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Abstract

Background: Medicinal plants are widely used throughout the world. Since these plants are known to have minimal side effects,
many people embrace them. This study aims to investigate the antifungal effects of the extracts of the plants against Candida albi-
cans.
Methods: The extracts of Echinophora platyloba, Peganum harmala, Heracleum persicum and Rosmarinus officinalis were prepared us-
ing a rotary device. The inhibitory concentration against Candida albicans was determined using incubation in media.
Results: The results show that highest MIC of R. officinalis against C. albicans was 100 ppm and low MIC was 12.5 ppm against C. al-
bicans (Table 1) and the highest MIC of E. platyloba against C. albicans was 150 ppm and low MIC was 12.5 ppm against C. albicans.
The results of this study showed that by increasing the concentration of plant extracts inhibited by the fungus has also been in-
creased. Futhermore, Heracleum persicum extract concentration inhibited growth of fungal ppm 25 while Peganum harmala extract
concentration inhibited growth ppm 50.
Conclusions: The results showed good antifungal activity Peganum harmala, Echinophora platyloba, Rosmarinus officinalis and Hera-
cleum persicum has expressed Feb plants can be used to treat infections caused by these.
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1. Background

Iran, with its five major climates, has been a unique
land for growing more than 7,500 plant species, many
of them are categorized as herbal medicine (1). Herbal
medicines, as a basement of treatment of various diseases
and ailments, have been described by ancient well known
Persian medical scholars including Rhazes, Heravi, Avi-
cenna and many others (2).

Peganum harmala L. (Zygophyllaceae), which is also
known as Harmal, Suryin Rue, is a perennial, bushy, and
wild-growing flowering plant with a short creeping root,
which may grow to 30 - 100 cm high (3, 4), is known as “Es-
pand” in Iran and also known as Harmal in North Africa and
African Rue, Mexican Rue, Syrian Rue or Turkish Rue in the
United States (5). P. harmala traditionally has been used in
Iran as an antiseptic and disinfectant agent by burning its
seeds (6, 7). This plant has been considered for the treat-
ment of a variety of human ailments, such as lumbago,
asthma, colic, jaundice and as a stimulant emmenagogue
(8).

The genus Heracleum is one of the largest genera of Um-
bellifereae (Apiaceae) and there are almost 125 Heracleum

species in the world. This genus is widely distributed in
Asia1 and represented by 10 species in the flora of Iran (9).
Umbelliferous plants have been used not only as foodstuff
and spice, but also as a traditional folk medicine. In Iran
H. persicum (Golpar) fruits are used commonly as spices,
while the fruits and stems are used as a flavoring agent for
making pickles. The fruits and leaves of this genus are also
used as antiseptic, carminative, digestive and analgesic
in traditional Iranian medicine (10). Candida albicans is
the major fungal pathogen in humans, particularly in im-
munocompromised patients. Candidiasis can take many
forms, ranging from mucosal candidiasis to disseminated
disease, often with multiple organ involvement, depend-
ing on the underlying host defect. Host defense mech-
anisms against C. albicans infections are highly complex
and several studies have demonstrated an essential role for
phagocytic cells, cell mediated immunity and even the hu-
moral immune responses in the resolution of candidiasis.

Rosemary (Rosmarinus officinalis L.), belonging to the
Lamiaceae family, is a pleasant- smelling perennial shrub
that grows in several regions all over the world. It is a well-
known valuable medicinal herb that is widely used in phar-
maceutical products and traditional medicine as a diges-
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tive, tonic, astringent, diuretic, diaphoretic and is also use-
ful for urinary ailments. Echinophora is a ten-species genus
of Apiaceae that contains four species and is native to Iran,
including E. orientalis, E. sibthorpiana, E. cinerea and E. platy-
loba, which are called “Khousharizeh” or “Tigh Touragh” in
Persian. E. platyloba is widely used in western and central
Iran as a food seasoning and edible vegetable. Local people
add the plant to pickles and tomato pastes as an antifungal
and antimicrobial preservative.

2. Objectives

This study aims to investigate the antifungal effects of
the extracts of the Echinophora platyloba, Peganum harmala,
Heracleum persicum and Rosmarinus officinalis on Candida
albicans.

3. Methods

3.1. Plant Preparation

After collecting the plants, they are rinsed with water
and chopped for microbial tests. Afterwards they are dried
for preparation of the plant extract in the shadow.

3.2. Extract Preparation

Peganum harmala, Echinophora platyoba, Rosmarinus of-
ficinalis and Heracleum persicum were collected from the
mountainous regions of Iran (Zabol, Kerman) and then
chopped. For the extract preparation, 10 g of dry powder
of the plant was placed in a half-liter of erlens containing
100 mL of methanol. The content of erlens was mixed at
room temperature for 24 hours by a shaker device with 130
rpm speed and was then filtered using Whatman paper No.
2. The solvent was then separated from the extract by a ro-
tary device and by a vacuum pump (vacuum distillation).
The obtained extract was weighted and then dissolved in
DMSO solvent and it was maintained in the refrigerator at
4°C for use.

3.3. Isolates of Candida albicans

After sampling the vaginal using the sterile swap and
Falcon tube by the gynecological specialists, 30 samples
were isolated and transferred to the laboratory and culti-
vated on agar dextrose saburo and broth dextrose saburo
according to the manufacturer’s instructions. After the
growth of each sample, lam was prepared and the candi-
date samples were identified.

Colonies of Candida albicans were prepared in the me-
dia of agar dextrose saburo at 37°C in homogenous suspen-
sion sterile physiology serum and the rate of the light pass-
ing of the suspension was measured using the spectropho-
tometry device with 530 nm.

The rate of the passing light of 90% is necessary for
preparing a suspension with nearly 106 fungi cells per mL.
For determining the inhibitory concentration of the ex-
tracts, incubation in media was used (the concentration of
25, 50 and 100 ppm were used). Finally, they were placed in
the incubator and the samples were analyzed after 24 - 48
hours.

4. Results

The results show that the highest MIC of R. officinalis
against C. albicans was 100 ppm and low MIC was 12.5 ppm
against C. albicans (Table 1) and the that highest MIC of
E. platyloba against C. albicans was 150 ppm and low MIC
was 12.5 ppm against C. albicans. The results of this study
showed that by increasing the concentration of plant ex-
tracts which inhibited the fungus has also been increased.
Due to this, the heracleum persicum extract concentration
inhibited growth of fungal ppm 25 while Peganum harmala
extract concentration inhibited a growth ppm of 50.

5. Discussion

The seeds of Peganum harmala (P. harmala) contain sev-
eral alkaloids (11) and other phytochemicals that attribute
various medicinal properties to this multipurpose plant
(11). The seeds of this plant possess antibacterial activ-
ity against drug-resistant bacteria, smoke from the seeds
kills algae, bacteria, intestinal parasites and mold and the
roots are used to kill lice and insects (11). Cytotoxic activ-
ity against the tissues of liver and kidney at very high dose
of 150 g/kg of body weight in rats has been reported (12).
However, at a dose range of 75 - 100 g/kg body weight in
rats, moderate liver and kidney toxicity was observed (12).
P. harmala extract and powdered seeds have been used in
folk medicine of different parts of the world to treat colic
in man and animals due to their antispasmodic effect by
blocking different types of intestinal calcium channels.

The study of Darabpour MIC and MBC values for both
seed and root extract against MRSA and seed extract
against E. coli and S. typhi were the same (0.625 mg/mL) (13),
it is generally held that for bactericidal agents, the MIC and
MBC are often near or equal values, which can conclude
that these extracts of P. harmala have a bactericidal effect
on the mentioned bacteria (14).

The study of Ali showed that water extract of Syzygium
aromaticum L. (Myrtaceae) buds, methanol extracts of Fi-
cus carica L. (Moraceae) and Olea europaea L. (Oleaceae)
leaves and Peganum harmala L. (Nitrariaceae) seeds had
MIC ranges of 31.25 - 250 µg/mL. S. aromaticum inhib-
ited growth of Staphylococcus aureus, Staphylococcus epider-
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Table 1. Minimum Concentration Inhibitory Plant Extract Against Candida albicans (PPM)

Code MIC H. persicum MIC P. harmala MIC E. platyloba MIC R. officinalis

1 50 50 50 25

2 100 100 50 25

3 25 50 12.5 12.5

4 25 100 12.5 50

5 100 100 50 12.5

6 50 50 100 100

7 25 50 150 50

8 50 100 50 50

9 25 50 50 25

midis, Streptococcus pyogenes, Salmonella enterica serovar Ty-
phi and Pseudomonas aeruginosa. F. carica and O. europaea
inhibited growth of S. aureus, S. epidermidis and S. pyogenes
whereas P. harmala was effective against S. aureus, Acine-
tobacter calcoaceticus and Candida albicans. Ampicillin,
velosef, sulfamethoxazole, tetracycline and ceftazidime,
cefotaxime, cefepime, which are used as control, had MIC
≥ 50 and 1.5 µg/mL, respectively, for organisms sensitive
to extracts (15).

The study of Nenaah (16), the β-carboline alkaloids
of Peganum harmala L were extracted through a bioassay-
guided fractionation and their antimicrobial activities
were investigated. Results revealed significant differences
(P > 0.05) between compounds depending on the microor-
ganism tested and the application method. When exam-
ined individually, harmine was the most effective against
Proteus vulgaris and Bacillus subtilis and Candida albicans
where inhibition zones ranged between 21.2 and 24.7 mm.
Potentiality, the alkaloids increased when applied as bi-
nary mixtures suggesting a kind of synergistic interaction
with inhibition zones reaching 31.5mm with the total alka-
loidal extract.

The aim of the study done by Shahverdi et al. (17)
was to determine the antimicrobial activity of two smoke
condensates from Peganum harmala seeds. Furthermore
the composition of smoke preparations was studied using
gas chromatography and mass spectroscopy analysis. The
most prevalent compound detected in a dichloromethane
extract was harmine. Standard harmine as well as the
dichloromethane extract showed antimicrobial activity
against all test strains.

The results of the study done by Saeidi et al. (18) showed
that in the disk diffusion method, 80 samples of E. coli pro-
duced ESBLs. In the PCR method, the TEM gene distribution
in the isolated ESBL-producing organisms was 50 (41.6%).
Amikacin was the most effective anti-bacterial agent and
ciprofloxacin was the least effective against E. coli isolates.
All the natural plant extracts mentioned above, especially
P. harmala, were effective against the selected isolates of

ESBL-producing E. coli. The most frequent ESBL rate produc-
ing E. coli isolates (32 out of 50) had MIC of 2.5 mg/mL in
ethanol extract of P. harmala.

The study done by Amin et al. (19) evaluates in vivo and
in vitro anti-Helicobacter pylori (H. pylori) efficacy of silver
nanoparticles (Ag-NPs) prepared via a cost-effective green
chemistry route where in the Peganum harmala L. seeds the
extract was used as a reducing and capping agent. The re-
sult showed a considerable anti-H. pylori activity. In case of
in vivo trial against H. pylori induced gastritis, after oral ad-
ministration of 16 mg/kg body weight of S5 for seven days;
a complete clearance was recorded in male albino rates.
In comparative time-killing kinetics, S5 exhibited dose and
time dependent anti-H. pylori activity, which was almost
similar to tetracycline and clarithromycin, less than amox-
icillin, but higher than metronidazole.

The study of Shokri et al. (20) stated that the mean
values of inhibition zones were found to be more than
60mm for T. copticum, 56.7 mm for Z. multiflora, 40.8mm
for N. sativa, 33.7 mm for Z. clinopodiodes and 18.7 mm for
H. persicum. In GC/MS analysis, thymol (63.4%), carvacrol
(61%), trans anthol (39%), pulegone (37%) and hexyl butyrate
(30.2%) were found to be the major components of T. cop-
ticum, Z. multiflora, N. sativa, Z. clinopodiodes and H. per-
sicum, respectively.

The study of Miladinovic et al. (21) stated that the
composition and antimicrobial activity of the essential
oil of Heracleum sibiricum L. (Apiaceae) was studied. The
aerial part of the plant was hydro-distilled and chemical
composition of the essential oil was analyzed by GC and
GC-MS. Forty-six compounds, corresponding to 95.12% of
the total oil were identified. Esters represented the ma-
jor chemical class (69.55%) while the main constituents
were octyl butanoate (36.82%), hexyl butanoate (16.08%),
1-octanol (13.62%) and octyl hexanoate (8.10%). Antibacte-
rial activity of the essential oil and reference antibiotics
against nine bacterial strains was tested by the broth mi-
crodilution method. The results of the bioassays showed
that the essential oil had slight antimicrobial activities
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against all tested microorganisms (MIC and MBC values
were in the range of 2431.2 to 9724.8 microg/mL). Reference
antibiotics were active in concentrations between 0.5 and
16.0 microg/mL.

The study done by Torbati et al. (22) stated that Myris-
ticin was the dominant component in both EOs. It was
identified as 96.87% and 95.15% of the essential oil compo-
sition of H. transcaucasicum and H. anisactis roots, respec-
tively. The TLC-bioautography showed antioxidant spots in
both EOs and IC50 of H. anisactis and H. transcaucasicum EO
was found to be 54µg×mL (-1) and 77µg×mL (-1), respec-
tively. Regarding the antimicrobial assay, H. anisactis EO
exhibited weak to moderate antibacterial activity against
Gram-positive bacteria and also Escherichia coli, whereas
the essential oil from H. transcaucasicum was inactive.

The study of Sadeghi Nejad et al. (23) was done to in-
vestigate the in vitro anti-Candida activity of the hydroal-
coholic extracts of Heracleum persicum fruit. The minimum
inhibitory concentration (MIC) values at 24 and 48 hours
were 0.625 - 20 µg/µL for C. albicans, 0.625 - 40 µg/µL for C.
glabrata, and 5.0 - 20 µg/µL for C. tropicalis.

The study of Jagannath et al. (24) stated that the
essential oil was extracted from the seeds of Heracleum
rigens by hydrodistillation and a total of twenty com-
pounds accounting for 98.5% of the total oil composition
were identified. Physicochemical properties and chemi-
cal composition of the oil was determined by a combina-
tion GC/FID and GC/MS analysis. The major compounds
identified were bornyl acetate (51.2%), alpha-pinene (22.6%),
limonene (9.62%), octyl acetate (3.94%), rho-cymene (2.85%)
and gamma-terpinene (1.93%). The antimicrobial activity of
the oil was screened by the disc diffusion method against
nine pathogenic bacterial strains. Maximum antimicro-
bial activity was noted against Klebsiella pneumonia and
Bacillus subtillis.

The study of Guleria Volatile et al. (25) oil composi-
tion of hydro-distilled (HD) and supercritical carbon diox-
ide (SC-CO(2)) essential oil of freshly collected aerial parts
of Heracleum thomsonii (Umbeliferae) from the western Hi-
malayas was studied by GC-FID and GC-MS. Results revealed
qualitative and quantitative dissimilarity in the composi-
tion of hydro-distilled and SC-CO(2) extracted oils. Nine-
teen constituents, which accounted for 89.32% of total
constituents in HD oil, represented by limonene (4.31%),
(Z)-β-ocimene (3.69%), terpinolene (22.24%), neryl acetate
(36.19%), nerol (9.51%) and p-cymene-8-ol (2.61%) were iden-
tified. In SC-CO (2) extracted oil, 24 constituents repre-
senting 89.95% of the total constituents were identified.
Terpinolene (5.08%), germacrene D (2.17%), neryl acetate
(51.62%), nerol (9.78%), geranyl acetate (2.06%), α-bisabolol
(2.48%) and 1-nonadecanol (4.96%) were the dominating
constituents. In vitro antimicrobial activity of hydro-

distilled oil was conducted against microrobial strains us-
ing the broth microdilution method including two Gram-
positive (Staphylococcus aureus and Bacillus subtilis) and five
Gram-negative (Burkholderia cepacia, Escherichia coli, En-
terobacter cloacae, Klebseilla pneumoniae and Pseudomonas
aeruginosa) bacteria as well as seven fungi (Candida al-
bicans, Issatchenkia orientalis, Aspergillus flavus, Aspergillus
niger, Aspergillus parasiticus, Aspergillus sydowii and Tri-
chophyton rubrum). The results of the bioassay showed that
the oil exhibited moderate to high antimicrobial activity
against fungi C. albicans (MIC 625 µg mL (-1)), A. parasiti-
cus (MIC 312.5 µg mL (-1)), A. sydowii (MIC 312.5 µg mL (-
1)), T. rubrum (MIC 625 µg mL(-1)), Gram-positive bacteria B.
subtilis (MIC 625µg mL (-1)) and Gram-negative bacteria P.
aeruginosa (MIC 312.5 µg mL (-1)).

The study of Khajeh et al. (26) showed the effect of E.
platyloba extract on expression of CDR1 and CDR2 genes in
fluconazole-resistant clinical isolates of C. albicans using
real-time PCR. The results show that twenty of the 148 total
isolates were resistant to fluconazole. The MIC and MFC for
the alcoholic extract of E. Platyloba were 64 mg/ml and 128
mg/mL, respectively. Real-time PCR results revealed that
the mRNA levels of CDR1 and CDR2 genes significantly de-
clined after incubation with E. Platyloba (both P < 0.001).

The study of Ranjbar and Babaie (27) was done to in-
vestigate the effects of Echinophora platyloba extract on in-
hibiting the growth of Salmonella typhi, Salmonella enter-
itidis, and Salmonella choleraesuis. The results indicated
that, in 250 mg/mL of extracts discs, the largest growth in-
hibition zones were formed and they were 26.11± 1.16, 21.23
±0.89 and 19.65±0.60 in S. enteritidis, S. typhi and S. choler-
aesuis groups, respectively. The statistical results indicated
that in each type of bacteria, there was a statistical differ-
ence (P < 0.01) between the various concentrations of the
extracts and the chloramphenicol discs. Furthermore, it
was indicated that this extract at a concentration of 150
mg/ml had a germicidal effect on S. enteritidis and S. typhi
bacteria and that 250 mg/mL had a bactericidal effect on S.
choleraesuis.

The study of Jaarar was done to determine the antimi-
crobial activity of rosemary (Rosmarinus officinalis L.) and to
investigate the synergistic effects of this extract combined
with ceforuxime against methicillin-resistant Staphylococ-
cus aureus (MRSA).

The results show that the minimum inhibitory concen-
trations (MICs) of the ethanol extract of rosemary were in
the range of 0.39 - 3.13 mg/mL. The minimum bacterici-
dal concentrations (MBCs) were usually equal to or dou-
ble MICs. The antimicrobial activity of combinations of
the ethanol extract of rosemary and cefuroxime indicated
their synergistic effects against all MRSAs (28).
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