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Abstract

Background and objective: Candida albicans is an oral commensal flora that causes
opportunistic local and systemic infections in immunocompromied individuals. Fluconazole
is frequently used for treating patients with active infections or preventing recurrent
infections. The emergence of resistant strains encouraged scientists to search for
compounds that have antifungal property and can overcome the usual microbial resistant
mechanisms to antimicrobial agents. Essential oils from natural plants have received great
interest due to the antimicrobial property of their multiple constituents. The aim of this study
was to investigate the antifungal activity of Rosemary and Thyme essential oils against
fluconazole resistant oral Candida albicans isolates.

Methods: Essential oil from areal parts of Rosemarium officinalis and Thymus vulgaris
were obtained by hydrodistillation. Disk diffusion and microbroth dilution methods were
followed to test the sensitivity of eight fluconazole resistant oral Candida albicans isolates
and one ATCC strain to the extracted Essential oils. Minimum inhibitory concentration and
minimum fungicidal concentration were used to evaluate the antifungal potential of the
tested essential oils.

Results: The results of disk diffusion method using concentrated Essential oils showed
marked inhibition of growth around the prepared discs from both Essential oils. However,
the recoded diameters was higher in Thyme Essential oil (Mean £ SD: 42.4 + 6.5) when
compared with Rosemary essential oil (Mean £ SD: 11.8 + 2.8). Serial two fold dilutions of
the tested essential oils showed that both essential oils attain their antifungal activities
even at very low concentrations. The highest MIC and MFC of Rosemary EO were 3.125%
and 6.25%, respectively. Thyme essential oil showed very low MIC and MFC (<1.56%).
Conclusion: Thyme and Rosemary essential oils were ideal natural compounds against
drug resistant Candida albicans strains.

Keywords: C. albicans, Fluconazole, Essential oil, Rosemarium officinalis, Thymus
vulgaris.

Introduction the clinical settings to treat infections

Species of the genus Candida are the most caused by C. albicans or in the prophylaxis
common fungal pathogens responsible to prevent recurrent candidiasis in
for the majority of human infections ranging immunocompromised patients.” In term
from localized superficial to systemic of increased antimicrobial resistance
candidiasis."? In the oral cavity, among among pathogenic microorganisms due to
various Candida species, Candida albicans indiscriminate use of antimicrobial drugs,
(C. albicans) comprises the most prevalent  the focus has been directed toward
one in health and disease.®* It is an medicinal plants for the treatment and
opportunistic pathogen as it usually causes prevention of various infectious diseases.?
infection in individuals with low or In a World health  organization (WHO)
suppressed immunity.5'6 Fluconazole is survey, it was reported that traditional
one of the widely used azole drugs in medicine using plant extracts are used by
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the majority of world's populations as a
primary treatment of many diseases.’
Relatively, low side effects, availability and
enrichment in a variety of biologically active
compounds against many microorganisms
are the main reasons behind their
increased acceptance.’® Essential oils
(EOs) are natural complex compounds
extracted from different parts of aromatic
plants (leaves, flowers, seeds, roots, etc..)
with strong and characteristic odor.
They are used in different aspects of life
especially in pharmacology, medicine, agri-
culture, and food production. Chemically,
each EO is a mixture of nearly 20-60 differ-
ent constituents, two or three are major
components found in high concentrations in
the extracted oil. Phenolic compounds, ter-
penoids and alkaloids are examples of the
major constituents. These in turn include
many active compounds. For example,
phenolics include alcohols, aldehydes and
acids that have great impact on living
cells."'? They seem to have no specific
targets,'® inducing ultrastructural alterations
of microbial cell compartments including
cell wall, cell membrane, inner and outer
membrane of mitochondria, cytoplasm and
also nucleus. Due to their lipophilic action,
EOs can easily pass through membranes
causing leakage of cell materials and finally
death.''®> Rosemary and thyme are exam-
ples of aromatic plants enriched in these
important bioactive compounds known for
their antibacterial, antifungal, antiviral,
antioxidant and anti-inflammatory activi-
ties.”® Since components of the EOs differ
from place to another depending on the
soil, climate and according to the methods
of extraction."” The aim of this study was
to investigate the antifungal activity of labo-
ratory made EOs from local Rosemary and
Thyme plants against C. albicans strains
that showed high resistance to fluconazole
isolated from the oral cavity, in an attempt
to contribute to the use of these oils as an
alternative treatment for oral candidiasis.

Methods

2.1 Place of study
The practical work of this research was

shared between College of Dentistry,
Hawler Medical University (HMU), Erbil,
Irag and Scientific Research Center,
University of Zakho (UOZ), Duhok, Iraq.
2.2 Plant material

The areal parts of Thymus vulgaris and
Rosemarium officinalis were collected in
spring, May 2013, in Erbil, Iraq. The
collected plant samples were sent to the
Scientific Research Center of University of
Zakho, Duhok, Iraq for botanical study and
isolation of the EOs.

2.3 Essential oil isolation

EOs from both plants were extracted
by hydrodistillation of the collected plant
samples for 3 h using a Clevenger-type
apparatus." The vyield was 1% and
0.6% for Rosemarium officinalis and
Thymus vulgaris, respectively. Purity of the
extracted oils was checked and estimated
to be >99%. Dimethylsulfoxide (DMSO)
was added to the extracted EOs in
concentrations ranged from 5 to 10% (v/v)
to enhance their solubility and diffusion.

2.4 Test organism

Eight clinical isolates of C. albicans that
showed highly resistant potential to
fluconazole (>128ug/ml) in our previous
study (4) and a reference strain (ATCC
10231) were included. All these isolates
were maintained on sabouraud dextrose
agar slants at 4°C and subcultured monthly
throughout the study period.

2.5 Antifungal activity of the EOs

2.5.1 Disc diffusion method

Simple disc diffusion method was
applied for screening the antifungal activity
of Rosemary and Thyme EOs against
C. albicans isolates.”® To prepare EO
containing discs, ten microliters of each EO
was added to sterile 6mm filter paper discs
(WHATMAN no.3) and let to dry. Discs
that served as positive and negative
controls were prepared by the addition
of 10ul/disc sterile normal saline
(0.9%) and chlorhexidine solution (0.12%),
respectively. As a vehicle control, another
group of discs were prepared from
aqueous DMSO using the same method
described above. To perform the disc
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diffusion method, the inoculum from each
C. albicans isolate was prepared from
a fresh 18 hour growth on SDA plates
through emulsifying 2-3 discrete colonies
in 5 ml of sterile normal saline (0.9%).
The turbidity was adjusted to a
0.5 McFarland, using spectrophotometer
(BIO-TEK Instrument, Milan, Italy) at
450nm wavelength. Then, a sterile swab
soaked in the prepared inoculum and
spread on the entire surface of a SDA
plates in different directions to ensure
the uniform spread of the inoculum. The
inoculated plates were left to dry at room
temperature. Later, the previously prepared
discs were placed on the surface of
the inoculated medium and incubated for
24 h at 37°C, after which the diameter of
inhibition zones were recorded.

2.5.2 Microbroth dilution method
Microbroth  dilution method mentioned
by Singh et al'® was used with some
modifications to determine Minimum inhibi-
tory concentration (MIC) and minimum
fungicidal concentration (MFC) of the
tested EOs. Six dilutions from each EO
in sabouraud dextrose broth (50%, 25%,
12.5%, 6.25%, 3.125% and 1.56%) were
used. This test was performed in sterile
96-well microtiter plates (Deltalab, Spain).
Row A has received 50pl of the tested EO
in DMSO solution, while the remaining
wells, B to G received 50yl of sabouraud
dextrose broth (SDB). Serial two-fold
dilutions were prepared vertically in the
plate. Excess dilution (50ul) was discarded
from row G. Then 30pl of the inoculum
containing 10”cells/ml was added to each
well. Two other wells were served as
positive control (no extract was added) and
negative controls (chlorhexidine was added
instead of the EOs). The plates were
incubated at 37°C for 24 h. In order to
decide on and confirm the primary decision
on the MIC and MFC of the tested EOs,
10ul of broth from the first well that
showed no clear growth and another two
successive clear wells onto SDA plates.
Then, the inoculated plates were
incubated for 24 h at 37°C. The MIC

was defined as the lowest concentration of
the EO that inhibited visible growth of
C. albicans isolates within in the well. On
the other hand, the MFC was defined as
the lowest concentration of the EOs that
completely inhibited growth of Candida
isolates on SDA plates. Each test was
repeated twice and the average inhibitory
and cidal concentrations were recorded.
2.5.3 Statistical analysis

The statistical package for the social
sciences (version 20.0) was used to
analyze data and Excel 2010 for figures.
t-test was used to find out the significant
difference between the means of the
recoded diameter of growth inhibition
zones of the tested EOs. A P value
equal or less than 0.05 was considered
statistically significant.

Results

The results of disc diffusion method
for testing the antifungal activity of
both Rosemary and Thyme EOs are
summarized in Figure 1. It was found that
both EOs are active against the selected
fluconazole resistant C. albicans isolates.
Thyme EO showed an obviously higher
inhibitory activity (Mean £ SD: 42.4 £ 6.5)
than Rosemary EO (Mean = SD: 11.8 %
2.8). However, statistically this difference
was not significant (P = 0.153). Zones of
growth inhibition were not seen around
discs impregnated with DMSO and normal
saline (0.9%), indicating no antifungal
activity of these solutions.
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Figure 1: Antifungal activity of the tested
EOs against eight fluconazole-resistant C.
albicans isolates using disc diffusion
method.
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The same isolates were subjected to two
fold dilutions of the tested EOs to reach
their MIC and MFC. It was found that both
EOs had potent antifungal activities even in
very low concentrations (Table 1). The
highest MIC and MFC of Rosemary EO
were 3.125% and 6.25%, respectively.
Thyme EO showed very low MIC and
MFC (<1.56%). Microscopical examination
of prepared wet smears was done to
assess the effect of the tested EOs on

the growth rate and morpholology of
treated C. albicans cells in comparision to
untreated (control) cells (Figure 2). Round
to oval shape cells showing active growth
were characteristic of Candida cells in the
control group (A). Reduced growth and
change in normal cell arrangement were
seen in EO treated cells at MIC (B).
Greatly reduced cell size, number and
cell deformity were observed at MFC (C)
indicating the fungicidal activity.

Table 1: MICs and MFCs of the tested EOs against eight fluconazole-resistant C. albicans

isolates.
C. albicans isolates Rosemary EO Thyme EO
MIC (%) MFC (%) MIC & MFC (%)

1 1.56 3.125 <1.56

2 3.125 6.25 <1.56

3 1.56 3.125 <1.56

4 < 1.56 < 1.56 <1.56

5 < 1.56 < 1.56 <1.56

6 < 1.56 < 1.56 <1.56

7 < 1.56 < 1.56 <1.56

8 3.125 6.25 <1.56
ATCC 10231 < 1.56 < 1.56 <1.56

Figure 2: Microscopical examination of treated and untreated (control) C. albicans
cells with Rosmary EO following 24 h incubation at 37°C. (A) represents untreated cells,
(B) and (C) treated cells at MIC and MFC, respectively.

968



In vitro antifungal activity of essential oils

Zanco J. Med. Sci., Vol. 19, No. (2), 2015

http://dx.doi.org/10.15218/zjms.2015.0018

Discussion

The main goal behind the vast variety of
nowadays studies interested in the use of
extracts from natural plants in the medical
field is to introduce a scientifically and
popularly acceptable material that may
compensate the use of antimicrobial drugs
in treating infectious diseases, especially
those caused by multidrug resistant strains
that might be difficult to manage even
with the use of multidrug therapy. Reports
about opportunistic infections caused by
C. albicans are increasing all over the
world, and the number of reports on strains
resistant against commonly used antifungal
drugs is also in progress.® This study was
conducted to assess the antifungal activity
of the laboratory extracted Rosemary and
Thyme EOs against fluconazole-resistant
C. albicans strains isolated from the oral
cavity of healthy and diseased individuals
from our population.* In the present study,
it was found that both EOs exhibited signifi-
cant antifungal activity against C. albicans.
In spite of the higher inhibitory activity of
Thyme EO using disk diffusion method
(Mean £ SD: 42.4 £+ 6.5) in comparison to
the recorded data regarding Rosemary EO
(Mean £ SD: 11.8 + 2.8), the statistical
analysis showed no significant difference
between the two means. This result could
be attributed to the low number of the
tested C. albicans isolates included in this
study. Similarly, Thyme EO showed much
higher inhibitory and cidal potentials
(<1.56%) than Rosemary EO (3.125%
and 6.25%, respectively) using microbroth
dilution method, as it was effective at
very low concentrations against all the
tested strains. These results are consistent
with those observed by previous
researches in which both EOs showed
good antifungal potentials against different
Candida species at very low concentra-
tions.?'?* Two possible reasons may
explain the greater antifungal activity of
Thyme EO than Rosemary EO. It
was reported by Chandra et al® that
the expression of fluconazole-resistant
gene in C. albicans might be responsible

for the increased MIC of the tested
chemical compounds against the
fluconazole-resistant strains. This finding
might be accounted for the increased MIC
and MFC of Rosemary EO over Thyme
EO observed among the tested C. albicans
isolates. Variations in the susceptibility
pattern of the tested C. albicans isolates to
each EO are influenced by the permeability
of the cell surface to the tested EOQ.?* On
the other hand, the antifungal activity of the
EOs could be attributed to their complex
mixture of biologically active compounds
that are greatly differ according to the
chemotype of the plant and the glace from
which the plant was obtained.” Previous
chemo-microbiological investigations have
identified carvacrol and thymol as the
major compounds in Thymus vulgaris
EO,??® and pinene, limonene and
piperitone in Rosmarium officinalis with
active antifungal properties, all of which are
phenolic compounds.?® Dependingly, these
active compounds have the ability to
diffuse into viable cells and interfere
with normal cell's metabolic activities.
Assessment of the effect of increasing
concentration of the tested EOs on active
growth and morphology of C. albicans cells
showed a decrease in cell number at the
MIC in comparison to the control cells. This
result could be attributed to the fact that
certain components in EOs react with
enzymes responsible for cell wall synthesis
thereby decreasing the rate of cell
division.® Increasing in the EO concentra-
tion above the MIC shifted the growth
curve more toward the death phase (MFC),
as the bioactive properties of different
constituents in EOs results in multiple
damages and functional impairments of
fungal cell compartments resulting in
altered cell morphology, growth failure
and even difficulty to survive in such
environment.'*"®

Conclusion

Both Rosemary and Thyme EOs could
be regarded as active natural bioactive
compounds against fluconazole-resistant
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oral C. albicans isolates. Further investiga-
tions are required to prove their in vivo
activity and safety. It is necessary to
chemically analyze the tested EOs to
exactly determine their composition and to
assess the antimicrobial property of their
major constituents.
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