR-RFLP methods. Antifungal assay, the mini-
mum inhibitory concentration (MIC), and the minimum fungicidal con-
centration (MFC) were determined using the M27-A3 broth
microdilution method. Nystatin and fluconazole were used as positive
controls.
2.6. Molecular identification of C. albicans isolates by PCR-RFLP

Genomic DNA was extracted by the Gene All extraction kit (Gene All,
South Korea). The PCR assay was performed using primers ITS1 (50-
TCCGTAGGTGAACCTGCGG-30) and ITS4 (50-TCCTCCGCTTATTGATA
TGC30). The ITS1–ITS4 sequences were digested with restriction enzymes
MSP1 and BLN1. The separation of the digested fragments was visualized
on 2% agarose gel run in TBE buffer at 100 V for 45 min and stained with
0.5 μg mL -1 ethidium bromide.
2.7. Preparation of standard suspension Candida albicans

After sampling the oral cavity using the sterile swap and falcon tube
by the specialist, specimens were isolated and transferred to the labo-
ratory and cultivated on Sabouraud dextrose agar (SDA) at 30 �C for 24 h.
Next, a suspension containing 1.5 � 104 cells/mL of C. albicans was
prepared from the yeast colony [9].
2.8. Antifungals stock preparation

Nystatin and fluconazole were dissolved in dimethyl sulfoxide
(DMSO, Merck, Germany) to produce a stock concentration of 3,200 μg/
mL and 12,800 μg/mL, respectively. Stock solutions were kept at room
temperature for complete dissolving and then stored at -70 �C until use.
2.9. Determination of minimal inhibitory concentration (MIC)

Antifungal susceptibility testing was done according to the Clinical
and Laboratory Standards Institute (CLSI) M27-A3 protocol. A serial
dilution of total extract and fractions (1.953–1000), nystatin (0.03–16
μg/mL) and fluconazole (0.06–64 μg/mL) in dimethylsulfoxide 2%
(DMSO 2% in water) was prepared in working RPMI 1640 in microplate
wells. The amount of 1500 yeast cells from nystatin-susceptible and
nystatin-resistant C. albicans suspension was added to each and after 24 h
of incubation at 37 �C. The MICs were measured as the lowest concen-
tration of each agent that resulted in 50% inhibition of growth. A solution
of DMSO 2% was used as a control [12]. According to CLSI guidelines,
the resistance breakpoint for nystatin is 16 g/mL [13].



Table 1. Yield of extraction and specification of total extract and fractions
separated from M. communis L.

Fractions Total
extract

Petroleum
ether

Chloroform
fraction

Ethyl
acetate

Methanol
fraction
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2.10. Determination of minimum fungicidal concentration (MFC)

The amount of 10 μl of each well was cultured in a plate of SDA and
incubated at a 35 �C for 24 h. TheMFCwas the lowest concentration from
which were observed �3 colonies on the agar plate [12].
fraction fraction

Variables

Color Dark
green

Slime green pistachio
green

pistachio
green

Slime
green

Percentage of
extraction
(W/W)

13.50 2.10 2.23 2.14 10.03
2.11. Phytochemical study of petroleum ether (PT) and chloroform
fractions (CH)

Given that the greatest anti-candida effect was related to PT and CH
fractions, so the presence of phytochemicals including alkaloids, sapo-
nins, flavonoids, tannins and terpenoids was studied as explained pre-
viously [14]. The results indicated presence of terpenoids (þþþ) and
small amount of alkaloids (þ) in both fractions. Total terpenoids was
performed as explained by Inmudati et al. An amount of 100 mg of the
fractions was soaked in ethanol (9 ml) and after 24 h was filtered. The
filtrate was extracted with PT (10 ml) using decanter funnel and was
dried on water bath at 40 �C and was weighed after complete drying and
expressed as % of terpenoid weight (g)/total fraction weight (g)�100.
2.12. Statistical analysis

Yield of extraction and specification of total extract and fractions
separated from M. communis L. were mentioned based on percentage of
extraction (W/W). MIC of total extract, different leaf fractions of Myrtus
communis L. were used to represent the data based on (μg/mL) in C
albicans. Standard curve of gallic acid was performed.

3. Results

3.1. PCR-RFLP

The results of PCR-RFLP by using MSP1 and BLN1 enzymes showed
that, three clinical specimens, two strains were C. albicans, that one of
them was resistant to nystatin. Also, one strain of C. dubliniensis was
identified (Figure 1).
Figure 2. Standard curve of gallic acid at a wavelength of 765 nm.
3.2. Extraction and fractionation of the plant

The results of extraction and fractionation of the Myrtus communis L.
plant has shown in Table 1. As this table shows, the most significant
percentage of fractionating was due to Methanol fraction.
Figure 1. Patterns of ITS 1–ITS 4 sequences digested with restriction enzymes A: Usin
300 bp). B: Using BLNI, C.dubliniensis produce two fragments about 200 bp and 335
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3.3. Standard gallic acid curve

The calibration curve of gallic acid was plotted versus different con-
centrations (Figure 2). The total phenolic content of the plant was
determined as 5.4% (w/w) equivalent to gallic acid.
3.4. MIC & MFC

Table 2 presents the MIC of the total myrtle extract, different sepa-
rated fractions against C. albicans compared to nystatin and fluconazole.
Among the different tested samples, the lowest MIC of M. communis L.
against nystatin-susceptible C. albicans was due to CH fraction of the
plant (MIC ¼ 62.5 μg/mL) in comparison with nystatin and fluconazole
(MIC ¼ 2 μg/mL and >64 μg/mL respectively) (Figure 3). The MFC
values were 32 μg/mL for nystatin and >64 μg/mL for fluconazole on
g MspI, C. albicans and C.dubliniensis produce the same banding pattern (240 and
bp (sample 1) and there are no cutting sites for C.albicans (samples 2 and 3).



Table 2. MIC of total extract and separated fractions of M. communis against
nystatin susceptible and resistant C. albicans in comparison to nystatin and
fluconazole.

Antifungal compounds C. albicans MIC (μg/mL) MFC (μg/mL)

Total extract S 125 500

R 125 >1000

Methanol fraction S 125 1000

R 62.5 >1000

Ethyl acetate fraction S 250 >1000

R 250 >1000

Chloroform fraction S 62.5 1000

R 62.5 1000

Petroleum ether fraction S 125 250

R 125 250

Nystatin S 2 16

R >16 >16

Fluconazole S >64 >64

R >64 >64

I. Torabi et al. Heliyon 8 (2022) e09073
nystatin-susceptible C. albicans. The PE fraction exhibited the lowest MFC
(250 μg/mL) (Table 2). The fractions of ME and CH exhibited the least
MIC on nystatin-resistant C. albicans (62.5 μg/mL) compared to MIC¼ 16
μg/mL and >64 μg/mL for nystatin and fluconazole, respectively
(Figure 3). The least MFC value was due to PE fraction (250 μg/mL)
against nystatin-resistant C. albicans in comparison to MFC >64 μg/mL
and 256 μg/mL for nystatin and fluconazole, respectively (Table 2).
3.5. Phytochemical study and total terpenoid

Phytochemistry studies confirmed presence of terpenoids and a small
amount of alkaloids in PT and CH fractions. Flavonoids and saponins
were absent in these fractions. Quantitative study of PT and CH resulted
into 67.5% and 58.3% of total terpenoids content respectively.

4. Discussion

More than 90% of patients with AIDS, experience oropharyngeal
candidiasis at some point during their illness. In this condition, drug
resistance to antifungals has been considered a global problem [15]. The
use of alternative sources of drugs can lead to access the novel thera-
peutic agents with fewer side effects without the risk of drug resistance.
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Figure 3. MIC of total extract, different leaf fractions of Myrtus communis
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M. communis L. is an easily accessible plant in Iran [16]. Traditionally leaf
and fruit of myrtle have been used as a stomachic, hypoglycemic,
anti-cough, and antimicrobial remedy [17, 18].

The results obtained from this study showed that M. communis L.
fractions can inhibit C. albicans which is different from the total extract.
In this work, CH fraction showed the least MIC (62.5 μg/mL) against
nystatin-susceptible C. albicans (compared to 2 μg/mL nystatin and >64
μg/mL for fluconazole). In addition, the PE fraction exhibited the least
MFC (250 μg/mL) on nystatin-susceptible C. albicans. The least MIC for
nystatin-resistant C. albicans was due to the methanol and chloroform
fractions. Petroleum ether fraction demonstrated the lowest MFC value
(250 μg/mL) on nystatin-resistant C. albicans. Both PE and CH fractions
exhibited more inhibitory effects than total extract. Up to our knowledge,
this is the first study aimed to assess the antifungal activity of PE and CH
fractions of M. communis L. on nystatin susceptible and resistant
C. albicans.

Curini et al. showed the inhibitory effect of essential oils of
M. communis L. against phytopathogenic fungi Rhizoctonia solani Kuhn,
Fusarium solani, and Colletotrichum lindemuthianum. This essential oil
demonstrated 60% inhibition of R. solani growth at 1600 ppm [19]. The
methanolic extracts of M. communis leaves were reported to be weak
[20]. Najib–Zadeh et al. reported antifungal effects of M. communis L.
essential oils on oral candidiasis in immunosuppressed rats. However, the
essential oil was not enough to remove oral candidiasis completely in
immunosuppressed rats at concentrations two times that of MIC [21].

In agreement with our results, Cannas et al. studied the antimycotic
activity of M. communis L. leaves against Candida spp. from clinical
specimens. Good activity has been observed against C. albicans and
C. tropicalis after 24–48 h [17]. Erdogan et al. demonstrated the intense
anticandidal activity of methanol, acetone, ethanol, and ethyl acetate
extracts ofM. Communis leaves against C. albicanswith MIC ranging from
0.187 to 1.5 mg/mL and MFC ranging from 0.375 to 3 mg/mL [22].
Sadeghi-Nejad et al. demonstrated that the most vigorous antifungal
activity of M. communis against clinical isolates of Candida spp. and
Aspergillus spp. were shown against C. glabrata with MIC values of
0.625–5.0 μg/mL [23]. In a study conducted by Zabka et al., antifungal
effects of different phenols were investigated. This study showed that
among the 21 phenolic compounds which were studied, thymol and
carvacrol had the most substantial antifungal effects and the lowest MIC
[24]. Although there are different reports for anti-candidiasis activity of
myrtle extract, it is the first work that compared the activity of separated
fractions of the plant. Medicinal plants contain a series of components
and secondary metabolites responsible for the plant's medicinal effects.
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M. communis is composed of various phytochemicals such as alkaloids,
flavonoids, tannins, terpenoids, which alone or in combination with each
other cause different biological and pharmacological effects. Differences
in the nature of these compounds are used as a guide for the
bioassay-guided separation of biologically active fractions. In this
research, plant fractionation has been done by increasing the solvent
polarity; therefore, by comparing the anti-candida activity of different
fractions and determining the active plant fraction, further research
might explore the separation and determination and identification of the
active compounds of the plant in the future.

5. Conclusion

In some cases, it has been reported that due to the synergistic effects
of the phytoconstituents, the biological and pharmacological effect of the
total extract is more prominent than each of the pure components. In
contrast, our results indicated that the fractions of myrtle have more
anticandidal activity than the total extract. So, we can conclude that the
isolation could lead to active constituents with more inhibitory effects
than the total plant extract. In this study, we researched for the first time
in vitro anticandidal activity of PE and CH extracts ofMyrtus. communis. In
this regard, these fractions are a valuable candidate for further studies.
Furthermore, due to the lack of effect of EA fraction, it can be concluded
that the antifungal compounds of the plant are not likely flavonoids, and
they are probably from the terpenoid category and non-polar.
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